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INTRODUCTh.. } 

Merchandise in the form of goods and services is exchanged in markets, and each of 
those markets possesses its own organization and functions by its own rules. Labor 
economics is the study of the markets in which labor services are exchanged for 
wages. The existence of labor economics is justified by the fact that, in the industrial­
ized countries, income earned by working represents the largest component-around 
two-thirds-of total income. The remaintng third is made up of tncome from invested 
capital. In addition, a large part of the population is made up of wage-earners, or 
those aspirtng to become wage-earners if they have not yet left the educational system 
or are looktng for work. Figure 1 traces the evolution of wage-earners as a proportion 
of the working-age population (those aged from 16 to 64) in six OECD countries be­
tween 1970 and 2001. The proportion of wage-earners is clearly significant. It is also 
heterogeneous: in these six OECD countries, the proportion of wage-earners in 2001 
varied from 39% tn Italy to 66% in the United States. This proportion may change 
over the course of time. It grew by 10% in the United States between 1970 and 2001, 
and shrank slightly in the United Kingdom over the same period. We shall see that 
labor economics helps to explain variations of this kind. 

More generally, labor economics covers a very large field, and sheds light on 
economic and social problems of the greatest importance. It embraces topics as varied 
as wages, employment, unemployment, the cost oflabor, the number of hours worked 
per week, how hard the work is, employees being fired, employees resigning, work­
place injuries, decisions by individuals to participate in the labor market, unions, 
strikes, the impact of mandatory contributions, and many other subjects on which 
public debate frequently turns in modern society. 

L.abor markets evolve in the course of time. The abstract representations we use 
to understand how they function also change, although the competition model as an 
operational approximation of the actual functiontng of markets has been at the center 
of economic analysis ever since it began. Indeed, economic knowledge has often made 
progress by striving to transcend the limitations of this model. The brief historital 
summary which follows will show that labor economics obeys this general rule. 

Some History 
Adam Smith, in An Inquiry Into the Nature and Causes of the Wealth of Nations, 
published in 1776, sets forth a theory of trade based on a parfectly competitive labor 
market. He assumes that the level of wages makes it possible to equalize supply and 
demand for every kind of job. This leads him to explain that wage differentials among 
jobs "compensate" for differences in the ability of workers and the difficulty of the 
tasks. Employers are indeed prepared to give higher pay to more efficient workers, and 
when a job is particularly difficult, it is necessary to offer a wage high enough to get 
workers to perform it. Thus, according to Smith, wage differentials arc explained by 



XXIV ) INTRODUCTION 

c: 0.65~----
o . 
"' m 

1 0.6 +-. ----·-------------------

1 ::~:::Z 
~ 

-Gennany 
-France 

1::r--- ./ 
~0.35r-
~ 0.3.i....--, r -,--~· 1 ·r-r i--.--r-o--r-r·-·r r-r--r----o-r 1 r-1 ~ ,.,......, 

······Italy 

§~§f §lillili!llH 
v .... 

c: 0.75 
~ 
~ 0.7 +-----------------------
g. 
~ 0.65 -r---,--=="""<:--------=-~=-~-----

~ 0.6 +-----,--,.-..~..,.--,.""--"7""" ...... -:;,...--:;;;;<e:::_ __ 

t 0.55 +"'"'~------ -------...... ~------- -United Kingdom 
-Japan 

~ 0.5 ······United States 

~ 0.45 +----------------------­

; 0.4 +----------------------­

f 0.35 -;-------~----------------
0 0.3 I!! .. 12 ~ ~ le /!: I ~ l 

., 
~ I [;{ l I ~ 8 .c: 

~ "' ;!! ;!! ;!! ;!! ;!! :?! ;!! ;!! ;?! ii? 
Ye.,. 

FIGURE 1 

Wage-earners' share of the working-age populaUon in six OECD countries over the period 1970-2001. 

Source: OECD data. 
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the relative difficulty of jobs, the cost of acquiring the skills necessary to do them, 
whether they are permanent or short-lived, and the amount of responsibility they de­
mand. This approach, developed in book 1, chapter 10 of the Inquiry, attributes a pri­
mordial role to the competition mechanism. Yet Smith also recognizes, in book 1, 
chapter 8, that "The workmen desire to get as much, the masters to give as little as 
possible. The former are disposed to combine in order to raise, the latter in order to 
lower the wages of labour." The existence of coalitions of "workmen" and "masters" 
affects the way perfect competition unfolds. Even its principal creator judged the 
theory of "compensating differentials" to be incomplete. It leaves out many charac­
teristics of the labor market, such as the existence of united groups of employers and 
employees, the presence of information asymmetries, and the mobility costs of man­
power. Nevertheless, this theory has left its mark <;>n all subsequent thinking about 
wage setting and the functioning of the labor market, and is still an essential point of 
reference today. It has also provoked opposition, leading to attempts to elaborate 
alternative theories. 

The marginalist revolution, which laid the groundwork for modem economic 
theory at the end of the nineteenth century, made the competition model systematic. 
In the beginning, at least, this new systematicity tended to conceal features that are 
specific to the labor market. Thus, the Principles of Economic.•, published by Alfred 
Marshall in 1890, retains the "incoherence" found in Smith (Reynolds, 1988, p. 134). 
In theory, wages equalize supply and demand for labor, but Marshall was driven by 
realism to recognize the role played by coalitions of employers and workers. Ho 
pointed out in particular that the least skilled workers, those with low incomes and 
few savings, have to sell their labor quickly, and thus are at a disadvantage in wage 
bargaining. 

The crisis of 1929 threw fresh doubt on the representation of the market in terms 
of instantaneous equilibria of supply and demand. In the 1930s, many economists 
were alert to. developments in the analysis of imperfect competition; notable con­
tributions were Edward ·chamberlin's The Theory of Monopolistic Competition and 
Joan Robinson's The Economics of Imperfect Competition (both 1933). Hicks, in his 
Theory of Wages, published in 1932, sought to adapt economic. theory to the analysis 
of an imperfectly competitive labor market, and worked out a model of wage bargain­
ing (see chapter 7 below) in which the power of workers increases the longer they are 
able to stay out on strike. 

Labor economics emerged as an autonomous discipline in the United Statos in 
the 1940s, at the hands of John Dunlop, Clark Kerr, Richard Lestor, and Lloyd Rey­
nolds. Their approach, which was primarily descriptive, was to take the institutional 
specifics of the labor market into account in order to better understand wage forma­
tion, the level of employment, and in general all the elements that go to make up the 
wage relationship (see Kaufman, 1988). The textbook by Lloyd Reynolds entitled 
Labor Ecorwmics and Labor Relations, published in 1949, was the reference text in 
labor economics for almost twenty years. Right down to ils last edition, in 1970, it 
contained no analysis of labor supply and demand, and wage setting was described in 
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terms of the "practice" of firms or industries. The first textbooks of labor economics to 
be built on a theoretical foundation, neoclassical in inspiration, saw the light in the 
1970s. The authors were Belton Fleisher (1970), Richard Freeman (1972), and Albert 
Rees (1973). Jn their books the descriptive aspect was considerably reduced, and the 
chapters were organized around topics that claimed to apply general principles of 
economic theory. Since then labor economics has undergone the same evolution as 
many other fields. Economic theory has made strides in the analysis of strategic rela­
tions, information asymmetries, and dynamic behavior; data of the most various kinds 
are now accessible, and statistical technique has been improved, along with the c:al­
culational capacities of modem computers; all these factors led to a profound restruc­
turing of labor economics in the last three decades of the twentieth century. This 
discipline for the most part no longer concentrates on descriptive or institutional 
approaches. Today an article on labor economics is no different from an article on the 
economics of the firm, or macroeconomics or international economics: it begins by 
laying out the facts that require explanation, then proceeds to construct a theoretical 
model that in principle will allow these facts to be reproduced, and generally con­
cludes with a comparison of the model to the facts using empirical tests (see Boyer 
and Smith, 2001, for a survey of the history oflabor economics in the United States in 
the twentieth century). 

Orthodox and Alternative Approaches 
As in other areas of economics, developments in the analysis of different forms of 
imperfect competition have altered, indeed overturned, the traditional framework of 
labor economics. This book bears witness to the advances made by labor economics 
through the use of so-called "orthodox" methods of analysis, inasmuch as they repre­
sent the dominant current of thought, the one adhered to by most economists. Funda­
mentally, this approach postulates that individuals have rational behaviors and 
exercise their choices as a function of their preferences in an environment in which 
resources are scarce; it hes also been termed "neoclassical," in recognition of a certain 
continuity between it and the founding fathers of the Lausanne school, Leon Walras 
and Vilfredo Pareto. B1.1t it has aroused, and continues to arouse, a strong reaction that 
condemns any sort of "economic" approach to the wage relationship. Neoclassical 
economists are indeed often suspected of supporting economic liberalism, of preach­
ing the efficiency of the free market al every turn, and of trying to reduce to a mini­
mum the role of the public authorities and unions. The critique put forward by the 
"alternative" approach focuses on what it takes to be the excessive reductionism of 
neoclassical theory: blind belief in the rationality of agents and neglect of the social 
dimensions of the wage relationship are the charges most often brought (the critique 
of neoclassical labor economics is set out in Kauftnan, 1999, and Rutherford, 2001). 

The alternative approaches rely on two important currents of economic thought, 
Marxism and institutionalism. Jn the contemporary period, "radical political econ­
omy" takes its inspiration from the works of Karl Marx and emphasizes the role of 
relations of domination, the need to change existing institutions, and the importance 
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of the weighl of history (for a critical presentation of this current, see Rebitzer, 1993). 

The institutionalist approach, devoloped between 1900 and 1930 by Thorstein Veblen, 
John Commons, and Wesley Mitchell, highlights collective action, working condi­
tions, legal constraints, and in general all the social phenomena-such as customs and 
beliefs-that may influence the wage relationship. Hence it favors an interdisciplinary 
perspective that brings together concepts from sociology, economics, social psychol­
ogy, and ergonomics. The. history and methodological principles of institutionalism 
are well documented by Hodgson (1998), Williamson (2000), and Rutherford {2001). 

The alternative approaches are of undeniable interest and often throw into relief 
problems or facts neglected by mainstream economics. Their method of investigation, 
which frequently takes tl1e form of surveys, monographic studies, and historical re: 
search, constitutes an important source of information that enables us to know the 
practices of actors better. Despite that, the opposition between the "alternative" (or 
"heterodox") approaches and the "neoclassical" (or "orthodox") approach needs to 
be qualified. It is more a question of assigning roles than an opposition of method. 
A historical study, for example, is not opposed to analytical investigation; the two 
methods arc complementary when it comes to assessing possible actions, especially in 
questions of economic policy. There are cases in which challenge has been fruitful, 
too. For example, radical and institutionalist economics have strongly criticized the 
theory of compensating differentials advanced by Smith, maintaining that the labor 
market is divided into two sectors. The primary sector, composed mainly of large 
firms, offers steady jobs with high wages, while the secondary one offers unsteady and 
poorly paid ones (Dooringer and Piore, 1971). The consequence, according to this 
thesis, is that the "law of one price" no longer applies. Wage differentials do not re­
flect differences in individual ability and the hardness of tasks alone, since the same 
wage-earner might receive different pay for performing an identical task. In this book 
we shall see (particularly in chapters 5, 6, and 7) that by now the orthodox approach 
has the means to shed light on this question and to supply empirically testable 
answers to it. As Rebitzer (1993, p. 1397) states, there is more ,mutual influence than 
there is deep division between the different approaches. As we shall see, moreover, 
the economic policy recommendations at which neoclassical labor economists arrive 
arc not systematically more biased in favor of the free market than those put forward 
by the alternative approaches. 

On Formalization 
Today, labor economics, like many other areas of economic analysis, gives pride of 
place to teaching methods based on mathematical models. This textbook conforms 
to that rule. At lnast three reasons may be cited in justification. The first, and by 
no means the least compelling, lies precisely in tho quasi-monopoly held by this 
approach. The student owes it to himself or herself lo become familiar with it, if he or 
she wants to be able to read specialized journals in the field. But t!>e domination of 
formalized economics is not the ou lc:ome of a random draw from among several pos­
sible equilibria. For one thing, economic science lends itself to formalization, since it 
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deals with quantified magnitudes. The questions put to economists generally demand 
answers with empirical content: Is wage inequality rising'! Is competition from low­
wage countries destroying jobs? !\Io mandatory contributions favorable to employ­
ment? In order to be precise and operational, the answers to questions like these have 
to be given in numbers, justified by a coherent chain of reasoning, with the underlying 
hypotheses made clear. These requirements constitute another justification of formal­
ization. A mathematical model allows us to clearly establish a linkage between 
hypotheses and results. It proves particularly effective, indeed indispensable, when 
the mechanisms studied are complex and involve the relations among a number of 
variables. Formal models of economic activity are entirely unavoidable if we want to 
understand strategic interactions, decisions taken in uncertainty, situations of asym­
metric information, and the dynamic choices of agents, for example. 

We have nevertheless taken great care to make our models as simple as possi­
ble. A mathematical appendix at the end of the book supplies tho toolkit needed to 
understand all the models utilized in the text. Finally, we have tried to articulate our 
theoretical and empirical lines of reasoning. Readers should be aware that, beginning 
in the 1970s, labor economics has become tho preferred arena in which to apply the 
most advanced econometric methods (microeconometrics in particular). The articles 
by Angrist and Krueger {1999), Moffit {1999), and Hamermesh (2000) trace the devel­
opment of empirical research in this field. 

The procedure adopted in this book is to move back and forth betweon factual 
data and tl1eorctical reasoning. For each problem studied we present the facts, a theo­
retical model, ways of assossing this model empirically, and the results obtained with 
these methods. For example, the study of the labor supply includes descriptive mate­
rial on the evolution of participation rates and the number of hours worked, as well as 
a model that explains individual choices on the basis of traditional hypotheses about 
individual rationality and scarcity of resources. Methods of assessing this model 
empirically, and the main empirical rnsults, are laid out. In this way we are able, for 
example, to understand and assess quantitatively the impact of changes in wages, the 
fiscal system, or social assistanco on tho labor supply. 

This book does. devote more space to setting out theory than to empirical 
methods and results-a feature which may cause surprise, in view of what we said a 
moment ago regarding the high empirical contont of labor economics. Two consid­
erations justify onr choice. 

First, as mentioned above, labor economics and all of economics have under­
gone profound theoretical restructuring in recent decades, benefiting especially from 
advances made in the study of dynamics, strategic behavior, and decisions in uncer­
tain environments. The analysis of labor supply, labor demand, wage formation, and 
the determinants of employment and unemploymont have been deeply influenced by 
these advances. Our aim is to set out all theso developments within a unified didactic 
framework, and to show that they have moasurahly improved our understanding of 
the functioning of the labor markot. 



Second, most published work in labor economics emphasizes empirical content, 
because most of it bears on a particular topic, such as (for example) the influence of 
the earned income tax credit on the supply of labor by single women with at least one 
child in the 1990s in the United Slates. But all the studies that attempt to assess the 
effect of fiscal policies on labor supply decisions make use of more or less the same 
theoretical models and the same methods of assessment, whatever the particular topic 
they are investigating. That is why this book privileges the exposition of theory and 
empirical method. As for results in the strict sense, we generally limit ourselves to 
presenting the most significant ones, for any attempt to list them all would be bur­
densome and would quickly become obsolete in a perpetually changing environment. 
Readers who do wish to learn more about empirical results will find guidance in the 
bibiliographies at the end of each chapter. 

Plan of the Book 
This book is composed of four parts. The first part covers the determinants of labor 
supply and demand. 

Chapter 1 presents consumption-leisure trade-off models and the theory of labor 
supply. Scrutiny of the trade-off between consumption and leisure is especially im­
portant for understanding fluctuations in the participation rates of different categories 
of the population and the choir.es people make about how much to work and when to 
retire. It includes a guide to the econometrics of labor supply. Chapter 2 presents 
decisions about education and their impact on individual performances in the labor 
market. This chapter specifies the determinants of individual choice about education, 
and also the role played by education, which serves not just to transmit knowledge 
that improves productivity and socialization, but also to select individuals within dif­
ferent pmductive sectors. The job search model is the topic of chapter 3. This model 
explores the costs arising from searching for a job when workers do not have cost-free 
access to perfect information about all the jobs available in the economy, and is very 
useful for explaining the duration of unemployment as a function of the character­
istics of the labor market and the characteristics of the individuals who are looking for 
work. This model also allows us to illustrate problems arising from unemployment 
insurance. Chapter 4 is dedicated to labor demand, first from a static perspective, then 
a dynamic one. In it we look at important questions such as the impact of the costs of 
the factors of production on labor demand, or the effect on unemployment of a reduc­
tion in hours worked or an increase in firing costs. 

The second part of the book presents the determinants of wages, including the 
influence of the wage policies of firms and collective bargaining. 

Chapter 5 sets out the competitive theory of wages and some of its limitations. It 
is shown that competitive forces imply that wage differentials depend on productivity 
differences only. Thus, wage differentials are explained in theory by differences in 
ability, but also by differences in how hard tasks are. The obstacles lo perfect compe­
tition, arising in particular from hindrances to free entry and imperfect information, 
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imply that wages do not always reflect productivity differences alone. From this point 
of view, chapter 5 highlights how phenomena of discrimination can arise when the 
labor market is not perfectly competitive. Chapter 6 goes more deeply into wage poli­
cies in situations of uncertainty and imperfect information, using agency and implicit 
contract models. These models.throw light on the logic of certain aspects of human 
resources management, such as advancement by seniority or systems of promotion. 
Chapter 7 introduces collective bargaining, focusing on the behavior of unions and 
the manner in which we formalize the bargaining process. It analyzes the impact of 
the bargaining power of workers on employment, profits, and productivity at the 
firm level. It also looks at the opposition between employees with a steady job, the 
insiders, and workers who do not have this security, the outsiders, and shows that this 
opposition may be detrimental to employment and favor the segmentation of the labor 
market. 

The third part is more specifically dedicated to the explanations for unemploy­
ment and inequality. This problem is dealt with in a macroeconomic setting that takes 
account of interdependencies among labor markets, product markets, and the markets 
for other inputs. 

Chapter 8 reviews the main facts regarding unemployment in the OECD coun­
tries and what traditional macroeconomic analysis has to tell us about this topic. It 
gives a central place to the Phillips curve (and more generally to wage equations), and 
clarifies the notion of a "natural rate" of unemployment. It also treats problems such 
as the sources of persistent unemployment and the efficiency of macroeconomic poli­
cies to stimulate aggregate demand. The following chapters show how recent devel­
opments in labor economics fill certain gaps in traditional macroeconomic analysis. 
Chapter 9 uses matching models to study the determinants of employment end wages 
in a labor market in which jobs are ceaselessly destroyed end created, and in which 
the reallocation of manpower is costly and takes time. In this chapter we make a 
diagnosis of the importance of frictional unemployment arising from the process of job 
destruction and creation. 

Chapter 10 studies the effects of technological progress and the globalization of 
trade on income inequality and unemployment. It recognizes the heterogeneity of 
manpower by distinguishing between workers according to their skill level. This dis­
tinction is important, inasmuch as technological progress end globalization do not 
affect all wage-earners in the same way. 

The fourth part of the book is dedicated to labor market policies and tho impact 
of institutions on labor market performance. 

Chapter 11 is dedicated to active and passive labor market policy. It sets out the 
macroeconomic effects of unemployment insurance and supplies a theoretical grid 
with which to analyze the efficiency of active policies. The empirical assessment of 
labor market polic:ies, in regard to both methodology and results, is given detailed 
treatment. Finally, chapter 12 focuses on labor market institutions. Making use mostly 
of the matching model from chapter 9, it examines the principal implications of the 
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minimum wage, employment protection, taxation, and the level at which wage bar­
gaining takes place. 

A mathematical appendix, as noted above, is placed at the end of the book. 

How This Book May Be Used 
A large number of topics are dealt with in this book, and not all of them present 
the same degree of formal and conceptual difficulty. They may be taught at different 
stages of the university curriculum, from undergraduate to graduate level and beyond. 
Moreover, the book's length dictates that instructors using it to prepare courses in 
labor economics will assign selected readings. Here we offer examples of what we 
think are practical sequences. 

A course in basic labor economics, foregrounding competitive structures and 
behaviors in an essentially static environment. 

1. The model of labor supply and its various extensions (chapter 1, sections 
1.1 and 1.2}, with an econometrics component (sections 2.1.1" and 2.1.2) 

followed by the empirical results (section 2.2). 

2. Problems connected to education (chapter 2), including the factual ele­
ments (section 1), the theory of human capital (section 2.1), and the em­
pirical assessment of the returns to education (sections 4.2 to 4.4). 

3. The static theory of labor demand (chapter 4, section 1), as well as empiri­
cal estimates of the elasticities of labor demand (section 2). 

4. Wage formation, first within a framework of perfect competition (chapter 
5, section 1), then with the introduction of obstacles to competition, lead­
ing to a discussion of monopsony and discrimination (section 2.1), statis­
tical discrimination (section 3), and empirical work on compensating 
differentials (section 4.1), on disc1imination (section, 4.2), and on inter­
industry wage differentials (section 4.3). 

5. The evolution of wage inequalities (chapter 10, section 2.1), taking into 
consideration the role of technological progress (section 2.2), international 
competition (section 2.3), migratory flows (section 2.4) and institutional 
change (section 2.5). 

6. The assessment of policies on employment (chapter 11), including ele­
ments of methodology (section 3.1) and the main empirical results (section 
3.2). 

An in-depth course oriented toward microeconomics and dealing with dynamic 
and informational problems. 

1. The intei:temporal labor supply (chapter 1, section 1.3), with an econo­
metrics component (sections 2.1.1 and 2.1.2) followed by the empirical 
results (section 2.2). 
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2. Problems connected to education (chapter 2), bringing in the determinants 

of the duration of studies (sections 2.2 and 2.3), the signaling model 

(section 3), and the shift from the model of human capital to Mincer's em­
pirical equation, with tho main results (sections 4.1 to 4.4). 

3. The job search model and how it applies to wage formation and the effi­

ciency of unemployment insurance systems (chapter 3). 

4. The dynamic theory of labor demand (chapter 4, section 3). 

5. The labor contract in the presence of uncertainty and problems of incen-
tive (chapter 6). 

6. Collective bargaining (chapter 7). 

A course in labor economics more focused on problems of unemployment and 
inequality. 

1. Unemployment and inflation as seen in traditional macroeconomics, 

grounded in the concept of the natural rate of unemployment (chapter 8). 

2. Reallocation of jobs and the matching model (chapter 9). 

3. Technological progress and globalization (chapter 10). 

4. Labor market policies (chapter 11). 

5. Institutions and labor market performance (chapt"r 12). 
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In this chapter we will see: 

How people make choices between consumption, leisure, and household 
production 

What the reservation wage is 

How the shape of the labor supply curve results from the combination of substi­
tution effects and income 

When and why people decide to retire 

The principles guiding the econometrics of labor supply and the main empirical 
results 

Examples of natural experiments 

INTRODUCTION 

To hold a paid job, you must first havo decided to do so. This is the starting point of 
the so-called "neoclassical" theory of the labor supply. It posits that each individual 
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disposes of a limited amount of time, which he or she chooses to allocate between 
paid work and leisure. Evidently the wage an individual can demand constitutes an 
important factor in the choice of the quantity of labor supplied. But it is not the only 
factor taken into account. Personal wealth, income derived from sources outside the 
labor market, and even the familial environment also play a decisive role. 

Jn reality the allocation of one's time depends on trade-offs more complex than a 
simple choice between work and leisure. In the first place, the counterpart of paid 
work is not simply leisure .in the usual sense, for much of it consists of time devoted 
to "household production" (the preparation of meals, housekeeping, minor repairs 
and upkeep, the raising of children, etc.), the result of which substitutes for products 
available in the consumer goods market. This implies that the supply of wage labor 
takes. into account the costs aild benefits of this household production, and that most 
often it is the result of planning, and even actual negotiation, within the family. The 
family situation, the number of children, the income a person enjoys apart from any 
wage labor (personal wealth, illegal work, spousal income, etc.), all weigh heavily 
in this choice. Decisions concerning labor supply also depend on trade-offs over 
the course of time that make the analysis of the decisions of agents richer and more 
complex. 

Empirical studies on labor supply have also multiplied in the course of ·the last 
twenty years. The development of these studies-exhaustively reviewed in Blundell 
and Macurdy (1999)-has profited from advances made in the application of econo­
metric methods to individual data, and from a desire to evaluate public: policies that 
attempt to influence labor supply directly. A number of countries have set up pro­
grams explicitly aimed at increasing labor supply among the most disadvantaged, 
rather than park them on the welfare rolls. These "welfare to work" programs, some­
times abbreviated as workfare, so as lo contrast them with more traditional programs 
called simply welfare, have given a powerful incentive to empirical research on labor 
supply in the United Slates and Great Britain, as well as in certain continental coun­
tries like Sweden and France. 

The first section of this chapter lays out the principal elements of the neoclassi­
cal theory of labor supply. This approach is based on the traditional microeconomic 
model of consumer choice. The basic model explains the choice between the con­
sumption of products available in the marketplace and leisure. This simple model is 
then extended in such a way as to take into account household production and intra­
familial decisions. The basic model is also enhanced into a "life-cycle" model inte­
grating the decisions taken hy agents ovor the course of time. This enhancement is 
particularly important from the point of view of economic: policy, for most employ­
ment policy measures aim to modify the behavior of agents permanently. It also fur­
nishes an adequate framework for analyzing decisions taken from the onset of a career 
to retirement. The second section of this chaptur is devoted to empirical matters. It 
begins by laying out the main lines of the econometrics of labor supply, elucidates the 
principles that guide empirical studies in this area, and concludes with a review of 
the principal quantitative results arrived at by studies of labor supply. 
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1 THE NEOCLASSICAL THtoRY Of i..ABOR 5i.iPFLY 

Tho theory of labor supply is based on the model of a consumer making a choice 
between consuming more goods and consuming more leislll'e. With it, we can eluci­
date the properties of labor supply and begin to understand the conditions of partici­
pation in the labor market. The model has been variously enhanced to make the 
theory of labor supply more precise, and sometimes to modify it profoundly, princi­
pally by taking into account household production, the collective dimension of deci­
sions about labor supply (most often within the family), and the life-cycle aspect of 
these decisions. 

1.1 THE CHOICE BETWEEN CONSUMPTION AND LEISURE 
The basic model of a trade-off between consumption and leisure gives us the principal 
properties of the supply of labor. In particular, it shows that labor supply is not nec­
essarily a monotonic function of wages. It suggests that labor supply grows when the 
wage is low, and subsequently diminishes with the wage when the latter is sufficiently 
high. Further, the study of the trade-off between consumption and leisure makes it 
possible to grasp the factors that determine participation in the labor market. 

1.1.1 The Basic Model 
We indicated, in the general introduction to this chapter, that thu traditional approach 
to labor supply arises, fundamentally, out of the idea that each of us has the possibil­
ity to make trade-offs between the consumption of goods and the consumption of lei­
sure, this last being defined as time not spent at work. The analysis of this choice 
makes il possible to pinpoint the factors that determine labor supply, first at the indi­
vidual, then at the aggregate, levels. 

Preferences 

The trade-off between consumption and leislll'e is shown with the help of a utility 
function proper to each individual, that is, l!(C,L), where C a~d L designate respec­
tively the consumption of goods and the consumption of leisure. Given that an indi­
vidual disposes of a total amount of time, Lo, the length of time· worked, expressed, 
for example, in hours, is then given by h = La - L. It is generally supposed that an 
individual desires to consume the greatest possible quantity of goods and leisure; his 
or her utility function therefore increases with each argument. Moreover, the samo 
individual is capable of attaining the same level of satisfaction with much leisure and 
few goods, or little leisure and many goods. The sol of pairs ( C, L) by which the con­
sumer obtains the same level of utility 0, i.o., such that l!(C, I.)= 0, is called an 
indifference curve. A curve of this type is shown in figure 1.1. Its properties follow 
directly from those of the utility function (for more detail, consulL Varian, 1992, and 
Mas-Colell et al., 1995). In particular, the properties listed below will he useful for 
what follows: 

LABOR SUPPLY 
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FIGURE 1.1 

An indifference curve. 

(i) Each indifference curve corresponds to a higher level of utility, the farther 
out Lhe curve is from the origin. Hence the consumer will prefer indifference curves 
situated farther out from the origin, 

(ii) Indifference curves do not intersect, If they did, the point of intersection 
would correspond to a combination of leisure and consumption through which the 
individual would have two different levels of satisfaction. Incoherence in preferences 
of this kind is excluded. 

(iii) The increase in the utility !Unction in relation to each of its components 
implies that the indifference curves are negatively sloped (see appendix 1 at the end 
of this chapter). The slope of an indifference curve at a given point defines the mar­
ginal rate of substitution between consumption and leisure. It represents the quantity 
of goods which a consumer must renounce in exchange for an hour of supplementary 
leisure, for his or her level of satisfaction to remain unchanged. 

(iv) It is assumed that the individual is ready to sacrifice less and less con­
sumption for an extra hour of leisure when the amount of time dedicated to leisure 
rises. This property signifies that the marginal rate of substitution between consump­
tion and leisure dimin~shes with leisure time, or again that the indifference curves are 
convex, which is equivalent to the hypothesis of the quasi-concavity of the utility 
function (the relation between the shape of the indifference curves and the utility 
!Unction is studied in appendix 1 at the end of this chapter). 

Choices 
An indiv~dual's income derives from his or her activity as wage-earner and from his or 
her activity (or inactivity) outside the labor market. If we designate the real hourly 
wage by w, the income from wages totals wh. Investment income, transfer income, 
even gains deriving from undeclared or illegal activities are examples of what an 
individual may acquire ou\sid" the labor market. We will designate the set of these 
resources expressed in real terms by lhe single scalar R. 



J 

Note that for a married or cohabiting person, a part of the income of his or her 
partner is capable of being integrated into tbis set. Thus tbe budget constraint of the 
agent takes tbe form: 

C,,; wh+R 

This constraint is also expressed in the following manner: 

C + wL ,,; Ro = w[,0 + R (1) 

In this way we arrive at the standard concepts of the theory of tbe consumer. 
The fiction is that the agent disposes of a potential income Ro obtained by dedicating 
bi.< entire endowmont of time to working, and that he or she buys leisuro and con­
sumer goods using this income. From tbis point of view, the wage appears to corre­
spond equally to the price and the opportunity cost of leisW'e. The solution of the 
consumer's problem then follows tbe path of utility optimization subject to the budget 
constraint. We thus derive tbe functions of demand for consumer goods and leisure 
(for more details, see the microeconomics textbooks by, for example, Varian, 1992; 

Mas-Cololl et al., 1995). The decision of the consumer is expressed: 

~fi U(C,L) subject to tbe budget constraint C + wL,,; Ra 

We begin by studying the so-called "interior" solutions, such as 0 < L < Lo and 

C> o. 

The Interior Solutions 

For an interior solution, the consumer puts forth a strictly positive supply of labor. 
Usingµ~ 0 to denote the Lagrange (or Kuhn and Tucker) multiplier associated with 
the budget constraint, the Lagrangian of this program is1 : 

2'(C,L,µ) = U(C,L) +µ(Ro - C - wL) 

Designating the partial derivatives of the function U by UL and Uc, the first­
ordor conditions are expressed as: 

UdC,L)-µ = 0 and UL(C,L) --µw = 0 

On the other hand, the complementary-slackness condition is expressed as: 

µ(Ho - C - wL) = 0 with µ '2 0 

This relation, and the hypothesis that the utility function increases with each of 
its components, imply that the budget constraint is binding, since the first first-order 
c:ondition is equivalent to µ = Uc( C, L) > 0. Thus, tho solution is situated on tbe bud­
get line of equation C + wL = R0 • We obtain the optimal solution (C',L') by using this 
last equality and eliminating the Kuhn and Tucker multiplierµ of the first-order con­
ditions, so that: 

and C' +wL' =Ro (2) 
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FIGURE 1.2 

The trade-off between consumption and leisure. 

Figure 1.2 propusos a graphic representation of this solution. It shows that the 
optimal solution is situated at a tangency point between the budget line AB, whose 
slope is w, and the indifforence curve corresponding to the level of utility obtained 
by the consumer. For the comparative statics of the model, it is worth noting thut any 
inr:rease in w results in a clockwise rotation of the line AB around point Ai of abscissa 
L0 , and of ordinate R, and that a rise in non-wage income corresponds to an upward 
shift of this budget line. 

The Reservation Wage 

For relation (2) actually to describe the oplimal solution of the consumer's problem, 
.point. E has to lie to the left of point A, otherwise labor supply is null (L ~ L0 ). Nuw, 
the convexity of indifference curves implies that the marginal rate of substitution 
between consumption and Joisure, UL/Uc, decreases as one moves to the southeast 
along an indifference curve (see appendix 1 at the end of this chapter). 

Since this marginal rate of substitution also represents the slope of the tangent to 
an indifference curve, an agent offers a strictly positive quantity of hours of work if 
and only if the following condition is met: 

(!!"-) < w 
Uc A 

The marginal rate of substitution at point A is called the reservation wage. It is 
thus defined by: 

WA= UL(R!~ 
Uc(R;Lo) 

(3) 

According to this model, assuming that the allocation of time L0 designates a 
fixed quantity, the reservation wage depends only on the form of the function U at 



point A and on the value R of non-wage income. It determines the conditions of par­

ticipation in the labor market. If the current wage falls below it, the agent does not 
supply any hours of work; we then say that he or she is not participating in the labor 
market. The decision to participate in the labor market thus depends on the reserva­
tion wage. Hence· its determinants deserve special attention. In this model, setting 
aside any change in the consumer's tastes, the only parameter capable of modifying 
the reservation wage is non-wage income R. If, with respect to this last variable, we 
derive the relation (3) that defines the reservation wage, we can easily verify that the 
latter rises with R if, and only if, leisure is a nonnal2 good (one, that is, the consump­
tion of which increases with a rise in income). Under these conditions, an increase in 
non-wage income increases the reservation wage, and thus has a disincentive effect on 
entry into the labor market. 

1.1.2 The Properties of Labor Supply 
The properties of the supply of individual labor result from the combination of a sub­
stitution effect and income effect. The combination of these effects seemingly leads to 
a nonmonotonic relation between wages and the individual supply of labor. We shall 
see as well that, by starting with individual decisions and taking into account the 
heterogeneity of individuals, we will be able to grasp the factors that determine the 
aggregate supply of labor. 

Substitution Effect and Income Effect 

For an interior solution, the demand for leisure L • is implicitly defined by relations 
(2). It is a function of the parameters of the model, which can conveniently be written 
in the form L' = A(w,R0 ). The corresponding labor supply, i.e., h' =Lu -L', is often 
called the "Marshallian" or "uncompensated" labor supply. The impact of an increase 
in non-wage income R on time given over to leisure is indicated by the partial deriva­
tive of the function A(w,R0 ) with respect to its second argument, i.e., A2 (w, R0 ). It 

may be positive or negative. By definition, leisure is a normal good if its demand rises 
with R0 (see appendix 2 to this chapter). In the opposite case, in which the time dedi­
cated to leisure decroases with non-wage income, leisure is an inferior good. The 
consequences of an increase in non-wage income are represented in figure 1.2 by the 
shift from point E to point E'. 

The impaLi of a variation in wages is obtained by difforentiating function 
A(w, Ro) with respect to w. Taking account of the fact that Ro = wL0 + R, we arrive at: 

dL' =A, +Az oRo 
dw ow with oRo ~Lo> 0 

ow (4) 

Figure 1.3 traces the movement of the consumer's equilibrium when wages go 
from a value of w to a value of w1 > w. The partial derivative of the function A with 
respect to w, denoted A,, corresponds to the usual compound of substitution and 
income effects in the theory of the consumer (the calculations are presented in 
appendix 2). To learn !ho sign of this derivative, it is best to reason in two stages. 
In the first stage, we suppose that the potential income Ro doos not change: the 
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FIGURE 1.3 

The effects of a wage Increase. 

consumer then faces a now budget line A 1R0 • For him or her, it is as though his or her 
non-wage income had decreased from R to Re'= R - (w1 - w)L0 • Income Re is de­
scribed as compensated income and the line A 1R0 is called the compensated budgel 
constraint. In the second stage, we assume that the potential income grows from R0 to 
ll1 = R+w,Lo. 

Reckaning first with Ro as a given, we discover the usual compound of substitu­
tion and income effects of the theory of the consumer. When the initial equilibrium 
lies at point E, the substitution effect moves it to point E' offering the same degree of 
utility as at E, but with the wage now worth w1 (at point E' tho tangent to the indif­
ference curve is parallel to the budget line A1R0 ). The shift from point E to point E' 
corresponds to a "Hicksian" or "compensated" modification of the labor supply, 
obtained by minimizing the outlay of the consumer under the constraint of reaching a 
given level of utility. The substitution effect thus implies a reduction of leisure. Start­
ing from point E', and assuming that the wage keeps the value w,, the income effect 
shifts the equilibrium of the consumer to point E". If leisure is a normal good, the shift 
from E' to E" being Lhe consequence of n fall in income, the demand for leisuro must 
diminish. Thus, the substitution effect and tho (indirect) income effect work to pro­
duce the same result: an incruase in wage leads to a diminution of the time allotted 
to leisure, or in other words, to an increase in labor supply. Consequently, in relation 
(4), we will have A1 < 0 if leisure is a normal good. Finally, the increase in potential 
income from Ro to R1 causes the equilibrium to shift from point E" to point E,. What 
we have is a direct income effect identified by lhe partial derivative A2 of the demand 
for leisure with respect to Ro in relation (4). If leisure is a normal good, then by defi-
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nition A2 is positive and any rise in wage leads to a rise in tho consumption of leisure, 
and thus to a fall in labor supply. This diroct income effect runs counter to the usual 
substitution and "indirect" income effects of the theory of the consumer. In sum, a 
wage increase has an ambivalent effect on labor supply. In figure 1.3 the abscissa of 
point £1 can as easily lie to the left as to the right of that of E. 

For convenience, we can aggregate the two income effects by retaining only the 
shift from E' to E, in which case we refer to the global income effect. This allows us to 
analyze a rise in the hourly wage with the help of only two effects. In the first place, 
there is an incentive to increase labor .supply, since this factor is better remunerated 
(the substitution effoct). But equally there is an opportunity to consume the same 
quantity of goods while working less, which motivates a diminution of labor supply 
(the global income effect) if leisure is a normal good. 

Compensated and Noncompensated Elasticity of Labor Supply 
Along with the Marshallian supply of labor h• considered to this point, we can also 
make use of the Hicksian supply of labor; it is arrived at by minimizing the con­
sumer's expenditure, given an exogenous minimal level of utility U. The Hicksian 
supply of labor, donated ii, is then the solution of the problem: 

lf\lt C + wL subject to constraint U(C,L);;: [i 

The Marshallian supply depends on the wage and on non-wage income, whereas 
the J-Iicksian supply of labor depends on the wage and on the level of utility D. The 
Hicksian elasticity of the labor supply, defined by 17~ = (w/b)(dh/dw), represents 
the percentage of variation of the Hicksian supply of labor that follows from a 1 % 
rise in wage. It corresponds to the variation in labor supply for a shift from point E 

to point E' in figure 1.3. Hicksian elasticity is called "compensated" elasticity be­
cause it posits that the income of the consumer varies in order for him to stay on the 
same indifference curve. The Marshallian elasticity of labor supply, defined by 11~· = 

(wjh•)(dh'/dw), represents the percentage of variation of the Marshallian supply of 
labor that follows from a 1 % rise in wage. It corresponds to the variation in the labor 
supply for a shift from point E to point £ 1 in figure 1.3. Marshallian elasticity is also 
called noncompensated elasticity because it takes into account the real variation in 
income resulting from the variation in wages. 

Marshallian and Hicksian elasticities are linked by the Slutsky equation, which 
is writlen thus: 

h· ;, wh* 11· 
'1w = '1w +Rol7R, 

A demonstration of this equality is presented in appendix 3 at the end of this 
chapter. Th<> Slutsky equation shows that Marshallian elasticity is to be interpreted 
as the sum of two effects. The substitution effect, represented by Lhe Hicksian elastic­
ity 17~, is necessarily negative. The (global) income effect, represented by the term 
(wh•/Ro)11R;, is positive if leisure is a normal good. 

LABOR SUPPLY I 11 
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flGURE 1.4 

The individual labor supply. 

The Shape of the Labor Supply Curve 
We can now offer a plausible graph oflabor supply. It is shown in figure 1.4. When the 
hourly wage rises just above the reservation wage, the substitution effect prevails over 
income effects, and labor snpply grows. But the global income effect swells with the 
wage, and it is reasonable to believe that when the latter reaches a certain level, it will 
dominate the substitution eITecl. The supply of labor then begins to shrink. This is the 
reason why it is generally thought to turn down, as shown in figure 1.4. 

Supplementary Constraints 
The preceding analysis leaves out many clements that may play a part in the trade-off 
between work and leisure. For example, the budget constraint is actually piecewise 
linear, since on the one hand, overtime hours are not remuneraled at the same rate as 
normal ones, and on the other hand lncome tax is progressive. This constraint may 
even present nonconvexities related to the ceilings on various social security con­
tributions. Neither does the model hitherto presented take into account the fact that 
most often the decision to take a job entails a fixed cost independent of the number of 
hours worked, such as, for example, the purchase of a second vehicle, or the cost of 
child care. All these ·elements pose serious problems for empirical assessment (see 
below, section 2.1.3). 

Another element that rnay alter the foregoing analysis comes from the relative 
absence of freedom of choice in the number of hours worked. The majority of wage­
earners hold full-time employment, other workers hold part-lime jobs, but the reality 
is always a far cry from a hypothetical complete flexibility in hours worked. To il­

lustrate the effects of a rigidity constraint on hours worked, we present a situation in 
figure 1.5 in which the agent has a choice between working during a set period, rep­
resented by the abscissa point Lr, or not working at all. 

Let us designate by E the nonconstrained optimum of the problem of the agent. 
If this point is situated to the left of Er, the agent agrees to furnish (Lo '-Lr) hours of 
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FIGURE 1.5 

Constraint on hours of work. 

work; in this situation, he or she would simply have liked to work more. Vice versa, 
when the point E lies to the right of Er, he or she agrees to work the quantity of fixed 
hours offered if, and only if, the point EA-corresponding to the intersection of the 
indifference curve passing through A with the budget line-lies to the left of Er· In 
this case, he or she obtains a level of utility superior to what he or she would have 
attained by not participating at all in the labor market. The agent then works more 
than he or she woul.d have wished to (since L • >Lr)· On the other hand, if the point 
EA were to lie to the right of Er, he or she would choose not to participate, since he or 
she would have preferred to supply (Lo - L ') > O hours of work. This individual is in 
a situation that we can call "involuntary nonparticipation," since he or she does wish 
Lo supply a certain quantity of work at the current wage a.nd faces constraints that 
keep him or her from supplying them. The abscissa and the ordinate of point Er being 
equal respectively to Lr and w(Lo -L1) + R, the reservation wage-which we will still 
denote by WA-is defined by the equality: 

U[R+ wA(Lo -L1),L1J = U(R,Lo) 

Aggregate Labor Supply and the Labor Force Porticipaton Rate 

We arrive at the aggregate labor supply, for a wage level of w, by adding up the total 
number of hours supplied by each individual. The existence of indivisibilities in the 
amounts of working hours offered to agents implies that the elasticity of tho aggregate 
supply differs from that of the individual supply. To show this result, let us take 
the case envisaged previously, in which each agent has the choice between working 
for a fixnd length of time Ii = Lo - Lt and not working at all. In a population of large 
size, the reservation wages differ from one individual to another, for preferences and 
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non-wage incomes are nol identical. Let us imagine that this diversity of reservation 
wages WA E [O,+oc) may be represented by a cumulative distribution function <I>(·). By 
definition, the quantity <l>(w) represents the participation rate, that is, the proportion 
of individuals in the population of working age whose reservation wage is bolow the 
current wage w. Since the function <I> is increasing, the participation rate climbs as the 
wage increases. If the size of the total population is N, the quantity N<l>(w) represents 
the labor force and the aggregate labor supply is equal to <l>(w). Supposing that the 
size of the population N does not vary, the wage elasticity of the aggregate supply of 
labor is identical to that of the participation rate. This elasticity is positive, since a rise 
in wages draws workers into the labor market. 

This result extends far beyond the example given; it is confirmed whenever the 
hours offered to workers aro not entirely flexible. From an empirical point of view this 
result has a certain importance, since iL implies that the aggregate supply of labor or 
the global supply of labor of a subpopulation may be sensitive to changes in the wage, 
even if the labor supplied by most of the individual agents is nol. We shall discover 
below that the elasticity of the individual's supply of labor is indeed slight, but that 
decisions to participate in the labor market turn out to be extremely sensitive to the 
various incentives, particularly fiscal ones, that suppliers of labor are faced with. In 
this case the total aggregate supply, or the supply of a given subpopulation, ought to 
follow the fluctuations in the participation rate (a point emphasized particulaxly by 
Heckman, 1993). 

1.2 LABOR SUPPLY WITH HOUSEHOLD PRODUCTION AND WITHIN 
THE FAMILY 
The basic model of a trade-off between consumption and leisure neglects numerous 
elements that may influence labor supply. In this subsection we extend the model in 
two important directions. By allocating time not dedic:ated to wage labor to leisure, 
the basic model fails to take account of production within households-production 
that represents a substitute for wage income from work. Furthermore, decisions about 
labor supply frequently result from bargaining involving several mombers of the 
household. 

1.2.1 Household Production 
The dichotomy between leisure and wage labor masks an important part of the com­
plexity of individual decisions concerning the allocation of time. In reality, leisure is 
not the sole alternative lo wage labor. Time devoted to household tasks is (generally) 
distinguished from leisure. Now, these tasks are not always unavoidable. Tho bulk of 
the goods and services produced domestically can he purchased. It is possible, for 
example, to eat a meal that one has prepared oneself, or go to a rnstaurant, or tele­
phone a caterer, or hire a cook. Clearly each alternative entails a different expense, 
and an individual's choice depends on his or her preferences, effectiveness at per­
forming household chores versus doing paid work, income, and prices. We can ana-

·---------------
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lyze the consequences 01 time devoted to household production by modifying our 
basic model of labor supply at the margin. 

The Consumer'.• Program 

Individual preferences are always represented by the utility function U(C,L). Goods 
consumed may be purchased, in quantity CM·, or produced domestically, in quantity 
Co, with C =Co+ CM. The total endowment of time available Lo breaks down into 
paid working time hM, household working time h 0 , and leisure L, hence Lo = hM + 
ho + L. The efficiency of household tasks is represented by a "production function," 
Co = /(ho), linking the amount of the good produced to the time spent on household 
work. This production function is increasing and concave; thus we will have J' > 0 
and f" < 0. Income is made up of wage earnings, whM, and non-wage ones, R. Tho 
consumer must choose the quantities CM 1 Co, hD, hM, and L that maximize his or her 
utility under the budget constraint CM s whM + R. Let us further designate potential 
income as Ro = wL0 + R; since hM = Lo - ho - L, the budget constraint is again written 
CM+ wL s who+ R0• Taking into account the identity CM = C - /(ho), the con­
sumer's program then takes the following form: 

(t,'11.,"t.,) U(C,L) subject to the bndget constraint C + wL s [f(ho) - who]+ Ro 

In this program the choice variables of the consumer are total consumption C, 

leisure L, and the time ho given over to household production. Additionally, the bud­
get constraint shows that the total income of the consumer is equal to the sum of the 
potential income Ro and the "profit" derived from household activities. Since house­
hold production only comes into the consumer's program through the expression of 
this profit, its optimal value h0 is that which maximizes the value of this profit; hence 
it is defined by f'(h[,) = w. Given time hi, dedicated to household activities, the con­
sumer's program becomes formally equivalent to that of the basic model, as long as 
we replace potential income Ro by Ro =Ro+ /(hf,) - wh(,. The optimal solutions c· == 

c;;. + f(h[,) and L • are then defined by the equalities: 

Uc(c·.~·~ = w = f'(h•) 
Uc(C',L') 0 

and c• + wL" =Ro (5) 

This result is close lo the one described by equation (2) in the basic model. At 
the oplimum, the marginal rate of substitution between consumption and leisure is 
equal to the wage. As previously, this condition describes the division between the 
consumption of goods and that of leisure. The equality f' (hf,) = w shows that the 
allocation of working time between household and waged activities is determined by 
the relative productivitiBs of the two types of activity. Consequently tho wage reflects 
the individual productivity of wage labor. The agent thus has an interest in devoting 
his or her working time to housohold activities to the extent that the marginal pro­
ductivity /'(ho) of an hour of this iype of work is superior to an hour's wage. There­
fore he or she augments the length of time given to househ~ld work to the point where 
f'(h7,) = w. 
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Elasticity of the Labor Supply 

The possibility of making trade-offs between household and waged activities alters the 
eiasticity of the labor supply curve. The system of equations (5) allows us to write 
the optimal demand for leisure in the form L • = I\( w, R0 ). Differentiating this equality 
with respect to w, we get: 

dL' = /\1 + /\ 2 dRo 
dw dw 

with dRo _ L -h' 
dw - 0 JJ 

Because f'(h0) = w implies that dhDfdw = 1/ f"(h[,), the identity h;., =Lo -

11[, - L * entails: 

~~ = -(/\, + l\2Lo) + [ /\2h; - f"(~;,J] (6) 

The term -(/\1 + /\2Lo) represents the impact of a variation in the wage on the 
supply of wage labor for a given amount of household activity. It corresponds to the 
set of effects discussed in the basic model-see equation (2) above and the accom­
panying remarks. We have seen, in particular, that a change in the wage has an am­
bivalent impact on labor supply. The second term of the right-hand side of equation 
(6) is positive if leisure is a normal good (that is, if /\2 > 0). Consequently the possi­
bility of making trade-offs against household activity ought to increase the wage elas­
ticity of the labor supply. This result might explain why empirical studios show that 
the wage elasticity of the supply of female labor is generally higher than that of the 
supply of male labor (see section 1.4.1 below). For men, the trade-off between house­
hold and waged activity is often marginal. An instructive limit case is that of an opti­
mal "corner solution," with a null supply of domestic labor hf, = 0. This might be the 
case if tho productivity of household work were far below the curront wage. A high 
proportion of men would then trade leisure off against wage labor only, whereas many 
women, whose household productivity is high in relation to the wage that they could 
get, would trade off among leisure, household activity, and wage labor. 

Taking household activity into consideration allows us to make the predictions 
of the basic modol richer. It should be emphasized, however, that the model presented 
here remains very rudimentary. !'or one thing, it rests on the hypothesis of an identi­
cal disutility of work for waged and household activities. In reality, the inconvenience 
arising from these activities is different. A more general approach, proposed by Becker 
(1965) consists of taking into account the disutility (or the utility) associated with 
each activity by distinguishing the diverse kinds of work done in the home. Such an 
approach has the merit of analyzing the choices underlying the allocation of time 
among different activities with great precision (on this subject, soc the syntheses of 
Gronau, 1986 and 1997). 

1.2.2 lntrafamilial Decisions 
The family has considerable inlluence on the behavior of its members. The supply of 
labor is not exempt from this rule, and the basic model has to be adapted so as to take 



) 
into acc:ount the influenc• of family structures. The question bears an important em­
pirical aspect, for numerous data (in particular those on consumption) only describe 
the behavior of the household, so we require a theory that goes beyond the basic indi­
vidual frame of reference and gets us to a point where our estimates make some sense. 
Tho analysis of family choices has developed along two different lines. The first, 
known as the "unitary" model, starts from the principle that the family can be likened 
to a sole agent having its own utility function. Tho second, known generically as the 
"collective" approach, postulates that making choices is fundamentally something 
individuals do, and that the family is no more than a particular framework that 
enlarges (or constrains) the range of choices of each individual member of it. 

The Unitary Model 
This approach extends, as simply as possible, the basic model proposed hitherto. Let 
us imagine a family composed of two persons: we then postulate that the preferences 
of this entity are representable by a utility function U(C,L,,L2 ), where C represents 
the total consumption of goods by the household and L; (i = 1, Z) designates the lei­
sure of individual i.' This formalization assumes that the satisfaction attained through 
the consumption of a good depends solely on its total amount, and not on the manner 
in which it is shared among the individual members. For agent i, let us denote his or 
her wage and non-wage income respectively as w; and R1; the optimal choices are then 
determined by maximizing utility under a single budget <mnstraint. The program of 
the household is written as: 

{C~~'i,l U(C,L,, L2) s.c. C + w1L1 + w,L, ~ R1 + /l2 + (w1 + w2 )L0 

Scrutiny of this program reveals that the unitary representation of the household 
implies that the distribution of non-wage incomes has no importance; the only thing 
that counts is their sum R1 + R2 • This hypothesis, known in the literatu:re as "income 
pooling," signifies, for example, that it is not necessary lo know which member of 
the couple is the beneficiary of transfer income. Now, the fact is that empirical studies 
refute this hypothesis for large segments of the population. For example, Fortin and 
Lacroix (1997) find that the unitary model only fits couples with pre-school-age chil­
dren (see Blundell and MaCurdy, 1999, for a general overview). This invalidation is 
one of the reasons why the unitary model of the household is not completely satisfac­
tory and is giving way to the collective model for the pu:rpose of describing decisions 
made within a family. 

The Collective Model 

The most highly elaborated form of the collective model is duo to Chiappari (1988, 
1992). This model starts from the principle that household choices must arise out of 
individual preferences. In making lhe household lhe sole locus of decisions, the uni­
tary model arbitrarily aggregates the preferences of ils members, and hence does nol 
respect the basic principle of "methodological individualism." Conversely, if one 
dues adhere to this principle, it appears natural to assume that decisions made within 
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a household are efficient in the Pareto sense, meaning that the possibility of mutually 
advantageous allocation does not occur. If we use U,(C;,L;), i = 1,2, to designate the 
individual preferences of the persons composing the household, the efficient alloca­
tions will be the solutions of the following program: 

Max U1(C,,L1) 
{G1oG.i.,L1 ,L2~ 

Subject to constraints: 

U2 (C2 ,L2 )2'. 0, 

C1 + C2 + w1L1 + w2L2 ,;; R1 +R2 + {w1 + w2)L0 

In this program tho parameter iJ2 represents a given level of utility, and we may 
suppose that it depends on the parameters w; and R;. Chiappari (1992, proposition 1) 
then shows that the efficient allocations are also the solutions of individual programs 
in which each person would be endowed with a specific non-wage income and which 
would depend on the ov<>rall income of the household. More precisely, the program of 
agent i takes the following form: 

Max U1(C;,L;) subject to constraint C; + w;L;,;; w;L0 + <!>; 
{G,,Li} 

where <I>; is a "sharing rule," depending on the parameters w; and R;, and such lhat 
<1>1 + <1>2 = R1 + R2 • In other words, it is as if each member of the household received a 
fraction of the total non-wage income of the household. In a way this approach rein­
forces the basic model of choice between the consumption of goods and leisure by 
specifying, for the budget constraint of the individual, the composition of his or her 
non-wage income. It is possible to expand the collectivo model by taking into account 
the "public" goods pertaining to the household and the household production of its 
members. 

From the empirical point of view, the collective model has the advantage of not 
adopting the hypothesis of "income pooling" a priori; the latter is no more than a 
particular case of this model. Moreover, Chiappori (1992) shows that this formulation 
of the decision-making process within a household allows us to deduct individual 
consumption-which is not, for the most part, observable-using the individual sup­
plies of labor and the iota! consumption of the household, which are observable enti­
ties. Hence, lhe simple observation of the supplies of labor and individual incomes 
allows us to determine the sharing rules within households. Knowing these rules, il 
becomes possible to assess the consequences of public policies for each member of the 
household using available data. In this context, Browning et al. {1994) have shown, on 
the hasis of Canadian data, lhat differences of ago and income among the members of 
households, as well as the wealth of households, appear to be the sole elements that 
affect the sharing rules<!>;. 

The Additional Worker lfJfect 
Models of intrafamilial choice throw a revealing light on decisions to participate in 
tho labor market. Taking into account the familial dimension does indeed allow us to 



explain why certain members of the household specialize in household production, 
while others offer their services on the market for wage labor. From whatever angle 
the household is viewed, the choices of different members arc interdependent, and an 
individual's fluctuations in income will have an impact on his or her own supply of 
labor, but also on that of the spouse or other members of the household, for example 
working-age children. This interdependence of choices may lead an individual to 
increase his or her supply of labor when the household income declines. It might 
even motivate him or her to participate in the labor market if he or she was not 
already doing so before the income foll. In principle, a fall in wages may thus entail 
an increase in the labor force, by spurring additional workers to enter the market for 
the precise purpose of making up for the loss of income in their household. From the 
empirical point of view, this additional worker effect seems to have little weight (see, 
for example, Lundberg, 1985). It is interesting to note that the additional worker effect 
implies a negative relationship between the participation rate and the average wage. 
When we constructed the aggregate supply of labor out of individuals making deci­
sions in isolation, we obtained a positive relationship between the average wage and 
the participation rate (see above, section 1.2.2). In practice, this second relationship 
turns out to be dominant, and we do indeed observe a positive correlation between 
wages and the participation rate. 

1.3 LIFE CYCLE AND RETIREMENT 
The static models utilized to this point obviously do not allow us to understand bow 
agents substitute for their consumption of leisure over time when their flow of income 
undergoes transitory or permanent shocks. Taking into explicit account a succession 
of periods does not markedly alter the conclusions of the static model, but it does 
provide an adequate framework within which to scrutinize certain theories about the 
business cycle. The decision to go into retirement-in other words, the definitive end 
of participation in the labor market-can also he analyzed suitably using a dynamic 
model of labor supply within which we have redefined the flow of income and legal 
Gonstraints. 

1.3.1 lntertemporal Labor Supply 
The dynamic theory of labor supply gives a central role tci the possibility of substitut­
ing for the consumption of physical goods and leisure over time. We highlight this 
possibility using a dynamic model in discrete time. This model likewise allows us to 
b>rasp the contrasting effects caused by a transitory change in wages or a permanent 
modification of the wage profile, and thus to examine critically certain aspects of the 
theo1·y of "real business cycles." 

A Dynamic Model of Labor Supply 
In a dynamic perspective, a consumer must make his or her choices over a "life cycle" 
represented by a succession of periods that start with an initial elate, conventionally 
taken as equal to O, and end with an independent torminal date, annotated T. Assuming 
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that the period t unfolds between the dates (t -1) and t, the succession of periods is 

then given by the index t = 1, 2, ... , T. The date t is also used as an indicator of the 
age, professional experience, or seniority of an individual, according to the subjects 

under study. In a very general way, the preferences of the consumer must be repre­

sented by a utility function of the form 'll(C,, ... ,C., ... ,Cr;L,, ... ,L,, ... ,l..-r), where 
C1 and 1,1 designate respectively the consumption of physical goods and the con­
sumption of leisure for the period t. But this very general form does not permit us 
to obtain analytically simple and easily interpretable results. That is why it is often 

assumed that the utility function of the consumer is temporally separable, in which 
case it is written L;:;;;[ U(C.,L1, t). Under this hypothesis, the term U(C1, r.,,, t) repre­

sents simply the utility obtained by the consumer in the course of period t. It is 
sometimes called the "instantaneous" utility of the period t. We must bear in mind, 
however, that this representation of preferences is very restrictive: in particular, it 
does not allow us to take into account the inertia of habits of consumption, or '"habit 

persistence," that empirical studies reveal (see Hot~ et al., 1988). To bring out this 

phenomenon, the influence of past consumption on the utility of the current period 
would have to be incorporated. Another important limitation of the model presented 

here has to do with tho absence of decisions about training. Training increases the 

human capital of an individual and raises his or her wage-earning prospects, so trad­
ing off must take place between leisure, working time, and time dedicated to training 

(we examine this question in detail in chapter 2, sec lion 1 ). 

In this dynamic model, we will assume that individuals have the opportunity to 

save, and we will use r1 to denote the real rate of interest between the dates t - 1 and t. 
For each period, the endowment of time is an independent constant to which we shall 

give the value 1 in order to simplify the notation. On this basis, the hours worked 
during a period tare equal to (1-T..,). lfwe use A 1 to designate the consumer's assets 

on date t, and B, to designate his or her income apart from wages and the yield on 
savings on the same date, for a given initial value Ao for the assets, the evolution of 

the wealth of the consumer is described by: 

A, = (1 + r1)A1-1 + B, + w,(1 - T..,) - C,, Vt;;, 1 (7) 

This equation can easily be understood as follows: on date t, the increase in 

wealth A 1 - A,_, is due to income wr(1 - L1) from wage labor, to income r 1A,_1 from 
savings, and to other income B1• Consumption c, for the peI"iod has to be deducted 

from these gains. The non-wage income R1 for the period tis thus equal to B1 + r1A1_1 • 

Optimal Solutions and Demands in Frisch 's Sen.<e 

The consumer attempts to maximize his or her intertcmporal utility subject to the 

budget constraint described, on each date, by equation (7). If we use "' to denote the 
multiplier associated with this equation, the Lagrangian of the consumer's problem 

takes the form: 

t=T t=T 

!!' = L U(C,,L,, t) - L •1[A, - (1 + r,)A,_1 - B1 - w1(1 - L1) + C,) 
,,,..1 1=1 



The first-order conditions are obtained by equating the derivatives of this Lan­
grangian to zero with respect to variables c,, L1, and A1• After a fow simple calcula­
tion, we arrive at: 

Uc( c,, L,, t) = Vt 

Vt= (1 + T1+1)V1H 

and (8) 

(9) 

Relations (8) imply UL/Uc = w1• The equality between the marginal rate of sub­
stitution and the current wage is thus maintained at every date, hut this result is not 
general, it is a direct consequence of the hypothesis of the separability of the utility 
function. Limiting ourselves to interior solutions, the optimal consumptions of physi­
cal goods and leisure are implicitly written in the following manner: 

C, = C(w1, v1, t) and L, = L(w,, v,, t) (10) 

For a given level of marginal utility of wealth, in other words, for a givun v1,4 
these equations define the "Frischian" demands for period t. The elasticity of labor 
supply in Frisch's sense is then equal to the current wage elasticity of function 
h(w1, v,, t) = 1 - L(w1, v,, t), assuming that v, remains constant. This elasticity is often 
called "intertemporal substitution elasticity." Ifwe take into account the fact that v1 is 
really an endogeneous variable depending on, among other things, the current wage, 
by analogy with. the static case we may define the "Marshallinn" elasticity of labor 
supply as being ihe current wage elasticity of function h(w,, •r. t), taking into account 
the dependence between v1 and w1• In order to define this elasticity, it is necessary to 
specify this dependence. 

Equation (9), which is known as the Euler equation, shows that the multipliers v, 

depend solely on the interest rate. More precisely, successive iterations of the loga­
rithms of equation (9) entail: 

r=t 

In v1 = - I;ln(l +r,) +In •o (ll) 

r=l 

This way of writing the law of motion of v1 proves extremely interesting from the 
empirical point of view, since it shows that v1 c:an be broken down into a fixed indi­
vidual effect v0 and an age effect - E;.'.'.! ln(l + r,) common to all agents (see sub­
section 2.1 below on the econometrics of the labor supply). Introducing uncertainty 
into this model, for example concerning wages, does not change the essential results 
notably. We can verify that the first-order conditions (8) remain true, whereas the 
marginal utility of wealth •t becomes a random variable, following a stochastic pro­
cess described by equation (11), with an error term with zero average appearing on the 
right-hand side of this equation (see Blundell and MaCurdy, 1999). 

A priori, the value of v0 depends on all the wages received by an individual 
during his or her lifetime. If we want to estimate the effects of a modification of the 
wage profile, and not just those due to a change in the current wage, then we have to 
take account of the dependence of v0 on all wages. On tho other hand, variation in 
a single wage, for example w1, ought to have little influence on 1•0 and elasticity in 
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Frisch's sense will certainly measure the effect of a change in a single wage w1 on 
labor supply h(w,, v1, t). This difference, fundamental on the level of economic policy, 
between a modification of the wage profile and a change in a particular wage, emerges 
clearly with the help of the following example, taken from Blanchard and Fischer 
(1989, chapter 7, section 7.2). 

Transitory Shock Versus Pem1anent Shock 
Let us suppose that the real interest rate is constant {r1 = r, \It~ 0), that the consumer 
is receiving no exogeneous income (B, = O, \It~ O), and that his or her instantaneous 
utility takes the explicit form: 

U(C,,L,, t) = (1 +p)-'(ln C1 T-"-L\•-·ll/•), 
17-1 

'7> 1, p~ 0 

The constant factor p represents the psychological discount rate. The Frischian 
demand functions are then written: 

C,=--1-,­
(1 +p) •t 

and Li= [ 1 )" 
(1 +p) 1v1w1 

We may note that the intertemporal elasticity of substitution of leisure-in other 
words, elasticity in Frisch's sense-is equal, in absolute value, to the constant coeffi­
cient"· With a constant interest rate, the Euler equation {9) then gives v1 ~ v0/(1+r) 1, 

and the demand functions are expressed, as a function of v0 , in the form: 

c, =2.(.!..±.:.)' 
Vo 1 +p 

and L -[ 1 (l+r)']" 
t- VoWt 1+p 

(12) 

In order to obtain an implicit equation giving the value of v0 , we have to write 
the intertemporal budget constraint of the consumer. This constraint is arrived at by 
eliminating assets A1 through successive iterations of the accumulation equation (7). 

With r, =rand B1 = o for all t ~ 0, we arrive at: 

r T 

2:)1 + r)-'(C1 + w1L1) = 2:)1 + r)-1w1 (13) 
l-=1 t=1 

This expression generalizes the budget constraint (1) of the static model: it states 
that the discounted present value of expenditure for the purchase of consumer .goods 
and leisure cannot exceed the discounted present value of global income. 

The value of v0 is obtained by bringing the expressions of C1 and L1 given by (12) 

into the intertemporal budget constraint (13). It is implicitly definod by the following 
equation: 

f)1+p)-'{1+[(.!..±.:.)-1vow1] 1-• -(.!..±.:.)-1•ow1} =0 
,_, 1 +p 1 +p 

(14) 

It emerges clearly that the multiplier v0 depends on all wages over the life cycle 
of the individual. For sufficiently large T, this multiplier is affected very little by 



changes in a particular wage: what we have in that case is a transitory shock. On tho 
other hand, it is affected by a change affecting all wages: what we have then is a mod­
ification of the wage profile, or a permanent shock. To grasp clearly the difference be­
tween these two types of shock, let us imagine that a permaoent shock corresponds to 
a multiplication of all wages by a single positive quantity; relation (14) shows that v0 

will be divided by this quantity. Dul relation (12) then indicates that the optimal level 
of leisure-and therefore that of hours worked-remains unchaoged. In this model, a 
permanent shock has no influence on labor supply, since the income effect and the 
substitution effect cancel each other out exactly. Let us now consider a transitory 
shock that causes only the wage w1 to change. This shock has only slight influence on 
the value of v0 , and relation (12) shows that leisure at date t diminishes, while leisure 
at all other dates remains unchanged. This particular model thus succeeds in convey­
ing the notion that the permanent component of the evolution of real wages has no 
effect on labor supply, whereas the transitory component affects the level of supply 
immediately through the optimal response of agents who adjust their supply of labor 
in response to tern porary changes in the wage. 

Labor Supply and Real Business Cycles 
Since the first publications of Lucas and Rapping (1969), a number of authors have 
studied changes in the labor supply as a function of movements in the real wage. The 
goal of these studies is to explain a striking fact of major importance, which is that 
aggregate employment fluctuates a great deal in the course of a cycle, whereas the 
transitory component of changes in the real wage proves limited in scope. At the out­
set, the theory referred to as that of "real business cycles" saw the mechanism of 
intertemporal substitution of leisure as the principal cause of fluctuations in the level 
of employment. Following· this line of thought, the economy is always the object of 
multiple shocks (on technology, or on preferences) that have repercussions on the 
remuneration of labor and capital; to these agents respond in an optimal manner by 
instantaneously adjusting their supply of labor. More precisely, a favorable shock, one 
perceived as transitory, would motivate agents to iucrease their ~upply of labor today 
and to reduce it tomorrow when the shock has passed (for a comprehensive evalua­
tion of the implications of the theory of real business cycles for the labor market, see 
Hall, 1999). This theory is simple, even seductive, but it runs up against a sizable 
obstacle. If it is to agree with empirical findings, it must explain how small move­
ments in the real wage could entail large varialions in the level of employment. 

Hence in its original version, the theory of real business cycles requires em­
ployment lo be very sensitive to small changes in the wage. Relation (12) shows that 
this will be tho case if tho absolute value of the intertcmporal elasticity of substitution 
of leisure "<1 is large. Now, the majority of empiric~! 'studies arrive instead at small 
values (Hall, 1980, estimates thal a value of 0.4 might apply at the macroeconomic 
level; Pencavel, 1986, suggests values even lower than that for men, while Illundell 
et al., 1993, find levels ranging from 0.5 to 1 for married women in the Uuited King­
dom). Jn these circumstances, variations in the labor supply in response to transitory 
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changes in the wage cannot serve as a sufficient basis for a theory of the business 
cycle. Relation (12) does indicate, however, that transitory shocks might influence the 
level of employment via interest rates. Since these variables are noticeably more vola­
tile than wages, there would thus be another way to reproduce the stylized facts in 
question. This trail, however, also comes to a dead end. To demonstrate this, let us 
suppose that the intertemporal ntility function of the consumer is temporally separa­
ble; the first-order conditions (8) then imply: 

ui( C1, L,, t) 
uc(C,,L,,t) 

w, 'Vt= 1, ... , T 

If the wage does not change, it can easily be verified that this exprnssion defines 
an increasing relation between consumption and leisure if these are nmmal goods. 
Jn this case, movements in labor supply supposedly due to the variability of interest 
rates alone would be accompanied by an inverse movement of consumption. Herc too 
we run up against mnlradictory empirical observations, which show a positive corre­
lation between levels of employment and consumption. Faced with this fresh setback, 
one might try out other modifications of the formulation of tho problem of the trade-off 
over time between consumption and leisure, such as, for example, giving up the hy­
pothesis of separability, or introducing fixed costs into the decision to participate. To 
this day, no way has really been found to escape the substantially negative verdict 
that hangs over exp\onations of variability in employment basod on the sole mecha­
nism of intertemporal substitution of leisure (see the discussion and proposals of Hall, 
1999). 

1.3.2 Economic Analysis of the Decision to Retire 

Economic analysis of the process by which a person ends his or her labor market 
participation fits well into the life-cycle model offered above, provided that legal 
constraints and tho flow of income specific to retirement are brought into deer focus. 
In an uncertain environment, the process of making this decision can be analyzed 
with the help of the "option value" associated with the choice not to go into retire­
ment today. Empirical studies show that workers generally react in a significant fash­
ion to the financial incentives that accompany either early retirement or continued 
wage-earning. 

Social Security and Private Pensions 
Most countries in the OECD zone have put in place pension systems, public and pri­
vate, enabling workers to receive income when they retire from the labor market. For 
example, in tho United States there exists a public system (Social Security) funded by 
mandatory contributions coming from employers, which gives around 41% of his or 
her last wage to the median worker retiring al age 62. This ratio increases by 6.67% 
each year between 62 and 65. llvery individual has the opportunity to supplement this 
public retirement payout with private pensions, contributions to which arc negotiated 
between employer and employee at the moment the labor contract is signed. Taken 



as a whole, these contributions represent considerable financial acc:urnulations-the 
celebrated pension funds-managed by specialized insurance companies that pay out 
retirement pensions to their members that vary according to the return their invest­
ments heve made. In other countries like the Netherlands and !'ranee, the private sys­
tem is practically nonexistent, and the replacement rate offered by the public pensions 
is, in these two countries, on the order of 91 % for a person who ends his or her wage­
earning activity at age 60 (for a comparative international perspective, see Gruber and 
Wise, 1999 and 2001, from which those isolated figures are taken). 

Tho system of public and private pensions, to which we must add the tax sys­
tem, creates incentives for workers to take their retirement earlier or later. Most re­
tirement systems specify a legal age, sometimes called the "normal" age, past whit:h a 
worker is obliged to end his or her wage-earning activity (for example, normal retire­
ment.falls at 65 in the United States and Japan, and 70 in the United Kingdom). But 
every individual obviously has the right to retire before this legal age. As a general 
mle, he or she receives a smaller pension the farther the age at which he or she coases 
to work is from the legal ago. Hence the decision to retire brings into play a number of 
elements that emerge very clearly with the help of the life-cycle model, significantly 
modified. 

Option Value in the Life-Cycle Model 

Let ns consider a person employed on date t-this date represents, if you like, the age 
of this person-and let us suppose that this person decides to retire on dates;:;,: t. The 
ovolution of his or her wealth starting from date T is always give11 by equation (7), 

providod that we redefine certain variables of this equation. So, to simplify, we will 
suppose that the agent does not work at all after date s; we will then have L, = 1 for 
t ;:;,: s. In practice, the process of ceasing to work can be gradual, and for that matter the 
legislation sometimes permits work to continue while the agent is receiving a retire­
ment pension. We will use B,(s) to denote the income expected, in the period t;:;,: s, 
composed of pension payments over the period t and other income which the agent 
may happen to have. Most often, this income is an increasing function of age s from 
career onset to retirement. To avoid any confusion, we will use 81(0) to designate the 
non-wage income of the agent while he or she is still working, hence for t < s, and we 
will use C,1 and C" respectively to designate his or her consumption of physical goods 
before and after retirement. For givens, the agent solves the following problem: 

[
s-1 T ] 

c.~.?,.~i, {;U(C,1,L1,t)+ ~U(C,..,1,t) 

Subject to constraints: 

A,= {(1 +r1)At-1 +Br(O) + w,(1- J,,) -C., if r,;; t,;; s-1 
(1 + l't)At-1 + B,(s) - C,, if s,;; t,;; 'f 

Let us designate the value of the welfarn of tho consumer at the optimum of 
this problem by V,(s), and finally let us denote the legal age of retirement by Tm. uftor 
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which it is not possible to work any more. An agent age r chooses the date s on which 
to end his or her working life by solving the following problem•: 

M:x V,(s) subject to constraint Tm ?. s?. r (15) 

These problems never lend themselves to an explicit resolution and are gener­
ally solved numerically. In practice, we have to specify the utility function and the 
manner in which the replacement income is assembled to arrive at a model capable of 
being simulated or estimated empirically (one of the first attempts is found in Gust­
man and Steinmeier, 1986). Moreover, the decision to rolire is made in an environ­
ment marked by numerous uncertainties (changes in one's professional and mat·ried 
life starting from date t, the chances of illness, changes in taste, retirement systems, 
etc.) that steadily subside as the legal age approaches. In order to simplify the expla­
nation, we have written the agent's program without taking these uncertainties into 
account, but it is easy formally to introduce random factors into the utility function 
and into the equation for the evolution of wealth so as to obtain a stochastic model 
that fits reality more closely. In this case, V,(s) represents the intertemporal utility 
expected by an agent of age r. Supplementary information may be acquired that will 
cause the decision taken at age ( r + 1) to be different from the decision taken at age r. 
Let us denote bys• the optimal solution of problem (15); for every period, the program 
(15) allows the agent to choose between two possibilities: retire today-the optimal 
solution of the problem of the agent is a corner solution such as s• = r-or continue to 
work until age (r + 1) and reconsider his or her decision then, in which case the opti­
mal solution is of the kind s' > r. 

This way of envisaging the process of ending one's working life leads us to 
examine the option value attached to the decision not to take retirement right now 
(Stock and Wise, 1990). Supposing that the decision to retire is irreversible, we have 
just shown that ifs' = r, the agent stops working immediately, and on the other hand 
ifs'> r, the agent continues to work and reconsiders his or her decision at age (r + 1) 
in light of the new situation that he or she will be in when that date comes. The option 
value of not retiring today is thus equal to V,(s') - V,(r). If it is positive, the agent 
continues to work. If it is not, he or she goes into retirement. At the empirical level, 
this approach suggests that we estimate the probability of retirement at a given age 
by taking the option value as our principal explanatory variable. In order to obtain an 
indicator of this variable, we have to choose an explicit utility function, then estimate 
the option value tied to this utility function on the basis of a set of relevant vari­
ables, among which are income from public and private pensions and the wage out­
look (readers may consult the survey of Lumsdaine and Mitchell, 1999, for more 
details). In general, the indicator of the option value strongly influences decisions 
about retiring. 

Some Facts About the Impact of Eligibility Rules 
Empirical studies carried out in the United States have shown that changes made to 
the eligibility rules regarding Social Security pensions (the elimination of means test-



ing, extension of lhe normal age for stopping work) have had little effect. The reason 
perhaps lies in the fact that private pension plans encourage workers to take their 
retirement starting at age 55, whereas Social Security only pays retirement pension 
starting at age 62. If one looks only at private pensions, Gustman et al. (1994) have 
shown that individuals with tho highest pensions are thos" who retire soonest. But 
this income effect is relatively feeble, since at age 60, a 10% increase in expected 
income over the entire (expected) duration of retirement reduces the length of work­
ing life by less than two months. Conversely, . workers under financial pressure to 
postpone their retirement do in fact extend their working lives. Hero, too, the quanti­
tative effects are faint: a 10% rise in expected income over the entiro (expected) dura­
tion of retirement prolongs working life by less than six months. 

These results reveal the effects of retirement plans entered into at the time the 
worker was hired. But it is possible that, for reasons of productive efficiency, firms 
may offer pension plans that make it advantageous lo take retirement sooner. Such 
firms will therefore attract workers who have a stronger inclination to retire sooner. In 
this case, the observed correlation between the financial incentives and the age at 
which retirement is taken do not roveal a causality; they simply show a property of an 
optimal contract between particular types of firms and particular workers. In order to 
eliminate this endogenous bias, numerous studies analyze the behavior of workers in 
the face of unanticipated changes in their retirement conditions. ·For example, Lums­
daine et al. (1990) studied a large American firm that, in 1982, offored a "window" to 
its employees over 55 and enrolled in lhe pension plan, through which they could 
retire early; the fulancial bonus offered exceeded a year's worth of wages for certain 
categories of worker. By definition, this window of opportunity was of limited dura­
tion and had not been anticipated by the employees. Clearly, it therefore counts as an 
exogenous shock. Lumsdaine et al. (1990) found that, in the case of the workers most 
advantaged by the new arrangement, the rate of leaving more than tripled. For the 
overall workforce, this study estimates that, for a worker aged 50 employed in the 
firm, the likelihood of his or her retiring at age 60 was 0.77 under the now arrange­
ment, whereas it was only 0.37 before it was put in place. These results are confirmed 
by Brown (1999), who systematically examined the effect of "windows" utilizing data 
on the entire American population provided by the Health and Retirement Study 
(HRS). 

The effects of this type of financial incentive can also be studied through inter­
national comparisons. The studies of Gruber and Wise ( 1999, 2001) on a number of 
OECD countries show that financial incentives have, as a general rule, important 
impacts on the decision to retire. 

2 EMPIRICAL ASPECTS OF LABOR SUPPLY 

The supply of labor is probably the area of labor economics in which the greatest 
number of empirical studies have been carried out over the last twenty years. 
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Advances in econometric methods have accompanied and made possible this in­
crease. The reason for this trend is that, for those whose job it is to plan employment 
policies or reforms of the fiscal system, the response of labor supply is a primary con­
sideration. The econometrics of labor supply today rests on a solid foundation, of 
which we shall give the essential aspects. A retrospective of the principal results will 
complete this empirical tableau. 

2.1 INTRODUCTION TO THE ECONOMETRICS OF LABOR SUPPLY 
The econometrics of labor supply is today a domain of study in its own right, and we 
shall merely sketch the problems that arise within it and the principles that govern 
their resolution. For a comprehensive account, the reader will profit from consulting 
the survey of Blundell and MaCurdy (1999). 

2_1.1 The Principal Ingredients of a Labor Supply Equation 

The principal goal of empirical models of the individual labor supply is to furnish an 
estimate of the wage elasticity of this supply. But the preceding theoretical analyses 
have taught.us that there are several possible definitions of this elasticity, according to 
whether or not we integrate a temporal dimension into the choices of consumers. On 
the empirical level, it is primarily the way an indicator of income from sources other 
than the current wage is constructed that permits us to discriminate between the dif­
ferent definitions of elasticity. Based on the preceding theoretical analyses, in what 
follows wages will be treated as exogenous or independent variables. This hypothesis 
is not entirely satisfactory. From the dynamic point of view in particular, an individ­
ual's wage must depend on, among other things, the training he or she has decided to 
acquire and his or her seniority. Because these considerations belong more properly to 
the theory of human capital than to that of labor supply, we shall return to them later 
in chapter 2. 

The Basic Equation and the Specification of Control Variables 
As a general rule, estimates of labor supply are made on the basis of cross-sectional 
data (perhaps with temporal elements as well) produced by investigating a population 
of large size, out of which a number of individuals or households are sampled. The 
empirical models which the econometrician tries to estimate always rest on a basic 
equation relating hours h worked by a given individual at hourly wage w at each date. 
The following log-linear relation is a typical form of this basic equation: 

In h = aw In w +an In ~ + xO + r. (16) 

In this expression, [!II is a measure of incomo other than the current wage, xis 
a vector of dimension (1, n)-one row and n columns-describing the n individual 
charateristics or control variables used, and 8 is a vector of dimension (n, 1) compris­
ing n parameters to be estimated. The coefficients aw and aR are also parameters to be 
estimated, and finally, e designates a random term reflecting individual heterogeneity 
that is not observed. Certain studies take h as a dependent variable rather than ln h 
and/or income wand~ rather than ln w or In~. These different specifications corre-



spond to different restrictions on preferences (see Blundell and Macurdy, 1999) that 
do not alter tho principles guiding the estimation of equation (16). In order to .lit theo­
retical models, such as, for example, the one in section 1.1.1, it is also possible to 
introduce a polynomial form of wage into the right-hand side of equation (16) so as to 
avoid postulating a priori that hours worked are a monotonic function of the hourly 

wage. 
Parameter a., measures the. wage elasticity of labor supply. This elasticity can be 

interpreted in several different ways according to the hypotheses made and the model 
utilized: a diversity of interpretation present here in the manner in which .!JI, indicat­
ing income apart from tho current wage, is specified. The theoretical models taught us 
that individual labor supply at a given period was a function of the hourly wage for 
that period and other elements fanning the expected wealth of an agent, such as, for 
example, his or her anticipated income from savings or work. If we limit ourselves to 
an equation of type (16), these elemenL• have to he incorporated into variabl" Bf. The 
important thing is to know how to carry out this incorporation. 

One solution might be to consider only non-wage income for the period under 
investigation. During our study of the life-cycle model in section 1.3.1, we made it 
clear that this income, donated by R1, is composed of income from savings, which, for 
date t, are denoted by r1A1 .. 1 (denoting by r, the rate of interest between periods t - 1 
and t, and by A,_, the assets of the agent in period t - 1), and exogenous income 81• 

To set .<Jf1 = R1 = r 1A1_ 1 + B1 amounts to supposing that agents make their choices in a 
myopic fashion, with no opportunity to save today for consumption tomorrow. But 
this hypothesis of total myopia is not in the least realistic, for agents largely make 
choices with an eye to the future, so that to estimate coefficient aw while taking lit to 
be only non-wage income at the date of the investigation does not give pertinent 
information about the real reactions of labor supply. lt is possible to make up for this 
drawback by defining indicator ill differently. To that end, it will help to return to 
what we learned from the life-cyclo model laid out in section 1.3.1. 

A Reexamination of the Life-Cycle Model 
If, in the life-cycle model in section 1.3.1, the utility function is temporally separable, 
we have seen that the first-order condition (8) always implies equality between the 
marginal rate of substitution between consumption and leisure and the current wage 
at each date. This property suggests a two-stage resolution of this model, known in 
the literature as "two-stage budgoling." In the first stago, analogous to the basic static 
model, we defino a potential income Q1 for each period t in such a way that the con­
sumor's program consists of maximizing his or her instantaneous utility for the period 
I under a budget constraint, of which the non-wage income would be exactly Q1. In the 
second stage, the consumer optimizes the series of !l1, given the resources, present or 
anticipated, at his or her disposal. To arrive at such a program, we must first poinr out 
that the inlertomporal budget constraint (7) of the life-cycle model can be rewritten in 
the following way: 

C1 + w1h1 = (1 ~ r1)A1_ 1 + B1 -A1 
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Lot us set 0 1 = (1 + r,)A 1. 1 + 81 -A,; the two-stage procedure by which tho 
consumer resolves the program then emergP.s quite naturally. In the first stage, the 
consumer makes his or her choices for period t while maximizing instantaneous util­
ity U(C1, 1 - h,, t) subject to the "static" budget constraint C, + w,h, = n,. At the con­
clusion of this first stage, the consumer thus attains a level of indirect utility V(O,, t). 
In the second stage, he or she selects the optimal path for his or her assets A1 by solv­
ing the program: 

t=T 
Max L V(O,, t) s.c. n, = (1 + rt)A,_, + B, - A,, Vt 
{Ai} t-:0 

This two-stage procedure evidently gives the same solutions as the solution (in 
one stage) employed in section 1.3.1. 

Changes in a Wage 

On the empirical level, we should first note that the econometrician can know the 
values of n, when he or she can observe the value of the consumption of physical 
goods C, and the hours worked h,, since n, = C1 + w1h1• If that is not the case, or if 
they cannot be known precisely enough, it is possible to estimate n, by taking as ex­
planatory variables the value A,_1 of assets at the outset of period t, the interest rater,, 
exogenous income 81, all or part of the control variables of vector x, and the expecta­
tion of all these independent variables (inasmuch as the value A, of the assets at tho 
end of the period t is not necessarily known, and depends on expectations of future 
resources). Hence, if we wish to make a relevant assessment (that is, one that avoids 
the supposition that individuals are completely myopic) of the reactions of labor sup­
ply to changes in a given wage, it is best to take !JP as an estimator of potential income 
n. In other words, if t designates the date of the survP.y, the income indicator 1111 to he 
taken into account in the basic equation (16) must then be estimated by a relation of 
the type: 

Bl,= Bl(A, __ ,, r,,B,,x,,Z1) 

Here, z, represents the vector of the anticipated values of r, w, B and x. Note 
that, according to ti\e procedure of "two-stage budgeting," potential income is an 
endogenous variable, since its value depends on choices made by the consumer dur­
ing the allocation through time of his or her wealth. Hence it is best to apply methods 
based on instrumental variables in order to estimate equation (16). The "two-stage 
budgeting" procedure allows us to estimate, in a pertinent manner, the olasticity of 
labor supply with respect to one particular wage (or one expected wage), but does not 
allow us to know the effects of a change in the overall wage profile, since under this 
hypothesis, potential income 0 1 changes as well. Now, it is indispensable to study the 
overall wage profile if one wants to know, for example, the impact of a reform of the 
tax system, or more generally any measure of economic policy likely to become per­
manent. Before answering this question, we will show how l.o measure elasticity in 
Frisch's sense. 



Estimating Elasticity in Frisch 's Sense 

The dynamic model of section 1.3.1 has much to teach us. In particular, relations (10) 

and (11), defining its solutions, reveal that labor supply ht depends on the current 
wage Wt and the marginal utility of wealth v,, so that ht = h( w,, v,, t). According to 
relation (11) of this model, the logarithm of Vt breaks down into an individual fixed 
effect equal to In v0 and an age effect I;;:: ln(l + r,), common to all agents and which 
may be written in the form pt, supposing that r, is constant. To obtain the elasticity of 
the labor supply in Frisch's sense, also called the intHrtemporal elasticity of substitu­
tion, we view the marginal utility of wealth Vt as exogenously given, independent of 
the current wage. Following relation (11), we see that that amounts to supposing that 
In v0 is also independent of the current wage, but evidently does depend on individual 
characteristics. This property suggests substituting In v0 +pt for In ill in equation (16) 

to estimate Frischian elasticity. If we have longitudinal data available, we can elimi­
nate individual fixed effects by taking the basic relation (16) in first-differenr.es, which 
is written: 

!;. Jn ht= p + dXtlJ+awd In Wt+ !;,et 

This equation allows us to estimate the elasticity of labor supply in Frisch's 
sense in a coherent manner, that is, the impact of a transitory change in the wage. It 
does not, however, allow us to evaluate the impact of a change in the overall wage 
profile, for a change of tl1is type causes the marginal utility of wealth to vary a priori. 

Changes in the Wage Profile 

In order to evaluate the consequences of a change in the overall wage profile, we have 
to take into consideration variations in the marginal utility of wealth. The initial value 
of the marginal utility of wealth v0 depends on individual preferences and all antici­
pated income; it may be approximated by the equation: 

T 

In Vu = Y"'r + L Y1Eo In w; + \DAo 
i=O 

In this expression, y, «y and T (T ~ r) designate respectively a vector of indi­
vidual characteristics relating to the onset of working life, a vector of parameters to be 
estimated, and the duration of working life (putatively known). The term Ao desig­
nates the initial value of the stock of wealth, \6 is a parameter, and E represents the 
expectation operator. Replacing In ill by In v0 +pl in the hasic equation {lll), this 
equation becomes: 

T 

In ht= aw In Wt +xlJ+ yay + 2:1•1Eo In w; +\DAo +pt+ •t 
i=O 
i# 

(17) 

Expected wages, which arc evidently not observed, can themselves be approxi­
mated by an equation of the form: 

Eo In w, = ao + a,t+ a,t2 + Ut (18) 
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In this equality we have set a; = za:;, j = o, 1, 2, where z is a vector of observable 
characto.ristics unchanging over time, rx; is a vector of parameters, and Ut is a random 
element. The term 12 is introduced to account for a possible nonlinearity in the rela­
tion between wages and experience, which is generally confirmed by empirical work 
on this .subject (see below, chapter 6, section 4.3). The simultaneous estimation of 
equations ( 17) and ( 18) allows ·us to obtain the paramelers needed to assess the impact. 
of an overall change in wages on labor supply. Parameter aw measures the impact of 
a change in the current wage w,, while parameters Y; measure the consequences of 
changes in tho overall wage profile (see Blundell and MaCurdy, 1999, pp. 1600-1603, 
for more details). 

To sum up, it is necessary to define precisely the set of variables that explain 
labor supply-in particular, the indicators of non-wage income-in order to sec what 
type of elasticity the model utilized allows us to estimate. Having thus set out the 
ingredients that go to make up an empirical labor supply equation of type (16), we can 
now present the principles that guide this estimation. 

2-1.2 A Short Guide to Estimating Labor Supply 

Estimating the basic equation by ordinary least squares leads to biased results, since 
il neglects to take into account participation decisions. If we want to obtain unbiased 
estimators of the elasticity of labor supply, we have to estimate jointly decisions to 
participate and decisions about the number of hours worked. These estimates oblige 
us to attribute a fictitious wage lo those who do not parlicipate in the labor market. 

What We Must Not Do 
The first idea that comes to mind is to apply the method of ordinary least squarns to 
equation (16) alone. Until the 1970s most studios proceeded in this way. But it is not 
a correct method, for it fails to distinguish decisions about participation in the labor 
market from those about the number of hours an agent is prepared lo offer. The ques­
tion that faces the econometrician is, given a sample of individuals, how lo take into 
account persons who do not work (or episodes during which an agent has not worked 
if the data are equally temporal)? Certain studies subsequent to the 1970s simply set 
h; = O for these persons. In other words, these studies took the view that certain 
workers choose exactly h; = 0, just like any other value of h;, which entails that 
equation (16) holds for any wage value of h; and w;. It is precisely this last hypothesis 
that is false. Equation (16) is only valid for wages above the reservation wage, and for 
all other wages, labor supply is null. Making do with equation (16) and setting h; = 0 
for opisod"s of nonwork thus leads to specification errors. An alternative solution 
was simply to exclude the unemployed, and nonparticipants in the labor market, from 
the sample. But in this case the econometrician commits a selection bias, forgetting 
that not to supply any hours of work is a decision in the same way that supplying 
them is. The fact that this type of decision is not described by equation (16) docs not 
authorize us to set it aside puroly and simply. Tho solution is to om ploy an empirical 



model that, like the basic model of 1.1.1, describes participation and hours decisions 
jointly. 

What We Must Do 

The approach most often utilized today is "structural." It combines an explicit func­
tional form for the direct utility function of consumers, dependent in parametric fash­
ion on the different observable characteristics of an individual, and a random term 
representing the nonobserved heterogeneity among individuals. Wo then write the 
budget constraint, from which we deduce, by the usual maximization procedure, labor 
supply and the reservation wage. The participation condition is then arrived at using 
the probability distribution of the random term, by positing that the wage offered must 
be superior to the reservation wage. We estimate the model at which we arrive using 
cross-sectional data that specify, for each individual, the values of every variable we 
arc interested in, and his or her decisions to participate or not in the labor market. Let 
us illustrate this approach using an example, for purely pedagogic purposes, based on 
the static model of section 1.1.1, with a utility function of the Cobb-Douglas type. 

The utility of a consumer will then take the form c1 ··PLP, 1 > p > o, and the 
budget constraint continues to be written C + wL = wL0 + R. We assume that the 
explanatory variables and the random term intervene via the coefficient p according to 
tho linear form p = xO + r.. Following the static model of section 1.1.1, we know that 
the reservation wage WA is equal to the marginal rate of substitution UL/Uc taken al 
point (R, L0 ) and that the maximization of utility subject to the budget constraint gives 
the optimal value of leisure. After several simple calculations, we find that: 

p R 
WA=---

1-P Lo 
and 

Since the coefficient pis a function of the random term a, the inequality w ;;, wA 

is equivalent to an inequality on the values of e, which is written: 

W > WA ¢} 8 < ~ - x0 
- - R+wL0 

In conclusion, the decisions concerning labor supply h = L0 - L and participa­
tion may be summed up in this fashion: 

ifF.< wL0--xO 
- R+wLo 

ife>~-·xO 
·- R+wLo 

(19) 

This expression of labor supply is related, as regards the interior solution, to 
tho basic equation (16). But we see that taking account of participation decisions 
constrains the variations of the random term, making them depend on explanatory 
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variables. In these circumstances, the use of ordinary least squares is seen to be 
inadequate. 

Joint Estimations of Hours Worked and Participation Decisions 

Let us suppose that the economatrician has at his or her disposal a sample of individ­
uals, Nin size, specifying that individuals i = 1, ... ,/have worked h1 hours and that 
individuals i =I+ 1, .. .,N have not worked. Let us denote by F(.) and /(.) respec­
tively the cumulative distribution function and the probability density of the random 
term e (the random term is most often assumed to follow a normal distribution). It 

is then possible to write the likelihood of the sample. Following rule (19) giving the 
optimal decisions of an agent, when an individual i has worked h; hours, that 
means that the random torm has taken the value e1 = w;(Lu - li;)/(R; + w1L0 ) - x;O. In 
this case its contribution to the likelihood of the sample is equal to f(e;). If agent i has 
not worked, that means that the random term is bounded above by the value ii; = 

[w1L0/(R1 + w1L0 )J - x11J. In this case, its contribution to the likelihood of the sample is 
given by Pr{h1=O}=1 - F(e1). Setting F = 1 - F, the likelihood function of the sam­
ple is written in logarithmic form: 

ft'= f lnf[w;(Lo-hi) - x;o] + ~In P[~ - x10] 
.-~, 1 R; + WiLo j=/+t Ri + W;L0 

(20) 

The maximization of the likelihood function by appropriate techniques (in this 
case of the probit type, sinco there is a mixture of continuous and discrete variables) 
furnishes estimates of the parameters in which we are interested. The expression of 
the likelihood function also permits us to understand cleai-ly the mistakes made in 
failing to formalize participation decisions completely. If we set h 1 = O for persons 
who do not work, that amounts to believing that their contribution to the likelihood is 
equal to f[(w;L0/(R1 + w;L0 )) - x,O], which comes down to substituting function f for 
function F in the second term of the right-hand side of relation (20). If we exclude 
persons who do not work from the sample, then we aro neglecting to take account of 
the second term on the right-hand side of relation (20). These two solutions result in 
biased estimators. 

A Nonparticipant's Wage 
The expression (20) of the likelihood function also highlights a delicate problem. 
By definition, the econometrician does not observe the wages of individuals i = 

f + 1, ... , N who do not work. However, relation (20) shows thut it is necessary to 
attribute a fictitious wage to these individuals if wo want to maximize the likeli­
hood function. We thus have to be able to assign a quantity to the (unobserved) wage 
notionally offered to an individual, which he or she has refused. The most common 
solution at present consists of deducing the wage of a nonparticipant using the wage 
received by participants with similar characteristics in terms of educational qualifica­
tion, experience, age, and so on. In practice we can explain the wages of individuals 
participating in the labor market by a regression of the type w; = y11Jp + u1 in which 



the vector y; represents the characteristics of an individual i participating in lhe labor 
market, and Op designates the vector of the parameters to he estimater\. Let us use Op to 
denote the vector of the estimates of IJ; we can then use this vector flp to calculate the 
wage wk of a nonparticipant k, using the vector Yk of bis or her characteristics and 
setting Wk = Yk{Jp· This simple technique unfortunately presents a selection bias, since 
it assumes that the regression equation w; = y;IJp + u; also applies to the notional 
wages of nonparticipants. This hypothesis is highly likely to be mistaken, inasmuch 
as participants in the labor market must on average have nonobserved characteristics 
that allow them to demand wages higher than those that nonparticipants can demand. 
Formally .this means that the distribution of the random disturbance u; should not 
be the same for participants and nonparticipants. The distribution that applies to 
participants ought to weight the high values of the random factor more strongly than 
the one that applies to nonparticipants, and consequently the estimation procedure 
described previously will overestimate the notional wage attributable to a nonpar­
ticipant. One way to correct this bias consist• of making simultaneous estimations of 
equations explaining wages and decisions to supply labor (see Heckman, 1974, for an 
application). 

2.1.3 Nonlinear Budget Constraint 
In practice, the budget constraint of an agent does not come down to a simple segment 
of a line, as in the basic model of section 1.1.1. Mandatory contributions and transfers 
make this constraint (at best) piecewise linear. The estimation of labor supply then 
runs into a new problem, that of the endogeneity of the choice of the "piece" on 
which an agent will settle. The method of virtual incomes and the construction of a 
differentiable approximation of the budget constraint make such an estimation possi­
ble, however. 

The Method of Virtual Tncomes 
In all countries, the systems of tax and subsidy that agents con;e under present im­
portant differences according to income, so that, from the point of view of empirical 
estimations, it is not possible to assume that the budget constraint of an agent is rep­
resented by a single segment of a line, as in the basic model of section 1.1.1. In prac­
tice, the different schedules of marginal rates according to income brackets, and the 
different deductions to which certain contributors are entitled, imply that the budget 
constraint of an agent is piecewise linear. By way of illustration, let us consider the 
example of a tax system in whlc:h an agent whose income does not exceed an exoge­
nous threshold Rmox is not taxed, whereas if his or her income crosses this threshold, 
his or her wage will be taxed at rate t. Let us use wand R to denote respectively the 
wage and the non-wage income of this agent. Our example of a fiscal system slarts to 
tax the consumer from the point at which his or her working time surpasses the value 
hmox defined by whnmx + R = llmox· To this maximal value of working time there cor­
responds a value for leisure of Lm1n = L0 · bmo<· Figure 1.6 represents the budget con­
straint associated with this rudimentary fiscal system in the plane (L, C). In reality, the 
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FIGURE 1.6 

Piecewise linear budget constraint. 

budget constraint is made up of more than two segments, and the set situated under 
the budget constraint can even present nonconvexities, due, for example, to the rato 
applied to overtime hours. The coherence of the tax system dictates, however, that the 
budget constraint should be continuous. Under this hypothesis, this constraint is 
characterized in the following manner: 

{
wh +R if h s; hmax 

C = wh(1 - r) + R + wrhmax if h :2: hmax 

When the consumer chooses what he or she will consume in such a way as 
to maximize his or her utility U(C,I,) subject to his or her budget constraint, figure 
1.6 shows that an interior solution may be situated at points Ii', or E2 , according to 
whether or not labor supply is such that the c:onsumet is taxed. Thls figure also indi­
cates that point E, corresponds to the optimum of the consumer whose hourly wage 
would be equal to w(1 - t) and who would receive a vi1tual non-wage income Rv 
equal to R + wrhmax = R + r(Rmox - R). It should be noted that this virtual income is 
perfectly well known, so it forms part of the "observations" available to the econome­
trician. Let us denote by \U(w,R) the exp1·ession of labor supply if there were no taxes, 
that is to say, its value at point E,. Let us again denote by WA the reservation wage, 
which is once more equal to tho marginal rate of substitution between leisure and 
consumption evaluated at the point. of nonemployment. Sinc:e hmax " (Rmox - R)/w, 
labor supply in the presence of our rudimentary fiscal system is then written:· 

{
0 ifw:<wA 

h = qi[w(1 - t),Rv] if (l!(w,fl) :<: (Rmax -R)/w 

qi(w,R) if!l'(w,R)o;;(Rmax-R)/w 
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FIGURE 1.7 

Differentiable budgetary constraint. 

If we add other explanalory variables and a random term, which we have not 
done here so as not to burden the presentation, we arrive at an empirical model for­
mally rather close to that described by equation (19). Here again, labor supply takes 
different values according to the values of the random term, and so can be estimated 
by the same methods as those envisaged above. 

Approximation of the Budget Constraint by a Derivable Function 
Another, more recent, method, relics on an approximation of the budget constraint 
by a derivable function (see, for example, MaCurrly et al., 1990, to see how such an 
approximation is constructed). Tho curve denoted CB(h) in figure 1.7 represents a 
function of this type. Point E of this curve, where hours worked ore equal to h, can be 
Jinked to a virtual wage, denoted w(h), equal to the slope of the curve at this point, 
and a virtual non-wage income, denoted y(h), corresponding to the intersection of the 
tangent of this curve with the vertical line with abscissa J,0 , Note that this virtual wage 
and virtual income are "observable" by the econometrician from the moment he or 
she has been able to construct the curve CB(h). All tho optima of the consumer's pro­
gram are then obtained by maximizing his or her utility under a (virtual) budget con­
straint written C = w(h)h + y(h). For the interior solutions, the hours worked are then 
given by the implicit equation: 

h = q>[w(h), y(h)] 

This equation suggests a procedure for estimating labor supply: after having 
approximated the budget constraint by a derivable function, one "observes" the vir­
tual wages and incomes and regresses the actual hours of work onto these virtual 
wages and incomes. Because those explanatory variables are manifestly not indepen­
dent of hours worked, one has to resort to procedures utilizing instrumental variables. 
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This strategy, though simple in principle, poses problems owing to measure­
ment errors that are almost always present in data relating to hours worked and 
wages. Thus, the dependent variable represents a priori the number of hours worked 
during the year-a piece of information that is rarely available. If, for example, we 
know the number of hours worked every week, then we multiply this figure by the 
number of weeks worked during the year. Dut this procedure is very arbitrary: in par­
ticular, it takes no account of voluntary or invohmtary absences. As regards wages, Lhe 
available data most often yield no more than a gross annual or monthly wage, when 
the explanatory variable that really counts ought to be tho net hourly wage. Herc 
again, the passage from the available data to the explanatory variable is a potential 
source of measurement errors (it should be noted that these problems of measurement 
errors extend to all the procedures by which labor supply is estimated, and not solely 
the one under study hero). The upshot is that virtual wages and incomes are them­
selves the object of measurement errors. In these conditions, one solution lies in 
estimating a system of equations that takes ihe following form (see, for example, 
Bourguignon and Magnac, 1990): 

w = C(h,x,,,,e,,) and 

In this system, Xw and xy arn two vectors of control variables that do not neces­
sarily coincide with vector Xh of the control variables that appear in the equation 
defining labor supply. The random terms (•h· i;,,,, •r) capture tho measurement errors 
and the nonobserved heterogeneity among individuals. 

Having presented I.he problems encountered in the estimation of labor supply 
and the methods by which they can be solved, it is now time to examine the main 
results to which those estimates lead. 

2.2 MAIN RESULTS 
The econometric methods laid out above have made it possible to know better the 
value of the elasticity of lahor supply. At the present time, the results obtained have 
converged toward a relative consellsus. "Natural experiments" are another source of 
knowledge of the properties of the labor supply. The evolution of the amount of time 
worked and the participation rates fill out this factual panorama. 

2.2.1 Form and Elasticity of Labor Supply 

A consensus is emerging around tho idea that movements in labor supply are princi­
pally owing to variations in the participation rntc, and that the elasticity of the supply 
of female labor, especially that of married women, is greater than that of men. 

The Hump-Shaped Curve 
Does an individual's supply of labor take the form of a hump-shaped curve, as 
depicted in figure 1.4? The study or lllundell et al. (1992) suggests that it does. Using 
data from' research on the expenditures of British families, these authors focus on a 
sample of single mothers, whose weekly supply of labor they estimate, distinguishing 
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between those who have non-wage income R greater than the median of the sample 
and those whose non-wage income is less than the median. The results of this study 
are represented-in figure 1.8. 

Scrutiny of this graph confirms, in the first place, that the hypothesis that leisure 
is a normal good is well-founded. We see that for practically all values of hourly wage, 
individuals in tho sample who dispose of a non-wage income exceeding the median 
work less than the others. This graph also shows that the labor supply curve can 
indeed present a maximum (and even local maxima). Excluding wage values that are 
too low, we see that the labor supply curve for individuals whose non-wage income is 
less than the median strongly resembles the theoretical form of figure 1.4. For other 
individuals in the sample the resemblance is less marked, but tho essential pciint 
remains: for low hourly wages (on the order of £1 to £1.5), there is little supply, and 
the substitution effect prevails, whereas for higher wages (from around £3 on up), the 
global income effect overrides the substitution effect. 

The Elasticity of Labor Supply 
The distinctive features and adaptations of the different fiscal systems found in dif­
ferent countries are often used to estimate the olasticity of labor supply of certain 
groups belonging to the population of working age (see Heckman, 1993, and Dlundell 
and MaCurdy, 1999). These estimates run up against numerous difficulties. We have 
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Table 1.1 

The elasticity of the labor supply of married women. 

Uncompensated Income 

Authors Sample wage elasticity elasticity 

Hausman (1981) U.S. 0.995 -0.121 

Arrufat and Zabalza (1986) U.K. 2.03 -0.2 

Blundell et al. (1988) U.K. 0.09 -0.26 

Arellano and Meghir (1992) U.K. (young children) 0.29 -G.40 

Tries! (1990) U.S. 0.97 -0.33 

Bourguignon and Magnac (1990) France (0.05; 1) [-0.2; -0.3) 

Source: Blundell and Macurdy (1999, table 2, pp. 1649-1651). 

already noted, for example, the need to distinguish clearly between decisions to par­
ticipate, and decisions by people who already have a job about how many hours to 
work, and between hours freely supplied and ones that workers arR forced to supply; 
and further, the complexity of budget constraints arising from different fiscal systems, 
the presence of fixed costs, the need to attribute a fictitious wage to nonparticipants, 
and so on. 

Although the range of estimated elasticities is very broad, there is a relative 
consensus stressing the preponderance of variations in the participation rate over 
variations in hours. More precisely it is the variations in the rate of participation of a 
given group that explain the core of the elasticity of this group's labor supply. Another 
consensus emerg"s regarding the elasticity of labor supply by married women, which 
is demonstrably positive and greater than that of their spouses. 

Table 1.1 furnishes some estimates obtained from empirical models utilizing 
methods set forth in sections 2.1.2 and 2.1.3. In this table, uncompensated elasticity 
designates tho global effect of a wage change highlighted in equation (4) in section 
1.2.2, that is, (w/h')/(dli'/dw). Income elasticity measures the impact of a change 
in income on labor supply, that is, with the notations in 1.2.2, (R0 /h')(oh'/oR0 ) = 

(Ro/h')A., Table 1.1 shows that the income elasticity of labor supply is negative, 
which means that leisure is a normal good (its consumption rises with income). Vice 
versa, wage elasticity is positive, so substitution effects prevail over income effects. 
Attention must be drawn to the large range of the estimates, however. 

Table 1.2 shows that the wage elasticity of the labor supply is much weaker for 
married men, while income effects are, in general, more significant. If we tum to the­
oretical models, these results indicate that within tho household, fiscal reforms affect 
principally the participation decisions of women, since on average they have access to 
lower wage·s than those of men and in all likelihoocl possess a comparative advantage 
whcm it comes to household production. 



Table 1.2 

The elasticity of the labor supply of married men. 

Uncompensated Income 

Authors Sample wage elasticity elasticity 

Hausman (1981) U.S. [O; 0.03] [-0.95; -1.03] 

Blomquist (1983) Sweden 0.08 [-0.03; -0.04) 

Blundell and Walker (1986) U.K. 0.024 -0.287 

Triest (1990) U.S. 0.05 0 

Van Soest et al. (1990) Netherlands 0.12 -0.01 

Source: Blundell and MaCurdy (1999, table 1, pp. 1646-1648). 

2.2.2 Natural Experiments 
When a change is made to some aspect of economic policy, the econometrician has a 
chance to perform a "natural experiment." The basic idea is to compare the reactions 
of a group affected by the change with those of another group having similar char­
acteristics bul that is untouched by the change. The second group is the "control 
group." Changes in the fiscal system often provide a chance to apply this methodology 
to the study of labor supply behavior in a well-defined subpopulation (chapter 11, 
section 3, probes the question of the evaluation of economic policies in detail and 
problems arising from the utili~ation of tho results of natural experiments; see also 
the surveys of Heckman et al., 1999, and Rosenzweig and Wolpin, 2000). Within the 
framowork of a natural experiment, the effoct of a change in economic policy is most 
often assessed with the help of an estimator called a "difference-in-differences esti­
mator." Blundell and Ma Curdy ( 1999, section 5) have shown that this estimator cor­
responds, under certain conditions, to the estimator of ordinary least squares of a 
standard model with fixed individual effect. What follows derives.from their work. 

The Methodology of Natural Experiments 
Let us take a population of individuals of size N, out of wh.ich a group of size NM has 
been affected by a change in economic policy, while tho control group of size Ne has 
not been so affected. Suppose that we want to find out the effects of this change on a 
variable y (for example, hours worked or participation in the labor market). Let us 
denote by Yil the observed value of this variable on an individual i at date t, and let us 
use 011 to designate the dummy variable, which equals 1 if the policy change applies to 
individual i at date t, and O if it does not. Wo can then try to evaluate the impact of the 
policy by estimating tho following equalion: 

Yu = adu + X;t8 + 7; +Ct + e;t (21) 

Parameter"' is an indicator of the impact of the change, Y; is a fixed effect proper 
to individual i, ( 1 is a temporal effect proper to all agents, xii is the vector of the 
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) 
observable characteristics of individual i al date t, 0 is a vecLOr of parameters to be 

estimated, and e;1 designates an error term distributed independently among the indi­

viduals and also independent of 7; and (1• 

Let us denote by l'J. the difference operator; by definition l'l.!Cr = i.:1 - K 1 •. 1 for any 
variable"· When confronted with an equation like (21), the usual method consists of 
applying this operator to both sides of the equation in order to eliminate fixed indi­

vidual effects 7;· We thus obtain: 

l'l.y;r = aM;r + (l'J.x11)8 + l'J.(, + l'l.e;r (22) 

The general principles of econometrics with longitudinal data could be applied 

to equation ( 22), but the dummy variables tl;1 have an interesting peculiarity that in 
certain cases lets us uncover simple expressions of the estimators. Let us therefore 

suppose that the observations concern only two periods. In period ( t - 1) the same 
economic policy applies to all individuals, while in period t, economic policy is 

altered for individuals i e M. For individuals i e C of the control group, there is no 

alteration. Since the model has only two periods, we can leave the time indexes out of 
equation (22). Let us suppose for simplicity's sake that individual characteristics do 

not vary (l'J.x; = 0), and let us posit p = l'J.(,, u; = !J.e11 • Equation (22) is now written: 

l'J.y; =P+aM;+ u; 

Dy definition, the eslimator of ordinary least squares of coefficient a is then 

given by: 

a = cov(M, l'J.y) 
var(M) 

L; (M; - M)(l'l.y1 - l'J.y) + L: (l'l.tl; - M)(!J.y1 - l'J.y) 
ieM iEG 

L: (M, - M) 2 + L; (M1 - l'J.tl) 2 

ieM if:.G 

where M and Ay designate respectively the average values of l'J.1' and l'J.y. Since 

l'J.tl; = 1 for i EM and l'J.tl; = 0 for i e C, after several simple calculations we get: 

L: l'l.y; L: l'J.y; 
,... ieM iel' 
~=------

N_1,1 Ne 
(23) 

Estimator & is caUed a "difference-in-differences" estimator. To construct it, we 

first calculate the average within each group of the differences between the dates 
(t - 1) and t of the dependent variable y, then we calculate the difference between 

these two averages. Its interpretation is very intuitive: if & is equal to 0, that is because 

on average, the dependent variable y has undergone the same variations in the treated 
group (M) and in the control group (G). We may then conclude that the change of 

economic policy has had no effect. It is necessary, however, to look at tho order of 

magnitude of a carefully, for a change of economic policy often affects certain compo­
nents of vector x;, of observed explanatory variables (for example, wages). It is also 

possible t.hat the nonobserved heterogeneity included in the disturbance •11 depends 
on variations in economic. policy (for example, the entry into the labor market of less 

motivated persons may be favored by an increase in unemployment benefit). It is best, 



Table 1.3 

Participation rates of single women. 

Treated group 

Control group 

Pre-TRA86 

0.729 
(O.OOli) 

0.952 
(0.001) 

Standard errors in parentheses. 

Source: Eissa and Liebman (1996, table 2). 

PosHRA86 

0.753 
(O.OOli) 

0.952 
(0.001) 

Difference 

0.024 
(0006) 

0.000 
(0.002} 

0.024 
(0.006) 

therefore, to specify carefully the content of exogeneous variables in the estimation of 
equations grounded on natural experiments (the survey of Blundell and Macurdy, 
1999, clarifies in detail many points concerning the application of this methodology to 
labor supply; see also chapter 11, section 3, of the present work, which is dedicated to 
tho problem of evaluating labor market policies and discusses the conditions under 
which the difference-in-differences estimator is valid). 

Examples of Natural Experiments 
Eissa and Liebman (1996) have studied the effects of the fiscal reform carried out in 
the United Stales in 1986 on labor force participation rates and hours worked. 

The Tax Reform Ac:t (TRA) of 1986 profoundly altered the system of. earned 
income tax credits (EITC) by giving greater financial encouragement to take a low­
wage job, but only to those with children in their care. To avoid difficulties arising 
from intrafamilial decisions (see section 1.2.2), llissa and Liebman studied only single 
women. Tho control gmup therefore consisted of single childless women, while the 
treated group comprised single women with at least one child to care for. Eissa and 
Liebman {1996) then estimated the changes in the participation rate of each of these 
two groups. The data utilized were those of the March Current Population Survey for 
the years 1985-1991(excluding1987, which was considered the year of the change­
over). The treated arid control groups comprised respectively 20,81 O and 46,287 indi­
viduals. The stages by which the differencc-in-difforences estimator a was calculated 
are summarized in table 1.:l. 

The first two columns of table 1.3 represent the average of the participation rates 
for the periods 1984-1986 and 1988-1990, respectively. The third column shows, 
for each group, the difference between those averages after and before the reform. 
In this c:olumn, the figures 0.024 and 0.000 thus respectively represent the terms 
(L;eM tly;)/NM and (L;ec /'J.y;)/Nc of relation (23). The difference-in-differences esti­
mator is I hen deduced and reported in column 4. In order to guarantee the robustness 
of their results, Eissa and Liebman then estimated an equalion of the probit type anal­
ogous to (21). In their study, J'it is a dummy variable equal lo 1 if person i has worked 
(for at least one hour) during period t, and equal to 0 if he or she has not. The dummy 
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variable /i;1 is equal to 1 if person i is eligible for EITC during period t, and equal to O 
in all other cases; the Lerm (1 is captured by Lhe indicator variables relative to the years 
covered in the study; and vector x;i of observable charactoristics contains indications 
of the number of children in school and not, the size of the family, level of education, 
age, and race. The estimation of this equation leads to the conclusion that single 
women caring for at least one child saw their probability of participating in the labor 
market grow, on average, by 1.9 percentage points (which is of the same order of 
magnitude as the 2.4 percentage points appearing in the third column of table 1.3). 
The further studies of Meyer and Rosenbaum (2000, 2001) on the same subject con­
firm the results of Eissa and Liebman (1995) and underline even more the importance 
of financial incentives in decisions to return to employment. 

For !'ranee, an example of this approach grounded in a comparison between a 
treated group and a control group is the study of Piketty (1998) of the consequences of 
the extension of the parental education allowance (Allocation Parentalc d'Education, 
or APE) starting in 1994. The AP!l is a monthly allowance of 3000 French francs 
(about 40% of the median wage) paid to a spouse who accepts leaving the workforce. 
Beginning in 1994, this measure was applied to families with two children (one of 
them undHr 3), whereas before that date a family had to have at least three children in 

order to be eligible. This "natural experiment" permits a precise analysis of the labor 
supply behavior of the subpopulation of mothers of two children (one of them under 
3), taking as a control group the subpopulation of mothers with at least three children. 
Piketty (1998) shows that the fall in the participation rate, which was around 16% 
between 1994 and 1997 for the treated group, is entirely explained by the extension of 
the APE. He estimates that at least 35% of the mothers of young children would not 
have stopped working without this measure. The wage elasticity of the participation 
rate thus turns out to he particularly high for this category of women. 

We may note that experiments can he carried out on purpose by the authorities, 
in which case we refer to "social" or "controlled" experiments. The Self-Sufficiency 
Project launched in the Canadian provinces of New Brunswick and British Columbia 
falls into this class. First, 6000 single parents who had been receiving only minimal 
social assistance for at least a year were selected al random. Then, from among these 
6000, 3000 were picked at random and offered a bonus (amounting to around C$500 
per month) which doubled the difference in disposable income between inactivity and 
employment if they found a full-time job. A year later more than 25% of the treated 
group were in full-time employment, as opposed to less than 11 % of the control group 
(all the other results of the Self-Sufficiency Project can be found in Card and Robbins, 
1996; sec also Blundell et al., 1995, for studies of natural experimenL• in the United 
Slates and Groat Britain). 

To complete this rapid survey, we must notn that natural experiments are not 
confined to the evaluation of public policies; they may also be applied to spontaneous 
events such .as climate change. In this case economists sometimes speak of "natural" 
natural experiments (see Rosenzweig and Wolpin, 2000). In the domain of labor sup­
ply, studies have evaluated the consequences of meteorological change on the buhav-



ior of farm families, while others have focused on the impact of children on the work­
ing lives of women: the treated group consisted of women who had had twins at their 
first childbirth, and the control group consisted of women who had had a single child 
at first childbirth. These studies generally bring out a negative effect of parenthood on 
labor supply by women. 

Value and Limits of the Methodology of Natural Experiments 
At first sight the methodology of natural experiments constrasts, by its simplicity, 
with the structural or econometric approach presented above, which consists of spec­
ifying a model and deriving from it equations that are estimated by an appropriate 
statistical method. The methodological simplicity of natural experiments is an unde­
niable advantage. Furthermore, this approach makes it possible rigorously to identify 
the consequences of a particular event, if it is properly conducted. But it has its limi­
tations. For one thing, situations capable of giving rise to natural or controlled experi­
ments are few. For another, each natural experiment constitutes, by definition, a very 
particular event, the consequences of which cannot be generalized into other contexts 
in tho absence of theory. From this perspective, the structural approach and the 
methodology of natural experiments are complementary. The structural approach, 
starting from an explicit model and relying by definition on particular hypotheses, 
leads to tho estimation of elasticities that allow us to evaluate the effects of numerous 
changes in the economic environment, the fiscal system for example, on behaviors 
and welfare. The structural approach is thus a valuable aid to decision-making in 
matters of public policy, since it has the power to predict, given well-defined hypoth­
eses, the consequences of diffc1·ent public initiatives. The methodology of natural 
experiments assists in testing, .a posteriori and in a particular context, the success 
of the predictions of the theoretical models and to some extent the impact of public 
policies. 

2.2.3 Amount of Time Worked and Labor Force.Participation Rate. 

The neoclassical model of labor supply discussed thus far throws light on significant 
shifts in participation rates, the amount of time worked, and the part-time work of 
women. 

The Evolution of Participation Rates 
Figure 1.9 traces the evolution of male and female participation rates in the United 
States labor market since 1947. The participation rate is equal to the ratio between the 
labor force (composed of employed workers and the unemployed) and the total popu~ 
lotion for the category concerned. This figure brings out an important characteristic of 
the industrialized countries as a group, which is the continuing rise in the participa­
tion rate of women for the last several decades. This rise is surely explained by the 
profound changes in our way of life, but it also corresponds to a steep rise in the 
wages available to women, accompaniod by a fall in the relative price of goods that 
can replace household work (washing machines, child care, etc.). In these conditions 
we have seen that, in the model with household production, the substitution effect 
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The evolution.in participation rates in the United States for persons 16 years of age and older, 1948-2001. 

Source: Bureau of Labor Statistics. 

noar the borderline of nonparticipation is very important, and induces a rise in par­
ticipation in the labor market. 

Figure 1.10 presents tho evolution of participation rates for the whole of the 
population aged 15 to 64 in the United States, continental Europe (Germany, France, 
Italy), and japan since the beginning of the 1960s. It is apparent that the participation 
rate of men has clearly diminished since the beginning of the 1960s in continental 
Europe and the United States. For example, it fell 17 points between 1960 and 2000 in 
the European countries and around seven points in the United States. On the other 
hand, the participation rate for women did not stop growing over the same period, 
having gained around seven points in the whole of the European Union and growing 
by more than 29% in North America. It should be noted that japan forms an exception 
to the rule, inasmuch as its participation rates, both male and female, do not show a 
regular trend over this period. The male participation rate rose by 1.5 points, while for 
women it rose by five points. We also observe that, for the European countries, the 
contrary movements of the male and female participation rates approximately cancel 
each other out, and the total participation rate foll only slightly, by about two points. 
This observation does not apply to North America, where the very strong rise in 
the femalo par:ticipation rate has regularly caused the overall rate of participation to 
advance .. 

The data on labor force participation also confirm cm1ain predictions of the 
model of tho trade-off between consumption and leisure. Under the hypothesis thal 
leisure is a normal good, we have seen that this model forecasts an increase in the 
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Table 1.4 

Participation rates of women classified by their marital status in the United States. 

Single Married 

1900 45.9 5.6 

1950 53.6 21.6 

1988 67.7 56.7 

2001 78.7 69.6 

Source: Ehrenberg and Smith (1994, table 6.1, p. 165) for 1900, 1950, and 1988, and Bureau of Labor 

Statistics for 2001. 

reservation wage when the non-wage income of an individual climbs. Considering 
that within a couple, the non-wage income of one partner is often linked to the in­
come of the other, the participation rate of married women ought to fall below that of 
single women. Table 1.4 shows that married North American women do in fact have a 
weaker rate of participation in the labor market than single women, even if the differ­
ence between these rates has a tendency to diminish over the long term. Additionally, 
empirical studies generally find that if a husband's income rises, his wife's labor 
supply falls off. 

The Trend in the Amount of Time Worked 
The long-term trend in the amount of time worked illustrates certain important char­
acteristics of labor supply. Table 1.5 shows that labor productivity, which over the 
long term shapes the trend of real wages, has not stopped growing since the 1870s, 
though at a pace that Vlli'ies at different times and in different countries. Production 
per hour worked was around 15 times greater in 1997 than in 1870 in Germany, 
France, and Sweden. It has multiplied by (only) six in the United States, and seven in 
the United Kingdom over the same period, since these two countries had much higher 
levels of productivity than the others at the end of the nineteenth century. In fact, 
before the agricultural and industrial revolutions, productivity had varied very lillle 
for several centuries.· Likewise, until the industrial revolution, the amount of time 
worked probably remained stable, coinciding more or less with the hours of daylight. 
Subsequently, the onset of the industrial revolution saw longer hours: in the factories, 
we sometimes find that people were present at work for up to 17 hours per day. To 
work for 14 hours was normal, and a working day of 13 hours was considered short 
(Marchand and Thelot, 1997). 

The historical movement in the amount of time worked can he grasped by using 
the same elements that allowed us to specify the form of the labor supply curve pre­
sented in figure 1.4. The substitution effect was probably prevalent for a few years 
during the economic take-off, as rural workers abandoned the countryside and went 
into the factories. But the number of hours worked rose so quickly, along with some 
growth in labor productivity, that the global income effect came to prevail. Hence the 
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Table 1.5 

Hours worked annually per person and real hourly wages in the manufacturing sector. 

Amount of time worked 

1870 1913 1938 1997 2000 

Germany 2941 2584 2316 1507 1467 

United States 2964 2605 2062 1850 1821 

France 2945 2588 1848 1603 1532 

United Kingdom 2984 2624 2267 1731 1711 

Sweden 2945 2588 2204 1629 1603 

Wages 

Germany 100 185 285 1505 1569 

United States 100 189 325 586 605 

France 100 205 335 1579 1785 

United Kingdom 100 157 256 708 819 

Sweden 100 270 521 1601 1839 

Source: Maddison (1995) for 1870, 1913, and 1938, and OECD data for 1997 and 2000. 

diminution in h!Jurs of work after the industrial revolution can be interpreted as the 
consequence of an income effect due ta a strong increase in the real wage. 

Nevertheless, hours worked have undergone ·shifts less marked, and differing 
from one country to another, since the 1970s. In some countries the amount of time 
worked fluctuates, while il continues to shrink overall in others. Figure 1.11 shows 
that the annual amount of time worked has slightly increased in the United States and 
Sweden over this period, while it has diminshed in Germany, France, and the United 
Kingdom. These aggregate figures, which portray the global trend in the amount of 
time worked, are, however, difficult to interpret without further ado using the labor 
supply model, inasmuch as they result from different composition effects owing to 
important changes in the structure of the labor force by age and sex that vary from 
country to country. 

Part-Time Work by Women 
For the same amount of work, women's wages are generally noticeably lower than 
men's (see chapter 5). We have observed that when an individual decides to partici­
pate in the labor market, the number of hours that he or she wants to provide 
decreases with his or her non-wage income. Supposing that for a married woman, 
non-wage income often corresponds to her husband's income, the model immediately 
implies that women ought more frequently to be found in jobs with reduced hours 
than men. Table 1.6 indicates that this is indeed the case, for in the majority of the 
industrialized countries, women's share of part-time work often exceeds 70%. Of 
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Amount of time worked annually in six OECD countries over the period 1973-2000 (total number of hours worked 
during the year divided by the average number of persons holding a job). 

Source: OE.CD data. 

Table 1.6 

Women's share of part-time labor On percentage terms). 

1979 1990 

Belgium 88.9 89.6 

Canada 72.1 71.0 

France 82.2 83.l 

Germany 91.6 90.5 

Japan 70.1 73.0 

Sweden 87.5 83.7 

United Kingdom 92.8 87.0 

United States 68.0 67.6 

Source: OECD data. 

*1999. 

2000 

81.1 

69.1 

80.4 

84.5* 

67.5 

79.2 

79.9* 

67.5 



course, other factors come into play to expluin this slate of affairs-in our day, house­
hold chores and the raising of children are still most frequenlly the tasks of women­
but the value of women's relative wage must not be left out of account. 

3 SUMMARY AND CONG.IJS!Oi~ 

According to the neoclassical theory of labor supply, every individual trades off 
between consuming a good and consuming leisure. The supply of individual la­
bor is positive if Lhe current wage exceeds the reservation wage, which depends 
on preferences and non-wage income. If labor supply is positive, tho marginal 
rate of substitution b"Lween consumption and leisure is equal Lo the hourly 
wage. 

The relation between the individual supply of labor and the hourly wage is 
tho result of combined substitution and income effects. The substitution effect 
implies an increasing relation between tho wage and labor supply, while tho 
income effecl works in the opposite direction if leisure is a normal good. The 
supply of labor generally rises with the wage at low wage levels (the substitution 
effect prevails) and falls off when the wage reaches higher levels (the income 
effect prevails). 

In the neoclassical theory of labor supply, the labor force participation rate cor­
rosponds Lo the proportion of individuals whose reservation wage is less than 
the current wage. The fact Lhat hours of work arc offerod to agents in indivisible 
blocks implies that the elasticity of the aggregate supply of labor may be very 
different from that of the individual supply of the majority of workers. 

When an individual has the opportunity to devole a part of his or her endow­
ment uf time to household production, at the optimum,. the hourly wage is 
equal to the marginal productivity of household work. Household production 
increases the elasticity of the individual supply of wage work. 

As a general rule, the mechanism of substitution of leisure over time implies 
that the permanent component of the evolution of real wages has a feeble effect 
on labor supply, whereas the transitory component affects this variable more 
strongly. 

Tho elasticity of labor supply by women is, in general, greater than that of men, 
which is small. Moreover, variations in the total number of hours worked in an 
economy flow principally from variations in participation rather than from vari­
ations in hours worked by individuals. 

The methodology of natural experiments confirms the results of more traditional 
econometric studies, showing Lhat financial incentives significantly influence 
labor supply by women. 
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) 
flnally, the neoclassical theory of labor supply permit> <he explanation of cer­
tain characteristics of long-term tendencies in amount of time worked and male 
and female participation rates. 

Overall, the theory of labor supply sheds much light, often in agreement with 
empirical observations, on the manner in which agents decide how long to be active 
as wage-earners. It does not, however, allow us to understand why there should be 
unemployed people looking for work, since this category of the population has no 
reason to exist in a universe where information is perfect. The theory of the job search 
abandons the hypothesis of such a universe and succeeds in explaining the simulta­
neo·;;. presence of unemployed people and nonparticipants. It marks an important 
advance in the analysis of the functioning of the labor market, and forms the subject of 
tho chapter 3. 

4 RELATED TOPICS IN THE BOOK 

Chapter 2, section 2: Human capital and wage-earnings prospects 

Chapter 3, section 1: The choice between nonparticipation, job-search and 
employment 

Chapter 3, section 2.2: Optimal unemployment insurance 

Chapter 6, section 4: The relation between experience and wage 

Chapter 10, section 2.4: Migrations 

Chapter 11, section 3: The evaluation of active labor market policies 
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6 APPENDICES ) 

6.1 APPENDIX 1: PROPERTIES OF INDIFFERENCE CURVES 
If we suppose that the satisfaction of an agent increases with leisure and consumption, 
so that Uc(C,L) > 0, and UL(C,L) > 0, the indifference curves are then negatively 
sloped. Consequently, the indifference curve associated with level of utility D is 
composed of the set of couples (C,L) satisfying U(C,L) = D. This equality implicitly 
defines a function C(L), which satisfies U[C(L),L] = U. Differentiating this last ex­
pression with respect to L, we get: 

C'(L) = - UL(C,L) < 0 
Uc(C,L) 

(24) 

The indifference curves are indeed negatively sloped. We observe that the abso­
lute value of the slope C'(L) of an indifference curve is equal to the marginal rate of 
substitution UL/Uc between consumption and leisure. 

The hypothesis of the convexity of indifference curves is equivalent to the 
property of quasi-convexity of the utility function. Indifference curves are convex if 
and only if C"(L) is positive. This second derivative is calculated using the equality 
U(C,L) = D and equation (24). We thus get: 

uL[2uc£- uu(~c)- ucc(~L)] 
C"(L) = L c (25) 

(Uc) 2 

Since C"(L) is of the sign of the term between square brackets of the numerator 
of the right-hand side of equation (25), the quasi-concavity of the utility function cor­
responds to the condition: 

. (Uc) (UL) U(C,L) quasi-concave~ 2Uci - ULL UL - Ucc Uc > O (26) 

6.2 APPENDIX 2: PROPERTIES OF THE LABOR 5UP~LY FUNCTION 
f'or an interior solution, relations (2) allow us to obtain the demand for leisure L'. We 
thus have: 

wUc(Ro - wL',L')- UL(Ro - wL',L') = 0 (27) 

This equation implicitly defines L' as a function of Ro = wLo + R and of w. 
We denote this function A(w,R0 ) = L". Its partial derivatives are obtained by differ­
entiating equation (27), which implies: 

dL'(-w2 Ucc + 2wUcL - Uu.) + dw[Uc -L(wUcc - Uc1.)J + dRo(wUcc - UcL) = O (28) 

By replacing the value w defined by (27), so that w =UL/Uc in (28), we get the 
expressions of the partial derivatives of function A: 
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(29) 

(30) 

According to relation (26), the quasi-concavity of the utility function implies 
that the denominator of the right-hand side of equations (29) and (30) is positive. A2 

then has the sign of Uci,Uc - Ucc Ui,. It is positive if and only if leisure is a normal 
good (L • then grows with Rn). If A, is negative, leisure is an inferior good. Scrutiny of 
equation (29) shows that an increase in the wage entails .an income effect (which we 
have described as indirect) and a substitution effect corresponding to. the first and 
second terms in square brackets of the numerator of the right-hand side. If leisure is 
a normal good, Uci,Uc - UccUi, > 0, the two effects work in the same way and A1 is 
negative. If leisure is an inferior good, A1 has an ambiguous sign. 

6.3 APPENDIX 3: COMPENSATED AND NONCOMPENSATED 
ELASTICITY 
The Hicksian demand functions of leisure and of consumption good are obtained 
by minimizing the expenditures of the consumer under the constraint of a minimal 
exogenous level of utility, denoted U. Thoy are thus solutions of the problem: 

~Jt c+ wL subject to constraint U(C,L);;,; [] (31) 

Let us use L( w, U) and C( w, U) to designate the solutions of this problem; the 
expenditure function, denoted e(w, U), is defined by the identity e(w, fJ) = C(w, U) + 
wL(w, fJ). By construction, the Hicksian and Marshallian demand functions, respec­
tivoly L(w, U) and L" = A(w,Jl0 ), given by the equation (2), satisfy the identity 
A[w,e(w, VJ]= L(w, U). If we derive this identity with respect tow, we get: 

Ai[w,e(w, U)] + e1(w, U)A2[w, e(w, If)]= L,(w, U) (32) 

We may point out that function d(w) = C(x, U) + wL(x, U)- e(w, U) reaches a 
minimum for w = x, which implies d'(w) = o for w = x, and thus e1(w, U) = l.(w, U). 
In order to simplify these notations, let us simply use l. and h = 10 - L to designate 
the solutions of problem (31). Multiplying both sides of relation (32) by w/h, we get: 

w wL w­
Ti"' +11A2 =11!., (33) 

Moreover, since L' = A(w,R + wl.0 ) and l. = L(w, D), the .'.lllarshallian and Hick­
sian elasticities of labor supply are respectively defined by: 

and (34) 



Comparing (33) and (34), we finally arrive at the equality: 

'1~· =11~ +- ;:11fl.: (35) 

In this expression 71~· = -R0A2/h represents the Marshallian elasticity of the 

labor supply with respect to potential income. Identity (35) is the Slutsky equation. It 
links the Hicksian elasticity 71~· (also called compensated elasticity) to the Marshallian 

elasticity 71~ (also called noncompensated elasticity). 
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INTROOUCTlON 

A decent amount of education, certified by a recognized diploma, is often seen as a 
basic necessity for winning a well-paid job. There may be several reasons for this. 
According to the theory of human capital that became popular following Becker 
(1964), education is an investment that produces knowledge acquisition and increased 
productivity, which in turn load to higher income. Some economists, though, see this 
concept of education as very reductive. Much of what is taught in primary, secondary, 
and postsecondary institutions brings no immediate payoff in the labor market (and 
seems not to have the virtue of promoting socialization, either). Studying mathemati­
cal functions, for example, is of practical value in only a handful of professions, so 
why inflict it on vast numbers of students who will never need it? Some justify this 
kind of study by arguing that it develops a capacity for abstract thought, and therefore 
promotes higher productivity. Others, however, take the view that the essential virtue 
of this typo of learning is to select individual students. From this perspective, first 
formulated by Spence (1973), the educational system plays the role of a filter: it 
selects individuals on the basis of their intrinsic ability, allowing them to signal their 
abilities to potential employers. If education serves both to acquire knowledge and to 
select individuals, then we must try to determine the respective weight of each of 
these dimensions, not only in order to understand the impact of education on income 
and growth, but also in order to assess the effectiveness of expenditure on education, a 
large portion of which is paid by the state in all OECD countries. To enable us to grasp 
tho exact role of education, and then if possible to quantify it, we will need a pre­
cise conceptual structure capable of representing the consequences of both knowledge 
acquisition and selection. This is what the economic analysis of education aims at. 

Following a review of the main features of the educational systems in the OECD 
countries, we will see how the theory of human capital accounts not just for the rela­
tionship between education and income, but also for the choice of how much educa­
tion to get. Individual choices will be seen to be socially efficient if the labor market is 
competitive and if education produces no externalities. We will then see how, when 
information asymmetries on the labor market were taken into account, Spence was led 
to emphasize the role played by the educational system as a selection mechanism. Jn 
this context, individual choices about education are generally socially inefficient and 
may lead, in certain circumstances, lo overeducation-something that may appear 
paradoxical, given tho degree to which tho state strives to favor access to education. 
The final section of Lhis chapter is devoted to empirical studies that attempt lo esti­
mate tho returns to education and assess the causal linkage between education and 
income. These studies suggest that the educational system does make a significant 
contribution to improving tho efficiency of individuals in the labor market by impart­
ing knowledge to them. Thus they highlight the relevance of tho model of human 
capital as a tool for analyzing problems arising from education and the labor market. 
They also show that education gives rise to externalities that justify, to a certain ex­
tent, state intervention in this area. 
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1 SOME fACTS 

This section brings together the principal descriptive data regarding the extent of 
spending on education in the seventeen OECD countries, and the impact of the edu­
cational system on wages and employment for those who pass through it. 

1.1 SPENDING ON EDUCATION 
On average, the seventeen OECD countries shown in figure 2.1 spend 5.7% of their 
GDP on educational institutions. According to the OECD definition (OECD, 2002, 
p. 366), spending on educational institutions includes expenditure on instructional 
educational institutions as well as expenditure on noninstructional educational insti­
tutions. Noninslructional educational institutions are educational institutions that 
provide administrative, advisory, or professional services to other educational instilu­
tions, although they do not enroll students themselves. Examples include national, 
state, and provincial ministries or departments of education; other bodies that admin­
ister education at various levels of government or analogous bodies in the private sec­
tor; and organizations that provide such education-related services as vocational or 
psychological counseling, placement, testing, financial aid to students, curriculum 
development, educational research, building operations and maintenance sllrvices, 
transportation of student•, and student meals and housing. Expenditure on educa­
tional institutions as a percentage of GDP runs from 4.5% in Ireland to 6.7% in Den­
mark and Sweden. 

In all countries, education is financed primarily from the public purse, with the 
consequence that expendilure on education today constitutes a significant budget 
item. In the United States, where the portion of private expenditure directed to edu­
cation is higher than anywhere else, the latter still came to only 32% of public ex­
penditure in 1999. In Finland, where the portion of private expenditure dirncted to 
education is the lowest, it comes to only 1.8% of public expenditure. For all seventeen 
countries included in figure 2.1, this ratio averages 13.5%. 

1.2 GRADUATION RATES 
At the dawn of tho twenty-first century, a majority of the population in the majority of 
OECD countries have obtained a diploma signifying the completion of upper sec:ond­
ary educalion. According to the definition of the OECD, upper secondary education 
corresponds to the final stage of secondary education in most OECD countries. The 
entrance age to this level is typically 15 or 16 years. There are substantial differences 
in the typical duration of programs both across and between countries, typically rang­
ing from two to five years of schooling. Upper secondary education may either be 
"terminal" (i.e., preparing the students for entry directly into working life) or "prepa­
ratory" (i.e., preparing students for postsecondary education). Figure 2.2 shows that 
the average percentage of the working-age population that has completed secondary 
schooling is 65% for the seventeen OECD countries considered here. Educational 
levels are advancing, for in all countries the proportion of the population with at least 
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i 
secondary schooling is higher in the age range of 25 lo 35 years than it is in the age 
range of 55 to 64 years. Jn this area a convergence phenomenon is observable, inas­
much as countries where the rates of secondary schooling were lower to start with 
have advanced more rapidly than the others. 

Figure 2.3 shows that the percentage of those with a diploma signifying the 
completion of tertiary (or, in common parlance, postsecondary) education is, on aver­
age, 27% for the seventeen OECD countries under consideration. This figure is ap­
proximately two-thirds smaller than that for those with upper secondary diplomas. 
The proportion of individuals with tertiary education is almost twice as high in the 
age range from 25 to 35 as it is in the age range from 55 to 64. Tertiary education, like 
secondary education, is thus clearly on the rise, but between these two age ranges 
secondary education has been advancing more rapidly than tertiary education, since 
the difference in educational level is 25% for secondary education and 15% for ter­
tiai·y education. Here again convergence is observable, for the countries where the 
rates of tertiary education have advanced most rapidly are the ones where these rates 
were lower to start with. 

There is thus a significant increase in the duration of schooling in the OECD 
countries as a whole. Figure 2.4 shows that for persons aged 25 and over, the average 
duration of schooling went from 6.5 to 9.5 years in the seventeen OECD countries 
reported in figure 2.4. Moreover, the duration of schooling is increasing in all these 
countries without exception. Yet in 2000, average durations of schooling were still 
widely dispersed: the United States had the highest figille, 12.5 years, and Portugal 
had the lowest, 4.9 years. It is interesting to note that since the beginning of the 1960s, 
the United States has held a significant lead in this area. Conversely, some countries 
are lagging considerably: in 2000, Spain, France, Italy, and Portugal had not yet 
reached the average duration of schooling that the United States had in 1960. 

1.3 EDUCATION AND PERFORMANCE ON THE LABOR MARKET 
Higher levels of education are positively correlated with greater labor market partici­
pation and with better performance in this market. Figure 2.5 shows that wages rise 
with educational level in all the countries considered. On average, a worker with less 
than upper secondary level receives a wage equal to 80% of the wage of a worker who 
has reached this level. Wage-earners with a tertiai'}'-level diploma receive wages 44% 
higher than those with an upper secondary diploma. This suggests that acquiring an 
education is a way to strongly increase one's wages. As well, figure 2.6 shows that, 
on average, rates of unemployment full as educational level rises. In 2001 the average 
rate of unemployment for those with a tertiary diploma was 2.9% in the seventeen 
countries reviewed in figure 2.6. Persons with an educational attainment below upper 
secondary level have a more than twice as great probability of experiencing unem­
ployment, since their unemployment rate is 7.5%. 

The faplual clements just reviewed lead us to three essential conclusions. First, 
every country dedicates an important share of its total expenditures to education. 
Second, Lhe majority of persons in the OECD countries that we reviewed stay in 
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) 
school long enough to reach the upper secondary level. Finally, it appears that higher 
levels of education are linked to better labor market performance. The rest of this 
chapter will he devoted to exploring and explaining this state of affairs. More pre­
cisely, we will see how economic analysis can clarify not only the linkage between 
education and labor market performance, but also the factors that determine individ­
ual decisions aboul education. 

2 THE THEORY OF HUMAN CAPITAL 

The theory of human capital, inaugurated by Becker (1964), starts with the hypothesis 
that education is an investment producing income in the future. In this context, wage 
differentials are influenced by differences in individual productivity, which are them­
selves influenced by investments in education or training (the two Lerms are used 
indifferently here) made by individuals throughout their lives. To acquire com­
petencies that the labor market will reward brings "training costs" comparable to 
investments that will be sources of future income. These costs include the expenses of 
study (fees to enroll in specialized establishments, costs of lodging and travel, pur­
chase of materials, etc.), potential loss of income because the time spent on study is 
not devoted to remunerated activity, and the psychological costs arising from stress 
and possibly the sheer difficulty of studying. Investments in education may pay off 
when they produce an accumulation of competencies-"human capital," as it is 
called-which brings returns in the for~ of higher remuneration. 

We begin by showing how the mechanisms of competition allow individuals to 
make their investments in training pay off. Wo will prove that individual choices 
about training are socially efficient if markets are perfectly competitive. Next, we ana­
lyze tho dynamic dimension of educational choices using a simple model in which 
individuals receive education only at the outset of their active lives-in other words, 
education is taken as equivalent to schooling (primary, second(U"y, and postsecond­
ary). In this setting, the number of years spent on schooling is conditioned by indi­
vidual characteristics and influences future income. We then extend this model by 
assuming that agents have the opportunity to add to their education over the course of 
their entire professional lives. We shall see that a simulation of this model conforms 
very closely to the path of income over the life c-ycle observed in the real world. 

2.1 INVESTMENT IN HUMAN CAPITAL 
From Becker's perspective, education can only be a source of future income if wages 
reflect differences in productivity. Now, it is not at all self-evident that improved pro­
ductivity on the part of a wage-earner does lead systematically to an increase in his or 
her wage, even in a perfectly competitive labor market in which firms have perfect 
knowledge of workers' characteristics, and workers and jobs are both perfeclly mo­
bile.' In reality, a worker who has acquired competendes and expertise that improve 
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hls or her productivity can only make them pay off if he or she is able to play off two 
or more employers against one another. A single employer would indeed have no 
reason to raise the wage of a worker whose productivity had improved if that worker 
could not credibly threaten to take a better paid job elsewhere. This observation led 
Becker to adopt the distinction between general training, which enhances the pro­
ductivity of the individual concerned for all types of job, and specific training, which 
only enhances his or her productivity for one particular type of job. This distinction is 
clearly theoretical, to the extent that all training has a certain degree of specificity, but 
it is analytically useful. General training is fundamentally associated with the worker, 
who can make it profitable in different types of job and so bring employers to compete 
for his or her services. Specific training is associated with a particular type of job. 

The link between wages and human capital can be highlighted in a very simple 
model in which the labor force is made up of a continuum of identical workers, the 
size of which is normalized to 1. Each worker has a lifetime of infinite duration and 
discounts the future at the rate r > 0. If he or she has had the advantage of general 
training equal to i, he or she is capable of producing over the whole course of his or 
her lifetime a quantity of goods y(i) at every instant at which he or she occupies any 
job whatever. On the other hand, if he or she has had the advantage of specific training 
equal to i for a particular job, ho or she is capable of producing over the whole course 
of his or her lifetime a quantity of goods y(i) at every instant at which he or she occu­
pies that particular job. Whenever he or she is not holding a job, each worker obtains 
z units of goods at every instant. Tho production function y(i) is assumed to be 
increasing, concave, and such that y(O) ;:: z. For simplicity's sake, the amount of time 
needed to make an investment in training is assumed to be zoro. 

Competitive Equilibrium with General Training 
In a situation of perfect competition, all suppliers of labor who have made an invest­
ment i in general training are instantaneously employed if they want to be. The con­
dition of free entry into the market ensures that the profits of the entrepreneurs who 
employ trained individuals are zero, i.e., y(i) = w(i), where w(i) designates the wage 
received by a worker who has level i of general training. 

In such a case, a worker cannot make a credible promise to share the fruits of an 
investment in general training with the first employer he or she encounters (the wage­
earner receiving less than y(i) if the entrepreneur participates in the investment in 
training), for once the investment has been made, the worker has an interest in quit­
ting that employer, knowing that he or she will immediately find another firm to offer 
hlm or her wage y(i). The upshot is that suppliers of labor are the only real beneficia­
ries of investments in general training, and so must bear the entire cost of it them­
selves. Since thero is no unemployment, the discounted present value of earnings of 
a person who has invested an amount i at the time of his or her entry (which date 
is taken equal to zero) into ·the labor market comes to J;' y(i)e-'1 dt = y(i)/r. Optimal 
investment maximizes [y(i)/r] - i, and is thus defined by relation: 

y'(i) = r (t) 
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This result signifies that each individual has an interest in investing to enhance 
his or her general training as long as the marginal discounted return y'(i)/r of this 
investment is greater than its marginal cost, here equal to 1. Employers for their part 
have no incentive to finance this type of training, for every worker can obtain a wage 
increase by offering his or her services to competing bidders as soon as his or her 
productivity increases. 

Competitive Equilibrium with Specific Training 
By definition, when training is specific, workers can only make their training pay off 
in a particular job. Once trained, they are unable to demand wage increases from their 
employer by making him or her bid against other employers. Hence employers may 
have an incentive to invest in this type of training. This conclusion will emerge more 
ciearly if we represent the decisions as a two-stage game. In the first stage, employers 
freely enter the market and compete through the wages they offer to workers. In the 
second stage, each employer chooses the level of investment in specific training that 
maximizes his or her profit. Given wage w offered in the first stage, this profit is 
written J;;'[y(i) - w)e-" dt - i = {[y(i} - w)/r) - i. Profit maximization then gives an 
investment i' satisfying y'(i') = r. Free entry in the first stage of the game entails zero 
profit, and thus wage w = y(i') - ri'. As in the case of general training, workers 
obtain an income equal to their productivity minus the cost of investment in training. 

The Social Optimum 
Choices made by individuals within the framework of perfect competition lead to 
social efficiency. This can be verified by writing tho problem of a planner seeking to 
determine optimal investment in training, whether general or specific. Let us· simplify 
matters by assuming that all individuals are born at date t = o. Since y(O) ;;,: z, the 
planner decides to assign all of them to the technology y(·) in use in the market 
rather than let them produce z domestically al every moment. If the planner dedicates 
an amount i of resources to the training of an individual, his p1oblem is written as 
follows: 

Max -- i + f"' y(i)e-" dt *> Max - i + y(i) 
1 • o · i r 

The solution to this problem is again given by the equality ( 1 ). Thus, in a 
perfectly competitive economy, individual choices regarding training are socially 
efficient. 

The theory of human capital suggests that the mechanisms of competition give 
individuals an incentive to become educated for the purpose of acquiring knowledge 
or skills on which Lhe market sets a premium. Moreover, it shows that individual 
educational choices are socially efficient if the labor market is perfectly competitive. 

2.2 SCHOOLING AND WAGE EARNINGS 
The theory of human capilnl throws light on lhe choice of tho duration of studies. It 
shows that the length of lime spent in school is influenced by individual characteristics 
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such as aptitude and inherited human capital, by the discL )rate, and by the pro­
ductivity achieved thanks to the accumulation of human capital. 

The Choice Between Getting Educated and Getting Paid 
In order to illustrate these propositions, we will examine the choices of an individual 
who can get educated starting at date t = O and whose life in the labor force ends at 
date T > 0. The retirement period is set aside for the sake of simplification. We will 
work with a continuous time model in which the preferences of an agent are repre­
sented by an instantaneous utility function equal to his or her current income and by a 
discount factor r > O. At every moment it is possible to study or work, but not to do 
both at the same time. Education allows the accumulation of "human capital," i.e., it 
allows the agent to increase his or her stock of knowledge. We assume that the law of 
motion of human capital, denoted by h( t), is defined by the differential equation2 : 

h(t) = Oh(t)s(t) (2) 

In this equation, s(t) is an indicator function with a value of 1 if the individual 
studies at date t and zero if not. The parameter 6 represents the efficiency of the effort 
made by the agent to become educated, so it reflects his or her aptitude. Relation {2) 
simply means that if an individual decides to become educated, the relative increase 
h/h in his or her human capital is proportional to his or her individual efficiency 6. 

Assuming that an individual endowed with a stock of human capital h produces a 
quantity of good Ah, A > 0, per unit of time, and that there is free entry into any type 
of job, profits are zero and the wage received at date t by a person whose human cap­
ital is worth h(t) will simply equal Ah(t) when that person works. 

In-this simple model, we can show first of all that an individual has an interest 
in accumulating lcnowledge at the outset of his or her working life and then working 
without ever undertaking any fresh training (the following subsection, which is dedi­
cated to income over the life cycle, looks at a more general situation). To establish this 
result, let < > O be the date at which the agent decides to undertake training for the 
last time before retirement, and let x > o be the duration of his or her training starting 
on that date (with '+ x :s; T). Before this spell of training the agent possesses a stock 
of knowledge h(r). Given the law of motion {2), his or her stock of human capital will 
rise to h(r + x) = h(r)e9• at the end of this training period. If we assume, in order to 
simplify, that the direct cost of education is zero (there is an indirect cost equal to the 
loss of earnings while not working) and that income is zero during periods devoted to 
education, the discounted present value of the gain of this agent over the course of his 
or her life before retirement is written: 

n = J' A[l - s(t)]h(t)e-·rt dt +IT Ah(r)e9•e-rt dt 
0 T+X 

We can now calculate' the marginal return of education at date r: 

80 =Ah(<) ee'[(O- r)e--,(<+xJ - 9.,-<r] 
ox r 

(3) 

(4) 
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For all T, the optim1.. .}ngth of time spent on training ought to be such that 
(!ID.fax)= 0, with (fJ20/ax2 ) < O. It can easily be verified that these conditions entail 
ii > r. This signifies that expenses linked to education have to be at least as profitable 
as financial investments for an agent to have an interest in undertaking training. 
Taking the first-order condition, Le., (oO/fJx) = 0, into account, we can also verify, by 
taking the derivative of (4) with respect to r, that the marginal retuxn to education 
decreases with the date at which study is begun, or fJ20/fJxfJr < O when 0 > r. In con­
sequence, if the rate 0 at which the stock of human capital accumulates is higher than 
the discount rate r, the marginal return to an investment in training made at any date 
r > o is inferior to the marginal return to the swne investment made at the initial date 
r = O. Under these circumstances, an agent always has an interest in concentrating his 
or her whole period of training at the outset of his or her life. 

The Optimal Duration of Schooling 
In order to find the optimal amount of time an agent who decides to acquire education 
at the outset of his or her life duxing an interval of time [O, x] should devote to school­
ing, it suffices to find the value of x, denoted by x(O), which sets the marginal retuxn 
(4) on education to zero for r = O. We thus find: 

{ 
1 (0- r) r 

x(il) = T + r In -0- if O-:?. 1 - e-rT 

0 otherwise 

This equation shows that the duration of schooling increases with the duxation 
of life T and with the efficiency parameter II. Hence the most efficient individuals 
spend the longest amount of time on education. We also note that x(IJ) is positive only 
if r < 0(1 - e-'r), in other words, if the efficiency of education and the age of retire­
ment are sufficiently large with respect to the discount rate. Hence it might be optimal 
not to get any training when the efficiency parameter is too small, in which case the 
agent preserves the same stock of knowledge ho throughout his or her life, which pro­
cures for him or her a discounted gain equal to Ah0(1 - e-'T). 

The law of motion of the stock of knowledge (2) entails that human capital 
acccumulated at the end of the training period is equal to h0e9•(0J, and thus that the 
wage of an individual of type 0 is worth w(O) = Ah0e9•(0J at all dates t-:?. x(O). Wage 
w(ll) increases with the efficiency 8 of the educational investment for two reasons. For 
one thing, each period of education augments the stock of human capital to a greater 
degree the more efficient the individual is, and for another, more efficient individual• 
study longer. We also see that the wage depends on the initial stock of knowledge h0 • 

In this sense, "inherited" human capital influences income from work. 

2.3 EDUCATION, TRAINING, AND LIFE-CYCLE EARNINGS 
In all developed countries, for all professions, the relationship between age and an­
nual income from employment over theHfe cycle presents the same characteristics 
(Psacharopoulos, 1985). After an initial period of education during which no wage 
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income is received, this curve is concave and reaches a maximum between the ages of 
50 and 60 before gradually tailing off. Figure 2.7 portrays this relationship for holders 
of high school diplomas {12 years of schooling) end college degrees (16 years of study) 
in the United States. 

Ben-Porath (1967), Heckman (1976), and Weiss {1986) have shown that the 
theory of human capital explains the relationship between age and labor income very 
naturally. These authors have enriched the basic model just laid out in various ways. 
For example, Heckman (1976) introduced a trade-off between consumption and lei­
sure. In what follows, we shall limit ourselves to expounding the seminal model of 
Ben-Porath (1967), which focuses solely on the possibility of continuing to educate 
oneself throughout one's life. This model in fact arrives at an income profile analo­
gous to the one represented in Figure 2.7. 

A Model with Training over the Life Cycle 

We shall assume from this point forward that over every interval of time it, t + dt;, it is 
possible for an individual to dedicate a fraction s(t) of this interval to training. In 
contradistinction to the basic model laid out above, s(t) is no longer an indicator 
taking the value 0 or 1, but a continuous variable over [O, 1]. More precisely, if an 
individual dedicates a fraction s(t) of period it, t + dt) to education, he or she works 
during a fraction 1 - s(t) of this period, and so receives income All - s(t)]h(t) dt. 
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Thus, his or her gain dis •. lnted over the whole of his or her life cycle is henceforth 
defined by: 

1' 
.Q = J

0 
A[l - s(t)Jh(t)e_,., dt (5) 

In order to describe the evolution of the stock of human capital, we adopt a 
more general representation· than the law of motion (2) from the previous basic model. 
Leto ;:,, O be the rate of depreciation of knowledge; this law of motion is now defined 
by: 

h(t) = Og(s(t)h(t)J - oh(t), g' > o, g" < o (6J 

The term s(t)h(t) represents the effort made by an agent at date t to get training. 
For the same length of training time, this effort is more efficient the greater the stock 
h(t) of knowledge this agent has. It has been assumed that the accumulation of human 
capital is a concave function of effort; the purpose of this hypothesis is to obtain solu­
tions for which s(t) is strictly comprised between O and 1, which signifies that at each 
period of his or her life, an individual may spend part of his or her time receiving 
training and part of it working. When o > 0, an individual's human capital depreciates 
as his or her knowledge and skills become obsolete. 

In this environment, a supplier of labor must choose for each date t the fraction 
s(t) E [O, 1] of his or her time to be dedicated to training. His or her problem thus 
consists of maximizing his or her expected gains (5) subject to the law of motion of 
human capital given by equation (6). Let .t(t) be the multiplier associated with this last 
equation. The Hamiltonian• of this problem is written: 

H = A[l - s(t)]h(t)e-" + A(t){Og(s(t)h(t)J - oh(t)} 

If we limit ourselves to interior solutions for which s(t) E (0, 1), the first-order 
conditions take the form: 

a~ft) = 0 <* -Ae .. " + ,t(t)Og'[s(t)h(t)J = 0 (7) 

oH · . 
oh(t) = -.i.(t) <* A(l - s(t)]e-rt + .t(t){s(t)Og'[s(t)h(t)] -o} = -,!(t) (8) 

Optimal solutions must also satisfy the transversality condition, which, in this 
problem with a finite horizon, comes down to: 

.\(T) =0 (9) 

If we substitute the expression of .\(t) defined by (7) in (B), we arrive at the linear 
differential equation o,!(t) - i(t) = Ae-rt. It appears that ,!(t) = Ae-'1/(r +'5) is a partic­
ular solution of this equation. l(t) = ce61, where c is any constant, is a solution of the 
homogeneous equation oJ.(t) - i(t) = 0. The general solution is obtained by adding 
the particular solution to the solution of the homogeneous equation, which 1lives us 
.\(t) '·' ce" + Ae ·"/(r +o). Finally, the transversality condition (9) yields the value of 
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the constant c. After some calculations we find c = -Ae-l• 

plier .<( t) is thus expressed: 

-l(t) = Ae-rt [1 - e·(.-.o)(T-1)] 
r+cl-

\ 

}/(r+o), and the multi-

(10) 

The multiplier -l(t) represents the marginal value of human capital at date !. Re­
lation (10) indicates that this value decreases with age to reach zero value at date T, 
symbolizing the end of working life. At final dale T, the time spent on education 
shows only loss of income without any future gains, which entails that s(T) = o. This 
terminal condition and the expression (10) of the marginal value of capital allow us 
to determine the values of s(t) and of the stock of human capital h(t), thanks to the 
first-order condition (7) and the law of motion of human capital (6). Wage income 
w(t) = A[l - s(t)jh(t) is immediately deducible. 

Calibration Exercises 
It is not possible to arrive at completely explicit analytical expressions for functions 
h(t) and s(t). Still, by taking simple functional forms and reasonable values for the 
parameters, this model enables us to reproduce wage incomes over the life cycle sim­
ilar to those generally observed in reality. By way of illustration, figure 2.8 represents 
the evolution of s(t), w(t), and h(t), assuming g(x) = x 0·71, A= 0.75, Ii= 0.06, r = 0.05, 
ho = 5, T = 60, and 8 = 0.5. The model is thus calibrated on annual data with a dis­
count factor r worth 5%. The 60-year horizon of working life is justified by the age of 
retirement, which is 65 in many countries, and the onset of schooling, which normally 
occurs at around age 5. Figure 2.8 reproduces very accurately the duration of school­
ing and the evolution of wage earnings for holders of a degree from a college in the 
United States. It shows that individuals follow a full-time course of studies­
s(t) = 1-for 16 years, but after that invest less and less in training. The profile of 
wage earnings is increasing and concave, and reaches a maximum of $60,000 at 
around 10 years before retirement. 

Interestingly, it is possible to represent the difference between the behaviors and 
the earnings of college and high school graduates by modifying only the value of 
the efficiency parameter fl. Figure 2.9 does indeed show that when 0 has the value 0.4 
(the values of all the ~ther parameters remaining unchauged}, we obtain a wage profile 
and a duration of full-time study corresponding to those of a high school graduate: 
schooling lasts only 12 years, and the wage reaches a maximum of a little under 
$30,000 at around 10 years before retirement. 

These results show that in this model of human capital, tho heterogeneity in 
abilities reflected by parameter 0 explains to a large extent both educational behavior 
and the labor income that flows from it. 

Extensions of the Human Capital Model 
The model of human capital in which individuals choose the time they wish to dedi­
cate to training reproduces very well the time path of income over the life cycle. Var-
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The' law of motion of time dedicated to education (figure at the top), stock of human capital {dashed line in the figure 
at the bottom), and wage gains (solid line in the figure at lhe bottom) In the human capital model for an efficiency 
coefficient 8 ..,, 0.5. 

ious extensions of this model have been proposed for the purpose of explaining other 
characteristics of the professional life of an individual. 

For example, the amount of hours worked and hourly earnings vary over the 
course of tho life cycle. In a typical profile, the hourly wage begins by increasing and 
reaches a maximum before retirement. The amount of hours worked also increases at 
the outset, but peaks earlier than the hourly wage. By introducing hours worked into 
the human capital model, we are able to take these characteristics into account. To 
that end, we must assume, as in chapte1· 1, that tho preferences are represented by a 
utility function U(C,L) increasing with consumption C and leisure L. It is then pos­
sible to show that choices among consumption, leisure, and investment in human 
capital lead to profiles of hourly wages and length of time worked similar to those 
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observed in reality (see Weiss, 1986, for a synthesis). If we take "learning by doing" 
into account, these effects are reinforced. Under these conditions, hours spent work­
ing are also a method of learning, and thus of improving productivity. There is there­
fore an incentive to work a great deal at the outset of the life cycle so as to build up 
experience,_ then reduce one's working schedule at tho end of it. 

In practice, choices about education and training are made in an uncertain en­
vironment Intuition suggests that these choices are going to depend on the manner 
in which uncertainty affects the returns to education in relation to other possible 
sources of income. If the returns to education are little affected by uncertainty com­
pared to other incomes, a supplementary investment in human capital becomes a way 
of hedging against risk. Rising uncertainty can thus augment the accumulation of 
human capital in certain cases (see Weiss, 1986). 
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As we pointed out Ae beginning of this section, the theory of human capital 
rests on the hypothesis that wage differences reflect productivity differences, which 
are themselves influenced by tho acquisition of competences by workers. The theory 
of human capital should thus allow us to gain insight into numerous aspects of indi­
vidual decisions about education. But this conception of education is not uncontested: 
another theory assigns it the mere function of sending a "signal." 

3 EDUCATION AS A SIGNALING DEVICE 

The positive correlation, highlighted in figure 2.5, between duration of studies and 
income does not prove the existence of a causal relationship between these two vari­
ables. It is not, in fact, beyond dispute that education permits the accumulation of 
directly productive knowledge. The ability to resolve differential equations or to un­
derstand all Lhe subtleties of Keynesian macroeconomics does not necessarily increase 
the productivity of a person working in a firm or an agency. On this basis, Spence 
(1973) put forward the idea that education also-and perhaps even primarily-serves 
to select individuals, without really influencing the productive efficiency that they 
will display in their future professional lives. Th" productive efficiency of a person is 
seen as a sort of intrinsic quality, which may certainly depend on a wide range of fac­
tors (family milieu, personal history, innate qualities or talents, etc.), but over which 
education exerts little influence. 

The premise of Spence's theory is that those persons who perform most effec­
tivoly in active life are also the ones who perform best while studying. If productive 
efficiency is not observable hy potential employers, then success as a student simply 
serves to signal the presence of such productive characteristics-hence the term 
theory of signaling given to this view of education. From this standpoint, a person 
pw:sues education in order to signal his or her ability, withoul his or her studies really 
modifying this ability. If education serves only to signal intrinsic individual qualities, 
then the real significance of the positive corr~lation between duration or studies and 
im:ome is just that more efficient individuals have higher incomes. Tho standpoint 
of tl1e theory of human capital is completely at odds with that of signaling theory, 
because for the latter a prolongation of one's studios does nothing to increase one's 
productive cnpacity; all it does is send a signal to employers. Signaling theory also 
arrives at very different mnclusions concerning the efficiency of investments in edu­
cation. Whereas the theory of human capital indicates that individual decisions with 
regard to education are socially efficient under perfect competition, Spence (1973) 

shows that workers have a tendency to overeducate themselves with respect to the 
standard of social effir:iency, if education does serve to signal their productive capaci­
ties to employers. 

In this section, we presenl a model in which employers observe the productivity 
of workers imperfectly, but view a degree, or the length of time spent in schooling, as 
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an indicator of potential productivity. In this context, wo. -~ may have an interest 
in investing in education in order to "signal" their abilities to employers. This aspect 
of education may lead, under certain circumstances that we will highlight, to over­
investment in training. 

3.1 A MODEL WITH SIGNALING 
We here consider a labor market made up of a continuum of individuals whose pro­
ductive abilities are different. The size of the continuum is normalized to 1. A worker 
with ability h can produce h units of a good. For simplicity, we will now assume that 
there are only two levels of personal ability, h+ and h-, with O < h- < h+. 

Workers do have the possibility to achieve a level of education s 2: O that is 
observed by employers. A level of education s bears a cost equal to s/h. Thus, the 
weaker the productive abilities of workers are, the more it costs. It should be noted 
that in this model, education does not improve individual productivity; it can serve 
only to signal ability when it is not observed by employers. At a later stage we shall 
examine the consequences of education when it fulfills more than one function. The 
preferences of workers are represented by a utility function u(R, s,h) = R - (s/h), 
where R designates income, equal to wage w if the individual is employed and to zero 
otherwise. 

We assume that decisions unfold in the following sequence: 

1. Workers, knowing which of the two types they belong to, choose their level of 
educations. 

2. Firms enter the labor market freely, observe the signals s, and make simulta­
neous wage offers to workers. 

3. Workers accept or refuse the offers made to them. 

Let us first consider a situation of perfect competition in which individual 
characteristics are perfectly observed. The hypothesis of free entry entails w(h) = h, 
for h = h··,h+. Since we have assumed that workers get zero income when they do 
not work and that the disutility of working is zero, hypothesis h- > O entails that 
all workers are empfoyed independently of the signal s which they may send. Jn con­
sequence, in the first stage of the sequence of decisions, no one has any interest 
in utilizing resources to send a signal s > o and so they all choose a zero level of 
education. 

Equilibrium When Ability ls Unobservable 
When abilities are unobservable, on the other hand, the signal becomes a way for tho 
high-ability workers to bring themselves to the attention of firms. To that end, it is 
sufficient for them to choose a Jovel of education that is too costly for the low-ability 
workers, given the wage differential w(h+) -- w(h-). In that case, firms are capable of 
distinguishing between the two types of workers according to their respective signals, 
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and the equilibrium is ca .. "j separating equilibrium. In this situation, the condition of 
free entry entails w(h) = h, for h = h- ,h+, and workers with low ability send the sig-
nal s = 0, since a positive signal brings them no gain. For equilibrium actually to be 
separating, it must be verified that no person of type h- has an interest in deviating by 
choosing a signal identical to that sent by higher-ability workers. By sending a zero 
signal, a worker of low ability obtains a utility u[w(h-), 0, h-J = h-, while by sending a 
signals' identical to that of high-ability workers, he or she obtains u[w(h+),s>,h-J = 

h+ - (s' /h-). Hence a worker of low ability has no interest in sending a signal identi-
cal to that of higher-ability workers if h+ - (s+ /h-) :s; h-, which is equivalent to s+ ;,, 

h-(h+ - h-). Knowing that, workers of type h+ have an interest in sending the weakest 
signal possible, which workers of type h- have no interest in imitating. This signal 
thus has the value s' = h-(h+ - h-). Evidently, high-ability workers prefer s = s' to 
s = 0, since workers of type h-, whose signaling costs are greater, are indifferent 
between these two values of s. So in this economy there does exist a separating equi-
librium in which low-ability workers do not seek education and obtain a wage 
w(h-) = h-, and in which high-ability workers become educated to a level s' > 0 and 
obtain a wage w(h+) = h+. 

It is important to emphasize that, even in this simple model, the separating 
equilibrium just described is not the sole equilibrium possible. In fact, the definition 
of equilibria in signaling games raises difficulties having to do with the beliefs of 
agents (for an accessible and very thorough discussion of this subject, see Mas-Colell 
et al., 1995, chapter 13). In general, it is necessary to choose a very restrictive concept 
of equilibrium in order to eliminate outcomes that appear to have no relevance. It is 
also necessary to know that Cho and Kreps {1987) have proposed a criterion to be 
applied in situations of this type and known as the intuitive criterion, which results in 
only the separating equilibrium described here being maintained. Jn our elementary 
model, we implicitly selected the most efficient separating equilibrium, i.e., the one 
that corresponds to the smallest value of the signal that still makes it possible to dis­
tinguish between the two types of worker. Other separating equilibria exist in which 
the values of the signal are greater than s•. Equilibria of this kind are eliminated if the 
intuitive criterion is used. 

The Inefficiency of Education as a Signaling Device 
Jn the example we gave, it is easy to show that education is a waste of resources that 
has no social utility. To reach that conclusion, it is enough to compare the allocations 
obtained with and without the opportunity to become educated when individual 
abilities are not observable. 

Let ;t be tbe proportion of high-ability workers, and let us begin by analyzing the 
situation in which education is absent and workers are indistinguishable. Since the 
opportunity cost of labor is assumed to be zero, and since h+ > h- > o, everyone par­
tlcipates in the labor market and obtains an identical wage w given by w = E(h) = 

,u,+ + (1 - l)h~. Normalizing the number of workers to 1, total output is then equal to 
E(h). 
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Now let us introduce the opportunity to get an edu ln. At the separating 
equilibrium, in which the high-ability workers get educated, overall production net of 
the costs of education is equal to the difference between gross production E(h) and the 
costs of education, equal to ).s•jh+ = ).h-(h+ -h-)jh+. In this case, education is 
clearly a waste of resources, one moreover that has detrimental redistributive effects 
for the low-ability workers. These obtain a utility equal to u(w,o,h-) = E(h) or 
u(w(h-),o,h-J = h-, in the absence and presence, respectively, of education. Workers 
with low ability are thus systematically disadvantaged by education. On the other 
hand, education has an ambiguous effect on the welfare of the most high-ability 
workers, who obtain a utility equal to u(w,o,h-) = E(h) or u[w(h+),s",h>] = 

[(h+)' -h+h- + (h-·) 2]/h' in the absence and presence, respectively, of education. 
What this means is that education improves the situation of high-ability workers if 
and only if u[w(h+),s',h+] > u(w,O,h ), which is equivalent lo J. < (h+-h-)Jh+. 
High-ability workers thus benefit from education if their proportion is sufficiently 
small with respect to the ability gap between them and the low-ability workers. 

So the model of Spence (1973) portrays the role played by education in a very 
negative light: all it does is select workers according to their ability, without improv­
ing the allocation of resources. This result is not a general one, however, and the 
model that follows offers a case in which signaling activity makes it possible, under 
certain circumstances, to improve the allocation of resources. 

The Efficiency of Education as a Signaling Device 
For education to become an efficient signaling device, all we have to do is adjust 
tho preceding model at the margin by assuming that the opportunity cost of labor 
is something other than zero. The preferences of workers are now represented by 
the utility function u(R, s, d,11) = R + d - (s/h), where R designates income, equal to 
wage w if the individual is employed and zero otherwise, d is an indiGator function 
amounting to zero if the individual is employed and 1 if not, and the signal s still 
stands for the level of education. Let us further assume that the individual character­
istic h takes only two values, h- and h 1·, such that O < h- < 1 < h+, with E(h) < 1. 
Under these hypotheses, when abilities are not obsel'vable and there is no signaling 
activity, nobody enters the labor market, since the wage compatible with free entry, 
w ~ E(h), is less than the opportunity cost of labor. Such a situation arises when tho 
proportion of workers whose productivity is less than the opportunity cost of labor is 
large. The opportunity of using a costly signaling device may then allow the high­
ability workers to enter the market, and so improve the allocation of labor. Let us take 
a closer look at this situation. 

When the equilibrium is separating, workers with low ability stay out of the 
market, for their productive ability h·· does not permit them to obtain n wage greater 
than the opportunity cost of labor (free entry diclales w(h-) = h- < 1). These workers 
therefore send a zero signal s, since a positive signal brings them no gain. For equilib­
rium actually to be separating, it must be verified that individuals of low ability 
have no interest in choosing a signal identical to that of workers with high ability. 
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By sending a zero sign. .i low-efficiency worker attains utility u(o,o, 1,h-) = 1. 
By sending a signal s+ identical to that of high-ability workers, he or she obtains 
u(w(h+),s• ,0, h-1 = h"· - (s+ /h-). Consequently a low-ability worker has no interest in 
sending a signal identical to the one sent by a high-ability worker if h+ - (s+ /h-) s; 1, 
which is equivalent to s• <:: h-w1- - 1). Knowing that, workers of type h+ have an 
interest in sending the smallest signal that workers of type h- have no interest in imi­
tating. This signal is given bys'= h-(h+ -1). As in the preceding model, it is clear 
that high-ability workers prefer s = s• to s = 0, since individuals of type h-, for whom 
signaling is more costly, are indifferent between these two values of s. This separat­
ing equilibrium dominates, according to the Pareto criterion, the equilibrium with­
out signaling, since the low-ability workers obtain the same level of gain in the two 
equilibria-equal to u(O,O, 1, h-) = 1-while tho high-ability workers obtain uiw(h+), 
s•,o,h+J = ((h•)'-h+h- +h-J/h+ in separating equilibrium, which procures them a 
gain exceeding the opportunity cost of labor when h+ > 1 > h-. 

3.2 OVEREDUCATION OR UNDEREDUCATION? 
The previous example has shown that education might, through its role as a signal, 
improve the allocation of resources in certain circumstances. But this signaling role 
may also lead to "too much" education in relation to what the collective optimum 
requires. In this case, it is generally desirable to reduce signaling through cross­
subsidization, financed by lump sum taxes. This policy consists of reducing the in­
come differential between workers with different signals so as to reduce the incentive 
to acquire education while preserving positive levels of education. 

A Model with Cross-Subsidies 
To grasp the effect of cross-subsidies, it will be helpful to utilize a graphic representa­
tion of the model just laid out. In the plane (w,s), the indifference curves identified by 
u+ and u- in figure 2.10 apply respectively to workers of type h+ and type h-. As the 
slopes of the indifference curves, dw/ds, are equal to (1/h), low-ability workers have 
more steeply sloped indifference curves. Moreover, the upward shift of an indiffer­
ence curve corresponds to an improvement in satisfaction. In ihe absence of cross­
subsidization, the separative equilibrium of the previous subsection cormsponds to 
situation A, in which the high-ability workers obtain a wage h' and choose a level of 
education s', and low-ability individuals stay out of the labor market and obtain a 
gain of d = 1. 

It is possible to improve this situation by declaring that workers whose level of 
education is at least equal to s1 receive wage w1 and that workers whose level of edu­
cation is less than s1 receive a subsidy of amount x if they do not work. This situation, 
labeled Bin figure 2.10, is preferred by both types of workers to situation A. What is 
more, it limits the expenditures arising from signaling while allowing firms to make 
the distinction between the two types of wage-earners, since the low-ability workers 
have no interest in imitating the high-ability workers by getting an education. Cross­
subsidies arc thus a means of limiting tho incentives to overeducation. In our model, it 

I s3 
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FIGURE 2.10 

OVereducation in the model of Spence (1973). 

is even possible to curb these incentives very drastically by causing outlays on edu­
cation to remain positive but tend to zero. 

To be compatible with a separating equilibrium that allows employers to distin­
guish between different Lypos of workers, the wage w(s) linked to aJevel of education 
.• and the subsidy x accorded to individuals having a level of education inferior to s 
and not participating in the labor market, must satisfy the conditions w(s) - (s/h-) s; 

1 + x for low-ability workers not to seek education, and w(s) - (s/h') ~ 1 + x for high­
ability workers to do so. In consequence, a separating equilibrium is compatible with a 
value of x lying in the interval [w(s) - (sjh+) -1, w(s) - (s/h-) - 1], and it proves pos­
sible to define a value of s arbitrarily close to zero such that there exists a value of x 
falling within this interval. When s-> 0, we get x = w(s) - 1, which means that the 
choice of any wage w(s) e [1, h~j and a subsidy x = w(s) - 1 leads to a separating equi­
librium with a signal the cost of which is arbitrarily low. Such cross-subsidies, tied to 
an infinitesimal signal· cost, allow us to obtain, at the limit, an efficient equilibrium 
similar to the one that arises in the absence of the problem of adverse selection. 

Is There Really Overeducation? 
In practice, limiting investment in education through cross-subsidies is only desirable 
if education is doing nothing but offering a signaling service and if the most produc­
tive workers are getting overeducated. Two sorts of reasons make it doubtful that this 
is a valid reprosontation of education. 

For one thing, it is evident that the signaling services supplied by education do 
not necessmily lead to overeducation of the high-ability workers. The result tha.t there 
is overeducation rests on the hypothesis that employers do not hire individuals whilo 
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they aro still in school. Th )del of Spence {1973} does indeed assume that individ-
uals must necessarily finish their schooling before presenting themselves in the labor 
market. This hypothesis has been criticized on the grounds that employers may have 
an interest in "intercepting" good students and hiring them before the completion of 
their schooling (Weiss, 1983). Intuition then suggests that if all employers offer to hire 
students enrolled in long and difficult courses of study on the same day they enroll, 
education can no longer play any signaling role. Swinkels (1999) has shown that there 
are probably good grounds for this intuition: introducing into Spence's model an 
opportunity for employers to make confidential hiring offers to students before they 
have completed their course of study entails a pooling equilibrium characterized by 
an absence of outlay on education and workers obtaining a remuneration equal to 
their expected productivity. Nonetheless, when education increases individual pro­
ductivity (as above, unobservable by employers), individuals may have an interest in 
acquiring education. Swinkels (1999} shows that it is persons endowed with low abil-. 
ity who have a tendency to overeducate themselves, in order to mimic workers with 
high ability. The latter never overeducate themselves, and may even choose a level of 
education inferior to the one they would opt for in a situation of perfect information if 
they cannot be distinguished from workers of low ability. These results, which are at 
variance with those originally obtained by Spence ( 1973}, show that the education 
system does not lead to a systematically excessive use of resources, even when it is 
simply acting as a signaling device. They also bring out the fragility of the predictions 
of models with asymmetric information, the properties of which appear highly sensi­
tive to the manner in which the strategies of agents are represented. 

In light of the theory of human capital, there is reason to doubt that public 
interventions to limit outlays on education are required, for according to this theory, 
education makes it possible to accumulate knowledge, and thus supplies other ser­
vices besides that of sending a signal. These two dimensions of education are in fact 
difficult to separate from one another, but the numerous empirical studies dedicated 
to the problem suggest that education does help to improve individual productivity 
(see section 4.3 below). 

4 EVALUATIONS OF THE RETURNS TO EDUCATION 

The estimation of earnings functions, the goal of which is to evaluate the returns 
to education, constitutes the basis of empirical work dedicated to education. This 
type of estimate, which brings out a correlation between education and income 
earned through work, has stimulated a large quantity of research aimed at finding out 
whether or not this correlation betrays a causal link between education and income. 
This research tries to determine if education serves to accumulate knowledge that has 
value in the labor market, as in the theory of human capital, or if its main function is 
to select the most efficient individuals, without teaching them a great deal. 

I ss 
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4.1 THE THEORY OF HUMAN CAPITAL: fROM THE . Jon 
TO ESTIMATES 
The main prediction of the theory of human capital is that education is the source of 
an accumulation of competencies that make it possible to increase income. The as­
sessment of this result is done by estimating earnings functions, which relate income 
to investment in education. Mincer (1974) proposed a form of earnings function 
deduced from the theoretical model presented in section 2.2 which arrives at an esti­
mate of the internal rate of return to educational investment. The precision of these 
estimates is noticeably increased by taking experience into account. 

The Internal Rate of Return to Education 
Let us first put ourselves in the position of a person who acquires education at the 
outset of his or her life, but ceases to do so for good once he or she starts to work. By 
definition, the internal rate of return to education, denoted by p, represents the dis­
count rate that equalizes the cost and the expected gain of investing in education. Let 
y(t) be the potential income associated with an amount of time t spent in school. Jfwe 
assume for the sake of simplicity that the cost of education is identical to the loss of 
potential income undergone during the time t spent in school, the cost of education at 
date t' is simply equal to y(t). This cost makes it possible to increase income by an 
amount y(t) at every future date. Let T be the date at which working life comes to an 
end; the present value at date t of the incremental gain y( t) discounted at rate p is 
given by y(t) J,7 e-P(<-<) di= y(t)[l - e-p(T-<>]/p. The internal rate of return to educa­
tion equalizes the gain and the cost, and is thus defined by the equation: 

y(t) 1 
y(t) = p 1 - e-p(T-t) 

If we assume that T is much greater than t, the right-hand side of this equation is 
approximately equal to p, and it appears that income satisfies the differential equation 
p = y(t)/y(t). Integrating this last equation, we finally get: 

In y(t) =In y(o) +pt (11) 

Knowing income y(t) and the associated length of time spent in school, it is 
possible to estimate equation (11) by the method of ordinary least squares. If t is 
expressed in years, the internal rate of return p can be interpreted as the relative in­
crease in income flowing from an extra year of schooling. The first line of table 2.1 
presents the estimate of equation {11) obtained by Mincer (1974) using data concern­
ing white men in the United States in 1959. It is clear that the length of time spent 
in school has a significant positive effect on income. The rate of return of an extra 
year of schooling is 7%. Still, the coefficient of determination, R'. indicates that this 
equation explains less than 7% of the variation of the logarithm of income. Mincer 
suggests that this poor performance is caused by leaving out professional experience 
and the accumulation of human capital that takes place after leaving formal schooling 
behind. 
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Table 2.1 
) 

Estimates of wage equations: t designates the duration of schooling, x experience (measured by age 

minus the duration of schooling minus 6 years), and y the annual earnings of white men working in the 

nonagricultural sector in the United States in 1959 (t·statistics in parentheses). 

In y = 7.58 + 0.0701 
(43.8) 

in y = 6.20 + o0~W1 + ~;~?x - ~:~m~x' 

In y = 4.87 + 0.2551 - 0.00291 2 + 0.148x - 0.0018x 2 - 0.0043xl 
(23.4) (-7.l) (63.1) (-66.2) (-31.8) 

Source: Mincer (1974, table 5.1). 

The Importance of Experience 

R2 =0.067 

R2 =0.285 

R' = 0.309 

To improve his estimates, Mincer makes the assumption that it is possible to acquire 
education while employed. The life-cycle model of human capital accumulation set 
out in section 2.3 does in fact suggest that it is optimal to begin with full-time school­
ing, then gradually diminish tho proportion of one's time dedicated to schooling from 
the time one enters the labor force. Let s(<) e [0, 1] be the portion of time dedicated to 
further training by a person with < years of experience who has already spent t years 
in school. As in the theoretical model of section 2.3, we assume that the law of motion 
of the human capital h( t + r) of this person is described by the differential equation: 

h(t + r) = p,s(r)h(t + <), '•'< e [0, T - I] 

In this expression, the constant coefficient p, is interpretable as the rate of retum 
to training after leaving school. Tho integration of this differential equation between 
dates r = o and<= x then gives h(t + x) = h(t)e'•f: •(•)d'. Assuming again that income 
y(t + r) is equal to A[1 - s(r)]h(t + rj, the income y(t+ x) of a person with x years of 
experience depends on his or her income y( !) upon leaving school and on his or her 
time devoted to further training, according to the formula: 

y(t+x) = [1 -s(x)]y(t)e'·f;-<,ld< (12) 

In order to arrive at an explicit wage equation, Mincer assumes s(x) = s0 -

so(x/T). Under this hypothesis, the fraction of time dedicated to the accumulation of 
human capital decreases in linear fashion with the amount of time passed since leav­
ing school. We then have J; s(r) dt = s0x - (s0/2T)x2 • Taking the logarithms of tho two 
sides of relation (12), and bearing in mind that income y(t) after t years of schooling 
satisfies the law of motion (11), we arrive at the wage equation: 

In y(l + x) = In y(O) +pt+ PxSnX - p_,(sn/2T)x2 + ln[l - s(x)] (13) 

It should be noted that the variable x representing experience has an ambiguous 
status, for experience can result not only from-as we assume hero --an investment 
that eats into efficient working time (learning or doing), but also from an accumulation 
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of know-how that the worker builds up during his or he1 k:ient working time 
(learning by doing). In the latter case, we can make the assumption that a worker 
acquires a significant amount of supplementary knowledge on the job at the beginning 
of his or her career, and that such supplements in knowledge then tail off over time. 
That being so, it is sufficient to assume s(x) = 0 in (13). 

The second line of table 2.1 presents the results of the estimation of an earnings 
function deduced from equation (13) leaving out the term ln[l - s(x)]. It indicates that 
bringing experience into the mix considerably improves the explanatory power of the 
earnings function. This function now explains around 30% of the variation of the log­
arithms of income, as opposed to 7% earlier. Further, comparison of the first two lines 
of table 2.1 shows that the rate of return to formal schooling is greater than that 
obtained by leaving out experience. Leaving out experience biases the estimate of 
the returns to formal schooling downward, because schooling and experience are 
negatively correlated (those with the most experience are also those who leave school 
earliest). Hence, to estimate the return to education while leaving out the return to 
experience amounts to neglecting the fact that at a certain age, an extra year of 
schooling means one less year of experience. This omission leads to an estimate of the 
return to education from which the return to experience is subtracted, since the fact 
that persons who dedicate an extra year to schooling necessarily have one less year of 
experience is not taken into acccount. 

The Importance of the Duration of Schooling 
The earnings function defined hy equation (13) is grounded in the hypothesis of a 
constant rate ofreturn to formal schooling, equal to p. This hypothesis is debatable, for 
the impact of education very likely varies with the duration of schooling. The third 
line of table 2.1 takes this possibility into account by introducing a quadratic term t2 

and a term of interaction tx between experience and the duration of schooling. We see 
that the rate of return to education decreases with the duration of schooling. We also 
see that there is a negative interaction botween the duration of schooling and experi­
ence, which would tend to prove that the return to experience decreases with the 
duration of schooling. Mincer (1974) shows, however, that this result is not significant 
when income is measured in weekly earnings. 

This presentation ·of a procedure for estimating the returns to education gives us 
an overview of the method followed in the seminal work of Mincer. This method has 
been refined in several respects, in particular in order to analyze in more depth the 
causal relation between education and income. 

4.2 IDENTIFYING THE CAUSAL RELATION BETWEEN EDUCATION 
AND INCOME 
The correlation between duration of schooling, or more generally investments in 
training, on the one hand, and income on the other, of the kind revealed in table 2.1, 

does not signify that there exists a causal relation between these two variables. In­
deed, the model of human capital presented in section 2.2 shows that individual 
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capacities (measured by t.. •.• Jarameter 0 in this model) influence both wages and the 
duration of studies. In addition, according to the theory of signaling (see section 3.2 
above), education plays a filtering role, serving to select those workers who are in-
nately efficient and to signal productive characteristics of workers that employers 
cannot directly observe. That being so, the correlation between duration of schooling 
and income would stem from the fact that the high-ability individuals have higher 
incomes and stay in school longer. 

Ability Bias and Selection Bias · 
The theories of signaling and human capital both predict that the high-ability persons 
study for longer durations and obtain, for a given level of education, higher incomes. 
Thus, duratio11 of education and income are codetermined by individual capacities: 
the correlation between the duration of studies and income simultaneously reflocts 
the fact that the high-ability persons study longer and the fact that education increases 
income by improving an individual's stock of knowledge. Hence, if the returns to ed­
ucation are estimated hy the ordinary least squares method, the result will be biased. 
Following the simplest model, represented by equation (11), the returns to education 
can be estimated using the relation: 

lny, =a +pt; +•1, (14) 

In this expression, y;, t; and e; designate respectively the income of individual i, his or 
her duration of studies, and an error term of zero mean reflecting the heterogeneity of 
individuals. The coefficients a and p are parameters to be estimated. The ordinary 
least squares estimator of the returns to education, p, is unbiased if t; and the error 
term •1 are independent. But as we have just seen, the theoretical models suggest that 
individual capacities (measured by the term t.;) influence the duration of studies, so 
the two terms !; and •; are not independent. Therefore the estimator of the returns to 
education by ordinary least squares is biased. More precisely, two types of bias may 
be distinguished. 

Ability bias inheres in the relation between individual abiJities and duration of 
schooling and leads to an overestimate of the returns to education. The theory of 
human capital and signaling theory both do predict that the most productive individ­
uals have an interest in studying for the longest period. In these conditions, part of the 
return attributed to education comes, in fact, from individual capacities, and so the 
returns to education are overestimated. 

The second type of bias is selection bias. It results from the fact that individuals 
likely choose the kinds of study at which they are most efficient and motivated. Let us 
assume that a lawyer who has engaged in the study of the law for many years is po­
tentially a bad garage owner. Let us also assume that a garage owner-who has gener­
ally spent loss time in school, and studied things that require different aptitudes-is 
potentially a mediocre lawyer. This being so, the estimation of an earnings function 
carried out by the ordinary loast squares method leads to an underestimate of the 
return to education for those who study for long periods and an overestimate for those 

I e9 



90 I PART ONE I CHAPTER 2 

\ 

who study less or not at all. Hence the return to study of the Is underestimated for 
the lawyer and overestimated for the garage owner, and conversely the return to 
mechanical studies is overestimated for the lawyer and underestimated for tho garage 
owner. 

How to Correct for Biases? 
Ideally we could correct the biasos just mentioned using a "natural" experiment, 
which would consist of randomly imposing different durations of schooling on a suf­
ficiently large number of individuals. On average, then, the only difference between 
two individuals would be the duration of their schooling. Jn this type of experi­
ment, the estimation of earnings functions by ordinary least squares is unbiased, and 
the correlation does effectively correspond to a causal relation between duration of 
schooling and income. In practice there are obviously no such experiments, and the 
estimation of earnings functions made on the basis of available data is potentially 
biased. Two types of method have been adopted in order to escape ability bias and 
selection bias. 

(i) The instrumental variable method consists of estimating the returns to edu­
cation using a variable that influences the duration of studies while remaining inde­
pendent of individual capacities. To be precise, this instrumental variable must be 
independent of the error terrn e; in equation (14) and correlated as closely as possible 
with duration of studies. We then regress the duration of studies t; onto the instru­
mental variable, and so obtain the predicted values t;. In the next stage, we regress 
income y; onto the predicted values 1; of the duration of studies, and thus arrive at the 
intrumontal variable estimator. It must be emphasized that this method is valid only if 
the instrumental variable is indeed independent of the error term, yet correlated with 
the duration of studies. The difficulty of this approach thus lies in finding such vari­
ables. In this respect, Angrist and Krueger (1991) have made an interesting contribu­
tion: it consists of exploiting the existence of events that are much like natural 
experiments. Angrist and Krueger (1991) noted that individuals born early in the cal­
endar year have shorter durations of schooling than those born later. This effect is due 
to the compulsory duration of schooling. Two persons born in the same year begin 
school on the same date, but the one born earlier is authorized to quit school earlier 
than the other. If we assume that the date of one's birth is independent of factors 
influencing abilities and preferences, this phenomenon entails an exogenous variation 
in the duration of schooling that may be utilized as an instrumental variable. The 
estimation of the impact of this exogenous component of variation in the duration of 
schooling in an earnings function leads to results close to those obtained by the ordi­
nary least squares method. Angrist and Kruager ganerally obtain slightly higher coef­
ficients, but not significantly different at the threshold of 5%. Those results point to 
the. conclusion that ability and selection biases do not have huge quantitative effects, a 
conclusion on which the numerous debates provoked by their study have failad to 
cast sorio~s doubt (see Card, 1999). 
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(ii) The second me )consists of using the ordinary least squares method with 
data about individuals whose abilities are as alike as possible. From this perspec­
tive, numerous contributions estimate the returns to education for siblings, and some 
studies have even used populations made up of homozygotic twins (Ashenfelter and 
Rouse, 1998). They find that the differences in the returns to education between such 
twins are slightly weaker (on the order of 10%) than those obtained by comparing the 
duration of schooling and incomes of any two individuals at random. If we accept the 
premise that homozygotic twins have identical abilities (a hypothesis documented by 
Ashenfelter and Rouse, 1998), these results also show that ability and selection biases 
have little weight. Estimations carried out by the ordinary least squares method on the 
whole of the population only overestimate the returns to education very slightly. This 
suggests that ability bias and selection bias, without being negligible, are not domi­
nant in the educational process. 

4.3 THE THEORY OF HUMAN CAPITAL: MEASURING THE BENEFITS 
AND (OSTS OF EDUCATION 
The evaluation of the returns to education proposed by Mincer relies on measuring 
the cost of education by years of schooling and measuring the benefits by annual in­
come. In this area problems of measurement error, arising from the fact that persons 
state the duration of their studies inaccurately, bias the estimator by ordinary least 
squares systematically downward (see, for example, Kennedy, 2003, and Card, 1999). 

Card (1999) suggests that numerous studies are subject to this type of error and there­
fore significantly underestimate the returns to education (to a degree varying between 
10% and 30%). In addition to measurement errors, the assessment of the returns to 
education proposed by Mincer takes into account only part of the costs and benefits of 
education. It is important to point out that, in reality, the costs and benefits of educa­
tion have multiple components, most of which are not adequately taken into account 
in many empirical studies. 

Better Measurement of the Gains of Education 
Equating the benefits of education with annual income may Jead to underestimating 
the return to education, for better trained workers generally work a longer amount of 
time over the course of a year. They enjoy higher incomes, which yield incentive to 
work more in order to fully exploit their investment in education. Table 2.2 shows 
that the duration of schooling does in fact have a positive impact on the length of time 
worked. It is also evident that the coefficient of annual earnings is equal to the sum of 
the coefficients of hourly income and hours worked. This result is verified by con­
struction, for the logarithm of annual earnings is equal to the sum of the logarithms of 
hours worked and hourly earnings. Table 2.2 indicates that better educated individu­
als enjoy higher incomes for two reasons: their hourly incomes are higher, and then· 
work schedules are heavier. 

Taking exclusively the monetary and inrlividual benefits of education into ac­
count also introduces biases that probably lead to underestimates of the individunl 
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Table 2.2 

Estimates of the return to education, based on an earnings equation in the United States in 1994-1996. 

Hourly Log hours Log annual 

income per year earnings 

Men 

Coefficient linked to education 0.100 0.042 0.142 
(0.001) (0.001) ((1.001) 

R' 0.328 0.222 0.403 

Women 

Coefficient linked to education 0.109 0.056 0.165 
(0.001) (0.001) (0.001) 

R' 0.247 0.105 0.247 

Standard errors in parentheses. 

Source: Card (1999, p. 1809). 

and social returns to education. Better educated workers generally enjoy better work­
ing conditions and greater social status. Schooling also equips individuals to grasp 
concepts that facilitate the comprehension of various political, psychological, and 
philosophical problems. These concepts do not necessarily have any direct impact Oil 

earnings won in the market, but they may contribute to an improvement in welfare. 
This dimension is important, inasmuch as it suggests that monetary returns capture 
only a part of all the benefits from education. It also suggests that individual returns 
are different from social returns. So, for example, education reduces criminality, 
favors voter participation, and appears to exert a positive influence on the perfor­
mances of an individual's direct descendants (this last effect is a subject of con­
troversy; see Solon, 1999, and Maurin, 2002). We shall come back to this issue in 
section 4.4 below. 

Better Measurement of the Costs and the Qiwlity of Education 
Equating the cost of education with the loss of income arising from the time dedicated 
to schooling also amounts to a reductive hypothesis. In reality, this cost has multiple 
components. In particular, an investment in education requires effort to acquire 
knowledge. This acquisition, when successful, is generally rewarded with a degree 
capable of influencing the benefits derived from an extra year of study. Jaeger and 
Page (1996) estimate that the acquisition of a degree has a significant impact on hourly 
wages in the United States. Comparing the performances of individuals who obtained 
a degree with those of individuals who failed, these authors find that the degree con­
tributes to around one-quarter of the return to education of 16 years of study, and to 
more than half of the return to the four years from the 12th (the last year of high 
school) to the 16th (the last year of undergraduate study in college). In Franco, the 
work of Goux and Maurin (1994) shows that years of study not recognized by a degree 
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entail significant variations in remuneration ( +3.2% per year), but nevertheless have 
an impact two to three times weaker than years that are so recognized. Goux and 
Maurin {1994) also estimate that the type of degree significantly influences earnings in 
France, where, as in Germany, different educational systems coexist and compete. An 
engineering degree from a grande ecole {an elite postsecondary institution) leads to 
wages 25% higher than the degree awarded upon completion of the deuxieme cycle in 
university {the equivalent of a master's degree), though the periods of study are of 
comparable length. More generally, empirical studies generally find that persons who 
achieve the hlghest scores on tests measuring knowledge obtain higher incomes in the 
labor market {Murnane et al., 1995, 2001; Currie and Thomas, 20011). 

It is possible that the quality of each year of education, which influences what 
students learn, is linked to the amount invested by society in this area. Indeed, in the 
OECD countries a significant part of the differences in students' performance on 
knowledge tests is explained by their attendance at different educational institutions. 
This fact is illustrated by figure 2.11, which breaks down the variation in reading lit­
eracy performance of 15-year-old students in OECD countries between schools and 
withln schools. For the average of these countries, 33% of the variation in students' 
performance is explained by their attendance at different schools. A phenomenon of 
this kind may arise both from heterogeneity in the quality of schools and from a con­
centration of the best students in certain schools. The quality of schools is itself 
potentially linked to the financial resources at their disposal. 

From this perspective, some studies find that the teacher/pupil ratio, the expen­
diture per pupil, and the wages of teachers appear to have a positive impact on in­
come obtained by students when they leave school (Card and Krueger, 1992; Altonji 
and Dunn, 1996). For example, Card and Krueger {1992), using data for the United 
States, estimate that bringing the pupil/teacher ratio down by ten increases the rate of 
return to education by around nine percentage points. Hanushek et al. (1996) con­
clude, however, that these results stem from an aggregation bias due to the fact that 
Card and Krueger {1992) consider only the average characteristics of schools by state, 
and not the characteristics of the school of each iodividual. Moreover, numerous 
studies show there is no robust statistical relation between the quality of education 
and the performance of pupils on knowledge tests. Hanushek (2002) reviewed the 
results of 376 published studies focusing on the impact of expenditure on education 
on the performance of students; the results are summarized in table 2.3. Although the 
studies reviewed cannot all be regarded as identical in quality {a problem that 
Hanushek discusses), we see clearly that it is difficult to detect a systematic influence 
of expenditure on education on the performance of students. 

Those results suggest that the heterogeneity in the average performance of 
schools comes partly from the fact that some schools att .. act the best pupils while 
otliers attract the worst ones. If there does exist a positive interaction between the 
performances of pupils, and if these performances are ilwmselves positively influ­
enced by parental income, this selection may result in a phenomenon of segrega­
tion, in which the wealthiest persons mostly send their children to the same schools 
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Table 2.3 ) 
Percentage distribution of estimated effect of key resources on student performance, based on 376 

studies. 

Number of 

Resources estimates 

Classroom resources 

Teacher-pupil ratio 276 

Teacher education 170 

Teacher experience 206 

Financial aggregates 

Teacher salary 118 

Expenditure per pupit 163 

Other 

Facilities 91 

Administration 75 

Teacher test scores 41 

Source: Hanushek (2002, table 6). 

Statistically significant 
Statistically 

Positive (%) 

14 

29 

20 

27 

12 

37 

Negative(%) Insignificant(%) 

14 72 

5 

10 

86 

66 

73 

66 

86 

83 

53 

(Benabou, 1993, 1996). The empirical identification of social interactions is neverthe­
less difficult lo achieve, inasmuch as it is difficult to distinguish the influence of the 
unobserved characteristics of individuals from that of social interactions (Manski, 
2000; Brock and Durlauf, 2001). Jn this context, there is a danger of explaining indi­
vidual performances through the influence of peers, when they might actually be aris­
ing from personal characteristics not observed by the economotrician. Still, it should 
be noted that empirical studios focusing on the influence of peers on individual per­
formance in educational settings do generally detect positive interactions (Hanushck 
ct al., 2003; Zimmer and Toma, 2000). 

4.4 SOME EMPIRICAL RESULTS 
In recent decades, empirical work has essentially been dedicated to the estimation of 
the private returns to oducatiun, following the load of Mincer. Although problems of 
interpretation continue to be raised, this work gives a fairly precise idea of tho indi­
vidual returns to education. More recently, empirical work has tried to go beyond the 
assessment of private returns to education in an attempt to estimate its returns to 
society as a whole. 

Private lleturns to Education 

Numerous studies have focused on estimating the private returns tn edur:ation. They 
use very diverse methods; such as ordinary least squares; instrumrmlal variables, and 
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comparison of the performance of twins or members of the S<. )family (see section 
4.2). With such a variety of methods, there was a risk of reducing the transparency of 
the results, and making consensus on the order of magnitude of the returns to educa­
tion hard to achieve. Despite this, it turns out that the differences in the results 
obtained using ordinary least squares, instrumental variables, and the comparison of 
persons with similar family backgrounds are very slight. Ashenfelter et al. (2000) ana­
lyzed 27 studies that produced 96 estimations for nine countries. Their conclusion 
was that the average rate of return to education estimated according to the method of 
ordinary least squares is equal to 6.4% (with a standard error equal to 0.4%). This 
differs little from the rate obtained with the method of instrumental variables: 8.1 % 
(with a standard error amounting to 0.9% ). 

Figure 2.12 presents estimates of the returns to education for 15 European 
countries in 1994 and 1995. These returns are calculated by estimating a Mincer 
equation close to equation (13) by ordinary least squares. On average, an extra year of 
schooling increases wages for women by 7.9% and increases wages for men by 7.2%. 

The returns estimated are very heterogeneous. They range from 11.8% for women in 
the United Kingdom to 3.8% in Sweden. We may note that the returns are relatively 
weak in the Scandinavian countries like Sweden, Denmark, and Norway, where cen­
tralized collective bargaining tends to reduce the spread of wages between different 
levels of qualification. 5 We see as well that returns tci education are higher for women 
than for men on average, although this is not the case in all the countries considered. 
This should not make us forget that wages for women are still lower than those for 
men with the same edncational level, as we shall see in chapter 5. Figure 2.12 shows 
clearly that, although they are less well paid than men for a given educational level, 
women nonetheless capture an average marginal gain from education exceeding that 
for men. 

The results presented in figure 2.12 have the drawback, in common with many 
estimates of the returns to education, of not taking precise account of the costs of 
schooling. These costs are simply assimilated to the loss of earnings resulting from 
being enrolled in the education system. On that basis, the internal returns to educa­
tion measure the returns to an extra year of schooling, or to a dollar invested in edu­
cation, without distinction. Work carried out by the OECD (2002) and presented in 
figure 2.13 makes available estimates of the returns to education in a number of coun­
tries that take the costs of schooling into account in a more exact manner. As in 
Mincer's approach, the rates of return to education are calculated on the assumption 
that the stmlent has no earnings while studying. The costs equal forgone earnings net 
of taxes adjusted for the probability of being in employment less the resources made 
available to students in the form of grants and loans, plus tuition fees. The benefits are 
the gains in post-tax earnings adjusted for higher employment probability less the 
repayment, if any, of public support during the period of.study. Unemployment bene­
fits and retirement pensions arc left out of the reckoning. 

Figure 2.13 shows that for these ten countries, the rates of return estimated are 
on average of the same order of magnitude, 11 %, for men and women, as well as for 
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secondary and postsecondary education. These rates are higher than the ones in figure 
2.12 because the omission of unemployment benefits tends to bias the estimates up­
ward; the reason is that the risk of unemployment is highest among the least educated 
persons, as shown in figure 2.6. It is also worth pointing out that the returns to sec­
ondary and postsecondary education, while similar on average, differ from one coun­
try to another. It is not possible to set out the relative returns of these two types of 
education systematically on this graph. 

The contribution of Belzil and Hansen (2002) sheds light on this point. These 
two authors estimated the returns to education for each year of study, using a struc­
tural model in which the choice of duration of studies is endogenous; the data came 
from the National Longitudinal Survey of Youth (NLSY) for the years 1979-1990. Tbe 
results, presented in figure 2.14, show tbat the marginal returns to education are 
highly dependent on the duration of studies. The marginal returns to years spent in 
college arc clearly greater than those to years spent in high school. The marginal 
returns to the early years of schooling are extremely feeble, 0.4% for grades seven to 
ten. Subsequently the marginal return rises sharply up to grade 14, then falls off. We 
may note that the average return is less than those estimated in figure 2.12, which 
are on the order of 7%. This is because the hypothesis of the constancy of the 
marginal returns to education, sometimes adopted by those who follow Mincer's 
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method, amounts to making the estimate of the average return to education condi­
tional on the duration of studies chosen by individuals. For example, in this context, 
the rate of return to secondary schooling is the average rate of return for those persons 
who have chosen to acquire secondary education. Belzil and Hansen show that this 
rate is very different from the "true" average rate corresponding to the average of the 
marginal rates of each year of schooling completed. 

We have just seen that the returns to education vary according to country and 
duration of studies. It _should also be noted that they vary over the course of time. This 
type of phenomenon has been much pondered, in light of the fact that certain coun­
tries have faced increasing wage inequality over the last four decades of the twentieth 
century (a problem to which we shall return in chapter 10). This increase in wage in­
equality, which is particularly sharp in the United States, goes in tandem with a rise 
in the returns to education, a phenomenon illustrated in figure 2.15. It shows that the 
returns to education for men fluctuated widely during the twentieth century in the 
United States, decreasing between 1914 and 1940, and then increasing between 1950 
and 1995. Goldin (2001) and Goldin and Katz (2001) maintain tha_t the phase of de­
crease resulted from a considerable expansion of secondary schooling at the end of the 
1910s and in the 1940s. From this point of view, the slowdown in the expansion of 
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schooling in the United St" _ J after the Second World War helps to explain the in­
crease in the returns to education between 1950 and 1995.0 

Tl1e Social Returns to Education 
Estimates of the private returns to nducation no doubt foil to render a full account of 
the benefits that flow from investments in schooling to society as a whole. It is possi­
ble that education exerts positive externalities and that the social returns to education 
are superior to the private ones. Nevertheless, it is also possible that the social returns 
to education are inferior to the private ones, if the role of tho educational system 
essentially consists of selecting individuals as a function of personal characteristics 
that employers cannot observe, as pointed out in section 3. 

llmpi~ical studies dedicated to the social returns to education are as yet scarce. 
They do tend to show, however, that education does indeed exert positive external­
ities, and that the s~cial returns to education are superior to the private ones. Thus, 
Currie and Moretti (2002) estimate, while controlling for selection biases, that better 
education of mothers has a positive impact on the health of their offspring. Lochner 
and Moretti {2001), likewise controlling for selection biases and using data on men 
in the United States for the period 1960-1980, estimate that education to high school 
level reduces criminality. They find that the externality connected to the reduction 
of criminality represents between 14% and 26% of the private returns to education. 
More advanced education can also favor the discovery and adoption of new tech­
nologies (Foster and Rosenzweig, 1996), which themselves exert macroeconomic 
externalities that aro a source of growth {Nelson and Phelps, 1966; Aghion and Howitt, 
1998). Research on growth places a great deal of emphasis on the central role of edu­
cation in this domain. Empiri<:al work on international macroeconomic data generally 
highlights a positive impact of education on growth (see Topel, 1999; Hanushek and 
Kimko, 2000; and Krueger and Lindahl, 2003). Nonetheless, as Krueger and Lindahl 
{2003) point out, it is not possible on the basis of this work to make a robust claim for 
the existence of knowledge externalities linked to education and favoring growth. 
Work carried out on individual data supplies valuable informatii;m about this prob­
lem. Rauch (1993), Acemoglu and Angrist (2000), and Moretti (2002) have attempted 
to assess the difference between the private returns to education and the social ones 
arising from externalities by comparing the returns to education of individuals situ­
ated in environments in which the level of general education differs. Rauch (1993) 

estimates, through a comparison of the incomes of individuals situated in different 
cities, that knowledge externalities increase the returns to education by three to five 
percentage points. The studies of Acemoglu and Angrist {2000) and Moretti (2002) 

focus especially on the problem of the cndogeneity of educational choices, which may 
bias estimates. Acemoglu and Angrist (2000) exploit the heterogeneity of compul­
sory attendance laws and child labor laws in U.S. slates between 1920 and 1960 to 
pinpoint exogenous variations in the environment that may in!luence educational 
choices. In this context, they do find positive, though slight, knowledge externalities 
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that improve the returns to education on the order of one per. .hge point and do not 
differ significantly from zero. Moretti {2002), using a different methodology, also finds 
positive externalities corresponding to an improvement of the returns to education 
lying between 0.6 and 1.2 percentage points. 

On the whole, this empirical work does suggest that the social returns to edu­
cation do exceed the private ones. This observation, which still requires some shor· 
ing up, justifies to some extent the preponderant role of the state in expenditure on 
education-a problem that is investigated more fully in chapter 11. 

5 SUMMARY AND CONCLUS!ON 

Expenditure on education represents an important and growing percentage of 
GDP in the OECD countries. For example, in 1999 the United States and Sweden 
devoted 6.5% and 6.7% of GDP respectively to spending on education. 

The theory of human capital justifies educational choices by assuming that edu­
cation favors the accumulation of competencies and increases wage earnings. It 
predicts that individuals have an interest, after completing their schooling, in 
gradually trimming back the amount of time they devote to t~aining over the 
course of the life L-ycle. The profile of wages thus should be concave with re­
spect to age, something solidly verified in practice. 

If the productive characteristics of individuals arc unobservable, education may 
be regarded as a signaling activity, allowing the most productive workers to 
bring themselves to the notice of firms. Signaling activity may lead to' "over­
education," which can be reduced by cross-subsidies aimed at limiting spend­
ing on education. In practice, the significance of ovoreducation remains to be 
proved. Empirical studies suggest that signaling activity, although not negligi­
ble, does not play an overwhelming role in Lhe educational process. 

Estimation of the returns to education must deal with the existence of selection 
bias and ability bias. The techniques employed to control for these biases sug­
gest that their quantitative importance is limited. 

Empirical studies have a great deal of difficulty in detecting any systematic in­
fluence of expenditure on education on the performance of students. 

The estimation of earnings functions linking earnings to, among other things, the 
duration of schooling and professional experience allows us to assess the return 
to a year of extra education. Overall, research in this field finds that this return 
lies on average in the 6%-15% range. On this point, it should also be noted that 
the marginal roturns to education are very likuly not constant. 

The few empirical studios available suggest that education does entail positive, 
but small, externalities. 
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INTRODUCTION 

The nmiclassical theory of labor supply pays no attention to the time and cosl of 
looking for work. The consumption of "leisure"-even when this term is extended to 
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cover home production-remains the sole alternative to wa5. )work, and by defini­
tion an agent who utilizes the total amount of time at his disposal in the form of lei­
sure is described as a nonparticipant. From this perspective, then, there is no place for 
the unemployed person, even though his or her principal activity amounts to looking 
for work. Such a description of the labor market implicitly assumes a structure of per­
fect information. It supposes that each agent knows all the particulars about all the 
jobs on offer, and that he or she merely has to decide the number of hours-potentially 
as low as zero-that he or she wants to devote to work, given the (supposedly) single 
and universally known wage prevailing in the labor market. There is no need to look 
for a job that would suit him or her. Such a hypothesis is no doubt too simplistic, so 
we must examine the consequences of imperfect information. This is precisely the 
purpose of job search theory: to study the behavior of an individual who has imperfect 
information about jobs and wages. 

In the job market, the imperfection of the available information occurs in tbe 
form of a number of different possible wages that an agent might be able to command. 
Hence the job-seeker surveys the labor market so as to find the highest wage being 
paid for the services he or she can supply. This procedure is no different from that 
adopted by a person looking for an apartment (at the best possible rent) or a loan (at 
the best possible rate of interest). It was Stigler (1961, 1962) who first highlighted this 
common process in all marketB whore information is imperfect. The modern theory of 
the job search arose in the 1970s with the formalizations of McCall (1970) and Mor­
tensen (1970). Section 1 of this chapter lays out the basic job search model, in which 
an agent keeps looking as long as he or she entertains the hope of improving his or 
her welfare by continuing to search. The duration of the search depends on his or her 
preferences and the overall characteristics of the environment in which the search 
takes place. The tboory of job search is not in conflict with the theory of labor supply. 
By giving a prominent role to imperfect information, this theory adds the calegory 
"unemployed" to those of"cmployed" and "nonparticipant." In this way it sheds sup­
plementary light on the decision to participate in the labor markel, which no longer 
takes the form of a choice between work and nonparticipation; rather, it now lies in 
knowing whether it is worthwhile to look for work. In other words, to hold a paid job 
you must first have decided to look for ono. A good synthesis of this theory can be 
found in Mortensen (1986) and Mortensen and Pissarides (1999). 

Section 2 of this chapter extends the basic model in two different ways. The first 
analyzes the behavior of employers in the context of tho job search, while the second 
looks at the behavior of the authorities in charge of the system of unemployment in­
surance. For a long lime the theory of the job search developed within tho framework 
of partial equilibrium, inasmuch as it did not explain the formation of the wage dis­
tribution that confronted job-seekers. To make it complete, the behavior of employers 
has been introduced so as to arrive at a description of labor market equilibrium. By 
att.l'ibuting well-defined strategic behavior to firms, these models are able to portray 
the process of wage formation as endogenous (good examples are the works of Burdett 
and Mortensen, 1989 and 1998). On the other hand, the basic job search model takes 



the value of unemploymen. .lsurance benefits as given. But in reality, this value is 
determined by the authorities in charge of the system set up to compensate workers 
during unemployment. The theory of optimal unemployment benefits, initiated hy the 
work of Shavell and Weiss (1979) and Hopenhayn and Nicolini (1997), takes the view 
that the organizations that manage unemployment insurance ought to give workers an 
incentive to actively look for work. The optimal level of compensation paid out is the 
result of a compromise between this requirement to provide incentive and the need to 
insure the unemployed against fluctuations in the income to which participants in the 
labor market aspire. From this perspective, the job search model constitutes a partic­
ularly useful tool for identifying the characteristics of efficient unemployment insur­
ance systems. 

job search models arrive at relatively precise conclusions about the factors that 
determine the duration of unemployment. Surveys that monitor the work experienr.e 
of a large number of individuals over time supply the data necessary to derive esti­
mates from these models. Section 3 of this chapter gives an acr.ount of the econo­
metric methods specific to "duration models," and lays out the principal results 
obtained in this domain. 

1 BASIC JOB SEARCH THEORY 

job search theory arises initially out of a basic model, called today the partial model, 
that describes the behavior of a person looking for work in a situation of imperfect 
information. This model furnishes precise conclusions about the effects of a change 
in the environment or in economic policy. The basic model is grounded, however, on 
overly simple hypotheses, which we must abandon in order to describe the reality of 
the search process better. For one thing, in this model all the unemployed have ac­
cess, in exogenous fashion, to unemployment insurance benefits, they arc not allowed 
to select the intensity of their search, and they cannot look for (another) job once they 
are employed. Finally, the basic model is situated in a stationary environment. We 
will first lay out the basic model, then analyze the changes that emerge as we abandon 
these four hypotheses. 

1.1 THE BASIC MODEL 
In the job search model, the optimal strategy of a person looking for work consists 
simply of choosing a reservation wage that represents the lowest remuneration he or 
she will accept. The amount chosen depends on all the parameters that go to make up 
the economic environment, in particular the benefits paid to those who are unem­
ployed and the arrival rate of job offers. Hence, mosl often it is enough to know how 
the reservation wage varies in order to disr.ern the effects of economic policy on the 
duration of unemployment. As well, when it is linked to the labor supply model pre­
sented in the previous chapter, the job search model sheds light on the choice among 
nonparlicipation, unemployment, and work. 
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1.1.1 The Search Process and the Reservation Wage 

The basic job search model aims to describe the behavior of an unemployed person 
who dedicates all of his or her efforts to looking for a job, when the conditions in which 
this search takes place do not vary over time. The model is thus explicitly dynamic, 
but it is situated in a stationary environment. The unfolding of time may be described 
in continuous or discrete manner; we have chosen the former, since it is analytically 
simpler and has been adopted almost universally in all published work in this field. 

The Discounted Expected Utility of an Employee 
Thu main hypothesis of the job search model is that the job-seeker does not know 
exactly what wage each job pays. So, by looking, he or she can expect to improve his 
or her prospects of income. We epitomize these imperfections in the available infor­
mation by postulating that the job-seeker knows only the cumulative distribution of 
the possible wages. We further assume that this distribution is the same at each dale, 
and that successive wage offers are independent draws from this distribution. This 
stationarity assumption means that, at any time, a person looking for work faces the 
same structure of information. We shall use H(.) to denote the cumulative distribution 
function of all possible wages. 

A job offer comes down to the proposal of a constant real wage w that the worker 
will receive on each dale as long as he or she remains with the firm that makes the 
offer. If we assume that the agent is risk-nuutral, and if for the sake of simplicity we 
leave out of account the disutility of work, his or her instantaneous utility then simply 
equals w. This means that over a short iulerval of time, dt in length, the agent attains a 
level of instantaneous satisfaction equal to w dt. Let us further assume that over each 
short interval of time dt, any job whal•oover can disappear at the rate q dt, where 
q > O is a constant exogenous parameter. Over each short interval of time dt, a waged 
worker thus loses his or her job at the rate q dt. Let us assume that the real instanta­
neous rate of interest r is constant and exogenous. A single dollar invested in the 
financial market on date t brings in 1 + r dt dollars in t + dt. The discounted value of a 
dollar at date t that will be available at date t + dt is thus equal to 1/(1 +rd!). The 
term 1/(1 + r dt) thus represents the discount factor over each short interval of time dt. 
In a stationary state, the discounted expected utility V. of an employed person receiv­
ing wage w satisfies the following rolation: 

1 
V. = 1 +rdt[wdt + (1 - qdt)V. + qdtVu] (1) 

This relation indicates that the discounted expected utility stemming from being 
hired is equal to tho discounted sum of tho flow of income w dt over the interval of 
time dt, and the discounted expected future income. With probability (1 - q dt) this 
future income does coincide with the ·expected utility V. associated with continued 
employment, and with complementary probability q dt it conforms insload lo Vu, t11e 
discounted expected utility of an unemployed person: Multiplying the two sides of 
relation ( 1) by 1 + r dt and rearranging the terms of this expression, we arrive at: 

(2) 



This equation is easy ,u Lterpret.' It shows that, at every moment, a job entails 
discounted expected flow of income rV, equal to wage w, to which is added average 
income q( V,, - V,,) deriving from a possible change in the employee's status. This 
average income is in fact a loss resulting from the wage worker quitting his job. 

Equality (2) allows us to express the discounted expected utility of an employee 
receiving wage w-which we shall henceforth denote V.( w)-in the following manner: 

V,(w)-Vu =~-rVu 
r+q 

(3) 

It is thus apparent that the difference between the expected utility of an em­
ployee and that of an unemployed person rises with the wage accepted and falls with 
the discounted expected utility of the unemployed person. 

The Optimal Search Strategy 
In order to simplify the exposition, we will assume that a job-seeker can only meet 
a single employer on any date (see Mortensen, 1986, for the possibility of multiple 
offers). The employer offers the job-seeker the constant wage w over the duration of his 
or her employment, which he or she is free to accept or refuse. The optimal job search 
strategy is then as follows: 

1. If the job-seeker receives no offer on date t, he or she continues looking. This 
behavior results from the stationarity of intertemporal utility v •. 

2. If the job-seeker receives a wage offer w, he or she accepts if V.,(w) > v •. If not, 
he or she continues looking. 

Since a job-seeker's expected utility Vu does not depend on a particular wage 
offer w, relation (3) shows that V.(w) is an increasing linear function of the wage 
offered. This relation also shows that phase 2 of the search strategy amounts to the 
adoption of n "stopping rule" that dictates accepting wage w if and only if it is supe­
rior to u threshold value x defined by: 

X=rVu (4) 

The acceptance of an offer equal to x procures for the job-seeker the same level 
of utility that he or she gets by remaining unemployed; in other words, V,,(x) = v •. As 
in the theory of labor supply laid out in chapter 1, wage x continues to be called the 
reservation woge, but we will see in section 1.1.3 that it means something tangibly 
ui£ferent. 

The Discounted Expected Utility of a fob-Seeker 

The existence of the stopping rule makes it possible to deduce nwnerous characler­
istics of the search process from those of the reservation wage. In order to make the 
factors that delermino tho reservation wage explicit, we need to specify more precisely 
the discounted expected utility V,, of n job-seeker. Accordingly, we shall designate by 
A. the arrival rate of job offers. This rate encapsulates the difficulties enc:ounlered while 
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one looks for a job. It reflects the general state of the labor m~ Jt, but it also depends 
on the personal characteristics of the job-seeker-age and educational qualifications, 
for example-and the effort he or she puts into the search. In the basic model, we will 
assume that this rate ). is a constant exogenous quantity. Moreover, the search for a job 
entails costs at every turn. Some are financial in nature, like the cost of getting about, 
for example, or buying specialized magazines, or sending out applications. But it is 
equally necessary to include the opportunity cost of the search, in other words the 
value of a period of time that could have been devoted to other activities. All these 
costs will be summed up, at each date, by a single scalar c > o. There a.re also gains 
associated with periods of looking for work. These comprise unemployment benefits, 
and also perhaps the consumption of domestic production and leisure. If, for each 
date, we express the sum of these gains by the scalar b > 0, the net instantaneous 
income from looking for work, denoted by z, is then equal to (b - c). 

At any moment the status of a job-seeker may change with rate .t If he or she 
does actually receive an offer, he or she will not accept unless the wage that goes with 
it is more than his or her reservation wage x. The discounted utility V; expected upon 
receiving an offer of employment is thus equal to 

Jx J+"' V; = 
0 

V, dH(w) + x V.(w) dH(w) 

Conversely, if the job-seeker receives no offers, he or she keeps looking, which 
procures for him or her a discounted expected utility equal to V,. Now, during a short 
interval of time dt in length, a job-seeker gains z dt and has a probability .l dt of 
receiving a job offer. In the stationary state, his or her expected utility thus satisfies 

V, = __2-_d [zdt+.ldtV; + (t -.<dt)V,] 
1 +r t 

If we multiply the two sides of this equality by 1 + r dt and rearrange terms, we 
find that a job-seeker's discounted expected utility is defined by the following trade­
off equation: 

i-V. = z + .l f"' (1f,,(w). - V,] dH(w) (~) 

Like relation (2), defining an employee's discounted expected utility, this equa­
tion also has to he interpreted by examining the various ways the assets V, of an un­
employed person may be invested. In the "financial" market these assets will bring in 
rV, at any moment, while if "invested" in the labor market they will procure income z 

augmonted by the value J.(V; - V,) of the average gain linked to the change of status of 
a person who is looking for work. 

Reservation Wage, Hazal'd Rate, and Average Duration of Unemployment 
With the.help of relations (3) and (4), which defino respectively the intertemporal 
utility V.( w) of an employee and the reservation wage x as a function of the dis­
counted expected gain 11,, of an unemployed person, we easily arrive at the following 
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equation, which implicitly characterizes the reservation wage as a function of the 
parameters of the model: 

x = z+-,t-f+"' (w- x) dH(w) 
r+q, x 

(6) 

We can show a) that there is only one optimal value for this reservation wage, 
and b) that it maximizes the intertemporal utility of a job-seeker. For that, we neod 
merely observe that rolation (5) defines Vu as a function of x, and verify that the 
derivative of this function is null for the value of x given by (6). This way of charac· 
terizing the reservation wage is instructive, fo1· it brings out clearly the optimality of 
the search strategy adopted by the job-seeker. 

The values of two other important variables flow from knowing the reservation 
wage. These are the "hazard rate," or the exit rate from unemployment, and the aver­
ate duration of unemployment. Since a job-seeker becomes employed when a) he or 
she receives a wage offer-which occurs at rate ,!-and b) the offer is at least equal to 
his or her reservation wage-which occurs with probability [1 - H(x)]-the exit rate 
from unemployment takes the value .4[1 - H(x)) at any moment. When the number 
of job-seekers is large, this rate approaches the hazard rato. The average duration of 
uoemployment, denoted r., is then given by: 

1 
Tu = .i[1 - H(x)) 

(7) 

The interpretation of this last relation is very intuitive: it means that if a job· 
seeker has one chance in ten of becoming employed in any week, he or she will on 
average remain unemployed for Len weeks. 2 Relation (7) also shows that the average 
duration of unemployment is an increasing function of the reservation wage: when a 
person who is looking for work raises the level of the wage he or she is demanding, on 
average it prolongs the duration of the search. 

1.1.2 Comparative Statics of the Basic Model 
The comparative statics properties of the job search model are very easily obtained if 
we write the relation (6) defining the reservation wage in the following form: 

<l>(x,z,r,.i,q) =a with <!>(x,z,r,l,q) = x ·· z- r~q.C"' (w- x) dH(w) (8) 

We can easily verify that the partial derivatives of th" function <!> possess the 
following properties: 

<l>x > 0, <l>z < 0, <!>, > O, <!>; < 0, and <l>q > 0 

As relation (8) implies ox/ai = -<!>;/<!>., i = z0r, )., q, we immediately obtain the 
diroction of the variations in the reservation wage as a function of the parameters of 

the model, or: 

ox ax ax ox az > 0, aI > 0, ar < 0, and aq < 0 (9) 
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l 
With the help of relation (7), we deduce from this the •. _! comparative statics 

properties of the average duration of unemployment. The result is: 

8T,, oTu d oT,, Tz > 0, Tr < 0, an aq < 0 

The rise in the reservation wage and the average duration of unemploY.ment that 
follow from a rise in the net income z from looking for work constitute an important 
result of this theory. This means, all other things being equal, that an increase in 
unemployment benefits should have the effect of lengthening the duration of unem­
ployment. This result is highly intuitive: it simply makes sense that a job-seeker 
receiving higher compensation will be more demanding in terms of the wage he or 
she hopes to get, and that that on average will lengthen the amount of time ho or 
she spends looking. This strong prediction of the theory of job search has often been 
contested (see Atkinson and Micklewright, 1991, for a detailed critical analysis of 
it). On the theoretical level, however, it is unassailable, since the person looking for 
work does in fact receive benefit payments from the unemployment insurance system 
(which is the case in the basic model just presented). Let us suppose, for example, that 
unemployment benefits rise from 0% to 100% of the current average wage. It is hard 
to believe that a change of that magnitude in the size of the payments will have no 
positive influence on the average duration of unemployment. But leaving aside this 
exaggerated example, the extent of the influence is a priori unknown. Moreover, a 
very large percentage of those looking for work receive no unemployment benefits. We 
will see that, for them, an increase in unemployment benefits is highly likely io have 
an inverse effect on their reservation wage (a point rigorously established in section 
1.2.1 of this chapter, which deals with the eligibility effect). Given these circum­
stances, we have to turn to empirical studies to get an idea of the sign and the order of 
magnitude of the unemployment benefits elasticity of the average duration of u11em­
ployment. We will see later that in general this elasticity is slight when the amount of 
unemployment benefits falls in a "reasonable" magnitude. 

The other implications of the model are also easy to grasp. A rise in r is charac­
teristic of a job-seeker who places less value on the future than another. A person of 
this type has a lower reservation wage and on average sponds less time looking for 
work. When the job lciss rate q increases, the current demands of job-seekers diminish, 
since the gap between the expected utility of an employee and that of a job-seeker 
shrinks, which reduces the avorage duration of unemployment. On the other hand, 
relation (7) shows that an increase in l, the arrival rate of wage offers, has an ambigu­
ous effect on tho amount of time devoted to looking for a job. In this case, job-seekers 
revise their reservation wage upward, which entails a lowering of tho term [1 - H(x)j 
representing the probability of accepting an offer. Tho direction of consequent change 
in the rate of exit from unemployment l[(l - H(x)] and the avorage duration of unem­
ployment T0 = 1/.l[(l - H(x)] is then unknown. It should be noted, however, that if the 
frequency" with which job offers arrive has lit.tie effect on the reservation wage, the 
average duration of unemployment decreases with this frequency. Empirical studies 
do seem to indicate this (see section 3.2.2 below). 



1.1.3 The Choice Amon~ .Jnparticipation, Job-Seeking, and Employment 
Decisions to participate in the labor market are envisaged one way under the theory 
of labor supply and another way under the theory of job search. The theory of labor 
supply comprises only two possible states: either one is a participant or one is not. 
The theory of job search just outlined assumes that workers do participate in the labor 
market, and thus are faced only with the choice between unemployment and employ­
ment. It is possible, though, to contemplate a hybrid model that takes into account 
three possible states: nonparticipation, job-seeking, and employment. 

The Reservation Wage and Alternative Income 

In the theory of labor supply, participation in the labor market depends on a compari­
son between the current wage wand the reservation wage w" defined by relation (3) in 
chapter 1. In this theory, decisions to participate can be summarized in the following 
manner: 

{ 
w > WA ==> employee 

w,,; WA ==> nonparticipant 
(10) 

The theory of job search defines the reservation wage x as the wage at which the 
job-seeker is indifferent between accepting a job and continuing to look. It depends on 
the overall characteristics of the labor market, which we will designate by 0. Accord­
ing to equation (6) defining x, these characteristics include the distribution H(.) of 
possible wages, the net income z associated with the job search, the job offers arrival 
rate .<, the interest rate r, and the job destruction rate q. Thus, in symbolic terms we 
may write Q = Q(H,z, q, .i, r) and x = x(Q). The choice between participation and non­
participation is based on a comparison between the expected utility of a job-seeker Vu 
and that of a nonparticipant Vi. If the latter receives a constant income R1 at each date, 
his or her expected utility is defined by the equality rV1 = R1• This can easily be com­
pared to that of a job-seeker, which is such that rVu = x. An agent decides to partici­
pate in the labor market if and only if V1 ,,; Vu, which translates into the inequality 
x(Q) ~ R1• It is apparent that the decision to participate in the labor market is made by 
comparing the reservation wage to the "alternative income" R1 th~t a nonparticipant is 
capable of obtaining at any moment. Individual decisions hence take the following 
form: 

{ x(Q) <;, R1 ==> participant 

x(Q) ,,; R1 ==> nonparticipant 
(11) 

Moreover, when a participant receives a wage offer w, he or she accepts if it 
exceeds his or her reservation wage. In other words, the decisions of a participant 
come down to: 

{ w > x(Q) ==>employed 

x(!l) ~ w ==> unemployed 
(12) 

The theory of job search suggests that the rate of participation depends on the 
sat Q of all tho factors affecting the labor market. For example, some studies reveal 
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) 
that a rise in unemployment insurance benefits (an increase o. , is often accompanied 
by a rise in tbe participation rate, which itself takes the form of a rise in the unem­
ployment rate (see Moorthy, 1989). In the same way, an increase in the unemployment 
rate, by Lessening the probability of exiting from unemployment, tends to diminish the 
reservation wage and thus the participation rate. This relationship augments the pro­
cyclical character of the participation rntes deduced from the labor supply model, in 
which the lowering of wages in bad economic times gives individuals incentive I.a 
withdraw from the labor market. 

Discouraged Workers 

The theory of job search takes into account only the wage prevailing in the market­
place, through the distribution of its possible values. Hence, among nonparticipants, 
it is difficult to distinguish those who don't want to work at the "current" wage from 
those who would accept a job for that amount of remuneration but who give up look­
ing because of tho costs incurred by doing so and the time they would have to wait 
before being hired. These nonparticipants are called discouraged workers. If we as­
similate the average of possible wagos Ew = J;"' w dH(w) to the "current" wage, we 
can conclude that individuals for whom x(Q) s; R1 s; Ew form the category of dis­
couraged workers. More generally, tho "discouraged worker effect" is cited whenever 
a change in certain characteristics of the economic environment implies a lowered 
participation rate. For example, if job offers arrive with reduced frequency, the reser­
vation wage x(Q) falls, and consequently the participation rate falls too {since the 
latter is by definition the percentage of the population for whom the relation x{Q) <: R1 

is satisfied). 
Numerous studies allow us to obtain an estimate of the number of discouraged 

workers. It suffices to identify, among tho individuals who claim to he looking for 
work, those who have not made efforts that count as really "significant" (see OECD, 
1994, volume l, for a precise definition of this adjective). Table 3.1 shows that their 

Table 3.l 

Discouraged workers and job-seekers in 2000 (as a percentage of the labor force). 

Discouraged 

Country workers )ob-seekers 

Denmark 0.2 4.5 

Spain 0.8 13.9 

France 0.1 10.1 

Sweden 1.7 5.9 

United States 0.4 4.0 

Japan 3.1 5.0 

Source: OECD data. 



number is not negligible, and 1. !general relatively greater in countries with a low 
rate of unemployment. 

The Frontier Between Non participation and fob-Seeking 
The existence of discouraged workers suggests that the frontier between nonpartic­
ipation and participation in tho labor force is difficult to draw. When does the inten­
sity of the effort made by an individual to find a job qualify him or her as an active 
job-seeker? The varying definitions of unemployment supply different and perforce 
arbitrary answers to this question. Measurements of unemployment derive from 
investigations in which, to be considered unemployed, you have to have been without 
work (during tho period in question), have taken steps to look for work, and be ready 
to start work (in principle) immediately. But these three conditions, in particular the 
second, pertaining to the process of looking, can have different meanings. Thus, in the 
Uniled States, individuals who employ passive methods (such as looking in tho want 
ads) are classified as nonparticipants, while numerous OECD countrios consider job­
seekers um ploying both passive and active methods as unemployed (see OECD, 1995, 
chapter 2). 

A number of factors point to the conclusion that the distinction between non­
participation and unemployment often turns out to be arbitrary. Reinterview pro­
grams c:arried out in the United States with individuals already interviewed the week 
before reveal that, especially for individuals situated close to the frontier of non­
participation, the answers given (regarding the same period of reference) can be quite 
different (Abowd and Zellner, 1985). Some people are hard to classify, and their 
answers are highly sensitive to the way the interviews are conducted. Jones and Rid­
dell (1999) show that individuals classed as nonparticipants by surveys of the labor 
force in Canada are anything but uniform in their behavior. These authors distinguish 
four categories of individuals: the employed, the unemployed, individuals marginally 
attached to labor markHt participation, and nonparticipants. Individuals marginally 
attached to labor market participation, traditionally considered nonparticipants, say 
that they are not looking for a job but would like to work. They represent 25% to 
30% of the volume of unemployment over the period studied by Jones and Riddell. 
The matrix of transition between different states is presented in table 3.2. It is appar­
ent that individuals marginally attached to labor market participation behave differ­
ently on average than nonparticipants, because they have a much higher probability of 
returning lo full participation. Tho rates at which individuals on the margin of partic­
ipation do return to employment are closer to those of the unemployed than to those 
of genuine nonparticipants. Jones and Riddell also emphasize that the category -of 
individuals marginally attached lo participation is extremely heterogeneous. Conse­
quently, within the overall group of those who say they would like to work but are not 
looking for a job, Jones and Riddell distinguish persons who are "waiting" for a job-­
because they are "wailing to be recalled by their former employer," or "have found a 
job but haven't been hired yet," or "are waiting for an answer from an employer"--· 
and discouraged persons who "believe there are no jobs matching their qualifications 
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Table 3.2 

The transition matrix between different states in the labor market. Monthly rates tor the year 1992 

in Canada. 

From To -

Unemployed 

Marginally attached 

Nonparticipant 

Standard errors are in parentheses. 

Source: Janes and Riddell (1999). 

Employed 

0.112 
(0.004} 

0.098 
(0.0051 

0.026 
(0.001) 

Unemployed 

0.708 
(0.005) 

0.171 
(0.007) 

0.030 
(0.001) 

Nonparticipant + 
Marginally attached 

0.180 
(0.005) 

0.731 
(0.008) 

0.944 
(0.002) 

available in their region." lt is apparent that those who are waiting for a job have a rate 
ofrcturn to employment higher than that of the unemployed (equal to 0.200), whereas 
discouraged workers show behavior closer to that of genuine nonparticipants (their 
rate of return equals 0.044). 

These examples show that taking job-search behavior into consideration renders 
the distinction between labor market participation and nonparticipation ambiguous. 
In consequence, assessments of unemployment and of the labor force are necessarily 
arbitrary, and it is generally useful to supplement them with other indicators in order 
to get a clear picture of the state of the labor markets. In this regard, the employment 
rate-equal to the ratio between the number of jobs and the population of working 
age, generally taken to be all those between 15 and 64 years of age-is a supplemen­
tary indicator frequently used in order to better gauge what is happening in the labor 
markets. 

1.2 EXTENSIONS OF THE BASIC MO.DEL 
The results obtained using the basic model are numerous and relatively precise. They 
have, however, been obtained using hypotheses that are sometimes very restrictive. In 
order to expand on what the basic model has to tell us, we will first examine the con­
sequences of the conditions of eligibility for unemployment insurance benefits. We will 
then look at the changes we must make when an individual is able to look fur a job 
while he or she is already working. After that we will make the assumption that agents 
can decide how much effort to put into their job search. And finally, we will study the 
consequences oftbc fact that unemployment insurance benefits are not stationary. 

1.2.1 Eligibility and Unemployment 

In most c.ountrie.s, those who work in exchange for wages have to pay .premiums into 
an unempioymcnl insurance system that allows a wage-earner to receive compensa-



tion if he or she loses his ..• ·~er job. When these conditions are met, we say that the 
worker is eligible for unemployment insurance benefits. But many people, in particu­
lar new entrants into the labor market and those who have been unemployed for a 
long time, are not eligible for such benefits. For them, finding a job also means be­
coming eligible, or becoming eligible again. As a result, the reservation wage of those 
who are not eligihle falls when the benefits paid to the unemployed who do meet the 
eligibility requirements rise. 

Two Types of fob-Seeker 

To make this intuition perfectly explicit, we will assume in what follows that there are 
two types of job-seekers: those who are eligible for unemployment insurance benefits 
and those who are not. This circumstance can be formalized quite simply by assuming 
on the one hand that the instantaneous income of the former always amounts to z 
while that of the latter has the value Zn < z, and on the other hand that an individual 
becomes and remains eligible if he or she has been employed at least once. In this 
context, z reprosents the benefits paid by the unemployment insurance system, while 
Zn is determined by the welfare system, which generally pays out smaller amounts. 

The situation of the eligible job-seeker is identical to that of the basic model, and 
his or her reservation wage, always denoted by x, continues to be defined by equation 
(6). But the behavior of a noneligible job-seeker is not so simple, for his or her 
expected utility, denoted by V.m, depends on that of an eligible job-seekor, which 
continues to be denoted by v •. When a noneligible job-seeker accepts a job offering 
an instantaneous wage w, his or her expected utility V,,(w) satisfies the following 
equation: 

rV,,(w) ~ w + q[V. - V,,(w)] (13) 

It should be noted that it is the expected utility V, of an eligible job-seeker that 
appears in this expression, for it is assumed, for the sake of simplicity, that unem­
ployment insurance benefits are paid whenever an agent has been employed at least 
once. For given v;., relation (13} indicates that V,,(w) increases with w, and that the 
reservation wage of a noneligihle job-seeker, denoted by Xn; satisfies the equality 
V.(xn) =It, ... Since we always have x = rVu, equation (13} allows us to express the 
expected utility of a noneligible job-seeker as a function of the two reservation wages, 
x and x •. The result is: 

rVun = fXn + qx 
r+q 

(14) 

Assuming that the frequency with which a noneligible job-seeker receives job 
offers is always equal to .<, his or her expected utility is defined by the following 
equation, which is analogous to relation (5) in the basic model: 

J·lro 

rVun =Zn+ A [V.(w) - v.,.J dll(w) 

'" 
(15) 
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The Reservation Wage of Noneligible job-Seekers 
Observing from (13) that rV.(w) = (rw + qx)/(r + q), and utilizing expression (14) of 
Vun. we arrive, thanks to (15) and after several simple calculations, at a relation that 
implicitly defines the reservation wage Xn of a noneligible person as a function of that 
of an eligible person. It is written: 

rxn = (r+ q)zn - qx+ •[" (w- Xn) dH(w) 

It is easy to verify that this relation implies a negative linkage between Xn and x. 
Since x increases with the instantaneous income z of eligible job-seekers, the reser­
vation wage Xn of noneligible job-seekers is a decreasing function of z. This outcome is 
explainable as follows: a noneligible job-seeker knows that by accepting an offer of 
work, he or she risks becoming unemployed again in the future at rate q. But in that 
case, he or she also knows that he or she will henceforth be eligible for unemployment 
benefits z > z •. A rise in z therefore increases the loss occasioned by refusing a job 
offer, which gives him or her incentive to lower his or her reservation wage. On the 
other hand, we may note that an increase in welfare payments Zn exerts upward pres­
sure on the reservation wage of noneligible job-seekers. We shall see in section 2.4 
that empirical studies have a hard time establishing any significant. linkage between 
the amount of unemployment insurance benefit and the average duration of a spell of 
unemployment. The eligibility effect helps to explain this phenomenon (see also 
chapter 11, section 3.2, which looks at the consequences of the eligibility effect on 
wage bargaining). 

1.2.2 On-the·Job Search 
As a general rule, an individual who has a job is still able to carry out a search in 
order to find another one. For the sake of simplicity, we will assume that the costs of 
job search are negligible for a worker who is employed. The advantage of this hy­
pothesis is that we do not have to make a distinction between employees who have a 
low wage and nre looking for another job and those who are receiving a high wage and 
therefore are not looking, since the cost of doing so would be too high compared to 
their earnings prospects. If the costs of searching for a job are null for an employed 
worker, he or she always has an interest in looking for another job, and accepts the 
first offer that exceeds his or hor present wage. 

The Behavior of Agents 
Let us assume that an employed person receives job offers with a frequency of.<., and 
that he or she risks losing his or her job, at any time, with an exogenous constant 
probability of q. The discounted utility V.( w) expected by a wage-earner whose cur­
rent remuneration comes to w then has three components. The first corresponds to the 
instantaneous inr.ome w deriving from his or hor waged labor, the second is the aver­
age discounted expected gain q[V, - V.(w)] due to job loss, and the third is I.he dis­
counted expected earnings A..J~"'[V.(~) - V.(w)] dH(~) consequent upon a change of 



employer (which occurs •u•) every wage offer that exceeds the present wage w). 

Finally, V.(w) is defined by tho following equation3: 

J+oo 
rV.(w) = w + q[V. - V.(w)) + Ae w [V.(o!') - V0 (w)) dH(l;) (16) 

Deriving this relation with respect to w, we get: 

v;(w) = r + q + ;..f1 - H(w)j Ctn 

In this way we easily verify that the discounted expected utility V0 (w) of an 
employee increases with wage w; hence the optimal search strategy for a job-seeker is 
characterized by a reservation wage x such that V.(x} = V.,. Assuming that the arrival 
rate of job offers is equal to J .• for a job-seeker, and again designating his or her 
instantaneous gain by z, his or her discowited expected utility v. continues to be 
defined by equation ( 5 ), so that: 

rV,, = z + J •• J:"' [V.(c!) - v.) dH(l;) (18) 

Making w = x in (16) and comparing (18), we immediately get: 

J+oo 
x = z + (lu - ,t.) x [V.(l;) - V.) dH(l;) (19) 

Compared to the basic model, this equation indicates that a job-seeker must 
henceforth weight the discounted expected utility of the job search f,"'[V.(l;) -
Vu) dH(l;) by the difference Ae - Au of the rates with which job offers axrive. 

Pmperties of the Reservation Wage 
We will see below in section 2.3 that the possibility of moving from one job to another 
plays an essential role in the elaboration of equilibrium search models-that is, 
models in which the cum1,1lative distribution function H(.) is endogenous. In this 
regard, it is useful to determine precisely the expression of V.(l;) - Vu appearing in 
(19) so as to bring out the dependence between the reservation wage x and the func­
tion H(.). By applying the formula of integration by parts• to the right-hand side of 
(19), we arrive at: 

x = z +(A .• - l.) [[-H(t;)[V.(l;) - v.));'-;-r H(eJV:(e) dt:] 

As we still have V.(W) - v. = J.!' v:(e) de, utilizing (17) and assuming that 
limi-oo H(t;)[V.(c!) - v.) = o, we finally have: 

x=z+(.l. -le) f" H(l;) de 
.x r+q+l.H(l;) 

with H(l;) "'1-H(l;) (20) . 

This equation implicitly defines the reservation wage as a function of the param­
eters l.,;.. and the cumulative distribution function II(.). When.<.= 0, that is, when 
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there is no on-the-job search, we come back to the reserva ; wage of the basic 
model. Conversely, if J.. > 0, the job-seeker takes account of the possibilities of future 
income associated with continuing to look for a job while employed. Adopting this 
stance has the effect of lowering the reservation wage. If -'• = .<., the reservation wage 
is equal to the net income z of the job-seeker, for a worker then has as many chances 
of receiving an acceptable offer while employed as he or she does while unemployed. 
It is also interesting to note that if ;.. > -'•• the reservation wage falls below z. In this 
configuration of the parameters, an employee has more chances of obtaining an ac­
ceptable offer than a job-seeker. The latter thus has an incentive to accept "bad" jobs 
which nevertheless afford him or her better prospects than his or her present situation 
of being unemployed. The bulk of the estimations show, however, that the inequality 
Au 2: ).8 is the most probable. For example, using data from the Netherlands, van den 
Berg and Ridder (1998) find that.<, differs very little from Ae, while Bontemps (1998) 
and Kiefer and Neumann (1993) estimate, using French and American data, that Au 
is respectively ten times and five times higher than J ... This likely occurs because 
unemployed job-seekers devote more effort to looking for work than employed job­
seekers do. Be that as it may, taking into account on-the-job search (.i.0 > 0) has the 
effect of diminishing the size of the reservation wage in comparison to the one that 
emerges from the basic model (.<. = o). 

1.2.3 Choosing How Hard to Look 

The hypothesis-that both the arrival rate of job offers and the costs of the job search do 
not vary is unsatisfactory, because it does not allow us to take into account the fact 
that a job-seeker may make sedulous efforts that increase the costs of the job search 
but at the same time increase his or her chances of receiving job offers. 

Optimal Effort 

If we designate the intensity of the job search by the scalar e, the notion that more job 
offers should result from greater effort devoted to search amounts to postulating that 
tho rate at which offei·s arrive is an increasing function of e; it is natural to assume as 
well that the marginal returns of search are decreasing. So we postulate.<= IXA(e) with 
;.' > O and 1" < O. The parameter ~ > O we interpret as an indicator of the state of 
the labor market, independent of individual efforts. This parameter is a function of, 
among other things, the number of vacant jobs, the number of job-seekers, and objec­
tive characteristics such as age, sex, and educational level. We will denote by c(e) the 
cost arising from the search effort e, with c' > 0 and c" > 0. Thus, henceforth the in­
stantaneous utility of a job-seeker will be written [b - c(e)]. For ease of exposition, we 
will also assume that there is no on-the-job search-although the opposite assumption 
would change the outcome very little (see Mortensen, 1986). Thus we can follow 
exactly the line of reasoning worked out in the basic model in section 2.1, positing in 
the first stage that the amount of effort e is given. The reservation wage x is always 
implicitly' defined by the equation (6), which will henceforth be written: 

al(e)["' 
x=b-c(e)+r+q x (w·-x)dH(w) (21) 



This relation gives ) value of the reservation wage associated with a given 
amount of effort e. Now the optimal value of effort ought, by definition, to maximize 
the intertemporal utility V. of a job-seeker. Since Vu = x/r, this value is reached by 
differentiating relation (21) with respect to e and looking for the value of e for which 
ox/De= o. The result is: 

ixl'(e)J+"' c'(e) =-- (w-x)dH(w) 
r+q x 

(22) 

The reader cen verify that the hypotheses made about the functions,\(.) and c(.) 
guarantee that the amount of effort defined by this relation is indeed a maximum. 
With the help of (21), we further obtain: 

,\(e) I 

x = b+ ,\'(e) c (e) - c(e) (23) 

The Properties of Optimal Effort 
Jn what follows, it will be helpful to view equations (22} end (23} as forming a sys­
tem determining in en implicit manner the reservation wage and the optimal effort, 
respectively written as x(ix, b) and e(ix, b). By differentiating relation (23} with respect 
to IX, it is easy to show that ilx(o, b)/01X end ile(a., b)/ila. are of the same sign. With the 
help of this property, differentiating equation (22) with respect to a implies: 

and 
ile(a,b) 
--->0 

01% 

We knew already that an improvement in the state of the labor market causes the 
reservation wage to rise-see (9)-and it is apparent that it also increases the intensity 
of the job search. In other words, when the economy is going well, it pays a job-seeker 
to look harder, which also allows him or her to raise his or her wage demands. Con­
versely when the economy slows, a job-seeker both lowers his or her reservation wage 
and reduces his or her search efforts (seo also van den Berg and van Ours, 1994}. 

Differentiating relation (22) with respect to b, we deduce that ilx(IX, b)/ilb and 
ile(1X,b)/ob are of opposite signs. Using this result, differentiating relation (23} with 
respect to b further implies: 

and 

Thus, as in the basic model, a rise in the income of a job-seeker raises the reser­
vation wage-see further (9)-but we also observe that such a rise tends to reduce the 
search effort. This results from the fact that en increase in b increases the inter­
temporal utility of the job-seeker. He or she cen thus reduce the amoUllt of effort he or 
she puts into searching, for the marginal gain from intensified effort sinks below the 
level of marginal disutility that il provokes. Finally, it should be noted that a simu/ta­

nea11s lowering of IX and b has an ambiguous effect on optimal effort. It can indeed 
happen that certain categories of persons (the long-term unemployed in particular) 
find themselves facing a reduced number of job offers and a reduction in their 
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unemployment benefits. Observation shows, however, that th~i do not noticeably 

reduce their search effort (see below, section 3.2.2). 

1.2.4 Nonstationary Environment 
The hypothesis that a job-seeker's environment is stationary does not apply in a num­
ber of cases. Financial constraints increase the longer unemployment lasts, job offers 
most often grow scarcer, and net income from the search falls off, since as a general 
rule unemployment insurance systems mandate a reduction in, or even a termination 
of, the payment of benefits at the end of a certain period. In what follows we will focus 
only on this last cause of nonstationarity (van den Berg, 1990, presents a model that 
takes into account a number of causes of nonstationarity). More precisely, we will 
assume that the net instantaneous income of a job-seeker diminishes (in the broad 
sense) over time. We will thus have z(t) :5 z(t') for all t 2: t'. 

In this nonstationary environment, the discounted expected utility of a person 
entering unemployment, or V.(o), is no longer necessarily equal to the discounted 
expected utility V.(t) of a person who has already been unemployed for a period t > O. 

We do, however, continue to assume that a job offer is a proposal of a constant wage 
that an employee will receive as long as he or she remains with the firm that makes 
the proposal. Thus, the discounted expected utility V.(w) of a person paid a constant 
wage w is stationary. Assuming for simplicity that there is no on-the-job search, it is 
defined by the following equation: 

rV.(w) = w+ q[V.(O) - V.(w)] (24) 

The optimal job search strategy still consists of refusing all proposals that offer 
an expected utility less than that of an unemployed person and accepting all others. 
Since, following relation (24), V.(w) is an increasing function of w, the optimal strat­
egy comes down to choosing, at every moment, a reservation wage such that only 
offers that exceed it will be accepted. Let us denote by x(t) the reservation wage of a 
person whose duration of unemployment is equal to t; this wage is then characterized 
by the equality V.[x(t)J = V.(t). Since the function V.(.) is increasing, the reservation 
wage x(t) varies in the same direction as the discounted expected utility V,,(t). Now, 
intuition suggests that. V.(t) ought to decrease with the duration t of unemployment, 
inasmuch as the resources z( t) of a job-seeker diminish with this duration. In order to 
see this clearly, we may focus on a short interval of time [t, t + dt] and make explicit 
the trade-off equation giving the value of V,,(t). If,\ continues to designate the rate at 
which job offers arrive, wo then have: 

z(t) dt+,\dt[J,+~v.(w) dH(w)+ v.(t+dt)H(sJ] +(1-J.dt)V.(t+dt) 
Vu(t) = M~x 1 + rdt (25) 

In the maximization problem appearing in this equation, the discounted ex­
pected utility V.(t + dt) at date (t + dt) has to be considered as given, for on that date 
the job-seeker decides on a new reservation wage independently of the choice made at 
date t. The optimal reservation wage is then obtained by setting to zero the derivative 



l 
with respect to s of the tenu o'etween brackets in expression (25) of Vu(t). After several 
simple calculations we arrive at V,[x(t)J = V,,(t + dt), which corresponds exactly to the 
characterization V.[x(t)] = Vu(t) of tho reservation wage x(t) when dt...., 0.5 

Since the net income z(t) of an unemployed person decreases over time, equa­
tion (25) shows that Vu(t) :S Vu(t') necessarily obtains for every t ;;>: t'. Since his or her 
reservation wage and discounted expected utility vary in the same direction, we can 
deduce that x(t) :S x(t') for every t;;, t'. Hence reservation wages fall with time spent 
searching for a job when unemployment insurance benefits aro regressive. This result 
implies that the rate of leaving unemployment, or ).[1 - H(x(t))), increases with the 
duration t of the unemployment spell-a conclusion confirmed by a number of obser­
vations, in particular concerning the behavior of certain categories of job-seekers as 
the period of their entitlement to unemployment insurance benefits draws to a close 
(see section 3.2.2 below). On the other hand, the long-term unemployed have, in gen­
eral, a smaller probability of exiting from unemployment than do the short-term un­
employed. This phenomenon can be explained by the fact that job offers arrive Jess 
frequently the longer one is unemployed, either because the productive abilities of the 
individual decline or simply because employers take the view that too long a period of 
unemployment sends a bad "signal." In these circumstances, the fact that one's reser­
vation wage has fallen may be offset, or more than offset, by the declining arrival rate 
of job offers. The rate of exiting from unemployment is then no longer obliged lo 
decrease with the duration of the job search. 

The foregoing analysis can easily be applied to the case of a change in the length 
of time unemployment insurance benefits are paid.• For example, if this period is 
shortened, that means that the intertemporal resources of the job-seeker shrink, and 
that diminishes both his or her discounted expected utility and reservation wage. 
Thus, for a period of unemployment of the same length, and for the same amount of 
benefits, a shortened period of entitlement to benefits leads to a lowering of the reser­
vation wage, and consequently a reduction in the average duration of unemployment. 

2 THE EQUILIBRIUM SEARCH MODEL AND THE 
THEORY OF OPTIMAL UNEMPLOYMENT INSURANCE 

In this section we extend the basic job search model in two ways. Thn aim of the first 
of these extensions is to render endogenous the dispersion of wages for individuals 
endowed with identical productive abilities and preferences. This perspective is im­
portant, inasmuch as the theory or perfec:t competition, which will be presented 
in greater detail in chapter 4, predicts that identical individuals wi'th identical jobs 
should receive the same wage. We shall see that this conclusion no longer necessarily 
holds in a universe whore information about the characteristics of jobs is costly and 
where employers set wages. Tho second extension exploits the job search model in 
order to define the optimal properties of unemployment insurance systems when the 
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effort that job-seekers put into their search is imperfectly ver1. le. It will be shown 
that unemployment benefits ought to decrease with the length of a spell of unemploy­
ment, and more generally ought to depend on the past history (episodes of unemploy­
ment, types of job held) of individuals in the labor market. 

2.1 )OB SEARCH AND LABOR MARKET EQUILIBRIUM 
The basic job search model focuses solely on the behavior of job-seekers and takes the 
distribution of wage.• as given. This approach leaves the setting of wages unexplained, 
and thus makes it difficult to analyze policies that might affect it. For example, we 
have seen that a rise in unemployment insurance benefits increases the reservation 
wage. Such a rise ought to influence the wage policies of firms, and consequently alter 
the distribution of existing wages in the economy. Equilibrium search models have as 
their goal the explanation of how wages are set through the attribution of well-defined 
strategic behavior to firms. Labor market equilibrium is therefore characterized by an 
endogenous distribution of wages. 

2.1.1 The Inadequacies of the Basic Model 
In the job search models that we have employed to this point, the cumulative distri­
bution function H(.) of wage offers is exogenous. This hypothesis must be abandoned 
if we wish to understand how wages are determined. 

Diamond's Critique 
Diamond (1971) was the first to emphasize that if the reactions of employers are 
introduced into the basic job search model, the outcome is necessarily a labor market 
equilibrium in which the distribution of wages is concentrated at a single point. To 
better understand this result, let us assume that the economy is composed of a large 
number of identical suppliers of labor and a large number of firms, likewise identical, 
and let us suppose that equation (6) defining the reservation wage represents the re­
sponse of workers to the wage policies put in place by the firms. Since the workers 
accept without distinction all proposals that equal or exceed the reservation wage, the 
firms gain no advantage by offering wages that exceed it (because as a general rule, the 
profit per capita diminishes with the cost of labor). At equilibrium, the distribution of 
wages is thus concentrated at value x of the reservation wage, and relation (6) indi­
cates that the latter is then equal to the instantaneous gain z of the workers. This result 
arises essentially out of the hypothesis that workers never (voluntarily) leave their 
employers. Hence, firms have no incentive to set wages superior to the minimum ac­
ceptable z. At first sight, Diamond's critique appears to deprive the basic job search 
model of all its relevance, since within this model we cannot explain why the distri­
bution of wages does not degenerate to a single point. 

Empirical Difficulties 

Job search models with an exogenous distribution of wage offers are no more satisfac­
tory at the empirical level. The estimation of these models is generally effected thanks 



' 
to individual-temporal da. __ Jmt, for the most part, describe only the wages accepted 
by those who arc looking for a job. Thus the econometrician has at his or her disposal 
only a distribution of wages truncated at the left by the (unobservable) reservation 
wage, and can identify the truncated part only through an a priori approach. In par­
ticular, he or she can cannot identify, without some a priori procedure, one of tho 
essential parameters of these models: the probability of accepting or rejecting a job 
offer. To remedy this drawback, the econometrician may limit himself or herself to a 
given family of probability densities (so-called "parametric" estimations). The identi­
fication of the truncated part then becomes feasible, but there is nothing to guarantee 
the relevance of the parametrization utilized (van den Berg, 1999). 

From the Partial Model to the Equilibrium Model 
In reaction to the critiques aimed at the basic job search model, equilibrium search 
models have been elaborated in which the distribution of wages becomes an endoge­
nous variable dependent on, among other things, the wage strategies of employers. 
An initial approach consists of extending the basic model-often termed the partial 
model, for clarity-by introducing heterogeneity among the workers (Albrecht and 
Axel!, 1984). Under certain conditions, labor market equilibrium is compatible with 
a nondegenerated distribution of wages that coincides with that of the reservation 
wages of different categories. But this solution, which relies solely on the heterogene­
ity of agents, is not totally satisfactory, inasmuch as numerous studies reveal that part 
of the variance in wages always remains unexplained even when individual heteroge­
neity is takon into account (see, for example, Krueger and Summers, 1988, and Abowd 
et al., 1999). 

Another approach, the one that currently prevails, takes as its point of departure 
the model (laid out in section 1.2.2 of this chapter) in whic:h the job search takes place 
while the seeker is employed. In this model, it should be noted that a firm might have 
an incentive to offer relatively high wages so as to achieve a low quit rate and attract 
large numbers of workers. It is thus conceivable that, for a given firm, profit max­
imization might be attained indifferently through high wages and many employees, or 
conversely through low wages and few employees. In this case, labor market equilib­
rium is well characterized by an endogenous nondegcnerated distribution of wages, 
yet with homogeneous workers. The model we now present, inspired by Burdett and 
Mortensen (1998), develops precisely these ideas. 

2.1.2 An Equilibrium Search Model 
In the stationary state, the equilibrium of flows in the labor market makes the distri­
bution of wages depend on the volume of employment in each firm. 

Flows on the Labor Markel 
The economy is composed of a continuum of firms and a continuum of workers. For 
simplicity, these two continua are assumed to bu of unitary niass. This hypothesis 
allows us to account simply for the fact that there exists a largo g!Yen number of firms 
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and workers. The job search behavior of suppliers of labor is _jntical to that in the 
model with on-the-job searching studied in section 1.2.2. In particular, q always des­
ignates the instantaneous job destruction rate, and the parameters ;i.. and ;i.. represent 
respectively the arrival rate of job offers for an unemployed job-seeker and for one 
who has a job. The reservation wage of the former, always denoted by x, is then given 
by relation (20), in which the cumulative distribution function H(.) is henceforth an 
endogenous variable. 

Let us designate by t(w) the employment level in a firm that pays wage w to 
its employees. Let us also designate by L(w) the employment level in firms paying a 
wage that is less than a given value of w. This quantity satisfies the equality L( w) = 

faw t({)dH({). Let us denote by u the unemployment rate; we may now consider 
entries in the set of firms that are paying a wage superior tow. These entries are com­
posed, on the one hand, of unemployed job-seekers who have received a wage offer 
superior to w, and on the other of employees being paid a wage smaller than w who 
have received an offer above w. Now, at each date, an unemployed job-seeker receives 
offers at rate ..t0 , and these offers are higher than w with a probability [1 - H(w)]. 
Entries of unemployed job-seekers into firms offering a wage higher than w then 
amount to ..t.u[l -H(w)]. Similarly, for workers employed at a wage below w, the 
number of these entries amounts to .l,L(w)[l - H(w)]. In total, entries into finns pay­
ing a wage higher than w are equal to [J .• u + ,l,L(w)JH(w), where we have posited 
H(w) = 1- H(w). As regards exits, it suffices to remark that employment in the firms 
paying more than w is equal to 1 - u - L(w). Since the only source of exits from this 
set of firms is the destruction of jobs-which occurs at the exogenous rate q-the 
number of exits reaches the value q[l - u- L(w)J. At stationary equilibrium, the equal­
ity of the flows of entries and exits is thus given by the following equation: 

[.luu +A.L(w)]H(w) = q[l - u -L(w)] 

Employment and the Distribution of Wages 
The preceding equality being true for any wage level w, we get another equality by 
differentiating this relation with respect to w. Noting that the derivative of the func­
tion L(w) =Jaw t(.;) dH(<!) satisfies L'(w) = H'(w)t(w), we then get: 

[q + ,t.H(w)Ji(w) = .luu +; .• rt(<!) dH(~) with fl(w) = 1 - H(w) (26) 

The equality of the flows of entries into and exits from employment thus fur­
nishes a link between the employment function t(.) and the cumulative distribution 
function H(.). This link becomes even more apparent if we point out once again that 
equation (26) is true for any wage w. Since the rate of unemployment u does not 
depend on any particular wage, the derivation of this relation with respect to w leads 
to the following differential equation: 

t'(w) 21.,H'(w) 
t{w)= q+A.R(w) 

(27) 



This differential eqi.... Jn implicitly defines all the functions t(.) and H(.) com­
patible with equilibrium offlows on the labor market. Examining the behavior affirms 
allows us to specify the properties oft(.) and finally to make explicit the cumulative 
distribution function of wages. 

2.1.3 Labor Market Equilibrium 
The distribution of wages results from compatibility between the equilibrium of flows 
on the labor market and the strategic behavior of agents. 

The Behavior of Firms 
We will assume that firms compete using wages to attract workers. More precisely, 
each firm decides unilaterally on the constant wage that will be paid to its employees. 
It is thus assumed that the workers of the same firm all receive the same wage. We will 
aiso assume that at each moment a worker is capable of producing, if he or she is 
employed, a constant exogenous quantity y of goods. If there are t(w) workers in a 
firm that pays wage w, the instantaneous profit of this firm works out to (y- w)t(w). 
For simplicity we shall assume that the real rate of interest r is close to zero (an ap­
proximation we can justify by noting that in practice r is clearly smaller than the rates 
,!0 , l. and q). Under this hypothesis, each firm sets its wage in such a way as to max­
imize its stationary instantaneous profit (y- w)t(w), with the wages being paid in the 
other firms boing taken as given (so what we have is a noncooperative equilibrium of 
the Cournot-Nash type). Let us first note that each firm must necessarily propose a 
wage w higher than the reservation wage x, or w ;,: x, so as to be able to attract the 
unemployed at least. The optimal wage is then defined by the equality: 

t'(w) 
t(w) y-w 

w;;::x (28) 

It is worth noting that this relation is true for all the values of w ;,: x and thus 
can be interpreted as a differential equation in which the unknown is the function 
t(w). 

The Relation Between Employment and Wages 
At stationary equilibrium, the value of the unemployment rate results directly from 
the equality between the flows of workers entering and exiting from unemployment. 
The former amounts to q(1 - u) and the latter is equal to .!0 [1 - H(x)]u = J.,u. The sta­
tionary unemployment rate is then given by: 

U=-q­
).u + q 

(29) 

This value for the unemployment rate has the feature of not depending on the 
income of the unemployed. In other words, a rise in unemployment insurance benefits 
has no influence on the unemployment rate, nor for that matter on the average length 
of a period of unemployment, which in this model equals 1/J...,. These results aro the 
simple consequence of the coincidence between the reservation wage and the lower 
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bound of the distribution of wages. In those conditions, all c. Js are accepted, and 
only the frequency )." with which offers arrive affects the duration and magnitude of 
unemployment. 

The employment function t(w) is obtained using relation (28), which character­
izes the optimal behavior of a firm. Because this relation is true for all wages belong­
ing to the support of H, it can be considered a first-order differential equation in 
t(w). Quantity t'(w)/((w) representing the derivative of In t(w), and the integral 
of (y- wr1 being equal to -ln(y- w), this equation is written I In t(w) dw = 

- J ln(y- w) dw, or In t(w) = -ln(y- w) +a, where a is a constant. Taking the ex­
ponential of the two sides of this equation, we get t(w) = A/(y- w), w:ith A= exp( a). 
The value of the constant A is deduced from that of t(x). Making w = x in equation 
(26), we find that t(x) = luu/(q + .l,,), and in consequence A is equal to Auu(y- x)/ 
(q + .t.). Taking account of the value (29) of the stationary unemployment rate, the end 
result is: 

t w = luq (y-x) 
( ) (J., +q)(-i. + q) (y- w) 

(30) 

The intuitive view proves correct: employment does indeed increase with wages. 
Moreover, we note that the profits (y - w)t(w) of the different firms are all equal at 
equilibrium. In other words, there exists a distribution of wages such that at equilib­
rium, firms can realize the same level of profit with low wages and a small workforce 
or with high wages and a large workforce. Consequently, firms that pay low wages 
face a relatively low hiring rate and a relatively high quit rate, which results, at sta­
tionary equilibrium, in a small workforce. 

The Equilibrium Wage Distribution 
Comparison of equations (28) and (27) reveals that distributions of wage offers com­
patible with both equilibrium of flows on the labor market and strategic behavior by 
firms in setting wages necessarily satisfy, for any value of w, relation: 

2(y- w)H'(w) +H(w) = q:.l, (31) 

This equality, which holds for all w, is interpretable as a first-order differential 
equation in H(w). If A designates any constant, then the general solution of this dif­
ferential equation is written7 : 

H(w) = A.,/y-w+ q-~,i· 
'·· 

The constant A is obtained using the fact that firms have no interest in offering a 
wage smaller than tho reservation wage x of unemployed job-seekers. Thus it is cer­
tain that H(x) = 0. Utilizing this property, we find that the sole possible equilibrium 
wage distribution is expressed by8 : 

H(w)=--· 1- -·-q+.<,[ 1y-wl 
-<e y-x 

(32) 



The upper bound of , .. )distribution of wages, denoted by ii', satisfies H( ii') = 1. 

It is defined as a function of the reservation wage by the formula: 

ii'= y - (y - x) (~)' 
q+1., 

(33) 

If the reservation wage is less than the inslantaneous production of a worker y 

(which is a necessary condition of the existence of equilibrium), we can verify that the 
upper bound ii' of wages is likewise smaller than individual production y. Taking into 
account (32), the equilibrium wage distribution takes the form: 

H'(w) = q-+:.l• 1 . __ 
2.t, Jl.y - x)(y - w) 

(34) 

The equilibrium distribution H'(.) of this model turns out to increase as the 
level of wages rises. This result is a consequence both of the property that all agent• 
are homogeneous and of the firms' strategy of simply proposing an invariable wage. 
Under these conditions, a firm that raises its wage w increases its volume of employ­
ment, to the detriment of employment in the other firms. This movement leads to an 
increasing relation between the wage and tho size of the firms. 

All the relations giving the equilibrium values of the endogenous variables of 
the model depend on the reservation wage x, which is itself an endogenous variable. 
Now, the reservation wage is always defined by equation (20) of the partial model, on 
condition of positing r = 0. Taking account of expression (32) of the equilibrium wage 
distribution, it is possible to obtain an explicit analytic form of this wage. After sev­
eral calculations we arrive at: 

z(q-t· .l,) 2 + (.lu ··· .l,).!,y 
X=· (q+.!,)'+(.!u-.l,),l, 

(35) 

If there is no possibility of on-the-job search, or .!, = 0, we have x = z, and, fol­
lowing (33), ii'= z. We thus come back to the paradox pointed out by Diamond (1971), 
namely, that the only possible equilibrium in the partial job search model occurs 
wben tbe distribution of wages is entirely concentrated at the level of instantaneous 
gain z of an unemployed job-seeker. When Au ~ +c:o, there is no friction in the labor 
market, and the workers obtain the totality of product. The wage is thus uniform and 
equal to the value of production (x = w = y). Searching while working is thus point­
less (.<1 = 0). These characteristics describe a perfectly competitive equilibrium where 
there is no unemployment (u = 0) and where the wage equals the marginal produc­
tivity of labor. 

2.1.4 Final Remarks on Equilibrium Search Models 

Complli'ed to the partial model, tbe equilibrium search model presents a numb<lr of 
advantages: 

1. In the equilibrium search model, the wage of an individual employee rises only 
when he or she moves from ono job lo another. Although in practice, that is not 
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the only reason for individual pay to rise, this phenomb •• ~6. is in fact observed 

in the majority of transitions of this type (see, for example, Topel and Ward, 
1992). Moreovor, in this model the wage is posltively correlated with tho size of 

the firm, which fits well with observations that tell us that, even after having 

controlled for the heterogeneity of workers and firms, bigger firms pay higher 

wages than smaller ones (Abowd et al., 1999). 

2. Wages rise, on average, as workers gain seniority. Assuming that new entrants 
begin as job-seekors, the wage at which they are hired is a minimum corre­

sponding to the reservation wage x. After that, their wage rises every time they 

change firms. More senior employees, who have on average had the most job 
offers, thus enjoy the highest wages. This prediction of the equilibrium search 

model agrees with the observation that a workor's wage increases with the time 

he or she has spent in the labor market (Abowd et al., 1999). 

3. The lower bound of the equilibrium wage distribution being equal to tho reser­

vation wage, an unemployed job-seeker accepts all the offers he or she receives. 

This conclusion fits very well with that of empirical studies, whir:h do in fact 

find that the probability of accepting an offer is close to 1 (see section 3.2.2 

below for more details). 

4. Unlike the partial model, which only looks at tho behavior of unemployed job­
seekers, the equilibrium search model intogrates the reactions of all agents. 
When it has been estimated or calibrated, it thus allows us to quantify the effects 

of a change of parameters or economic policy while taking account of the inter­
dependence of agonts' decisions. For example, relations (33) and (34) reveal that 

a rise in the minimum wage-which in this model comes to the same thing as a 
rise in the lower bound x of the wage distribution considered as exogenous­

shifts the whole distribution of wages to the right. An incroase in the amount of 
unemployment insurance benefit has an analogous effect. 

5. The wage offer distribution H(.) is entirely detormined-see relations (32) and 

(35)-by knowledge of the structW"al parametors of lhe model Au, ) •• , q, y, and z. 
Data obtained by following up a sample of individuals over a sufficient poriod 
allow us to estimate these parameters. Unlike the partial model, it is not neces­

sary to specify a priori a form for the cumulative distribution function of wages 

in order to estimate the r.or.1sequences of policies that change the reservation 
wage. 

The soarr.h equilibrium model does, however, present one major flaw: the den­

sity of wage distribution-see (34)-is an increasing function of the wage. This pre­

diction turns out to conflict with ail observations, which ruveal thal this densily is 
incroasing at first, theu docreasing, with a maximum generally not too far from the 

lower bound. To remedy this flaw, one solution lies in introducing heterogenoity 
among agents (a good illustration of this approach can be found in van den Berg and 



Ridder, 1998, and Bontemp. l al., 2000). The model, however, clearly becomes less 
workable, and most often it is impossible to obtain explicit solutions. What is more, 
oven using this procedure, the fit with empirical wage distributions is still far from 
satisfactory. Another approach is to modify the equilibrium search model by assuming 
that wages are not necessarily equal within a firm, and that each firm can make coun­
terproposals to workel's who may be thinking of quitting because they have made 
contact with another employer (Postel-Vina.y and Robin, 2002a, 2U02b). These hypoth­
eses no doubt fit reality more closely than those adopted in the equilibrium search 
model initially developed by Burdett and Mortensen (1998) and presented in this 
chapter. Postel-Vinay and Robin show that the mode of wage setting that they envis­
age, coupled with hetermieneity of firms, leads to a wage distribution endowed with 
empirically relevant properties. 

An operational description of the labor market would also require that parame­
ters J.., A,,, and q describing a worker's transitions between different possible states be 
made endogenous. In particular, the job offers arrival rates depend on the number of 
vacant jobs and the number of job-seekers-quantities that derive from the behavior of 
firms and the way in which wages arn set. The job destruction rate q is in all likeli­
hood influenced by variations in productivity and by the way wages are set. The 
matching models that we develop in chapter 9 partly fill these gaps. 

2.2 THE TRADE·OFF BETWEEN INSURANCE AND INCENTIVE IN 
COMPENSATING FOR UNEMPLOYMENT 
Most often the agency managing the unemployment insurance system does not check 
thoroughly on whether its clients are making suitable efforts to find a job. In this text­
book case, the agency is faced with a "moral hazard" problem, and perfect insurance, 
i.e., complete replacement of the unemployed person's lost wages, might also take 
away his or her incentive to actively look for a job. This moral hazard problem causes 
the authorities to set up relatively sophisticated incentive schemes in which benofit 
payments are dependent on the duration of unemployment and which provide for 
sanctions when it can be shown that a client's job search has beer> inadequate. At the 
theoretical levol, the job search models with moral hazard whose guiding principles 
we will proceed to lay out do in fact show that unemployment insurance is necessar­
ily imperfect. The models of Baily (1978) and Flemming (1978) already came to this 
conclusion, and went on to point out that the optimal replacement rate ought to be 
low hecause the exit rate from unemployment is highly sensitive to the income of tho 
unemployed person, and because workers have low risk aversion. 

A relevant analysis of unemployment insurance should also focus on the time 
profile of the benefit payments, which can provide ut least as much incentive as their 
amount. This is the reason most unemployment insurance systems limit the period 
during which the nnemployed can receive benefits, and provide for such benefits to 
tail off the longer that period lasts. The dynamic models with moral hazard of Shavell 
and Weiss (1979), Hopenhayn and Nicolini (1997), and Wang and Williamson (1996) 
do in fact prove that optimal unemployment benefits must necessarily decrease with 
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the leng·th of the unemployment spell. Using a modol insp. .J by Hopenhayn and 
Nicolini (1997), wo will attempt to grasp the workings of unemployment insurance in 
the absence and then in the presence of moral hazard. 

In order to study the properties of unemploymenl insurance systems, we have 
chosen the framework of the "principal-agent" model, in which the principal pro­
poses a contract to an agent that the latter can only accopt or refuse (see chapter 6, 
section 3.1). Assuming that a contract should o!Tcr each person who enlors into un­
employment an expected exogenous utility, denoted by ii' and known as "promise 
value," the optimal contract should simply minimize the average cost of an unem­
ployed person while at the same time offering him or her this utility i7. We. will first 
lay out the model and the optimal contract when the effort made is verifiable. This 
benchmark model will subsequently allow us to analyze the oplimal contract when 
the effort made cannot be verified. 

2.2.1 An Agency Model for the Study of Unemployment Insurance 

The effort an agent makes to find a job can take no more than two values at any 
moment: either the constant value a > O, in which case the agent finds employment at 
rate p dt over each short interval of time [t, t + dt], whore p > o is an exogenous con­
stant, or the value O, in which case the agent gets no job offers and remains unem­
ployed. Our supposition is that the "principal"-in othr..r words, the agency charged 
with managing unemployment insurance-proposes a contract to every person ent"r­
ing lll!employment (by convention, unemployment begins on date t = 0) specifying 
the values b(t) of tho unemployment benefit received if the person is still looking for a 
job on date t > 0, and the values g(t) of the transfers to be received if employment 
resumes on date t. It should be noted that the benefit payments b(t) and the transfel's 
g(t) should employment resume arc bolh conditional on the length t of the unem­
ployment spell. We must also point out that if g(t) < o what we have is a tax, and if 
g(t) > 0, a subsidy. 

The behaviOl' of the principal and the agent di!Ter according to whether the 
search effort is verifiable or not. The concept of verifiability will be explained in detail 
in chapter 6, section 1.1. In the situation that interests us here, the search effort will 
be called verifiable if there is irrefutable proof allowing a third party (that is, a person 
or organization different from the agency and the unemployed person) to conclude 
impartially that the client has really carried out search effort a. In that situation, the 
agency can check on the efforts made by agents and make the payment of unemploy­
ment insurance benefits conditional upon those efforts. In other words, when the 
effort is verifiable, the agency has no need to give the agent incentive to look for a 
job. The situation is completely different if the effort is not verifiable. There is then no 
impartial instance that can assess the effort actually made by the agent, who might be 
receiving benefit payments without really looking for a job. In p!'actice, the checks 
carried out on the eITol'tS of agents are imperfect, which leads us to privilege this sec­
ond hypotliesis. Thus the agency has to propose a system of benefit payments such 
that the client has a real interest in looking for work rather than receiving the pay-



ments and not searching a. ) in which case he or she has no chance of finding a job. 
In other words, the agency has to design an incentive contract. 

Workers' Behavior 
lt is assumed that suppliers of labor do not have access to financial markets, and 
therefore that they do not save or invest. Assuming access to financial markets and 
taking savings and investment into account do not qualitatively change the results as 
long as there do not exist complete insurance markets for unemployment risk (see 
Flemming, 1978, and Hansen and Imrohoroglu, 1992). Let us designate by z the exog­
enous constant income that a person obtains on each date while remaining ontside the 
labor market; z then represents here the instantaneous income of a nonparticipant. If 
we confine our analysis to a small interval of time [t, t + dt], it is possible to write the 
equation giving the discounted expected utility of a job-seeker, V,,(t), in the following 
manner: 

1 
V,,(t) = 1 + rdt {[v(z + b(t)) - aj dt + pdtV.(t + dt) + (1 - pdt)V.(l + dt)} (36) 

le this expression, r designates the discount rate and function v(.) represents 
the instantaneous utility of the agent when at date t he or she receives wage z and 
unemployment insurance benefit b(t). If the agent is risk-averse, function v(.) is such 
that v' > O and v" < o. Equation {36) indicates that a job-seeker producing effort 
a during an interval of time (!, t + dt] attains, over that period, the utility level 
[v(z + b(t)) - a) dt. With probability p dt, he or she can then find at date t + dt waged 
employment that procures an expected utility equal to V.(t + dt). With the comple­
mentary probability (1 - pdt), he or she remains unemployed, and bis or her dis­
counted expected utility then amounts to Vu(!.;- dt). Making dt - O in (36), we thus 
find that Vu(t) is given by the equation (we omit the index t and in what follows, a 
dotted variable represents the time derivative of this variable): 

rVu = v(z + b) - a+ p(V. - V,,) +Vu (37) 

We will assume that all jobs offer the same exogenous c1>nstant wage w, that 
there is no job-seeking by persons already on the job, and that jobs are never destroyed. 
If a job-seeker finds employment after an unemployment spell of duration I, he or she 
receives a net wage of [w+ g(t)) and keeps his or her new job indefinitely. The dis­
counted expected utility of a person finding a job after an unemployment spell of 
duration t is thus given by: 

V"(t) = r v[w + g(t)]e .. rl<-•l dr = v(w + g(t))/r (38) 

Tho Cost of an Unemployed Person 
In order to define the average cost of an unemployed .person, we have to rely on the 
properties of the stochastic process governing the length of a period of unemploy­
ment. More precisely, in our model the exit from unemployment follciws a Poisson 
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process whose constant parameter p is identical to the exit . } Erom unemployment. 
In appendix D at the end of the book, we point out that that signifies that the proba­
bility of still being unemployed at date t is equal to e-pt. We then show that the 
expectation of the discounted present value of the cost of an unemployed person on 
the date he or she enters unemployment is defined by (see the appendix at the end of 
this chapter): 

C(O) = J""' rg(t) p+ b(t)]e-lc+p)t dt 
o l r 

This formula is intuitively clear: the probability of still being unemployed on 
date t being equal to e-P•, a person in this situation costs the principal b(t), and if this 
person finds a job on that date, which occurs with probability pe· pt, he or she then 
costs the principal g(t)/r, since the latter has to pay (or receive) g(t) on every date after 
t during which the worker remains employed. The discount factor being equal toe-", 
we get the formula giving C(O). 

2.2.2 The Optimal Contract When the Search Effort Is Verifiable 

When the effort made by the agent is a verifiable quantity, the principal has no need 
to give him or her incentive to look for work. In that situation, we can show that 
the optimal contract insures the agent completely against fluctuations in his or her 
income. 

The Principal's Problem 

Under the hypothesis of verifiability of effort, the principal minimizes the discounted 
expected cost of an unemployed agent, given the constraint linked to the promise 
value, or Vu(O) ~ V. Formally the principal's problem is written (omitting the variable 
t so as to lighten the notation): 

Max -C(O) = -J+ro (~ p + b) e -(,+p)t dt 
(b,g) 0 r 

Subject to constraints: 

Vu= (r+p)Vu -v(z+b) +a-pv(w+g) 
r 

Vu(O) ~ V 

(39) 

(~OJ 

Rolation (39) is a rewriting of equation (37) taking into account the value of V, 

given by (38). The inequality (40) expresses the fact that the unemployment insurance 
system has to offer every individual beginning a period of unemployment a discounted 
expected utility Vu(O) at least equal to V. This way of writing the principal"s problem 
shows that it is identical to a dynamic problem in which the expected utility Vu at 
date t plays the role of state variable. The differential equation (39) is the so-called 
trnnsition equation, and the constraint ( 40) represents the initial conditions of this 
dynamic problem. 



', 

Mathematical appenn~ ~ at the end of the book explains the steps to follow in 
order to solve this type of dynamic optimization problem. Here we may first of all 
remark that the principal has nothing to gain from proposing a contract offering more 
than V, since increasing the expected utility of an unemployed person requires 
increasing his or her expected cost. The constraint { 40) is thus always binding. Let us 
denote by µ the multiplier associated with the transition equation { 39). The Hamil­
tonian of the principal's problem is thus given by: 

H = -(~p + b)e-l<'+Pi' .;-µ[(r+ p)Vu - v{z+ b) +a- p v{wr+g)l 

The first-order conditions are written: 

OH=BH=O 
i!b i!g 

and 
oH . 
-=-µ 
i!Vu 

These first-order conditions allow us to show that the unemployed are perfectly 
insured and that the optimal contract is stationary. 

Perfectly Insured Unemployed Persons 
Setting the derivatives of the Hamiltonian to zero with respect to b and g, we arrive at: 

e--<r+p)• + µv'{z + b) = 0 

e-(rip)t +µv'(w +g) = O 

Comparison of these last two equalities immediately implies: 

v'{z + b) = v'(w+g) *=> z+b = w+g 

(41) 

It is thus apparent that if the search effort is verifiable, the optimal contract 
completely insures the agent against fluctuations in his or her income. With it, he or 
she obtains the same income independently of his or her situation. It is worth noting 
that full insurance, which certainly implies equality of the marginal utility of con­
sumption for an unemployed person and for one who is employed, does not necessar­
ily take the form of an equalization of income. Hence, if preferences are represented 
by a utility function v(c,f), where c and t designate respectively the consumption of 
physical goods and time devoted to leisure, the equalization of the marginal utility of 
consumption is written v0 (b+ z,t.,) = ve(w + g,t.), where tu and t. represent the dura­
tion of leisure for an unemployed and an employed person, with t. < tu. It is then 
apparent that the equalization of marginal utilities does not entail identical incomes 
unless Vet= O. More generally the equalization of marginal utilities implies that the 
incomes of unemployed persons are higher than those of employed ones if consump­
tion is a substitute for leisure in Edgeworth's sense {Vet < 0) and lower if it is not. The 
representation of preferences adopted in our model, which is standard in the job 
search literature, corresponds to the case where Vet = 0. 

The Euler equation of the principal's problem is obtained by differentiating the 
Hamiltonian with rospoct to Vu, which produces: 

µ(r+ p) ~·-fl. (42) 
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In order to characterize the time path of unemploymen • .lsuranco benefits, it is 
sufficient to derive the first-order condition (41) with respect to time, then to take into 
account the Euler equation (42). After several simple calculations, we arrive at: 

µv"(z+ b)b = [µ(r + p) + µ)v'(z + b) = 0 

The optimal contract thus proposes constant benefit payments, and in conse­
quence constant transfers, since z + b = w + g. The result is evidently that the utility 
Vu expected by an unemployed person is stationary and equal to V at each date t. The 
optimal value of unemployment insurance benefits is then found by making Vu= o 
and V,, = Vin the transition equation {39). We thus find: 

v(z+b) = v(w+g) = rV+~ 
r+p 

These results are easily grasped. If there is no need to give the agent incentive to 
make effort a, the optimal contract must solve a pure insurance problem between a 
risk-neutral principal and a risk-averse agent. Tho latter can then be perfectly insured 
against variations in his or her consumption (see, for example, Varian, 1992, chapter 
11, for a simple presentation of the main results of microeconomic theory in the 
presence of uncertainty). The stationarity of the optimal solution is likewise to be 
explained by pointing out that the principal has to solve the same insurance problem 
at every date. 

It is important to note that this full insurance contract is no longer optimal if the 
effort made cannot be verified. Faced with a contract offering utility V at every date, 
and specifying the payment of the same benefit• b and the same transfer g whatever 
the duration of unemployment, the agent evidently has an interest in not searching for 
a job at all and receiving unemployment insurance benefits. In this way he or she does 
not have to bear the cost a of looking for a job and obtains, at every moment, an inter­
temporal utility superior to V. This consideration suggests that the optimal contract 
cannot be stationary in a context where tho search effort is not verifiable. 

2.2.3 The Optimal Contract When the Search Effort Is Unverifiable 

When the search effort is no longer a verifiable quantity, tho principal must give 
the agent an incentive to make this effort. The optimal contract no longer insures the 
agent perfectly, and it provides for benefit payments and transfers that decrease the 
longer tho spell of unemployment lasts. 

The Incentive Constraint 
When the search effort is not directly checked on by the agency, tho unemployed per­
son has the opportunity to "cheat" hy making no effort while continuing to receive 
unemployment insurance benefits. At each dale, an unemployed person chooses to 
make search effort a only if he or she thus obtains an expected utility V,(t) superior 
to the i1tilily denoted V,(t) that he OJ' she obtains by "cheating." These discounted 
expected utilities are defined by tho two following equations: 



1 
V,(t) = 1+ rdt [v(z + b(t)) dt + Max[V,(t + dt), V,(t + dt)]] (43) 

1 
Vu(t) = 1+ rdt {[v(z + b(t)) - a] dt + pdtV,(t + dt) + (1- pdt)Max[V,(1-t- dt), V,(t+ dt)J} 

(44) 

Under the hypothesis of unverifiable effort, equation (43) indicates that an un­
employed person who does not make search effort a during interval of time [t, t + dtl 

receives unemployment benefit payments during this period-precisely because his 
or her effort is not verifiable-and attains a utility level equal to v(z + b(t)) dt. He 
or she therefore has no chance of finding a job at date t + dt and so obtains, on that 
date, the discounted utility expected by an unemployed person, or Max[Vu(I + dt), 

V,(t + dt)]. 

To provide incentive to the unemployed person to make effort a at any date 
t <: 0, the agency musl offer him or her unemployment benefits and a transfer giving 
him or her an intertemporal utility Vu(t) superior to intertemporal utility V,(t). Making 
the difference between equations (44) and (43), we get: 

1 
V,(t) - V,(t) = 1 +,. dt {-a dt + p dt[V0 (t + dt) - Max(V,(t + dt), V,(t + dt))]} 

If we make dt ~ 0, the incentive constraint, V,(t) - V,(t) <: 0, Vt, is finally writ­
ten (omitting the index t for the sake of simplicity from now on): 

(45) 

This inequality shows that the need Lo give the unemployed an incentive to look 
for work obliges the principal to pay a "rent" at least equal to a/ p when they do find 
work. Since we have seen that the contract proposed by the agency when the effort 
made can be verified leads to full insurance, such that w + g ~ h + z, we deduce on 
the basis of definiUons {37) and (38) of Vu and V, that we then get V,, - Vu= a/(r + p). 

It is apparent that the full insurance contract gives no incentive, since the difference 
V, - V, does not saUsfy the inequality ( 45). The agency must thus offer the unem­
ployed person a contract different from the one that applies when effort can be veri­
fied. Moreover, condition ( 45) is necessarily binding, for the agency has an interest in 
having the value of V,, as low as possible while remaining compatible with the con­
straint Vu(O) 2: V linked to the promise value V. Consequently, with the help of (38), 

the incentive constraint ( 45) takes the form: 

V, .. V, = v(w + g) ... V, = .".. 
r p 

("6) 

The terms wand a/p being constants, equality (4fi) implicitly defines 8 as a 

function of V,,, which we shall denote by g(V,,), with: 

g'(Vu) = - __ r __ > 0 
v'(w+g) 

(47) 
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Moreover, the incentive constraint (46) allows us to 
the simple form: 

rV. = v(z + b) + Vu 

-~ the equation (37) in 

(..ii) 

This relation shows that the intertemporal utility of an unemployed person 
depends only on unemployment benefit b, when the incentive constraint ( 46) is 
satisfied. 

The Principal's Problem and First-Order Conditions 
From this point on, the principal has to take into account the incentive constraint 
(46). In this case, the discounted expected utility of an unemployed person is given by 
equation (48). We shall assume as well that at every date, the discounted expected 
utility of an unemployed person cannot be less than a constant exogenous value 
denoted by V.nin· This lower bound might correspond to a situation of autarky, in 
which the unemployed person would look for employment without any benefits and 
transfers (see Hopenhayn and Nicolini, 1997, and Ljungqvist and Sargent, 2000). Th" 
lower bound Vmin must therefore be at least equal to the discounted expected utility of 
a nonparticipant, i.e., v(z)/r. The contract proposed by the principal must thus take 
into account a so-called "participation constraint," which at each date is written 
Vu <!: Vmin· It is necessary to take this participation constraint into account in order to 
avoid considering contracts in which the agency proposes a very small discounted 
expected utility (perhaps even with negative expected incomes) to the long-term un­
employed. Such contracts, which give powerful incentive, are optimal in the absence 
of participation constraint but have limited relevance, since they assume that workers 
are obligated to remain within the system that pays them unemployment insurance 
benefits, whatever these payments may actually amount to. 

For the same reasons previously cited, it is in the principal's interest that the 
constraint (40) linked to the promise value be binding, so that again we have V0 (0) = 

V > Vmin· Consequently Lhe principal's problem is now written in the following 
manner: 

M:x -C(O) = - ['' [g(~u) p +bl e-(.-+p)I dt 

subject to: 

Vu = rVu ·- v(z + b) (49) 

(50) 

Let us again denote byµ the multiplier associated with transition equation ( 49) 
and let us designate by ve··(np)• the multiplier associated with the participation con­
straint (50). The Hamiltonian C8Il now be written: 

H = -[ g·(~u) p +bl e-(,+p)I + 11frVu - v(z + b)] + ve-!'•Pl'( V,, - Vmin) 



The first-order condit.v,ls are therefore: 

and 
JH . 
-=-µ av;, 

To which must be added the complementary-slackness conditions: 

v(Vu - Vmin) = 0 with (51) 

Bearing in mind that g is a function of V,, satisfying ( 47), the first-order con­

ditions come to: 

e-IHp)t + µv'(z + b) = 0 

fl _ __ P __ + v] e-l•+p)t + µr =-fl 
v'(w+g) 

Differentiating (52) with respect lo t we find: 

, v"(z+b) · 
(r+ p)µ+ µ = -µ v'(z + b) b 

And (53) then implies: 

[ 1 l v"(z+b)· ----+v e-l•+P)1-µp= -µ(r+ p)-fi=µ---b 
0~+~ 0~+~ 

(52) 

(53) 

Since according to (52) we haveµ= -e-l•+P)'/v'(z + b), the definitive result is: 

v"(z+b) · v'(w+o)-v'(z+b) 
- v"(z + b) b = v+ p v'(w; g)v'(z + b) 

(54) 

Bearing in mind that g is in reality a function g(Vu) defined by equation (47), the 

dynamics of optimal unemployment benefits systems are completely described by 
equations (49) and (54), and by the complementary-slackness conditions (51). In the 

first place it can be shown that the participation constraint (50) is necessarily binding 

in a stationary state (where by definition, 6 = g = 0). Consequently, when b = 0 and 
v = 0, (54) implies that w + g = z + b, which is incompatible with the incentive con­
straint (45), as we have previously emphasized. In consequence, 'vis strictly positive 

when b = 0, and the participation constraint (50) is binding in the stationary state. 

The Dynamics of the Unemployment Insurance Schedule 
Let us designate by v;, v', b', and g' the stationary values of the variables in which 
we are interested. We have just seen that the participation constraint (50) is binding in 

the stationary state, or V,' = Vmin· In making Ii,= 0 in (49), we gel v(z + b') = rVmin· 

The incentive constraint (46) then gives the stationary value w + g' of the net wage, or: 

v(w+ g') ~ r( Vmin +~) (55) 

The stationary value v' is obtained by making h = 0 in (54). Note finally that, 
whatever the stationary state, we always have v(z + b') = rv; = rVmin;;,, v(z). In 
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The dynamics of optimal unemployment insurance in the presence of unverifiable search effort 

consequence, b' is positive. Conversely, the sign of the stationary value g' of the 
transfer is undetermined. 1'quation (55) shows that g' may be positive or negative 
according to the relative importance of wage wand the reservation utility Vmin· 

Having defined .the stationary values of the variables in which we arc interested, 
we can then study the dynamics of Vu and of b, represented in figure 3.1. It is apparent 
that the dynamics• of the unemployment insurance schedule is saddle-path stable. 
Thero is thus no more than one trajectory converging toward the stationary state. On 
this trajectory the initial value b(O) of unemployment insurance benefit is fixed by the 
(exogenous) value of utility V. Confining ourselves to the only admissible points for 
which V, <: Vm1n, we can then construct the phase diagram10 of figurn 3.1 using the 
dynamic equations (49) and (54). Making Vu= o in (49) we obtain the stationarity 
locus of Vu, denoted Bu, defined by rVu = v{z + b); it is an increasing curve in the 
(Vu, b) plane. As well, (49) implies that Vu> 0 (or< 0) for all points situated below (or 
above) Bu. Making b = O in (54) and noting that v = O for the points of the trajectory 
where Vu > Vm1n, we obtain the stationarity locus of b, denoted by B1,, defined by 
v'(z + b) = v'[w + g(V.)]. Relation (49) implies as well that b > 0 (respectively< 0) for 
all points situated above (respectively bel~w) Bb. Utilizing condition (46) defining 
g(Vu), we can easily show that B,, is situated below Rb in the (Vu,b) plane. We can thus 
establish, referring to figure 3.1, that there exisl• a sole trajectory passing through the 
point with abscissa Vmin and ordinate b'. 

Figure 3.1 shows that unemployment insurance benefits are decreasing (b < O 

on the stable arm) and converge toward a necessarily positive value b'. Conversely, 
as the sign of the stationary value g' of the transfer is not determined, the series of 



transfers g(V,) being decre" .. Jg-see (47)-it results that the transfers· can be positive 
for short-term unemployment and become negative if the spell of unemployment per­
sists. Simulations carried out by Hopenhayn and Nicolini (1997) and reported below 
exhibit a property of this kind. 

In concluding this theoretical analysis, we may note that the optimal contract of 
unemployment insurance is similar to a relatively sophisticated system of the experi­
ence rating typo. The unemployment insurance contracts of the real world share some 
of the characteristics highlighted in our model. The reduction of benefit payments 
with increasing duration of unemployment is a measure widely adopted, even though 
payments usually fall by just one level, from full to partial (France and Greece have 
put into place more sophisticated systems in which the benefit payments tail off 
through multiple levels). On the other hand, systems in which subsidies are received 
or taxes collected after a return to work, both of them varying with the length of the 
unemployment spell, are less common but do exist. Certain countries have put in 
place "return to work premiums" aimed precisely at encouraging the unemployed to 
find a job quickly. Premiums of this type exist in Japan, where the premium dedines 
as the spell of unemployment persists (with a maximum benefit period of four months). 
In Australia and New Zealand there exist special premiums reserved for th<> long-term 
unemployed who find a job (OECD, 1996, chapter 2). Finally, the United States has 
tried out similar systems locally, and it has been found that they do in fact encourage 
the unemployed to find work moro rapidly (a detailed study of these experiments can 
be found in Meyer, 1995). 

A Calibrated Model for Optimal Unemployment Tnsuronce 
The model utilized to this point shows that unemployment benefits ought to diminish 
as the term of w1employment persists so as to manage the insurance system optimally, 
while offering the unemployed a predetermined level of utility. This model is a vari­
ant in continuous time of the model developed in discrete time by Hopenhayn and 
Nicolini (1997). These authors take the view, moreover, that job search effort is a 
variable that can be assigned any positive value, a hypothesis that adds considerable 
complication to the analytic results without, however, changing.their qualitative pre­
diction. Hopenhayn and Nicolini have also calibrated their model by taking as their 
benchmark the unemployment insurance system in place in the United States over the 
period 1978-1983. In this system, the replacement rate is BB% and benefits are paid 
for a maximum period of twenty-six weeks. In their basic calibration, Hopenhayn and 
Nicolini posit a utility function v(c) = c1- 0/(1- a), with a= 1/2. They assume that the 
exit rate from unemployment depends on job search effort a, according to the formula 
pla) ~ 1 - e-P•, where pis selected in such a way as to reproduce the estimated un­
employment benelil elastidly of the probability of exiting from unemployment. It thus 
becomes possible to calculate the value V promised at the moment of entering unem­
ployment by the system in place. Hnpenhayn and Nicolini then compare two unem­
ployment insurance systems that offer the same discounted expected utility V. In the 
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Table33 

The optimal profile of the replacement rate in presence of moral hazard. 

System with tax on wages 

Weeks of 

unemployment 

6 

12 

16 

26 

52 

Replacement 

rate(%) 

99.0 

98.9 

98.8 

98.7 

98.6 

98.5 

98.4 

98.3 

97.9 

97.5 

96.5 

94.0 

Source: Hopenhayn and Nicolini (1997, p. 426). 

Tax on 

wages(%) 

-·0.5 

-0.4 

-0.3 

-0.2 

-0.1 

o.o 
0.1 

0.2 

0.6 

1.0 

2.0 

4.5 

System without tax 

Replacement rate without 

tax on wages (%) 

85.8 

80.8 

76.3 

72.1 

68.2 

64.7 

61.4 

58.4 

48.2 

40.S 

27.7 

13.4 

first system, which approximates roality more closely, the agency cannot make trans­
fers (this hypothesis amounts to positing g =Oat every date in the theoretical model). 
The second system reproduces the optimal solution of the theoretical model, in which 
the agency is able to give subsidies to or levy t8JCes on those who find a job. 

Table 3.3 presents the results obtained by Hopenhayn and Nicolini. The last 
column of this table shows that unemployment insurance benefits tail off sharply as 
unemployment persists when the insuring body cannot tax, or subsidize, wages. Con­
versely, if transfers to those who become employed are allowed, the rate at which 
benefit payments tail off becomes very weak, and the replacement rate is very high: 
94% after a period o.f unemployment lasting 52 weeks (at that time horizon, tbe prob­
ability of being unemployed is close to zero, according to the calibrations used in this 
model). Tbe third column of table 3.3 also shows that the transfers are subsidies when 
the period of unemployment does not exceed six weeks (the t8JCes appearing in this 
column arc negative), and that tbey become deductions after six weeks of unem­
ployment. Hopenhayn and Nicolini underline as well that the optimization of tho 
unemployment insurance system would make it possible to reduce overall costs sub­
stantially compared to the system in place. According to their estimates, for the same 
promise value at entry into unemployment, costs are reduced 7% when transfers to 
wage-ea'.ners are not authorized, and 28% when they are. 



The contribution o. Apenhayn and Nicolini ( 1997) underlines the potential 
importance of the ways in which unemployment insurance systems are structured 
when moral hazard is present. Wang and Williamson (1996) have extended their 
model by assuming that the probability of employment loss depends on the effort 
made by employees. In this hypothesis, moral hazard extends not just to the search 
efforts of the unemployed, but also to the assiduousness at work of those who are 
employed, for they may be tempted to shirk in order lo lose their jobs if unemploy­
ment insurance benefits are too high. It is therefore desirable to adopt an experience 
rating scheme in which wages can be taxed and the income received depends on the 
duration not just of episodes of unemployment but also of employment. 

The Profile of Unemployment Insurance Benefits and Wage Setting 
It should be noted that all these results were obtained within a partial equilibrium 
framework, in which the impact of unemployment insurance on wage setting is 
ignored. We will see, especially in chapter 9, that the income of the unemployed 
exerts upward pressure on wages when tho latter are being bargained over by the 
employee and the firm. From this perspective, shortening the period during which 
benefits are paid reduces the discounted expected utility of the unemployed and 
exerts downward pressure on the wage being bargained over, and this in turn rein­
forces the incentive effects of regressive unemployment insurance benefits on the 
search effort. The same thing does not necessarily apply, however, if we look at the 
effect of a different profile of benefit payments, with a given budget or given tax rate, 
which consists of paying more to the short-term unemployed and less to the long-term 
unemployed. Such a change of profile leads to an increase in tbe discounted expected 
gains of the short-term unemployed who have just lost their jobs, at the expense of the 
long-term unemployed. For the same discount rate, intertemporal utility at the onset 
of a spell of unemployment rises, which increases the bargaining power of employees 
and thus promotes a rise in wages. Regressive benefits thus exert upward pressure on 
the rate of unemployment. For a given budget, the total effect of regressive benefits on 
unemployment is thus ambiguous: it tends to increase wages fixed through bargaining, 
which is unfavorable to employment, but it also intensifies th~ search effort of job­
seekers and lowers their reservation wage, w.hich on the contrary promotes employ­
ment (Cahue and Lehmann, 2000; Fredriksson and Holmlund, 2001). Changes in the 
rules regarding unemployment insurance thus have important consequences, and it is 
apparent tbat stricter rules may in certain cases have unfavorable effects in terms of 
employment. The reality is that the impact of the profile of benefit payments depends 
on the relative importance of the two effect• just mentioned. When calibrated equilib­
rium models wilh an endogenous search effort, analogous to Lhe matching model pre­
sented in chapter 9, are run, they suggest that rules providing for a rapid tailing off of 
unemployment insurance benefits produce a positive but small effect on employment 
(Cahue and Lehmann, 2000; Fredriksson and Holmlund, 2001). 
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3 EMPIRICAL ASPECTS OF JOB SEARCli 

In estimating job search models, the econometrician has at his or her disposal data 
on wages and/or the duration of unemployment spells. The sample of observed wages 
deals with wages that are accepted, and therefore does not represent the overall dis­
tribution of wages offered. Moreover, the econometrician does not rurectly observe the 
reservation wage. Certain surveys contain questions about the lowest acceptable wage, 
and the responses to these surveys do perhaps furnish an approximation of tho reser­
vation wage, but it is difficult to know how much confidence to have in this type of 
answer. Data on the length of unemployment spells, on the other hand, are more reli­
able and more directly manageable. This is why many empirical studies privilege the 
"reduced form approach," which utilizes only data bearing on the duration of the job 
search. In general, this approach is limited to estimating an equation that gives the 
job finding rate, without this equation really being deduced from any theoretical job 
search model. The "structural approach," on the contrary, aims to estimate the struc­
tural equations of the theoretical model using all the data available on search duration 
and wages. In the theoretical sections of this chapter we have seen that structural 
equations take into account the distribution of all possible wages, so the econome­
trician must be able to estimate this distribution. Because he m; .. she only knows what 
wages were accepted, and perhaps also the reservation wages (as conveyed by the 
surveys just mentioned) he or she cannot, on the basis of these incomplete data alone, 
"recover" the true distribution of wages offered. The econometrician faces an identifi­
cation problem known as tho "nonrocoverability problem," which is usually solved 
by postulating a priori a parametric form for the distribution of wages offered and 
estimating the ·parameter or parameters of this form with the help of the available 
data. This approach thus has the defect of being based on nontestable restrictions on 
the form of wage distribution-restrictions that can have considerable influence on 
the results. -

The reduced form approach relies on several basic models that give it a rela­
tively unified character. The same docs n9t hold true for the structural approach, in 
which each study is grounded on a specific model. In the first part of this section, we 
simply present the main lines of the reduced form approach (for a good example of the 
structural model, the reader may consult Wolpin, 1987, and Devine and Kiefer, 1991, 
chapter 5). In the second part, we summarize the principal results of empirical studies 
bearing on job search. - • 

3.1 THE ECONOMETRICS OF DURATION MODELS 
As their name indicates, "duration models" try to explain the time passed in a certain 
state-for example, the length of unemployment spells-with the help of administra­
tive data and the characteristics of a sample of individuals followed ovor a certain 
period.rt. It will be instructive, however, to set these data and explanatory variables 
aside for the time being and concentrate instead on Lhe probability distribution gov-



orning tho duration of tht ,,Jenomenon under study. Then the explanatory variables 
can be brought in with the help of particular specifications, the prevalent ones being 
the proportional hazard model and the accelerated lifetime model. 

3.1.1 The Hazard Function 
The basic concept of duration models is the "hazard function." Using this function it 
·is possible to define tho notion of "duration dependonce." 

Hazard and Duration Dependence 
In what follows, we will denote the continuous random variable representing the 
duration of the phenomenon under study by T, and we will assume, for illustrative 
purposes, that this phenomenon is the duration of unemployment. As for overy ran­
dom variable, tho duration of an individual's unemployment spell is characterized 
by knowledge of its cumulative distribution function denoted by F(t), or its probabil­
ity density f(t) = F'(t). Readers will recall that the cumulative distribution function is 
defined by F(t) = Pr{T < t}, and so reprosents the probability that the unemployment 
spell lasts less than t units of time. Theoretical job search models are capable of pro­
ducing a certain number of predictions about this function, but they most naturally 
lead to characterizations of the "hazard function." The latter represents, for an indi­
vidual, the instantaneous conditional probability of exiting from. unemployment when 
he or she has been unemployed for at least a period of length t. For example, in the 
model in section 1.2.4, in which unemployment insurance benefits are not stationary, 
the hazard function is equal to J.[1 - H(x(t))), where x(t) designates the reservation 
wage after an unemployment spell equal in length to t. More generally, designating 
the hazard function by qi(.) and knowing that the individual has been unemployed 
for at least a period of length t, the conditional probability qi(!) dt that the duration 
of unemployment is located within the small interval of time [t, t + dt) is defined 
by qi(t) dt = Pr{t:;:; T < t + dtlT 2: t). Applying the definition of conditional proba­
bilities12 gives us: 

qi(t) dt = Pr{t:;:; T <.~:t:-~d_ = j(t) dt 
Pr{T 2: t) 1 - F(t) 

The hazard function is thus characterized by the equality: 

t = f(t) 
qi() F(t)' with F(t)=1-F(t) (56) 

In this expression there appears th" survival function F(t), representing the 
probability that the unemployment spell lasts at least a period of length t. We will see 
below that it is useful to link the survival function to the integral ct>( t) of the hazard 
function .. This integral, also callod tho "integrated hazard," is definotl hy <D{t) = 

f~ qi(e) d(. Relation (56) can also be written qi(t) = -a[ln F(t))/ot. Integrating this equal­
ity, WO find: 

ct>(t), -lnF(t) 
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The integrated hazard is thus equal to the opposite of 
vi val function. 

.hogarithm of the sur-

In practice, it is importanl to know if the duration of the phenomenon under 
study, in this case the duration of an unemployment spell, increases, diminishes, or 
remafas constant with time already spent unemployed. The hazard function allows 
us to characterize this notion of "duration dependence" very easily. If (P'(t) > 0, tho 
probability of exiting from unemployment increases with the amount of time t already 
spent unemployed, and we refer to "positive duration dependence." Conversely, if 
\ll'(t) < 0, the probability of exiting from unemployment diminishes with the amount 
of time t already passed in this state, and we then refer to "negative duration depen­
dence." The model presented in section 1.2.4, for examplr., in which unemployment 
benefits tail off as the time spent looking for a job lengthens, exhibits positive duration 
depende;,ce. It should be noted that the hazard function is not necessarily monolonic: 
it may increase for certain values of t and diminish for others. The hazard function 
may equally be independent of the length of an unemployment spell, as is the case in 
the basic job search model in section 1.1, where the exit rate from unemployment 
).[1 - U(x)] is a constant. 

Some Probability Distributions Currently in Use 

Table 3.4 gives the properties of some probability distributions currently in use in 
the econometrics of duration models. The exponential distribution depends only on a 
single parameter r > o, its hazard function is a constant equal to this parameter, and 
it therefore presents no duration dependence. For that matter, it is easy to vel'ify that 
it is the only law with this property by integrating equation (56) with (P constant. 
But since it depends only on a single parameter, it allows only limited tlexibility in 
econometric applications. For example, the mean and the standard error of this prob­
ability distribution are both equal to 1/y. One cannot therefore estimate the mean and 
the standard error separately-but there is no practical reason why the standard error 
of the duration of unemployment spells should be equal to the average duration of 
unemployment. 

The Weibull distribution offers more flexibility than the exponential distribu­
tion. We say that a random variable T follows a Weibull distribution of parameters 

Table 3.4 

Commonly used distributions in duration models. 

Oistribution f(/) f'(t) <p(/) 4>(/) 

Exponential ye-Vt e-Yt y yt 

Weibull yata-te-yt" e yta yatO··l yt• 

Log-logistic 
yata· t yata-t 

ln(l + yt•) 
(1 +yt•)' 1 +yt 0 i+vr• 



y and"' (y > 0," > 0) if the r. Jm variable T' follows an exponential distribution of 
parameter y. Since the Weibull distribution depends on two parameters, it is more 
supple than the exponential distribution (to which we revert for "= 1). The hazard 
is increasing for " > 1 and it is decreasing for " < 1. The Weibull dislribution thus 
allows us lo take duration dependence into account, but only in monotonic fashion. 
The Jog-logistic distribution (which also depends on two parameters) permits a non­
monotonic hazard function. For " > 1, the hazard is increasing then decreasing, 
whereas for "' < 1 it is always decreasing. 

3.1.2 Parametric Estimation 
The econometrics of duration models arc applied most often to estimating the hazard 
function. Current practice consists of postulating an a priori form for this function, 
dependent on one or more parameters that one is trying to estimate. We then speak 
of parametric estimation. This estimation concludes with tests that try to assess the 
relevance of the form adopted. However, in the preliminary phase, it is now common 
to proceed to a direct nonparametric estimation of the haiard function. For this, 
the empirical distribution of the duration of unemployment spells in the sample 
is taken into account (see Kiefer, 1988, for a complete description of this technique, 
and Lancaster, 1990, for an application). One of the difficulties of estimation proce­
dures derives from the fact that a number of observations are frequently incomplete 
in the surveys. This is the problem of "censored" observations, which we will now 
ex.amino. 

The Likelihood FuI1ction with Censored Observations 
Let us assume that we know the durations of unemployment spells for n individuals 
between two dates r0 and r1 , on lhe basis of, for example, a survey completely cover­
ing the history of these individuals in the labor market in the course of interval of time 
[r0 , r1 ). The principle of so-called parametric estimation consists of specifying a priori 
a probability density /(t, 0) for the duration of unemployment dependent on a vector 0 
of parameters that has to be estimated. Let us denote by t; the duration of unemploy­
men.t of individual i as it is reported in the survey. If the unemployment spell for all 
individuals in the sample lies strictly between the dates r0 and r1 , the likelihood 
function of the sample is then written IJ;'.. 1 /(t;,0). But in reality some individuals are 
already unemployed at the commencement of the survey, and others arc still unem­
ployed at its conclusion. Jn these conditions, the unemployment durations reported 
by the survey are censored data. We speak of "left censoring" when the (unknown) 
date of the sta1t of the unemployment spell foils prior to the date r0 on which the sur­
vey commences, and "right censoring" when an individual is still looking for work on 
date r,, when the survey stops. If observation t; is censored, the survey simply reveals 
that the duration of unern ploymenl T; of agent i is at least equal lo t;. The contribution 
of this observation to the likelihood of the sample is then equal to Pr{T; ;;;, t;) = 
F(t;, IJ). Let us define the dummy variable c; by c; ~ 1 if the observation is not cen· 
sored, and by c; = O if it is. In logarithmic form, the likelihood function of the sample 
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is then written": 

L(ll) = tc; lnf(t;,IJ) + t(l -c;) In F(t;,IJ) 
i=1 i=l 

It is possible to express this likelihood function solely with the help of the haz­
ard function rp(t,IJ) and its integral, the integrated hazard <l>(t,0). Relations (56) and 
(57) thus give lnf(t;,IJ) =In rp(t1, IJ) - ln F(t;,O) with <l>(t;, 0) ~-In F(t1, 0), and the like­
lihood of the sample becomes: 

L(IJ) = tc; In rp(t;,11)- t<l>(t;,O) (58) 
;,,,,1 i=1 

In prac:tice, the estimator iJ of vector IJ of the parameters corresponds to tho value 
of 0 that maximizes this likelihood function. This maximization most often gives no 
analytical solution, and it is necessary to fall back on numerical methods (tho expo­
nential distribution is a notable exception). It is possible to show, under a sol of stan­
dard hypotheses, that the estimator iJ of the maximum likelihood is consistent and 
that the random variable /ii.(O - IJ) asymptotically follows a normal distribution with 
zero mean, the variance of which can be estimated by -[n·· 102L(li)/aiiao'r'. 

An Example: The Exponential Distribution 
By way of illustration, let us consider the simple case of an exponential distribution of 
parameter y. Table 3.4 indicates that the hazard function and the integrated hazard are 
defined by rp(t;, y) = y and <l>(t;, y) = yt;, for all i. Bringing these equalities into expres­
sion (58) of the likelihood of the sample, the latter is written: 

L(y) = tc; lny-ytt; 
; .... 1 i=1 

Setting to zero the derivative of [unction L(y) with respect to 7 we find the value 
of the estimator y of the parameter y, or: 

n I n 9=~C; ~t; 

If we had not taken the censored observations into account (which would have 
meant assuming that c; = 1 for all i), the estimator would then have been equal to 
(n/I:F~i !;) ;;;,, ji. Thus, to neglect the fact that some observations have been censored 
biases the estimate of the exit rate from unemployment upward. In this case, the esti­
mated variance is also too high.' 4 

Different Properties According to Specifications 
Table 3.5 presents estimations according to three different specifications of a duration 
model produced on the basis of French data fut the period 1990-1993 by Bonnal ct al. 
(1999).'5 The first thing lo note is that if only the exponential specification had been 



Table 3.5 

An example of the estimation of a duration model. 

y 

a 

Exp. 

0.0629 

Weibull 

0.0105 

1.6818 

Source: Bonnal et al. (1999, table 4). 

Log·L 

0.0120 

2.1163 

used, the fact that the model exhibits duration dependence would not have emerged, 
since the estimation of parameter a is always strictly greater than 1 with the Weibull 
and log-logistic distributions. What is more, if only the Weibull distribution had 
been used, the conclusion would have been that duration dependence was positive, 
whereas the log-logistic distribution makes it clear that in reality this dependence is 
not monotonic. In their study, Bonnal et al. calculate that the hazard increases for a 
duration of unemployment of less than 12.33 months, then subsequently decreases (in 
this sample, the average duration of unemployment is 10.22· months). The exponential 
distribution is rejected by the statistical tests; the same tests lead us to prefer the Wei­
bull distribution to the log-logistic distribution, which reinforces a conclusion in favor 
of a monotonic positive duration dependence. 

3.1.3 Introducing Explanatory Variables 
In duration models, the explanatory variables have a bearing on both the character­
istics of the labor market (such as, for example, the value of unemployment insurance 
benefits, or the level of the unemployment rate) and the characteristics of individuals, 
such as sex, educational level, and professional experience. Explanatory variables arc 
assumed to be exogenous, but are not necessarily independent of time. If the observa­
tions cover a sufficiently long period, characteristics such as age, number of offspring, 
marital status, or unemployment insurance benefits can evolve. Conversely, character­
istics like sex, educational level, or past experience are generally constants indepen­
dent of time for unemployed persons. For clarity of exposition, we first assume that all 
the explanatory variables do not depend on time. If we denote by x the vector of ex­
planatory variables, the probability density of the random variable under study (here, 
the duration of unemployment) will then have as its argnment the triplet (t,x, 0), 
where t and 0 always designate the duration of unemployment and the vector of the 
parameters to be estimated. Thus, the hazard function is henceforth written <p(t,x,B). 
Formally, whal we have done to this point remains true on condition that we replace 
the pair {t, 0) by the triplet (t,x, 0). But remaining at this level of generality hides tl1e 
difficulties 1i nked to the estimation of parameters in the presence of explanatory vari­
ables. In practice it is necessary to state exactly how the explanatory variables and the 
parameters combine if we really want to estimate the latter and interprel them from an 
economic point of view. Two classes of models allow us to meet these objeclivcs. 
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The Proportional Hazard Model 
In the proportional hazard model, we assume that the vector() of the parameters is com­
posed of two subsets, Bo and B,, and that the hazard function takes the following form 16: 

rp(t,x,11) = p(x, llx)rp0 (t,Bo) (59) 

Function rp0 is called the "baseline hazard" because it is identical for nil indi­
viduals. Most often we utilize a well-specified function, such as the Weibull distribu­
tion (see table 3.4). In that case the vector ()0 is identical to the pair of parameters ix and 
y. Relation (59) shows that, in the proportional hazard model, the effect of the explan­
atory variables is to multiply the baseline hazard by the scale factor p(x, 0,), indepen­
dent of the duration t of unemployment. A specification frequently used for the scale 
factor is p(x, 8,) = exp(xa,), which has the advantage of being positive and supply­
ing a simple interpretation of the components of the vector Bx. If we denote by Xk the 
kth component of vector x, relation {59) defining the hazard function shows that 
(a In rp/oxk) = Bxk, where Bxk designates the kth component of vector (),. If we have 
been careful to specify the explanatory variables in terms of logarithms, vector Bx then 
represents the vector of the elasticities of the hazard function, that is, the elasticities of 
the conditional probability of exiting unemployment with respect to the explanatory 
variables." 

The estimators of vectors Bx and Bo are obtained by maximizing the likelihood 
function of the sample with respect to the components of vectors fJ, and 90 • If we 
denote by x; the vector of the explanatory variables relative to individual i and if we 
assume that the scale factor takes the form exp(x;Bx), in logarithmic terms the likeli­
hood function is then written: 

L(ll.,80) = tc;[(x;8,) +In tp0(t;, Bo)] - t<l>o(t;,B0 ) exp(xA) 
j=t i=t 

In this expression, function <1>0 represents the integrated hazard of the baseline 
hazard rp0 • The reader will be able to verify that, even with a constant baseline hazard, 
there is no analytical solution for the estimators of the parameters and consequently 
it is necessary to fall back on numerical methods. We must note finally that for pro­
portional hazard models, it is possible to proceed to a semi-parametric estimation by 
specifying the scale factor a priori while not imposing any particular form for the 
baseline hazard (in that case, we must utilize the empirical distribution of the unem­
ployment durations). This so-called "partial-likelihood approach" was suggested by 
Cox (1975), and one may consult Kiefer (1988, IV-C) for a good introduction to it. 

'fhe Accelerated Lifetime Model 
In the accelerated lifetime model the explanatory variables.have a multiplier effect on 
duration, that is, they change the scale of the time axis. The cumulative distribution 
function of the random variable T, or F(t, x, 0) thus takes the form F0 (tp(x, 1:1)]. It is then 
easy to verify, using relation (56), that the hazard function is writtten: 

tp(t,x, fl) = p(x, 0)(110 (tp(x, 8)] (60) 



In the frequently ·c. •• ~ed case where p(x, 1:1) = exp(xl:I), it is possible to find a 
linear version of the accelerated lifetime model. For that, we must first point out 
that Pr{T < t} = F0 [t exp(xO)). Using the change of scale < = t exp(x8), we then have 
Pr{T exp(x8) < <} = Fo(<). It thus is apparent that the distribution of the random vari­
able T exp(xl:I) is independent of the explanatory variables. If we set exp e = T exp(xO), 
the lifetime accelerated model (60) is equivalent to the linear model: 

lnT=-xl:l+e with exp e....., Fo(.) (61) 

In this form, we note that if the variables linked to individual characteristics 
are written in logarithmic terms, the usual specification p(xl:I) = exp(xl:I) allows us to 
interpret each component of vector 1:1 as the opposite of the elasticities of the unem­
ployment duration with respect to the exogenous variables. Relation (61) also shows 
that the lifetime accelerated model is equivalent to a linear model, but one in which 
the error term e does not follow a normal distribution. More precisely, the cumulative 
distribution function of the random variable e satisfies Pr{ e < v} = Pr{ exp e < exp v) = 
F0 (exp v). This linear form of the lifetime accelerated model opens up the possibility 
of applying regression methods of the least ordinary squares type, but we then have 
to evaluate the results with care, given that the hypothesis that the error term is nor­
mally distributed has not been verified. A more serious difficulty in the application of 
regressions of the ordinary least squares type is caused by the presence of censored 
observations. The error term e; corresponding to a censored observation t; has a prob­
abiliy density different from that of an error term e; linked to a noncensorod observa­
tion t;. In other words, if one applies the linear relation (61) for observations i and 
j, cumulative distribution function Fo; is different from F0;. These difficulties make it 
preferable to utilize the method of maximum likelihood in the presence of censored 
variables. We can apply this method when making the likelihood of the sample ex­
plicit, using either the linear model (61) or the more general relations (58) and (60). In 

the latter case, if we use <1>0 to designate the integrated hazard of the hazard function 
!l'o. the reader can verify that the likelihood function is written: 

L(fi) = t c1{ln p(x;, 1:1) +In !l'o[t;p(x;, 1:1)]} - tp(x;, l:l)<l>o[t;p(x;, 11)) 
i=1 f:::l 

We pursue the estimation of the lifetime accelerated model by choosing f1.mc­
tional forms for p et qi0• For example, qi0 may be deduced from a Weibull distribution 
or a log-logistic distribution, and as we havo already pointed out, the usual choice for 
pis exp(xl:I). 

Time-Dependent Exp/anato1y Variables 
Some explanatory variables may vary with time. To simplify, let us assume that they 
depend only on the duration of the phenomenon under study (for example, unem­
ployment insurance benefits are most often rngressive the longer the recipient remains 
unemployed). Formally, it is enough to replace the vector x in the preceding para­
graphs by a vector denoted by x(t). Thus the hazard function is written qi[t,x(t),OJ 
and the integrated hazard <l>[t, x(t), OJ is then equal to J: vi[e, x(e), OJ de. However, the 
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lifetime accelerated model is no longer equivalent to a linear iel, and consequently 
vector () of the parameters can no longer be interpreted in terms of elasticity. The 
likelihood of the sample takes the general form: 

L(O) = tc, In (ll[t1,x1(t1),0]- t<l>[t,,x,(t,),O] 
i=l i=l 

When the explanatory variables are time-dependent, the maximum likelihood 
method most often c:reates difficulties in distinguishing that which belongs to duration 
dependence from that which belongs to the temporal trends of the regressors. 

Heterogeneity 

Explanatory variables, such as sex, educational attainment, or past experience, allow 
us to control the heterogeneity among individuals to a degree. But unobserved hetero­
geneity always remains: for example, job search effort is very imperfectly observed. 
The omission of some variables, or specification errors in the impact of the exogenous 
ones, are formally much like unobserved heterogeneity. Failure to take this type of 
heterogeneity into account leads to bias in the estimation of time dependency.'" To 
get around these diffi<.'lllties we may assume that the probability density of the depen­
dent variable is written (leaving out vectors x and 0 for the sake of simplicity) f(tlv), 
where vis a random variable of density p(.) marl<'ing the unobserved heterogeneity 
among agents. !'or example, in the proportional hazard model, it is possible to intro­
duce this form of heterogeneity by assuming that the hazard function takes the form 
(ll(t,x,8) =p(x,llx)rp0 (t,Oo)v. We thus obtain the mixed proportional hazard model 
studied in detail by Lancaster (1979) and van den Borg (2001). The probability density 
function p(.) of the random variable vis unknown and must therefore be estimated. In 
practice a discrete form (vk, Pk) is often used, with Pk= Pr{v = vk} fork= 1, ... ,K, 

and we estimate the vector ( v1, ... , VK; p1 , ... , PK) along with all the other parameters 
of the model. 

Competing Risks 
To this point we have paid no attention to the exact destination of an individual 
following an unemployment spell. In the foregoing models there was no difference 
between an exit from' unemployment into nonparticipation and an exit from unem­
ployment into employment. Some surveys do in practice give both an individual's 
duration of unemployment and his or her destination (regular employment, temporary 
employment, enrolment in a training course, nonparticipation, etc.). Competing risks 
models lake this factor into account. The idea is to Jin k each destination d to a dura­
tion Ta of unemployment, the exit from which would be d. To be sure, only one spell 
of un.,mployment and only one destination at exit from unemployment are observed 
for each individual. If we use S to designate the set of possible destinations, we do 
in fact obser~e the outcomes of the random variables T = miu(Tdld e S) and D ~ 
(dlTa,,; Tk;ke S}. Assuming that the random variables T; are independent of Uie 
regressors and the nonobscrved heterogeneity, then it is possible to find the joint 



probability distribution,, .• ~pair (T, D). If we have at our disposal a sample of size n 
of independent observations (t1, d;), it becomes possible to write the likelihood func· 
lion and thus to proceed to make estimations (see Florens ot al., 1996}. 

3.2 MAIN RESULTS 
The numerous econometric studies carried out within the framework of job search 
models have made it possible to clarify the determinants of the exit rates from unem­
ployment. We have seen that these models give the income of unemployed persons an 
important role. But in practice it is a delicate matter to· evaluate this income. We will 
begin by presenting problems linked to the evaluation of unemployment insurance 
benefits, and then set out the results of empirical work on the determinants of the 
reservation wage and the duration of unemployment. 

3.2.1 Measuring Unemployment Insurance Benefit 

In the basic job search model the average duration of unemployment is influenced 
by the amount of compensation paid to those who are looking for work. Empirically, 
comparison between the income of the unemployed and that of waged workers is a 
complex problem that requires richly detailed jnforrnation. 

Insurance and Social Assistance 
When we attempt to assess the relevance of the job search model, the first thing to 
do is to measure the distance separating z in the theoretical model (analogous to the 
"wage" of an unemployed person) from the very different reality of the benefits actu­
ally paid out. Contrary to the elementary formalism of the models we have presented 
hitherto, these benefits are linked in particular to the career history of an individual, 
his or her job search efforts, and the reasons why he or she is currently unemployed. 
This diversity derives in part from the fact that systems set up to compensate for un­
employment belong to the domains of both insurance and social assistance. Unem­
ployment iIL•urance depends on the contributions previously paid in, and it creates 
entitlement to compensation when a person loses his or her job, making up in a sense 
for tho "accident" that has happened to him or her. That is why unemployment in­
surance benefits are not generally paid out to persons who have deliberately chosen lo 
quit their jobs. Benefits are generally stopped, moreover, when a job offer is refused 
without good reason, and recipients have to furnish praof that they are really looking 
for work. Finally, the period of entitlement is limited (on all .these points, see chapter 
11; Grubb, 2000; and OECD, 2000). Social assistance, on the other hand, generally 
does not depend either on past contributions paid in or on the career history of the 
individual. It is paid over relatively long periods to persons whose income is judged 
inadequate. 

Factual Elements 
In applied work, the considerations just adduced lead lo serious difficulties in work­
ing out the replacement rate, which is supposed to provide a significant measure of 
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Table 3.6 

Net replacement rate in 1994-1995. (All figures in the table are percentages.) 

Country Average Year 1 Years 2 and 3 Years 4 and 5 

Belgium 51 65 55 40 

France 55 73 50 40 

Germany 54 71 45 45 

Japan 45 68 33 33 

Netherlands 69 81 74 53 

Spain 49 70 52 24 

Sweden 67 81 62 59 

United Kingdom 51 61 46 46 

United States 16 35 8 

Source: OECD (1999), Martin (1996). 

the relationship between the benefits paid out to an unemployed person and the wage 
of an employed one (see OECD, 1994, chapter B, and Martin, 1996). Table 3.6 gives a 
glimpse of how diverse the situation can be from one OECD country to another. In this 
table, the average represents a "synthetic" replacement rate, established in 1991, that 
notionally assesses the overall generosity of the benefits offered to the unemployed. 
This indicator equals the average, expressed as a percentage of the average wage net of 
taxes, of the net benefit• paid out to unemployed persons, both single and married, 
with either a dependent or working spouse, for a length of time in unemployment 
varying from zero to five years. 19 We should keep in mind the limitations .of such a 
global indicator, which provides no more than a partial and necessarily arbit.rary view 
of the replacement rate, given the strong heterogeneity of individual situations. The 
other columns present the values of the replacement rate for different durations of 
unemployment, thus giving a more precise indication of tho lengths of time over 
which these benefits are paid. Clearly the replacement ratios diminish as unemploy­
ment persists. The co~xistence of unomploymenl insurance benefits, which generally 
provide coverage for a limited time, and social assistance programs, which often have 
no time limit, explains this tendency to diminish. 

3.2.2 The Determinants of Unemployment Duration 

Numerous empirical studies have been carried out for the purpose of estimating the 
elasticity of reservation wages and/or the average duration of unemployment with 
respect to the income of unemployed persons. This income appears lo have little 
influence, and in consequence tho probability of accepting a job offer proves in the 
majority o.f cases to be close to unity. Empirical studies also throw light on the effi­
ciency of certain measures designed to help job-seekers find work, and on the sanc­
tions applied lo job-seekers who do not respect the rules laid down by the bodies in 
charge of administering unemployment insurance. 



Table 3.7 

Elasticities of the reservation wages with respect to the income of unemployed persons. 

Authors 

Lynch (1983) 

Holzer (1986) 

van den Berg (1990) 

Data 

. U.K. (youth) 

U.S. (youth) 

Netherlands (30-55 yr) 

Source: Devine and Kiefer (1991. table 4.2, p. 75). 

Table 3.8 

Elasticities 

0.08-0.11 

0.018-0.049 

0.04-0.09 

Estimation of the relation between the reservation wage and the instantaneous income of unemployed 

persons, using an equilibrium search model. 

Age (yr) 

16-22 23-29 30-38 39-70 Average 

x/z 0.92 0.91 1.08 1.06 1.02 

Source: van den Berg and Ridder (1998, table X, p. 1211). 

The Elasticity of the Reservation Wage 
An initial series of studies attempted to make direct estimates of relations like equa­
tion (6) giving the value of the reservation wage in the basic model. To lhal end, they 
relied on data from surveys in which unemployed persons were asked to answer more 
or less directly the question, "What for you is tho lowest acceptable wage?" Table 3.7 
gives the magnitudes of the elasticity of the reservation wage with respect to the in­
come of an unemployed person for three studios that use this type of data. 20 It shows 
that, as the basic model predicts, this elasticity is positive. Its m!'gnitude is, however, 
very slight. 

More recent studies estimate the reservation wage using tho equilibrium search 
model laid out in section 2.1 above. Table 3.B shows the value of ratio x/z between the 
reservation wage and the not income of an unemployed person by age bracket using a 
study conducted by van den Berg and Ridder (1998) on Dutch data. We observe that 
this ratio is very close to one, which means that tho job offer arrival rates, l., and ,1., 

differ little between the unemployed and those who have a job. In this case, the elas­
ticity of the reservation wage with respect to income z of an unemployed person 
would be practir.ally equal to 1 (but we must bear in mincl that in Lhe equilibrium 
search model, z has no influence on the average duration of unemployment). Using 
French data, Bontemps (1998) finds on the contrary that..\, is almost ten times larger 
than..\., and Kiefer and Neumann (1993), using American data, find that J., is approx­
imately equal to 5i .•. In this configuration nfthe parameters, reservation wage elasticity 
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Table 3.9 

Some empirical studies using duration models. 

Authors Data 

Lancaster (1979) U.K. (not specified) 

Narendranathan et al. (1985) U.K. (men) 

Moffit (1985) U.S. (men) 

Meyer (1990) U.S. (men) 

K3tz and Meyer (1990) U.S. (men) 

Source: Devine and Kiefer (1991, table 5.2). 

Elasticity of 

unemployment 

benefits 

0.43-0.6 

0.08-0.65 ' 

0.8-0.9 (youth) 

Elasticity of 

duration of 

benefits 

0.16-0.36 

0.60-0.88 

0.36-0.48 

with respect to the income of an unemployed person would clearly be smaller than 
unity. 

Elasticity of the Duration of Unemployment 
Survey data giving "direct" access to reservation wages are rare and their reliability is, 
to say the least, doubtful. This is why the econometrician turns more readily to longi­
tudinal data describing the complete histories of a large number of individuals in the 
labor market (duration of periods of unemployment and employment, wages accepted, 
wages of previous jobs, etc.). These studies indicate for the most part that the elasticity 
of the average duration of unemployment with respect to unemployment benefit is 
positive, but at the same time modest in magnitude. 

Table 3.9 gives an overview of results regarding the elasticities of the average 
duration of unemployment with respect to unemployment insurance benefits and the 
duration of such benefits. The results show large variations, among other reasons 
because of differences in the populations studied and measurement differences in the 
way the unemployed were counted or the calculation of unemployment benefit. The 
group of studies included in the very comprehensive overview of Devine and Kiefer 
(1991), however, point to the conclusion that unemployment insurance benefits exer­
cise a (slight) positive influence on the duration of unemployment. In general, the exit 
rate from unemployment decreases with the duration of unemployment (the duration 
dependence is negative), but its order of magnitude is limited, especially if one con­
trols for all types of heterogeneity. Other studies also show that the sensitivity of 
the average duration of unemployment to unemployment insurance benefits itself 
depends on the duration of unemployment. Van den Berg (1990) estimates that a rise 
of 10% in benefits at the end of two years would increase the average duration of 
unemployment by something on the order of five weeks (as opposed to one week for 
benefits paid in the first year of unemployment). Nickell (1979), however, reaches an 
opposite result, sine• he finds that the amount of unemployment insurance benefits 



i 
has no significant effect 011 the exit rate from unemployment (after a period of 20 
weeks in that state). 

In general, unemployment insuxance pays benefits for a limited period. Numer­
ous empirical studies have looked at the consequences of the (generally large) dimi­
nution of income of individuals who lose their unemployment insuxance benefits. The 
studies of Moffitt (1985) and Katz and Meyer (1990), using American data, indicate 
that a prolongation of ten weeks in the potential entitlement period would iucrcase 
the average duration of unemployment by one to two weeks. This result conforms to 
the theoretical model of 1.2.4 and probably means that job-seekers lower their reser­
vation wage (and/or augment their search effort) as the end of their period of entitle­
ment approaches. The importance of the duxation of this period is confirmed by the 
study of Meyer (1990) using American data. This author highlights a significant dis­
continuity in the exit rate from unemployment in the period immediately preceding 
the exhaustion of entitlement to unemployment insurance benefits. The studies of 
Dormont et al. (2001) on French data arrive at an analogous result. They show as well 
that the exit rate from unemployment to employment rises more at the end of the 
entitlement period for better qualified job-seekers. Figure 3.2 clearly illustrates this 
phenomenon. It traces the exit rate from unemployment for individuals whose bene­
fits fall significantly in the 14th month of unemployment. At that time, benefits pass 
from a magnitude of 57% to 75% of the previous wage to a fixed sum corresponding to 
roughly 60% of the minimum monthly wage. Figuxe 3.2 shows that the probability of 
exit rises significantly as the 14th month approaches. Further, this effect is mud1 more 
marked for job-seekers who previously earned high wages. Two causes contribute to 
this phenomenon. First, better-qualified workors, those earning higher wages, are also 
those who can find jobs more easily and behave in a more opportunistic manner. Sec­
ond, the fall in income in the 14th month is weaker to the extent that the reference 
wage was low to begin with. The question of the relative importance of these two 
causes remains open. 

Overall, these empirical results suggest that the effects of unemployment insux­
ance benefits on the average duration of unemployment do indeed follow the pre­
dictions of theory: a reduction in benefit shortens the duration of the job search for 
eligible job-seekers, but this effect is modest in size. 

The Probability of Accepting an Offer 
Studies grounded in the labor market exp<>rience of large numbers of persons also 
permit us to estimate the probability that a job offer will be accepted; readers will 
recall that this probability is equal to 1 - H(x) in the partial model and is always 
equal to unity in the equilibrium search model. Table 3.10 summarizes the results of 
three different studies. We see that the probability of accepting an offer is close to 1, 
which means that the first employment offer is practically always accepted, a result 
that confirms results obtained by observing the attitude of employers. In goneral, the 
rato at which applications to fill vacant jobs are rejected is very high. For exam pie, 
Stern (1989), in a study of a sample of young Americans in 1980, found a rate of 

JOI SEARCH I 159 



160 I PART ONE I CHAPTER 3 
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fJ&URE 3.2 

Exit rate from unemployment and the end of entitlement to benefits for the period 1986-1992, for individuals aged 25 
and over. The reference wage corresponds to the average wage for the twelve months immediately preceding job loss. 

Source: Dormont et al. (2001). 

Table 3.10 

The probability of accepting an offer. 

Authors 

Devine (1988) 

Wolpin (198n 

van den Berg (1990) 

Data 

U.S. 

U.S. 

Netherlands 

Probability 

0.91-1.0 

0.88 

0.89-1.0 

Source: Devine and Kiefer (1991, table 5.3, p. 138, and table 6.4, p. 174). 



' rejection between 0.78 arn1 0.958. That signifies that, on average, more than eight 
times out of ten, applications to fill vacant jobs will be turned down. 

Overall, these results suggest that the reservation wage x lies very close to the 
lower bound of the distribution of wages existing in the economy. It thus confirms the 
relevance of the equilibrium search model, in which, as the reader will recall, the res­
ervation wage aligns with the lower bound of the wage distribution. From this it 
results that the hazard rate; .<[1 - H(x)] in the partial model, and thus the average 
duration of unemployment Tu= 1/.i[1 - H(x)], depend above all on the frequency A 
with which offers are received by a job-seeker, since H(x) is close to zero. Hence dif­
ferences between durations of unemployment will most often be a reflection of differ­
ences between the arrival rate of job offers, which themselves depend on the search 
effort of job-seekers, as we have emphasized in sections 1.2.3 and 2.2. From this point 
of view, help in looking for a job and checking on the search effort being made can 
significantly influence the rates of return to employment. 

In light of this, the majority of OECD countries have adopted measures aimed at 
increasing the efficiency of ihe job search by those receiving unemployment insurance 
benefits. In the United States, Denmark, the Netherlands, and· the United Kingdom, 
starting in the 1980s, these measures have combined help in looking for a job with 
sanctions, generally consisting of a reduction in benefit, when the rules imposed by 
the body administering unemployment insurance are not adhered to (Grubb, 2000). 
More precisely, we can distinguish three types of instruments that are generally used 
in combination: programs giving individual counseling to job seekers, stronger mea­
sures to check that eligibility conditions have been met and that suitable efforts to find 
a job are being made, and the payment of a premium upon return to work. 

Individual Counseling for the Unemployed 
Individual counseling programs generally consist of interviews with job-seekers to 
guide their efforts to find work. Starting in the 1980s, these programs have been eval­
uated on the basis of social experiments in the United States. Readers will recall that 
in social experiments there is a treatment group, which follows, the program, and a 
control group, which does not. The two groups. are selected in random fashion (see 
chapter 11, section 3, for a presentation of the methodology of social experiments). 
The help given to the job-seekers in the treatment groups is briefly summarized in 
table 3.11. Its impact on the average duration of unemployment is presented in table 
3.12. It is apparent that this help significantly reduces the duration of unemployment. 
Further, Meyer ( 1995) underlines that it generally leads to a reduction in the total 
expenditure of the bodies administering unemployment insurance, inasmuch as the 
benefits that !low from this help outweigh its costs. It should nevertheless be noted 
that these experimental situations mingle help for the unemployed with surveillance 
of the search effort they are making. The contribution of each of these compononls is 
generally difficult to isolate. The same problem arises in evaluating the Restart pro­
gram set up to help the long-term unemployed in the United Kingdom in 1987. The 
main component of this program is a compulsory 25-minute interview between the 
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Table 3.11 

Experiments with help in job searching carried out in the US in the 1980s. 

Place 

Nevada (1977-78) 

Charleston (1983) 

New Jersey (1986-87) 

Nevada (1988-89) 

Minnesota (1988-90) 

Type of help 

Weekly interviews, checks on eligibility 

Two in-depth interviews and a 3-hour session on job searching 

Obligation to contact the employment agency regularly, offer of training 

Improved counseling by permanent personnel 

Intensive help from permanent personnel 

Source: Meyer (199S, tables 4a, 4b, pp. 111-112). 

Table 3.12 

Effects of job search experiments on weeks of benefits: measured as treatments minus control. (Stan­

dard error in parentheses.) 

Place 

Nevada (1977-78) 

Charleston (1983) 

New Jersey (1986-87) · 

Nevada (1988-89) 

Minnesota (1988-90) 

Weeks of benefits 

-3.90 
(0.41) 

-0.70 
(0.39) 

-0.SO 
(0.22) 

-1.60 
(0.30) 

-4.32 
(0.16) 

Source: Meyer (199S, tables Sa, Sb, pp. llS-116). 

job-seeker and a counselor from the local employment agency after six months of un­
employment. job-seekers receiving benefits for six months are summoned to take part 
in this interview. Refusal to do so •. or inability to prove that efforts to find a job are 
being made, can lead to the suspension of benefits. This interview is omitted for the 
control group. Dolton and O'Neill (1996) have estimated that the exit rate from unem­
ployment of the control group is 20% to 30% lower than that of the treatment group 
during tho six months subsequent to the omitted interview. Nonetheless, it is dillicult 
lo identify the respective roles of counseling and surveillance. 

The study of Black et al. (2002) on tho program of job search help which the 
state of Kentucky set up in 1993 confirms the results of Meyer (1995) and Dolton and 
O'Neill (1996). This program lends itself to a natural experiment, since participation 
is in principle compulsory for all unemployed persons, but because of the limited 
capacities of the employment agencies only a portion of tho unemployed are actually 



onrollod: the treatment gr~ .. )is sel•cted from them, and the control group consists of 
unemployed persons excluded from the program. Black et al. find that on average, the 
treatment group rocoives unemployment benefits for a period 2.2 weeks shorter than 
the control group does. This study also shows that the rate at which the treatment 
group returns to work rises sharply during the interval between notification of (com­
pulsory) participation in the program and the date on which participation actually 
begins. In other words, tho disagreeable prospect of having to have regular contact 
(two to throe hours por week) with the employment agencies, and of having them 
check on one's job search effort, is enough to quickly force those who are not experi­
encing any real difficulty in finding work out of the unemployment insurance system. 

Checking on Efforts to Find Work 
It is not clearly established that strengthened checks on eligibility for unemployment 
benefits and on job ••arch •ffort significantly increase the exit rates from unemploy­
ment, since job search effort is a variable difficult to verify. Job-seekers may follow tho 
rules in appearance but do things that prevent them from being hired, such as apply­
ing for jobs for which they ar• unsuited, or behaving in such a way at their job inter­
viaws that the result is failure. How effectively job search effort can be checked on is 
thus essentially an empirical qn•stion. 

Studies focused specifically on the impact on exit rates from unemployment of 
strengthened checks on eligibility for unemployment benefits and job search effort 
c:ome to qualified conclnsions. Some find substantial effects. Van den Borg et al. (2001) 
have studied tho impact of sanctions using Dutch data for the 1990s. They estimate a 
duration model, and find that a 20% reduction for two weeks in benefits paid lo job­
seekers sanctioned for not adhering to job search rules doubles the exit rates from 
unemployment of the individuals thus sanctioned. Further, they find that these effects 
last beyond the two-week period. Still, these studies encounter the same difficulties 
mentioned above, in that they do not succeed in distinguishing the impact of sanc­
tions from that of measures that help job-seekers look for work (see Meyer, 1995). Tho 
contribution of Ashenfelter et al. (2000) eliminates these obstacles with the help of a 
social experiment carried out in the states of Connecticut, Massachusetts, Tennessee, 
and Virginia. Ashenfelter et al. compare the rates at which three different groups of 
job-seekers exited from unemployment. Through a random draw, they formed two 
treatment groups and a control group. The control group met tho usual conditions of 
eligibility for unemployment insurance benefit. But the job-seekers from the two 
treatment groups, during tho course of their first visit at the onset of their unemploy­
ment spell, were notified of the rules regarding job search effort in connection with 
eligibility for benefits. At their second visit, the two treatment groups wore treated 
differently. l'or one, contacts with employars reported by the job-seekers were verified 
by a telephon• call, while this was not done for those in the other treatm•nl group. 
The job-seekers who could not prove that they had contacted an employer lost their 
benefit• temporarily or permanently. Ashenfelter et al. found U1at the rates of exit from 
unemployment. for the individuals in the two treatment groups were nul statistir:ally 
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different. Further, the savings generated by excluding indiv1u./a1s at their second visit 
did not cover the extra costs of more rigorous checking. 

Premiums upon Return to Work 
The mechanism of premiums upon return to work consists of giving money to job­
seekers eligible for unemployment insurance benefit when they are actually hired. 
Social experiments have been conducted in the states of Illinois (1984), New Jersey 
(1986-1987), Washington (1988-1989), and Pennsylvania (1988-1989) to evaluate the 
impact of such measures. These experiments, presented in detail by Meyer (1995), 

conclude hy estimating that the premiums have a significant negative effect on the 
duration of unemployment. Nevertheless, this ·effect is small in extent and generally 
leads to financial losses, likewise small, for the bodies administering unemploy­
ment insurance. Meyer (1995) thus concludes that these measures havo very limited 
effectiveness. 

4 SUMMARY AND CONCLUSION 

Job search theory assumes that individuals know only the distribution of wages 
existing in the economy, and that they must s~arch in order to encounter 
employers who will make them definite wage offers. The optimal strategy for a 
job seeker consists of accepting any wage offer higher than his or her reservation 
wage. The latter depends on the set of parameters affecting the labor market, in 
particular the job destruction rate, the arrival rate of job offers, and unemploy­
ment insurance benefits. 

In order to get unemploymenl insurance benefits, one musl in general have 
worked previously and contributed to an unemployment insurance fund for a 
specified period. One is then eligible for unemployment insurance benefits. A 
rise in tbe level of benefits increases the duration of unemployment for eligible 
job-seekers but diminishes that of ineligible job-seekers. 

Because it integrates the strategic behavior of firms, the equilibrium search 
model is characterized by an endogenous distribution of wages. It offers the ad­
vantage of explaining Lhe wage-setting process and thus making possible the 
analysis of Lhe overall effects of economic policy. It affords a helter fit than the 
partinl model with empirical observations, according to which, on the one hand, 
the probability of accepting an offer is always close to unity for an unemployed 
worker, and on the other, the unemployment rate is not significantly correlated 
with the level of unemployment insurance benefits. On the empirical level, this 
model also has the advantage of permitting a nonparametric: estimation or the 
clistribution of wages. 

Most often the body that administers uncmploymcnl insurance can only do very 
partial checks on their clients' efforts to find a job. This means that the body in 



question is faced WiLJJ ii "moral hazard" problem. It can be shown that an effi­
cient unemployment insurance system is characterized by a decreasing relation 
between the level of benefit payments and the duration of unemployment. More 
generally, unemployment insurance benefits ought to depend on all the periods 
of unemployment and employment taken together. 

Empirical studies of the determinants of the exit rates from unemployment gen­
erally utilize duration models, which explain the amount of time passed in a 
certain state-for example, the length of unemployment spells-as a function 
of institutional data and the characteristics uf a sample of individuals followed 
over a certain period. The estimation of these models poses problems linked in 
particular to the specification of the functions defining the exit rates from un­
employment and the existence of censored data. 

Empirical studies show that the reservalion wage and the average length of an 
unemployment spell are (moderately) sensitive to the amount of unemployment 
insurance benefits. On the other hand, the impact of the duration of benefit pay­
ments proves to be more important. It is also apparent that the first job offer 
received is almost always accepted. Given that, the average length of an unem­
ployment spell depends principally on tho arrival rate of job offers. 

Unemployment insurance influences the arrival rates of job offers by its effect 
on the intensity and efficiency of tho job search carried out hy job-seekers 
receiving benefits. Empirical studies suggest that premiums paid on return to 
work, checking up on the job search effort, and help with the job search all have 
a positive impact on exit rates from unemployment. Nevertheless, cost-benefit 
analysis shows that the benefit of paying premiums on return to work only 
slightly outweighs the cost, while the benefit of measures combining counsel 
and-verification of search effort, weighed against the cost, is somewhat greater. 

5 RELATED TOPICS ii\! THE 8001< 

Chapter 1, seclionl: The reservation wage and the choice between consumption 
and leisure 

Chapter 6, section 2: The agency model and the trade-off between insurance and 
incentive 

Chapter 9, section 3: The matching model 

Chapter 11, section 3: The methodology or natural experiments 

Chapter 11, section 4: The macroeconomic effects of unemployment benefits 

Chapter 12, section 1: Minimum wage, labor market participation, and job 
search effort 
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6 FURTHER READINGS 

Atkinson, A., and Mickelwright, ). (1991), "Unemployment compensation and labor 
market transitions: A critical review," Journal of Economic Literature, 29, pp. 1679-
1727. 

Devine, T., and Kiefer, N. (1991), Empirical Labor Economics: The Search Approach, 
Oxford, U.K.: Oxford University Press. 

Meyer, B. (1995), "Lessons from the US unemployment insmance experiments," 
Journal of Economic Literature, 33, pp. 91-131. 

Mortensen, D., and Pissarides, C. (1999), "New developments in models of search in 
the labor market," in Ashenfelter, 0., and Card, D. (eds.), Handbook of Labor Eco­
nomics, vol. 3B, chap. 39, Amsterdam: Elsevier Science/North-Holland. 

Van den Berg, G. (2001), "Dmation models: Specification, identification and multiple 
dmations," in Heckman,)., and Leamer, E. (eds.), Handbook of Econometrics, vol. 5, 
chap. 55, Amsterdam: Elsevier Science/North-Holland. 

7 APPENDIX: THE DISCOUNTED COST OF AN 
UNEMPLOYED PERSON 

The exit from unemployment of a person who exerts search effort a follows a Poisson 
process of parameter p. Following appendix D at the end of this book, that signifies 
that the duration T of unemployment is a random variable having a probability den­
sity of pe-P'. When an individual exits from unemployment at date t, the principal 
must pay him or her a discounted present value of b:ansfers, which, at that date, 
comes to J;'° g(t)e_,,,_,l dr = g(t)/r. Let us assume that a person entering unemploy­
ment on date t = 0 receives an unemployment insmance benefit payment b(r) on each 
date r for which he or she is looking for work. The discounted present value of the 
cost of an unemployed person on date t = O is then written: 

C(O) = r [t b(r)e-" dr] pe-P1 dt + r e_"g~t) pe-P1 dt (62) 

This expresion can be simplified using the integration-by-parts formula, i.e., 
f u dv = uv - f v du. Let us posit u = J~ b(r)e-" dr and dv = pe-pt dt; we then have 
du,; b(t)e-rt dt and v = -·e··pt. The first term of tho right-hand side of equation (62) 
Ullls becomes: 

r [t b(r)o-rr dr] pe-P1 dt = [-e-P1 t b(r)e-" d{ + r b(t)e·l•~p)I dt (63) 

Assuming that the transversality condition lim,_00 b(t)e-" = 0, is satisfied, the 
first inte~ral of the right-hand side is equal to zero, and bringing (63) into (62); we get: 
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In this chapter, we will see: 
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173 

212 

What the estimates of the elasticities of labor demauds with respect to the costs 
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What the effects of the adjustment costs of labor are 

INTRODUCTION 

The theory of labor demand is parl of a wider context, that of the demand for the fac­
tors of production. The basic assumption is that firms utilize the services of labor by 
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combining them with other inputs, such as capital, for exarr., /in order to maximize 
the profits they derive from the sale of their products. Labor demand theory thus sets 
out to explain the demand for manpower, as well as the amount of time worked by 
each employee. An entrepreneur has an interest in hiring a worker whenever the 
income that worker generates is greater than his or her cost. The demand for labor 
must therefore depend on the cost of labor, but also on the cost of the other factors, 
and on elements that determine what the firm can earn, such as how efficiently its 
labor force performs and the price at which it can sell its goods. The cost of labor is 
composed of wages and the social security contributions (also known as payroll truces) 
borne by the employer. The efficiency of labor depends on the technology available 
and the quantities of the other factors of production, such as capital or energy, utilized 
by firms. It also depends on the qualities of each worker, which in turn depend on 
individual characteristics such as motivation, dexterity, and alertness, and on objec­
tive factors such as educational level and professional experience. The price of the 
good produced depends on the quality of the product, the preferences of purchasers, 
and the characteristics of competitors. 

Jn order to study labor demand, it is helpful to make a distinction between short­
run decisions and long-run ones. We assume that in the short run, the firm adjusts its 
quantity of labor; its stock of capital we take as a given. In the long run, however, it is 
possible for firms to substitute capital for certain categories of employees. Most works 
in the field (see, for example, Hamermesh, 1993) also distinguish the "static" theory of 
labor demand from the "dynamic" theory. The static theory sets aside the adjustment 
costs of labor, i.e., the costs connected solely to change.• in the volume of this factor. If 
such costs do not exist, there are really no dynamics, since nothing prevents labor 
demand from reaching it.• desired level immediately. 

By not taking adjustment delays into account, static theory throws the basic 
properties of labor demand-the "laws," as they are sometimes called-into relief in a 
simplified manner. It comes to precise qualitative conclusions about the directions in 
which the quantily of labor demanded varies as a function of the costs of all the fac­
tors, and at a deeper level, it also succeeds in characterizing the elements that deter­
mine the extent of the elasticities of labor domand. KnoWing the orders of magnitude 
of these elasticities i~ essential when it comes to assessing the effects of economic 
policy, because they make it possible to quantify the response of firms when a change 
of policy goes into effect. For example, knowledge of the elasticity of unskilled labor 
with respect to its cost allows us to set out in approximate figures the changes in the 
demand for this category of wage-earners in the wake of a reduction in social security 
contributions or a rise in the minimum wage. 

Dynamic labor demand theory puts flesh on the bones of this knowledge by 
adding the effects of adjustment costs. Among other things, it furnishes indications 
concerning the form and speed of labor adjustments (which have also been the object 
of numerous empirical studios). Taking adjustment costs into account proves espe­
cially valunblo for random environments in which firms fac:e shocks, sometimes nega­
tive and sometimes positive, for it throws light on hiring and firing strategies. 



In this chapter, section 1 sel• out the static theory of labor demand. The separa­
tion of substitution effects from scale effects supplies an operational grid within which 
to interpret the long-run determinants of this demand. Section 1 also looks at the case 
of multiple (more than two) factors of production, and analyzes the trade-off between 
manpower and hours in this context. Section 2 shows how, by specifying the produc­
tion function or the cost function explicitly, we can more easily make the transition 
from theoretical models to estimates. It concludes with a review of the main empirical 
results. Section 3 integrates adjustment costs into labor demand theory in order to 
bring out the dynamics of employment more clearly. It shows that these dynamics, 
and the properties of the stationary state, depend heavily on the functional form 
chosen to describe the costs linked to changes in employment. It also highlights the 
role of forecasts in adjustments of employment. Like section 2, it concludes with a 
summary of the main rcsull• arrived at by empirical studies. 

1 THE STATIC THEORY OF LABOR DEMAND 

In the short run, we can make the assumption that only the volume of labor services is 
variable. But in the long term, there exist possibilities of substituting capital for labor 
that substantially change the determinants of labor demand. When we do set the time 
horizon farther out, we can no longer study labor demand by narrowly focusing on 
just two aggregate factors, capital and labor, for the firm can also, for example, change 
the composition of its workforce by changing the structure of skills it uses. Hence we 
are led to study the behavior of firms when there are more than two factors of pro­
duction. The heterogeneity of labor shows up as well in the imperfect substitutability 
between manpower and number of hours worked. Hence every firm has to make trade­
offs between the number of its employees and the length of time each employee works 
as a function of the costs incurred when each of these two dimensions of labor de­
mand is utilized with greater or less intensity. 

1.1 LABOR DEMAND IN THE SHORT RUN 
In the short run, the volume of work within a firm is moro easily adaptable than the 
stock of capital, so labor demand depends on the real wage and the market power of 
the firm. 

Market Power 
The demand .Y(P) for a particular good depends on, among other things, the price P 
at which a firm sells its product. To make the explanation easier, it is preferable to 
work with the inverse relationship P = P(Y), called the inverse demand function. It is 

assumed to be decreasing, and we shall denote its elasticity by q~ = YP'(Y)/P(Y). A 
further hypothesis will be made, though it is not necessary in order to establish most 
of the results in this chapter: we will assume, for simplicity's sake, that function P(Y) 
is isoelastic, meaning that the elasticity~~ is a constant independent of Y. 
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When 'I~ ~ 0, the price of the good does nol depenu ~j th" quantity produced 
by the firm. This situation characterizes perfect competition, and the firm is then 
described as a "price taker.'' Conversely, if 'I~ < o, the firm finds itself in a situation of 
imperfect competition, and we then say that it is a "price maker." In a general way, the 
absolute value l'l~I of this elasticity constitutes an indicator of the market power of the 
firm, inasmuch as the effects of a change in its level of production on the market price 
are greater the larger l'l~I is. We may also point out that the notation P(Y) does not mean 
that the price P depends only on the quantity Y produced by the firm. For example, P 

may vary with decisions taken hy competing firms. It is also influenced by the tastes 
and the incomes of consumers. At partial equilibrium, which is the situation assumed 
throughout this chapter, it is not useful to bring in all the parameters that have an in­
fluence on P explicitly, since it is only the decisions of a particular firm that interest us. 

Fixed and Flexible Factors 

The factors of production comprise different types of manpower (for example, skilled 
and tmskilled personnel) and different types of plant (machinery and factories). For 
simplicity, the latter will be represented by a single factor bearing the generic name 
capital. For reasons having to do principally with the time necessary to put them in 
place and their cost of installation or replacement, certain factors of production can­
not be adjusted in the short run. Factors of this kind are called fixed or rigid factors, 
and we will assume that capital belongs to this category. Conversely, factors whose 
level can be altered in the short run are called flexible or variable. By definition, the 
levels of all tho factors of production can be altered in the long run; hence all factors 
of production are flexible in the long run. With regard to manpower, certain categories 
of personnel have to be placed among the fixed factors (choices regarding highly 
skilled personnel have much in common with decisions about investment), while 
others (temporary workers, for example) are similar to flexible factors. At the most 
aggregate level possible, that is, when the ensemble of the services performed by the 
workforce is represented by a single variable, measured in hours, for example, it is 
natural to take the view that labor is more flexible than capital. 

Cost of Labor and Marginal Productivity 

We will begin our study of labor demand by assuming that all the services performed 
by this factor can be represented by a single aggregate L that is flexible in the short 
run, the other inputs being taken to be rigid at that horizon. Their levels can therefore 
be considered as given, and we may, without risk of confusion, represent the produc­
tion process by a function with a single variable, or Y = F(L). We will assume that this 
function is strictly increasing and strictly concave, i.e., that the marginal productivity 
is positive (F' > O) and decreasing with the level of employment (F" < 0). 

If we designate the price of a unit of labor by W, and set aside the costs tied to 
the utilization affixed factors, the firm's profit is written this way: 

II(L) = P(Y)Y- WI. with Y=F(l.) 



The entrepreneur's unly decision is to choose his or her level of employment so 
as to maximize his or her profit. The first-order condition is obtained simply, by set­
ting the derivative of the profit to zero with respect to L, so that: 

Il'(L) = F'(L)[P(Y) +P'(Y)Y] - W = F'(L)P(Y)(l+ q~)- W = O 

When (1 + q~) > 0, the labor demand is defined by1 : 

F'(L)=v~ with 
1 

v = 1 +,,~ (1) 

This relation signifies that the profit of the firm attains its maximum when the 
marginal productivity of labor is cqual to real wage W /P multiplied by a markup 
v;:, 1. The latter is an increasing function of the absolute value 111~1 of price elasticity 
with respect to production. The markup constitutes a measure of the firm's market 
power. In a situation of perfect competition, the firm has no market power (17~ = 0), 
and marginal productivity is equal to the real wage. 

The concept of cost function allows us to interpret the optimality condition (1) 
differently. In this model, with just one factor of production, this function simply cor­
responds to the cost of labor linked to the production of a quantity Y of a good, or 
C(Y) = WL = WF- 1(Y), where F-1 designates the inverse function of F. Since the 
derivative of F-1 is equal to 1/F', the marginal cost is defined by C'(Y) = W/F'(L), and 
relation (1) is written: 

P ~ vf,%) = 1•C'(L) (2) 

In other words, the firm sets its price by applying the markup v to ils marginal 
cost C'(Y). In the situation of per[ecl competition (v = 1), the price of a good exactly 
equals the marginal cost. 

The expression of labor demand allows us to study the impact of a variation in 
the cost of labor on tho volume of labor. Diffomntiatiilg relation (1) with respect to W, 
we find again that: 

aL · 
aw = v/(F'2 P' +PF") < o 

Hence short-run labor demand and thus the level of supply of the good are 
decreasing functions of labor cost. On the othel' hand, the selling price of the good 
produced by the firm rises with W. It could be shown in the same manner that labor 
demand and the lr.vel of production diminish, while price rises, when the markup v 
grows largur. 

Thus, in the short run, the cost of labor, the determinants of demand for the 
good produced by the firm, the firm's technology, and the structure of the market for 
goods-represented by the markup v or the elasticity q~-all influr.nce labor demand. 
In the longer run, the firm may contemplate replacing part of its workforce with 
machines, or convcr"ely increasing the numbers of its personnel and reducing its 
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stock of capital. Labor demand will then depend on the t• 
operations and the price of the other inputs. 

1.2 THE SUBSTITUTION OF CAPITAL FOR LABOR 

ical feasibility of these 

We will now shift to a long-run perspective, in which capital K also becomes a flexible 
factor. To better appreciate the different elements that bear on demands for the factors 
of production, it will be helpful to conduct the analysis in two stages. In the first stage, 
the level of production is taken as given, and we will look for the optimal combina­
tions of capital and labor by which that level can be reached. In the second stage, we 
look for the volume of output that will maximize the firm's profit. This approach 
makes it possible to distinguish substitution effects, which occur in the first stage, 
where the volume of production is fixed, from scale effects, which are confined to the 
second stage, in which the optimal level of production is set. More precisely, substi­
tution effects relate to the choice of one factor over another in order to attain a given 
level of production. Scale effects (also called quantity effects, or supply effects) have 
to do with the capacity to alter the level of production while retaining the same pro­
portions among the various inputs. We begin by analyzing the first stage of the pro­
ducer's problem; scale effects will be studied in section 1.3. The first stage makes it 
possible to define and characterize the cost function of the firm. We can then deduce 
the properties of the so-called conditional factors demands. 

1.2.1 Minimization of Total Cost 
Assuming a technology with just two inputs, capital and labor, the conditional 
demands for these inputs depend only on the relative price of each. The properties of 
these conditional demands can ho deduced if we know the cost function of the firm. 

A Technology with Two Inputs 
Assuming once more that labor can be represented by a single aggregate L, the pro­
duction function of the firm will now be written F(K, [,)'. If production of level Y 
requires that capital and labor always be combined in the same proportion-that is, 
that the ratio K/L remain a constant independent of Y-capital and labor are said to 
be complementary. h1 this case, it is enough to know the level of production in order 
to obtain the quantify of each factor utilized. Formally, we have reverted to the pre­
ceding analytical framework, where the production function had only one argument. 
But we will assume from now on that to attain a given level of production, capital and 
labor can always combine in different proportions. Factors possessing this property 
are said to be substitutable. 

More precisely, we will posit that the production function is strictly increasing 
with each of its arguments, so that its partial derivatives will be strictly positive, or, 
with the obvious notations, FK > 0 and FL > 0. We will also assume that this function 
is strictly concave, which signifies in particular that the marginal productivities of 
each factilr diminish with the quantity of the corresponding factor. We will thus have 
FKK < 0 and Fu, < 0. In order I.a make certain results clearer, it will sometimes be use-



ful to assume that the prL. )lion function is homogeneous. We may note that if IJ > 0 
designates the degree of homogeneity, this property is characterized by the following 
equality: 

F(µK,µL) =µ 8F(K,L) 'Iµ> 0, 'l(K,L) (3) 

Parameter 8 represents the level of returns to scale. The homogeneity of the 
production function implies that this parameter is independent of the level of pro­
duction. We say that returns to scale are decreasing if O < 0 < 1, constant if IJ = 1, and 
increasing if IJ > 1. 

Cost Function and Factor Demand 

The optimal combination of inputs is obtained by minimizing the cost linked to the 
production level Y. Let us designate by R and W respectively the price of a unit of 
capital and a unit of labor; the quantities of inputs corresponding to this choice are 
given by the solution of the following problem: 

fj1~fi(WL + RK) subject to constraint F(K, L) 2': Y (4) 

The solutions, denoted L and K, are called respectively the conditional demand 
for labor and the conditional demand for capital. The minimal value of the total cost, 
or (WL + RK), is then a function of the unit cost of each factor and the level of pro­
duction. This minimal value is called the cost function of the firm, and we will denote 
it C(W,R, Y). 

A figure will help us to understand the solution of problem (4). In figure 4.1, we 
show, in the plane (K,L), an isoquant labeled (Y). By definition, this curve designates 
the set of values of K and L allowing a given level of production to be attained, in 

K 

(Y) 

L 

FIGURE .1\.1 
The minimization of total cost. 
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other words satisfying F(K, L) = Y. In the plane (K, L), an ,, _ )uant is thus a curve of 
equation K(L) such that F[K(L), L] = Y. Its slope is negative, and the absolute value of 
its derivative is, by definition, equal to the technical rate of substitution between cap­
ital aod labor, or IK'(L)I = FtfFK. The technical rate of substitution defines tho quantity 
of capital that cao be saved when the quantity of labor is augmented by one unit. In 
appendix 1 to this chapter it is shown as well that the isoquants are strictly convex 
(K" > 0) when tho production function is strictly concave. This means that the tech­
nical rate of substitution, equal to the absolute value of K'(L), is decreasing: the larger 
the volume of labor, the less capital can be saved by augmenting the quantity of labor 
by one unit. In figure 4.1 we have also represented an isocost curve (C0 ). This corre­
sponds to the values of K and L such that WL + RK = C0 , where Co is a positive given 
constant. An isocost curve is thus a straight line with a slope -(W/R) moving out 
toward the northeast when C0 increases. It is evident, then, that if the isocost line is 
not tangent to the isoquaot-at point E', for example-it is always possible to find a 
combination of factors K and L satisfying the constraint F(K, L) ;:.: Y and leading to a 
cost lower than that of the combination represented by point E'. For that, we need 
only cause line (Co) to shift in toward the origin (for example, at point E" the total cost 
of production is lower thao its value at point E'). To sum up, the producer's optimum 
lies at point E, where the isocost line is tangent to the isoquant. The reader will see 
that the property of strict convexity of the isoquant guarantees that point E represents 
a unique minimum for the cost of production. At this point, the technical rate of sub­
stitution is equal to the ratio of the costs of inputs. The conditional demands for capi­
tal and labor are thus defined by the following equations: 

FL(K,I.) w 
FK(K,I.) =R and F(K,l)=Y 

The Properties of the Cost Function 

(5) 

Relation (5) shows that K and I. depend only on the level of production Y and the 
relative price W JR of labor. Evidently we could deduce the properties of the condi­
tional demaods using the two equations of relation (5). In fact, though, it proves 
simpler to proceed indirectly by relying on tho cost function C(W,R, Y). Thus, in ap­
pendix 2 of this chapter it is shown that the latter possesses the following properties: 

(i) It is increasing with respcc:t to each of its arguments and homogeneous of 

degree 1 in (W,R). 

(ii) It is concave in ( W, R), which signifills in partic:ular that the second deriva­
tives Cww and Cnn are negative. 

(iii) It satisfies Shephard's lemma: 

L = Cw(W, R, Y) and K= Cn(W,R, Y) (6) 

where Cw and Cn designate respectively the partial derivatives of the cost function 
with resp~c:t to W and R. 



(iv) It is homogeneous of degree 1/B with respect to Y when the production 
function is homogeneous of degree 0. Under this hypothesis, the conditional demands 
for factors aro also homogeneous of degree 1/0 in relation to Y. Formally, we thus 
have: 

C(W,R, Y) = C(W,R, 1)¥118 , and 

K(;. y) =K(;.1)y11e 
These properties of the cost fonction allow us to derive the properties of the 

conditional factor demands very easily. 

1.2.2 The Properties of the Conditional Factor Demands 

The most important properties of the conditional demands for labor and capital have 
to do with the way they vary in the wake of a rise or a fall in the prices of these fac­
tors. The extent of these variations depends on the elasticity of substitution between 
capital and labor, on the one hand, and the share of each factor in the total cost on the 
. other hand. 

Variations in Factor Prices 
The differentiation of the first relation of Shephard's lemma (6) with respect to W 
entails: 

ill. aw= Cww !>O 

The conditional labor demand is thus decreasing with the price of this factor. 
Since the first-order conditions (5) show that conditional demand in reality depends 
only on the relative price of labor, i.e., on W/R, we r.an state that it increases with the 
prico of capital. Symmetrically, we could show that the conditional demand for capi­
tal diminishes with Rand increases with W. 

Shepherd's lemma allows us t6 characterize more precisely the cross effects of 
a change in the price of a factor on the demand for the other factor. Thus relation ( 6) 
immediately entails: 

~= oK·= Cwn oR aw (8) 

Since it was shown above that the conditional demand for a factor is increasing 
with tho price of the other factor, we can deduce that the cross derivative Cw11 is nec­
essarily positive.2 The equality (8) portrays the symmetry condition of cross-price 
effects. IL means that at the producer's optimum, the effect of a rise of one dollar in the 
price of labor on the volume of capital is equal to the effect of a rise of one dollar in 
the price of capital on the volnme of labor. This (astonishing) equality is no longer 
verified in terms of elasticities. 
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Cross Elasticities and the Elasticity of Substitution Between G ... ,,Ja/ and Labor 
Let us recall first that the cross elasticities •1~ and ~~ of tho conditional demand for a 
factor with respect to the price of the other factor are defined by: 

and -K W DK 
11"' =Kaw (9) 

At the producer's optimum, relation (8) then entails ~~ = (RK/WL)17~. Conse­
quently, leaving aside the exceptional case where the cost WL of manpower would 
equal the cost RK of capital, the cross elasticities will always be different. They do 
not, therefore, constitute a significant indicator of the possibilities of substitution 
between these two factors. To get around this problem, it is preferable to resort lo the 
notion of elasticity of substitution, which is the elasticity of the variable K/L with 
respect to relative price W/R. The elasticity of substitution betwoon capital and labor, 
denoted by a, is defined by: 

W/R o(K/L) 
a= K/L o(W/R) (10) 

This formula indicates that the capital-labor ratio increases by ao/o when the 
ratio between the price of labor and the price of capital increases by 1 % . Figure 4.1 
shows that a rise (or a fall) of the relative price W/R increases (or diminishes) the 
slope of the straight lines of isocost and therefore shifts point E to the left (or the right) 
along the isoquant. In other words, the ratio K/L varies in the same direction as the 
relative price W/R. The elasticity of substitution between capital and labor is thus 
always positive (though it should bo noted that this result is no longer automatically 
verified when the production function has more than two factors of production; see 
section 1.4.1 below). 

It is possible to obtain a simple expression of this elasticity of substitution by 
exploiting the homogeneity of the cost function. Jn appendix 2, it is established that 
the elasticity of substitution is written in the following manner3 : 

CCwu 
a= CwCR (11) 

The reader can verify that a is symmetric in Wand R; therefore this variable also 
represents the elasticity of the ratio L/K in relation to tho relative cost R/W. It should 
also be noled that it does not depend on the level Y of production when the hy­
pothesis (3) of the homogeneity of the production function is satisfied. Consequently, 
property (iv) of tho cost function set out in the preceding section stipulates that the 
conditional demands Kand Lare homogeneous of degree 1/8 in Y when the produc­
tion function is homogeneous of degree 0. In this case, the ratio K/L does not depend 
on Y, and consequently the elasticity of substitution er depends only on the relative 
price W/R. 

Conditional Demands and the Factor Shares in the Total Cost 
It is instructive to express the cross elasticities defined by (9) as a function of a. 

With the help of relation (B), wo note that qh is equal to (R/L)Cwn· The expression (11) 



) 
of the elasticity of substitution then loads to ;;h = (RCwCn/LC)u. Let us designate by 
·' = WL/C the labor share in the total cost. Since, following Shephard's lemma-see 
(6)-we have L = Cw and R = Cn, we immediately arrive at iih = (1 - ")u. Thus, the 
elasticity of tho conditional labor demand with respect to the cost of capita 1 is equal to 
the elasticity of substitution multiplied by the share of capital in the total cost. It could 
be shown in the same way that the elasticity of the conditional capital demand with 
respect to the cost of labor is equal to the elasticity of substitution multiplied by the 
share of labor in the total cost. There exists as well a link between the direct elasticity 
;;{;,. and the elasticity of substitution u. The conditional demand for labor depending 
only on Y and on the ratio W/R, we have iJL/DW = -(R/W)(oL/iJR), and consequently: 

;;{;,. = -;;~ = -(1 - s)u (12) 

Relation (12) proves particularly interesting from an empirical point of view, fur 
it supplies a simple linkage between estimates of the elasticity of substitution a and 
those of;;{;,. or;;~ (see section 2.2.1). What is more, it offers very useful indications of 
the effect of a variation in tho price of the factors on conditional labor demand. In the 
first place, it is apparent that this effect bulks larger (in absolute value) the greater the 
possibilities of substitution between capital and labor are. When the value of the elas­
ticity of substitution is high, that means that to obtain a given level of production, the 
entrepreneur has the possibility of diminishing "greatly" the utilization of one factor 
and "greatly" increasing that of tho other, in the wake of a change in the relative price 
of the factors. Thus, when W rises or R falls, the firm's interest in diminishing the uti­
lization of labor so as to minimize the total cost is all the greater, the higher the value 
of u is. This explains why the elasticities of conditional labor demand are increasing, 
in absolute value, with the elasticity of substitution a. 

Symmetrically, the influence of the relative share of the cost of a factor can easily 
be grasped by assuming that u remains constant. For a given value of the relative price 
W/R, the fact that tho share (1- s) of capital is "small" reveals that the furn utilizes 
relatively little of this factor and a great deal of labor. Now, the larger tho quantity of 
labor is, the smaller the variations in the quantity of labor expressed in percentage 
terms are. The logic goes the other way, of course, if the share of capital is large. Ac­
cordingly, the direct and cross elasticities of tho conditional labor demand increase in 
absolute value with the share of capital in the total cost. In an equivalent fashion, 
these elasticities diminish in absolute value with the share of labor in the total cost. 

Variation ill the /,eve/ of Output 

The affects of an exogenous change in the level of output Yon the total cost are easily 
characterized if total cost is defined by C = WL +RR with F(K, L) "' Y. It suffices to 
differentiate these last two equalities with respect to Y and to take account of the 
optimality condition (5) to get the following expression of the marginal cost (equal by 
definition to the partial derivative Cy of the cost function with respect to the output 
level Y): 

Cy(W,R, Y) ~~~_I!_ 
h FK 

(13) 
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ln the firsl place, it is apparent that the marginal cosl is always positive. 
This means that the total cost rises with the level of output. Conversely, it is not pos­
sible to know the direction of variations in factor demands withont supplementary 
hypotheses. Clearly, factor demands do not diminish simultaneously when produc­
tion increases. Thus a rise in production simply requires that the volume of one of the 
factors increase, but the volume of the other factor is not obliged to do so; it can even 
decrease. However, when the production function satisfies the homogeneity hypothe-. 
sis (3), a more precise conclusion emerges. The factor demands are then homogeneous 
of degree 1/0 with respecl to Y-see property (iv) of the cost function set out in sec­
tion 1.2.1-and relation (7) clearly shows that the conditional demands for labor and 
capital then rise simultaneously with the level of output. 

Minimization of cost for a given level of output constitutes the first stage of 
the prohlmn of the firm; we must now examine how the optimal volume of output is 
determined. 

1.3 SCALE EFFECTS 

The entrepreUP.ur is generally in a position to choose his or her level of production. 
The desirod quantities of the factors are then distinguishable from their conditional 
demands. The analysis of su hstitution and scale effects yields highly general prop­
erties for labor demand; among other things, it brings into play the elasticity of sub­
stitution between capital and labor, the share of each factor in the total cost, and the 
market power of the firm. 

1.3.1 Unconditional Factor Demands 

The entrepreneur chooses a level of output that maximizes his or her profit. Let us 
again designate by P(Y) the inverse demand function. Then, profit IT(W,R, Y) linked 
to a level of production Y when lho unit costs of labor and capital are respectively W 

and R takes the following form: 

IT(W,R, Y) =P{Y)Y ···· C{W,Il, Y) (14) 

The first-order condition is obtained by setting the derivative of this expression 
to zero with respect .to Y. Rearranging terms, we find that the optimal level of pro­
duction is c:haracterizod by the equality: 

P(Y) = vCy(W,R, Y) with l' = 1/(1 + 17~) (15) 

In tho nase of a· production function homogeneous of degree e, the reader can 
vorify' that it is indeed a maximum if and only if v > 0. We confirm tho result we 
obtained when we studied short-run labor demand (see (2)): the firm sets its price by 
applying the markup v to its marginal cost Cy. Taking into account expression (13) of 
marginal cost, the optimality condition (15) takes the following form: 

Fc(K,L)"' , .. ~ and 
R 

F,(K,L) ~ ''"p (16) 



) 
In other words, at the firm's optimum the marginal productivity of each factor is 

equal to its real cost multiplied by the markup. When the competition in the market 
for the good produced by the firm is perfect (v = 1), we confirm the usual equalities 
between the marginal productivity of a factor and its real cost. The values of K and 
of L, defined by equations (15) and (16), are called the long-run or unconditional 
demands for capital and for labor. 

1.3.2 The "Laws" of Demand 
The laws of demand refer to the manner in which unconditional demands for the fac­
tors of production vary with the unit costs of these same factors. They combine sub­
stitution and volume effects. 

The Decreasing Relation Between the Demand for a Factor and Its Cost 
We shall first demonstrate that the unconditional demand for a factor decreases with 
the cost of this factor. This property possesses a very general character; in particular, 
it does not depend on the production function of the firm being homogeneous. To 
establish this result, let us first consider the profit function, denoted by CT(W, R), 
equal to the maximal value of profit for given values of the costs of the inputs. It is 
defined by: 

n(W,R) .. M;x n(W,R, Y) 

The cost function C(W,R, Y) being concave in (W,R) for all Y, relation (14) sig­
nifies that function CT(W,R, Y) is convex in (W,R), whatever the value of Y may be. 
Let us denote by Y' the optimal level of production given by (15); since, by definition, 
we have CT(W,R) = CT(W,R, Y'), the profit function n(W,R) is thus equally convex in 
(W, R). Differentiating relation (14) with respect to W, we have: 

Ow(W,R) = ~P(Y')(1 +7/~) - Cy(W,R, Y')j ~:-Cw(W,R, Y') 

According to optimality condition (15), the term in brackets is null. Moreover, 
Shephard's lemma (6) states that the partial derivative Cw(W,R, Y') is equal to un­
conditional labor demand L '. An analogous rationale evidently applies to the uncon­
ditional capital demand K'. We thus arrive ut the following relations, known as 
Hotellir1g's lemma: 

nw(W,H) = -L' and CTR(W,R) = -K' (17) 

The profit function CT(W,R) being convex, we then have ITww;;,, O and ITnn;;,, 0, 
and relation ( 17) immediatoly entails: 

oL' aw= -rrww :So and 
oK' 
Ml= -flnR :'.> 0 (18) 

Thus, under very general conditions, unconditional demand for a factor is n 
decreasing function of the c:ost of this factor. It must also be noted that the direction in 
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'• which this demand varies with the cost of the other factor h idetermined a priori-
a consequence of the fact that the scale effect may now be opposed to the substitution 
effect. More generally, it is important to know the determinants of the relative extent 
of these two effects, 

Labor Demand Elasticities 

It is possible to be more exaL1: about unconditional labor demand L • by noting that 
it always satisfies Shephard's lemma (6). Thus we have L' = Cw(W,R, Y'). Differ­
entiating this equality with respect to W, we get: 

aL' ay• 
aw = Cww + Cwy aw 

When we multiply the two members of this relation by W/L', we bring to light 
the elasticities 17{;, and 11/;. of unconditional labor demand and of the level of output 
with respect to the wage. The result is: 

L W (Y'CWY) y 
'1w=:vCww+ -V- 1/w 

Since L' = Cw(W,R, Y'), the terms (W/L')Cww and (Y'/I.')Cwy designate re­
spectively the elasticty ;;{;, of the conditional labor demand and the elasticity of this 
demand with respect to the level of output taken at point Y = Y'. This last elasticity 
can be denoted by;;{;. We thus finally obtain: 

(19) 

This relation clearly reveals the different effects of a rise in wage on the demand 
for labor. We may start by isolating a substitution effect represented by the elasticity 
;;{;, of conditional labor demand. We have seen in section 1.2.2 that this term is always 
negative, since for a given level of production, a rise in the cost of labor always leads 
to reduced utilization of this factor (and increased utilization of capital). Relation (19) 
likewise brings out a scale effect represented by the product ;;{;17/;.. The direction of 
this scale effect is obtained by first noting that the second-order conditions of profit 
maximization for the firm dictate that 1//;. should be of opposite sign to CWY.5 Since, 
following Shephard's lemma (6), ;;~ is of the same sign as CWY, the scale effect is 
always negative and therefore accentuates the substitution effect. 

It should be emphasized that formula (19) measures the wage elasticity of 
employment of a given firm, the wages of other firms remaining constant. If the wage 
rises simultaneously in several competing firms producing substitutable goods, we 
should expect that the elasticity of employment will be weaker than. that defined by 
relation (19), because the prices of competitors must also rise, and for the same reason 
that the prices of the firm we are considering do. The demand for the goods of this 
firm thus diminishes less than in tho case where competitors' wages remain constant. 
Consequently the scale effect is weaker. Formally, if~~ and ~~ denote respectively 
the sum of the elasticities of production and employment of the firm we are consider­
ing with respect to its own wage and with respect to all its competitors' wages (and 



bearing in mind that con, Jona! elasticity r;l;, depends only on the wage of the firm 
we are considering), we get: 

n~ = iilv + iifn~ (2oJ 

Since lqil > ln.~I when firms produce substitutable goods, q~ is smaller in abso­
lute value to qi;, in the most probable case, where r;~ is positive. It is important to keep 
this result in mind when we come to interpret empirical studies, inasmuch as the 
latter frequently evaluate the impact of variations in the cost of labor that affect sev­
eral firms, or even several sectors, simultaneously. 

Gross Substitutes and Gross Complements 
Using the same procedure, it is possible to calculate the cross elasticity qh of the 
unconditional labor demand with respect to the cost of capital. This comes to: 

qh=r;h+r;M 
In the case of two inputs, we have shown in section 1.2.2 that the conditional 

demand for a factor rises when the prico of the other factor rises. The substitution 
effect, marked by the tenn iih, is thus positive. Conversely, the scale effect, represented 
by the terni r;hX. is a priori ambiguous, except in the case of a homogeneous produc­
tion function, where it is necessarily positive.• The sign of cross elasticity nh is thus 
undetermined. 

By definition, if nh > 0, labor and capital are qualified as gross substitutes: a rise 
in the price of capital causes demand for this factor to fall and that of labor to rise: the 
substitution effect dominates the scale effect. If qh < o, labor and capital are qualified 
as gross complements: a hike in the price of one of these factors signifies that demand 
for both of them falls off, with the scale effect now dominating the substitution effect. 

The "Laws" of Demand with a Homogeneous Production Function 
When the production function is homogeneous, it is possible to express scale effects 
as a function of the labor share s in the total cost, of the markup v, and of the degree 
of homogeneity 0. To achieve this, we must first note that relation ( 7) immediately 
implies that the output elasticity of conditional labor demand r;~ is equal to 1/0. Then, 
replacing Cy by C/OY in the optimality condition (15) and talcing the logarithmic 
derivatives with respect to W of this relation, we arrive at: 

2_ [YP'(Y) _ YCrl iJY = ~':". 
Y P(Y) c aw c 

Since L = Cw, and following (7), YCy/C = 1/0, we find after several calculations: 

y Os !iv 
nw = o(;,: + 1) -·l = o=vs (21) 

Tho second-order conditions imposing v > 0, we do indeed verify that ni < o. 
Symmetrically, the value of nX is obtained by replacing s by (1 - s) in relation 
{21). The scale effect of a rise in price of a factor is proportional to the share of tho 
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remuneration of this factor in the total c:ost. Taking account of relation ( 12), which 
gives the values of the conditional demand elasticities, it becomes possible to express, 
with the help of (21), the direct and cross elasticities of unconditional labor domand 
as a function of the share s of this factor in the total cost, as a function of the elasticity 
of substitution" between capital and labor, as a function of the margin rate v, and as a 
function of the scale (J of overall returns. This is expressed as: 

q~ = -(1-s)a--v-s 
v-8 

and qh = (1-s)(<1--v-) 
v-0 

(22) 

Knowledge of the order of magnitude of these elasticities becomes very impor­
tant when the impact of economic policies must be assessed. That is why we need to 
understand clearly how they evolve when certain parameters change. Relations (22) 
yield relatively precise predictions concerning labor demand that in large measure 
confirm the "laws of demand" put forward by Marshall (1920) and Hicks (1932) in 
their time. They axe best understood by combining the substitution effect, the absolute 
value of which is measured by the term (1 - s)'1, with the scale effect measured by the 
other terms of these relations. 

Market Power 

The elasticity of the inverse demand function, q~, and so of market power v, do not 
play a role in the substitution effect. Conversely, it is evident that the scale effect 
diminishes in absolute terms when v rises. Faced with a rise in the cost of labor, a firm 
with weak market power (v approaching unity) cannot change its selling price very 
much-it cannot change it at all when competition in the market is perfect ( v = 1 )­
and so the repercussion of the cost increase will essentially be felt in the output. If, 
on the other hand, the firm is highly monopolistic, or in other words if the elasticity 
of the inverse demand function, ~~. is high, the firm is able to alter its price to a con­
siderable degree without losing too much market share, i.e., without changing its 
output level very much. In sum, the elasticity of output and so that of labor demand 
with respect to factor costs will diminish in absolute value, tho higher the degree of 
monopoly. 

Substitution of Capital for Labor 
We see that the elasticity of substitution " appears only in the substitution effect, with 
no influence on the scale effect, and since we have aheady looked at the consequences 
of a rise in " for a given level of production, readers may refer hack to the comments 
following relation (12). The general conclusion to which we came was that the easier 
it is to substitute capital for labor, the greater the direct and cross elasticities of labor 
demand are in absolute value. 

The Share of Labor in the Cost of Production 

In sec:tion 1.-2.2 we studied the reasons why the substiluliou effect, equal in absolute 
value to (1 -· s)<7, decreases as the share s of labor in the total cost decreases. Formulas 
{22) make it evident that the scale effect is indeed negative, but also that it increases 



(or diminishes) in absolute value withs if the rise in the cost of production is caused 
by an increase in W (or R). These movements are to be explained in the following 
manner: ifs is large, then the firm utilizes "a lot" of labor and "little" capital, and in 
consequence production and employment will be very sensitive to a variation in labor 
cost, but much less influenced by a change in the cost of capital. Hence the share s 

of labor in the total cost act• in opposite ways on the substitution effect and the scale 
effect. It is therefore the relative importance· of an effect with respect to the other that 
will determine variations in the elasticities of labor demand. To be more precise, for­
mulas (22) show that if capital and labor are gross substitutes-u > v/(v- 0)-then 
l~h-1 and ~fi are decreasing functions of s. Under this hypothesis, the substitution effect 
dominates the scale effect and so it is normal that the behavior of unconditional 
demand should follow that of conditional demand. This result will obviously be 
inverted when the two factors of production are gross complements. 

Adopting a production function limited to two factors thus allows us to assess 
the determinants of the level of capital and that of aggregate employment. But in many 
circumstances-for example, if we want to know the impact of an economic policy 
measure on the employment of unskilled persons-the labor factor can no longer be 
viewed as a single aggregate, and it becomes necessary to work with a production 
function comprising more than two inputs. 

1.4 BEYOND Two INPUTS 
Here again it will be best to proceed in two stages. In the first, we seek to identify the 
optimal combinations of factors that enable a given level of production to be reached, 
and in the second, we determine the value of this level that maximizes the firm's 
profit. The first stage yields conditional demands, which are no longer necessarily 
characterized by a negative substitution effect. The second allows us to obtain uncon­
ditional demands. 

1.4.1 Conditional Demands 
Conditional factor demands result from the minimization of the ltJtal cost for a given 
level of production. But unlike the case in which there were only two inputs, the cross 
elasticities and thus the elasticities of substitution are no longer necessarily positive. 

The Minimization of Total Cost 

The production function of the firm is now written Y = F(X', ... ,X"), where X; is the 
quantity of factor i utilized in the production of a quantity Y of oulput. This function 
is assumed to be strictly increasing with each of its arguments and also strictly con­
cave. If we designate by W; > o the price of factor i, the conditional demands are 
obtained by minimizing the total cost linked to the production of a given quantity Y of 
output. They are thus solutions to the following problem: 

n 

, Min ~ W 1X; subject to F(X', .. .,X")?. Y 
-.Xl, ... ,XP) /:-.l 
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When there are more than two inputs, this problem c .Aot be solved graphi­
cally, and it is therefore necessary to tum to conventional methods of optimization. 
Let.< ::;; O be the multiplier linked to the production constraint. The Lagrangian of this 
problem is written: 

n 

2 =I: w'x' + i.[F(X' •... ,X") - Y] 
i=1 

Let F; designate the partial derivative of function F with respect to its ith argu­
ment. Differentiating this Langrangian with respect to X' gives the first-order con­
ditions. We thus have (o!t'/oX;) = W; + lF; = 0, for all i = 1, .. .,n. Since W; and F; 

are strictly positive, the multiplier ,\is strictly negative and the production constraint 
is always binding. In sum, the conditional factor demands, denoted g; for i = 1, ... ,n, 
arc defined by the following equations: 

F(X', .. .,X") = Y and 
F;(X', .. .,X") w; 
F1(X1, .. .,X") = Wi 

Vi, j = 1, .. .,n (23) 

The strict concavity of function F guarantees that the necessary conditions for 
the minimization of total cost are also sufficient conditions. We note that the result 
described by relation (23) generalizes that obtained with two factors of production, 
i.e., that the technical rate of substitution (F;/F;) between factors i and j, is equal to 
the relative cost (W;/Wi) of factor i with respect to factor j. 

The Cost Function 
The minimum value of the total cost, or L: W 1X 1, is also called the cost function of the 
firm. IL depends on the price of inputs and the output level Y, so it can be denoted by 
C(W', .. ., W'', Y). As in the case with two inputs, this function proves very useful for 
the study of the factor demands. In appendix 2 of this chapter, we show that it satisfies 
the following properties: 

(i) It is increasing with each of its arguments and it is homogeneous of degree 1 
with respect to (W1 , ••• , W"). 

(ii) It is concave in (W1 , ••• , W"), which signifies in particular that the partial 
second derivative C;; is negative for all i = 1, ... , n. 

(iii) It satisfies Shephard's lemma: 

X1 = C;(W', .. ., W", Y) (24) 

where c, designates the partial derivative of function C with respect to its ith 
argument. 

(iv) It is homogeneous of degree 1/0 in Y when the production function is 
bomogunuous of degree 0. Under this hypothesis, the conditional factor demands am 
also homogeneous of degree 1/0 in relation to Y. 



?-Substitute and P-Compi. )nt 
Shephard's lemma allows us to obtain a very important property of the demand func­
tion of a production factor. Differentiating (24) with rr.spect to W;, we get: 

ax; 
aw;= C;; "u Vi= 1, ... ,n (25) 

In other words, the conditional demand for input is always decreasing with the 
price of this input. This is a property of a very general kind, and so does not depend 
on the number of inputs. However, contrary to the results obtained in the preceding 
paragraph with a production function having only two arguments, the variation in the 
conditional demand for a factor resulting from a change in the cost of another factor 
does not always have the same sign. In consequence, when W; rises, the entrepreneur 
reduces his or her demand for factor i-this is the meaning of relation (25)-and he or 
she must perforce increase that of at least one other factor so as to achieve output level 
Y. But in the absence of further details about the firm's technology, it is not possible to 
know either which factor or factors will be utilized more, or which ones will be uti­
lized at the same or a lower level. Nonetheless, the symmetry condition of cross-price 
effects remains satisfied with any number n of inputs, since relation (24) entails: 

ax' axi 
awi =aw; = C;i Vi,j=l, ... ,n (26) 

The symmetry condition of cross-price effects is a very general result. It indi­
cates that the effect of a variation in the price of factor j on conditional demand for 
factor i is the same as that of a variation in the price of factor i on the conditional 
demand for factor j. As the direction of this effect turns out to be undetermined a pri­
ori, however, it will be convenient to make use of the following definitions: when 
oX'/aWi > 0-,--or, in equivalent fashion aX.i/aW; > 0-goods.i and j are called sub­
stitutes in the Hicks-Al/en sense, or p-substitutes for short. In the opposite case, goods 
i and j are called complements in the Hicks-Allen sense, or simply p-complements. 
To put it another way, factors i and j are p-substit.utes (or p-complements) if, to attain 
a given level of production, the demand for one of the factors i';,creases (or dimin­
ishes) when the price of the other factor rises. It should be noted that if there are only 
two inputs, both a:re necessarily p-substitutes (see section 1.3.2 above). 

Elasticity of Substitution 
Taking into account relation (26), the cross elasticity of the conditional demand for 
factor i with respect to the price of factor j, or ii/, takes the following form: 

. wi ax; wi 
ii}= x; aw;= x'c;; (27) 

As in the case with two inputs, it is apporenl that cross elasticity is not a sym­
metrical notion-as a general rule,;;/ if. ;;/-and that is why we resort to the notion of 
elasticity of substitution when it comes to assessing Urn oxtont to which utilization 
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of one factor may replace utilization of another. But here a difficulty arises having to 
do with the number of factors. If we define the elasticity of substitution by a formula 
analogous to the ono employed in the case of two inputs-see (10)-we would then, 
for a given level of production, have to assume that the prices of the other factors do 
not vary, and posit that the elasticity d/ of substitution between factors i and j repre­
sents the elasticity of ratio X;/Xi with respect to the relative cost Wi/W, or: 

d; = ~i/'.11; o(X;/Xi) 

' X'/X' o(W'/W') 

The problem with this definition is that a variation in relative price Wi/W; will 
not simply alter the ratio X; /Xi of the demands for inputs i and j but can set off a 
"domino effect" of substitutions in all the other inputs. In this case, the interpretation 
of d/ in terms of substitution between factors i and j alone becomes obscure, to say the 
least. A simple alternative, the one most frequently adopted, is to bring in the notion 
of partial elasticity of substitution in Allen's sense (as opposed to direct elasticity of 
substitution dj). It is obtained by weighting the cross elasticity iif by the inverse of the 
share of factor j in the total cost. By definition, we will thus have a}= iif (C/WiXi). 

With the help of relation (27) characterizing iif and Shephard's lemma (24), we find 
that the partial elasticity of substitution is expressed by a formula analogous to equa­
tion (10) obtained with inputs, i.e.: 

i CC;1 
"; = C;Ci 

(28) 

The elasticity of substitution thus defined is quite symmetrical, since af =a/, 
but is not necessarily positive when there are more than two inputs. 

Conditional Demands and Factor Shares 
Let si = WiXi/C be the share of factor j in the total cost. Since according to Shep­
hard's lemma (24), X 1 = C; and Xi= C;, relations (27) and (28) lead us to: 

lf(i, il (29) 

This relation is analogous to equality (12) from section 1.2.2. It is formally true 
for every couple (i, j)., even when i = j, and is illuminating when it comes to inter­
preting the effect of variation in the price of a factor on conditional demand for the 
other factor. When the possibilities of substitution between two factors i and j are 
substantial-Le., when aj is a fairly large positive number-it is possible to attain an 
identical level of production by reducing the utilization of one of the factors "a lot." 
Thus, when Wi rises (or W; falls), the firm has all the more incentive to replace factor 
j by factor i, the greater aj is. As in the case of a production function with two factors, 
this logic allows us to understand why the elasticity of conditional demand for factor 
i with respect to the price of factor j rises with the elasticity of substitution aj when 
these two .factors are p-subslitutes. But here ,factors i and j can also be p-complements 
(aj < 0). Let us suppose that this is in fact the case, and that aj is a relatively large 



number in absolute value. Faced with a hike in the price of factor j, the producer 
reduces jointly the quantity of factor j and factor i for reasons having to do with the 
technology of the firm. 

The influence of the share si of factor j in the total cost is analyzed in the same 
way as in the case of a production function with two inputs: the elasticity of condi­
tional demand for factor i with respect to the price of factor j rises in absolute value 
with the share si of factor j in the total cost. 

1.4.2 Unconditional Demands 
When overall cost has been minimized, the next stage is to maximize profit. Profit 
maximization allows us to characterize the unconditional factor demands. As in the 
c:ase of two inputs, we are able to specify the sign of the cross elasticities by using the 
concepts of gross complementarity and gross substitutability. 

Profit Maximization 
Formally, the problem of the firm is analogous to the one dealt with in section 1.3.1, 
with a production technology comprising just two inp11ts, on condition that we re­
place the cost function C(W, R, Y) by function C(W 1 , .•• , W", Y). In particular, equa­
tion (15) giving the optimal level of output is now written: 

P(Y) = vCy(W', ... , W", Y) (30) 

Consequently, the rule that the firm sets its price by applying the markup v to 
the marginal cost Cy continues to hold with any number of inputs. Moreover, calcu­
lations identical to those laid out in section 1.3.1 would show that if the production 
function is homogeneous of degree 0, the second-order condition always requires that 
we have v > 0. 

The procedure adopted to define the profit function in the case of two inputs 
also applies here. This function, denoted Il(W1 , ••• , W"), corresponds to the maximal 
value of the firm's profit for given factor costs (W'. ... , W"). The logic developed in 
section 1.3.1 shows that the profit function is convex and that it always satisfies 
Hotelling's lemma. Using Il; to designate the partial derivative of the profit function 
with respect to W;, and X1 to designate the unconditional demand for factor i, this 
lemma now takes the following form: 

X1 = -IT1(W', ... , W") Vi= 1, ... ,n 

The profit function being convex, we then have ITu ~ 0, and Hotelling's lemma 
immedialoly leads to: 

ax, awl= --rr;; ,, o Vi= 1, ... ,n 

The property Lhat the (unconditional) demand for a factor diminishes with tho 
price of this factor thus has a very general character, since it is satisfied whatever the 
number of inputs is. In fact, it is sometimes referred to as the "law" of demand. 
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Gross Substitutes and Gross Complements 

The respective importance of substitution and scale effects emerges naturally when 
we note that unconditional factor demands satisfy Shephard's lemma (24) and that the 
optimal level of production satisfies relation (30). If we simply use X' and Y to donate 
the optimal values of demand for factor i and production, and differentiate {24) with 
respect to Wi, we get: 

ax' aY awi = C;; + C,y iJW' Vi, j = 1, .. .,n 

Multiplying the two members of this equality by Wi/X 1, we find the expression of 
the elasticity 71/ of the demand for factor i with respect to the price Wi of factor j. It is: 

; = Wi c.. (YC;y) Wi ~ 
711 x' '1 + x' Y awi 

According to (27), the term (Wi/X')C;; represents the elasticity ii/ of conditional 
demand taken at the profit optimum. Since, following Shephard's lemma, X; = C,, the 
term (YC1y/X') designates the output elasticity of the conditional demand for input 
i, we will denote it by ;;~. Let T/T again designate the elasticity of production with 
respect to W i; the end result is: 

,,f =iif +;;~,,r w.i= 1,. . .,n (31> 

This relation reveals the effects of a rise in price W i of factor j on the demand 
for factor i. When i = j, relation (31) supplies the expression of the direct elasticity of 
factor i with respect to its price. The substitution effect represented by the direct con­
ditional elasticity ;;f is negative. Reasoning analogous to that followed in the case of 
inputs will show that tho scale effect ii~T/r is also negative. Conversely, when i # j, 

the term ii/ no longer has a determinate sign. We have seen above that it is positive (or 
negative) if the factors i and j, i # j, are p-substitutes (or p-complements). The second 
term on the right-hand side of relation (31), or ii~T/r. reveals a scale effect which, as in 
the case of two inputs, has an indeterminate sign, except when the production func­
tion is homogeneous (in which case it is negative). In sum, it is not possible to state 
truly general rules regarding the sign of cross elasticity 71/ for i # j. That is why it is 
best to continue with the definitions already given in the case of two inputs. Thus, 
factors i and j form gross substitutes if 71/ > 0. They are described as gross comple­

ments when 71/ < O. 

The Case of a HomogP,ncous Production Function 

Proceeding in the same fashion as in section 1.3.2, it is easy to show thal if the pro­
duction function is homogeneous of degree B, the output elasticity ~/ of the condi­
tional demand for factor j is equal to 1/B, for all j = 1, ... , 11. Since, in this case, 
Cy= C/OY, taking the l"garithmic derivatives of tho optimality condition (30) with 
respecno Wi, we find after several calculations: 

,,r = . .!!!..._.; 
I 0-v 



' 
Since the second-a, .iconditions dictate v > e, we verify that ~l is negative. A 

rise in Wi thus entails a negative scale effect measured by the ratio vsi /(6 - v). Finally, 
if we bring the value of ~j elicited from (29) into relation (31), we arrive at a formula 
giving the expression of the cross elasticity ~J of the unconditional demand for factor 
i with respect to the cost of factor j when the production function is homogeneous of 
degree e. It is written: 

. •( . v ) 11!=s1 a~ ---
' ' v-fl 

V(i, j) (32) 

This formula generalizes relations (22), which applied to the case with two 
inputs. The observations made there about the respective importance of market power 
v, the possibilities of substitution between two factors (represented now by the vari­
able aj), and the share si of the cost of a factor in the total cost still hold true here and 
need not be repeated. But formula (32) now allows us lo take into account the hetero­
geneity of the labor factor. If we consider two categories of manpower-skilled and 
unskilled workers, for example-we see that the elasticity of demand for skilled 
(or unskilled) workers with respect to the cost of unskilled (or skilled) workers is 
proportional to the share of unskilled (or skilled) manpower in the total cost. These 
conclusions have to be kept in mind when we want to analyze the effects of a change 
in minimum wage or a reduction in social security contributions as they apply to 
unskilled labor. Relation (32) shows that, if skilled and unskilled workers are gross 
substitutes-which is the case when uj > v/( v - 0)-a rise in the cost of unskilled 
labor provokes a reduction in the demand for unskilled workers and an increase in the 
demand for skilled ones. Conversely, if crJ < v/(v- 0), the two categories of workers 
are gross complements, and the rise in the cost of unskilled labor has the effect of 
reducing the utilization of the two categories of manpower at the same time. 

Assuming that workers and hours worked can be considered different inputs, 
relations (29) and (32) then allow us to study the determinants of substitution between 
workers and hours. To that end, we have to define the relative costs of each of these 
factors and the technical possibilities of substituting one for the qther. 

1.5 THE TRADE-OFF BETWEEN WORKERS AND HOURS 
It becomes necessary to distinguish the number of workers from tho number of hours 
worked whenever, on the one hand, workers and hours are not perfectly substitutable, 
and, on the other, the costs attached to using these two dimensions of the workfon:e 
are n_ot identical. The solution lo the problem of the firm makes it clear that demands 
for workers and hours depend on the relative impmtance of these two costs. 

1.5.1 The Distinction Between Workers and Hours 

In order to grasp the determinants of the trade-off between workers and hours, it is 
necessary to distinguish the contributions of these two elements to tho production 
process, and to differentiate between the costs arising from an increase in the number 
of employees and those that arise from a change in tho number of hours worked by 
each employee. 
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Source: Anxo and O'Reilly (2000). 

Heterogeneity in the Number of Hours Worked 
It is especially important to distinguish between workers and hours because labor 
markets show strong heterogeneity when it comes to the number of hours in the 
workweek. Figure 4.2 shows the distribution of time worked by men in Germany, 
France, and the United Kingdom. It will be seen that the distribution of hours has two 
spikes in Germany; this arises from the joint influence of standard hours and wage 
negotiations in various sectors. In France, standard hours play a very important role 
for men, since about 55% of them work 39 hours per week. It is striking that the 
absence of standard hours in the United Kingdom leads to a very marked scatter in the 
length of the workweek there. 

The scatter in the length of the workweek is generally greater for women, who 
more frequently hold part-time jobs (see Arum and O'Reilly, 2000). These fac'ls clearly 
show that firms make use of a large range of options in timetabling work, which makes 
it important to understand the causes and consequences of those choices. 

The Imperfect Substitutability of Workers and Hours 
To this point we have nut made a distinction between the number or employees pres­
ent in.a firm and the overall amount oftime that they devote to production. In the case 
of a production function F(K, L) having only two factors, we thus implictly assumed 
thal labor sel'vices L were simply equal to the produc'l NH, where N designates the 



number of persons empk. Jand H represents the average individual length of time 
worked, expressed, for example, in hours. But that is a very special perspective, since 
it assumes that workers and hours are perfectly substitutable: the firm would thon 
choose its amount of hours without any thought for the manner in which that amount 
was divided up among its workforce. This kind of choice is conceivable only if the 
productivity of an hour of work and the rate of utilization of capital do not depend on 
the average individual length H of time worked-in other words, if the production 
of two individuals each working four hours a day is identical to that of a single indi­
vidual working eight hours a day. There aro many reasons to think that this is not the 
case. Setup costs entail that the relationship bet ween the productivily of an hour of 
work and the length of working time exhibits increasing returns for small values of the 
latter. Beyond a certain threshold, fatigue will set in, and this relation will exhibit 
decreasing returns. Moreover, when the duration of individual work changes, the 
duration of capital utilization, and thus its cost, likewise change if the firm undertakes 
no reorganization. 

Accordingly, the production process should be represented by a function 
F(K, N, H) having three arguments, which dOles effectively allow us to distinguish the 
marginal productivity of workers from that of hours. However, the properties of de­
mand functions when there are more than two inputs, set out in section 1.4, do not 
directly apply here, since there is no simple way to separate the cost of labor into a 
cost assignable to workers and a cost assignablo to hours. For that reason we choose a 
less general representation of technology, but one with Lhe advantage of allowing us to 
characterize the main elements in the workers/hours trade-off. We will often use tho 
notion of efficiency in connection with number of hours worked. It is represented by 
an increasing function denoted e(H). This function can reveal effects that nm counter 
to each other. Setup costs should cause the marginal efficiency e'(H) of the numbor 
of hours worked to increase for small values of H, the effects of fatigue as the hours 
pass should cause marginal efficiency to decrease for larger values of H, and in con­
sequence the function ought to be concave past a cerlain threshold. In sum, if N des­
ignates the number of persons employed in the firm, then l~bor s~rvices arc expressed 
by the product Ne(H), assuming, for the sake of simplicity, that all employees work 
the same number of hours. 

Likewise, the duration of capilal utilization deponds on H. Denoting this dura­
tion by d(H), capital services are expressed by the product Kd(II), where K designates 
the stock of capital. The production function is then written Y = FIKd(H),Ne(H)j. 
In what follows we will assume, for the sake of simplicity, thul the duration of capi­
tal utilization is a constant normalized to 1. In other words, tho duration of capital 
utilization is independent of the individual duration H of work. In that case, any 
change in the latter necessitates a reorganization of the production process, since the 
employees are working diffment hours, but the duration of capital utilization has not 
changed. This might lead to new work schedules, and oventually Lo a complete rear­
rangement of shifts in the plant. 
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The Cost of Labor 

The distinction between workers and hours assumes greater importance in light of the 
fact that the cost of labor is not a linear function of it• duration, for at least two 
reasons (Rosen, 1968; !fart, 1987). In tho first place, certain costs do not depend on 
duration, principally the costs of hiring and firing, training costs, and certain social 
security contrihutions. We shall assume that they can be represented by a single posi­
tive scalar, equal to Z for each person employed. These costs can be defined on the 
basis of different periods, such as the day, the week, the month, or the year. For the 
sake of clarity, we will take the week as the period of reference. In tho second place, 
in many countries there exists a legal or standard work duration, and every overtime 

hour worked beyond that limit is remunerated at a higher rate than regular or standard 

hours. For example, in the UnHed States the Fair Labor Standards Act, signed in 1938, 

defines the standard workweek as 40 hours and establishes an overtime rate 50% 
higher for hours worked beyond that limit. We will use T to designate the standard 
workweek, Q to designate the wage for a normal hour, and x to designate the overtime 
premium. There is generally an absolute limit, legal or physical, to how Jong anyone 
can work, but fur simplicity we will leave it out of account. If R continues to represent 
the utilization cost of a unit of capital, then the total cost of production is written: 

C= {IQT+{1 +x)Q(H -T) +Z]N + RK if H > T 
(QH+Z)N+RK if H:;:; T 

(33) 

This expression of the total cost shows that labor demand, hero the number of 
persons employed and hours worked, depends on the comparison hetween the value 
of the variable costs, represented by Q and x, and that of the fixed costs, represented 
by Z. Intuition suggests that a reduction in fixed cost• gives firms an incentive to sub­
stitute workers for hours, and thus ought to favor employment. Conversely; a reduc­
tion in variable costs ought to increase the number of hours worked, to the detriment 
of employment. The demand for workers and the demand for hours may thus vary in 
inverse directions. This logic does not, though, take into account the fact that the firm 
can also substitute labor services as a whole for those of capital. In order to assess the 
importance of these different effects, it is therefore necessary to know more precisely 
the expressions of th~ demand for workers and for hours. 

1.5.2 The Optimal Number of Hours 

Drawing on the notion of efficient labor, the demand functions result from an opti­
mization pro.blem with just two inputs. On this basis, it is easy to show that the opti­
mal number of hours worked depends mainly on how high fixed costs are with respect 
to variable costs. 

Efficient Labor and Minimization of Total Cost 

Taking into account cost C defined by equation (33), for a given oulput Jovel Y, tho 
conditional fac:tor demands correspond to the solutions of the following problem: 

{l~'Wh C subject to F[K, Ne{H)] <e: Y 



I 
If we proceed directly to consider the quantity L of effective labor defined by 

L = Ne(H), this problem takes the forrn: 

d:!f~I (WL + RK) subject to F(K, L) ~ Y 

where the unit cost W of efficient labor is given by: 

W = {[flT+(1 +x)Q(H - T) +ZJ/e(H) if H ~ T 
(flH + Z)/e(H) if H s; T 

(34) 

Thus we see that the minimization of the cost of production can be carried out 
in two stages. In the first stage, we look for the optimal number of hours correspond­
ing to the value of H that minimizes the unit cost W. In the second stage, we calculate 
the values of L and K that minimize the total cost of production, given this optimal 
value of W. This last problem involves only two inputs (Kand L), with costs (Wand 
R) that are given. The properties of the solutions then flow directly from the results we 
already reached in section 1.2.2. 

Relation (34) shows that the unit cost W is a function of H which is not differ­
entiable at point H = T. To find the value of H minimizing this function, we thus 
have to compare ils local minima over intervals H > T and I-Is; T. These calculations 
are presented in appendix 3, assuming for the sake of simplicity that the elasticity of 
function e(H) is a positive constant ,,r, belonging to the interval [Cl, 1]. This hypothesis 
may seem restrictive, hut is nevertheless corroborated by empirical studies (see below, 
section 2.2.2). The optimal value H" of the number of hours is defined by: 

{ 
q'f/£/(1 - qft )fl s; T 

H·= T 

11'11(Z - xQT)/(1 + x)(l -qj1)fl ~ T 

if Z/QT s; (1 - q'/, )/1ff1 

if (1 - q'li)/11'/, s; Z/flT s; (1 + x- q'/,)M1 

if Z/QT ~ (1 + x - q'/,)/1f'/1 

(35) 

We should first note that the optimal number of hours depends neither on 
quantity K of capital nor on level Y of output. This is a consequence of the particular 
form of the production function and would no longer hold if the technology were 
described hy any function F(K, N, H). It does, however, fit well with observation,. for 
there is little difference in the actual numbers of hours worked between firms that are 
large or small, capital intensive or not. 

We also see that the optimal value of H depends on the elasticity qfi of Lhe 
function e(H) measuring the efficiency of the number of hours worked by individuals. 
In this respect, it is illuminating to consider first the case where ,,71 < 1, and then the 
r.ase where 'I'/, = 1. When the elasticity of the efficiency of an employee with respect 
to hours is .small (11f, is close to zero), the firm does not utilize overtime hours, for to 
do so would increase efficiency by only a small amount. On the other hand, the more 
the efficiency of labor depends on its duration-Le., tlie more qf1 approaches 1-tlrn 
more the firm will tend to resort to overtime hours. When q/1 = 1, workers and hours 
a1·e perfectly substitutable. The interior solutions, described by equation (35), are no 
longer defined. 
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It should also be noted that the number of hours is low (H,;; T) when the fixed 
cost Z is small in comparison with variable cost QT corresponding to standard hours. 
Conversely, the firm uses overtime hours (H <!: T) when the ratio Z/QT grows larger, 
i.e., when the level of variable cost QT sinks relative to that of fixed cost Z. The opti­
mal number of hours coincides with standard hours (H = T) for the intermediate 
values of ratio Z/QT. In this situation the firm desires to set its number of hours 
beyond that of the legal limit T, but the rate x of extra pay for overtime hours proves 
too high for it to do so. The optimal solution is then H = T. 

Fixed Casts, Variable Casts, and tlie Number of Hours Actually Worked 

Relations (35) show precisely how the optimal number of individual hours of work 
varies when the exogenous parameters change. We have: 

aw az <!:O, 

o!' = o if H' < T, 

and 
DH' ax ,;;o, 

aH' = 1 if H' = T 
i!T 

(36) 

and i!H' "fH' T BT<OI > 

As intuition would suggest, a rise in fixed costs Z tends Lo increase the number 
of hours, while an increase in variable costs Q or x tends to reduce it. 

A change in standard hours has contrasting effects according to whether or not 
the firm makes use of overtime. In particular, when the optimal number of hours 
exceeds the legal limit (H > T}, a reduction in the latter raises the number of hours 
worked by all employees. In other words, a reduction in standard hours has the effect 
of increasing the actual workweek by causing the number of overtime hours to rise. 
This result seems counterintuitive at first sight, and it runs counter to the overt pur­
pose of a reduction in standard hours, which is precisely to bring down the actual 
number of hours worked by every individual so as to increase the number of jobs. But 
if we look closely at relation (35), which defines the optimal number of hours, we find 
that it arises because the propensity to make use of overtime, i.e., the ratio H/T, does 
not depend on Z but on the ratio Z/QT. A lowering of standard hours is thus like a 
relative rise in fixed costs (see Calmfors and Hoel, 1988). The variable costs have sunk 
in relative importance, and thus we cao see why the firm would in~Tease the number 
of hours actually worked (in the following paragraph, we will demonstrate that this 
increase ought, as a general rule, to occur at the expense of the number of jobs). On 
the other hand, a reduction in standard hours evidently leads to a reduction in the 
actual workweek when these two variables are equal (H = T). It should be noted, 
however, that in this situation a drastic reducti~n in standard hours might cause firms 
to start making use of overtime, and we would no longer have the equality H = T. 

1.5.3 Cost of Labor and Demand for Workers 

The de!lland for workers is deducible from the optimal amount of efficient labor. 
When there um oppmtunities to trade off between workers and hours, analysis of the 
impact on employment of variations in the elements that inllnence the cost of labor 



requires very lengthy calculations. We begin by presenting these calculations, before 
summarizing "them and giving quantitative results in tables 4.1 and 4.2. Readers 
pressed for time may refer directly to these tables in order to get an idea of the under­
lying economic mechanisms and the relevant orders of magnitude. 

A Synthetic Formula 
Given the optimal values of H and of W, we have seen that total cost minimization 
took the form studied in section 1.2.1. The solutions of this minimization correspond 
to the conditional demands for capital and efficient labor, and we will continue to 
denote them by R and L. They are functions of W', R, and Y, where w• designates 
the optimal value of the unit cost of efficient labor. It is given by relation {34) when we 
replace H by its optimal value H• defined by {35). We thus arrive at: 

w· = {(!lH' +Z)/e(H') if Z/!lT,;; (1 +x-rrfdrrf1 

(1 +x)QH'/1/f,e(H') if Z/QT ~ (1 +x-Tffi)M, 
cm 

It should be remembered as well that in reality, L is only an auxiliary variable 
linked to the conditional demand for workers N by relation L = Ne(H). If v represents 
one of the parameters n, x, Z, or T, differentiating this identity then implies: 

Vv=(Q,x,Z,T) 

In this expression, iit' and;;~ designate respectively the elasticities of N and of L 
with respect to v, and rrt1 represents the elasticity of the optimal number of hours with 
respect to this parameter. Since L depends only on W', Rand Y, ;;~will always equal 
iilvrr~, where ;;(;, and 11:' are respectively the elasticity of L with respect to cost W of 
efficient labor taken at W', and the elasticity of w• with respect to parameter v. We 
thus finally get: 

Vv = (!l,x,Z, T) (38) 

This relation allows us to deduce the properties of conditional demand !ii from 
those of L, W, and H. It shows that, in order to attain a given output level, it is possi­
ble for the firm to substitute men for hours, in which case !ii and H vary in opposite 
directions. This eventuality is represented by the term -rrfiTft1• But the firm can also 
substitute labor services as a whole (men and/or hours) with capital services. The term 
iilvrr:' conveys this possibility. Thus !ii and H do not necessarily vary in opposite 
directions, and the comparative statics of the demand for workers is not directly 
deducible from that of hours worked. We must also take into account capital/labor 
substitution, encapsulated in the extent of elasticity ~(;,. According to the "laws" of 
demand, we know only that ~t;, < o, but all the estimates carried out in this domain 
indicate that the latter is, in absolute value, clearly inferior to unity (see section 2.2.1 
below). 7 We may thus assume, without gravely compromising what follows, that 
the absolute value of ~Iv belongs to the interval [O, 1]. This spread of variation 
also applies, f;ir that matter, to unconditional elasticity Tfiv· We begin by discussing 
the goneral results, insisting on their economic interpretation, then go on to give 

LABOR DEMAND 199 



200 I PART ONE I CHAPTER 4 

orders of magnitude for a particular form of the producti~.. .~nction and probable 
values for the parameters. 

Variations in Fixed Costs 
The first-order condition of the minimization of the unit cost of efficient labor dictates 
that the optimal value of the number of hours worked should be such that aw• /oH = O 
for H' # T. At the optimum, we thus have: 

dW aw· aw aw• aw· 
dz =m az·+a:z=a:z 

Definition (37) of W' shows that aw• /az is always positive for all H'. Conse­
quently 71"f is positive, and as we know that ~~ ,;; 0 and 71f ;;, 0, relation {38) entails 
~f ,;; 0. As intuition suggests, a rise in the fixed costs of labor tends to increase utili­
zation of hours to the detriment of the number of workers, and to favor the utilization 
of capital as compared to labor. These two effects combine to reduce the number of 
workers. 

The study of variations in the demand for workers as a function of other param­
eters proves a more delicate business. It is best to pursue it by distinguishing situa­
tions in which the firm utilizes overtime from those in which it does not. 

Variations in the Hourly Wage 

When H' < T, relation {35) shows that, setting fixed costs aside, the number of 
hours worked depends only on the hourly wage n. More precisely, we see that 
the elasticity of an individual's hours of work with respect to the hourly wage, 
or 71{{, is equal to -1. It is possible to save several calculations by noting, with 
the help of equations {37) and {35), that the optimal values of W and H satisfy 
w· =OH' /71j,e(H'). Differentiating this equality with respect to Q, we get: 

,,if= 1 + (1 - 71j,)71f: = ,,;, 
Bringing this value of 71/:' into (38), we finally arrive at: 

~f{ = 71)',(l + ~~) = 71fl[l - {1- s)uj 

As we adopt the hypothesis that (1 - s)cr is less than unity, we have ~ft;;, 0, 
which signifies that an increase in the hourly wage entails an increase in em­
ployment at the expense of hours. In other words, it would be necessary for the 
elasticity of capital/labor substitution to be very great, which is unlikely, for a 
rise in the hourly wage to be accompanied both by a reduction in the number of 
hours of work and by a reduction in employment. To attain a given output level, 
firms prefer to substitute workers for hours rather than to substitute capital for 
workers. 

lfH' •= T, the optimal value of Wis given by: 

W"=~T+Z 
e(T) 



It is evident immed1. .y that W' rises with Q (thus ,,r;;;: O) and, as 'I/{ is null, 
(38) then implies ;;f{ ,;; 0. Unlike in the previous case, the level of employment 
falls when the level of the hourly wage rises. This result is not hard to under­
stand: a rise in the cost of labor means that the firm utilizes less of this factor 
and more capital to attain the same output level. Since hours worked do not 
vary (H = T), the adjustment necessarily takes place through a reduction in 
employment. 

If H' > T, equation (37) defining W' gives 7/{( = 1 + (1 -7ff1)7ff{. Hringing this 
value of elasticity 7/{( into (38) with v = 0, we get: 

;;f{ = ;;{;.,,,;[ - ,,;,,,g = ;;{;., + ,,/{[(1 - ,,;,);;{;., - ,,;,] (39) 

The expression (35) of the optimal number of hours of work implies, after 
several calculations, 7//{ = -Z/(Z - xOT) < -1. Taking this inequality into account, 
relation (39) entails ;;f{ > 7/;,{1 + ;;{;.,). Because we may consider that elasticity iilv is 
smaller in absolute value than unity, a rise in the hourly wage will lead to an increase 
in the number of workers. Consequently, when the hourly wage rises, firms reduce the 
individual hours of work, and in order to attain a given output level, the elasticity of 
substitution between capital and labor would have to reach unimaginable values for 
firms to reduce their demand for workers as well. 

Variations in the Overtime Premium 

A variation in the overtime premium x influences the optimal level of hours worked 
only when the latter exceeds standard hours T. Differentiating equation (37) with 
respect to x, for (Z/OT) > (1 + x -7ff1)f7/f,, after several rearrangements we find 'I':= 
-xOT/(Z -xOT} - '1'17f:/. The sign of 7f': is thus ambiguous, ·since ,,;: is a negative 
quantity. Jn bringing this value of 7f': into (38} with v = x, however, we arrive at: 

-N -L W , H , H(l -L) -L xOT 
1/K = 7/w7/x -1/n'lx = -7/n'lx + 1/w - 'lw z _ xOT 

It is evident that an increase in x increases the conditional' demand for workers 
once we assume that ;;\i, is, in absolute value, smaller than 1. The explanation is the 
same as that for a rise in hourly wage: any increase in the variable cost leads to a 
reduction in individual hours worked, and the possibilities of capital/labor substitu­
tion would have to extend farther than any empirical study warrants in order for firms 
to have an interest in reducing their level of employment as well. 

The Reduction in Standard Hours 

A change in slandard hours Tacts on the actual workweek H whenever II is not infe­
rior to T. It is evident that the impact of such a change is not the same when H > T 
and when H = T. 

If H > T, the derivative with respect to T of equation (37) defining W' yields the 
equality ~!f = (1-·1/I', l'lif. Since, following (36}, 'l!f is negative, it is certain that 

LABOR DEMAND J 201 



202 I PART ONE I CHAPTER 4 

qf is also negative. In these conditions, relation (38) with v = T indicates that 
the effect of substituting hours for workers ( -q/'iq\f) is positive, and that the ef­
fect of substituting labor for capital (;;(;,qj1') is equally positive. In consequence, 
we may conclude unambiguously that ;;f! > O. In other words, a reduction in 
standard hours has the effect of diminishing the demand for workers, which 
probably runs directly counter to the objective aimed at with such a measure. 
This result, which may cause surprise, springs from the fact that a reduction in 
standard hours is the exact equivalent of a reduction in variable costs as com­
pared to fixed costs, which, as we saw earlier, will pmvoke an increase in the 
actual number of hours worked (and a more intensive use of capital), to tho det­
riment of the number of persons employed. 

If H = T, the impact of a rise in Tis a priori ambiguous. On the one hand, this 
rise amounts to a reduction in fixed costs, which tends to reduce employment, 
but on the other, it also signifies that the efficiency of labor, e(T), is raised, 
which may give the firm an incentive lo raise its employment level. To escape 
this ambiguity, we have to be able to assign an order of magnitude to the differ­
ent elasticities that occur in formula (38). Noting that 7ff = [QT/(QT + Z)] and 
'I\!= 1, relation (38) gives: 

-N -L w e H -L [ QT , ] , 
1/r =7fw7f·r -TfH'IT =1/w QT+z-TfH -7fH 

Utilizing the existence conditions (35) for the solution H' = T, it is evident that 
;;f! is negative, given that the absolute value of r;I;. is inferior to (1 + x)/x. Since 
the hypothesis of an absolute value of ;ii;. less than unity is the most pmbable 
one, we can then conclude that ;;!f ,; 0. Thus, a reduction in standard hours 
leads to a rise in employment when the actual workweek coincides with the 
standard one. In this case, a reduction in standard hours is equivalent to a 
reduction in fixed costs, which has the effect of increasing employment. It is 
evident that this last effect outweighs the countervailing effect on productivity 
(a reduction in hours worked reduces average production per employee, which 
may give tho firm an incentive to restrain its demand for workers). 

Synthesis of Results 
The signs of tho elasticities of the conditional demands for workers and hours with 
respect lo the various parameters are summarized in table 4.1. The reader will see that 
tho behavior of firms is very different, according to whether they utilize overtime 
hours or not. When the optimal number of hours H" differs from standard hours T, 
a rise in the hourly wage induces an extension of working time, and in general, an 
increase in employment. Conversely, when the workweek chosen by the finn is equiv­
alcmt to standard hours, a rise in the hourly wage reduces employment. 

P,educ:ing standard hours probably leads to increased employment in firms 
where the optimal workweek is equivalent to tho standard one. Actually, for a given 



Table 4.1 

The signs of the elasticities of hours worked and the conditional demand for workers. 

11: 17g 11: 11? r;: 
H' < T + 0 0 

H" ~ T 0 + 
H' > T + 

(a) if~~ is less than 1 in absolute value. 

Table 4.2 

Values of elasticities of hours and conditional demand for workers. 

17g 11: 11? 

W~0.9xT -1 0 0 

H': T 0 

H" = 1.04 x T -3 -2.23 -2 

~g 

+(a) 

+(a) 

r;g 

0.63 

-0.21 

2.49 

0 

-(a) 

+ + 

fj: ij~ 

0 

0 -0.96 

2.00 1.86 

level of production, the reduction of hours has two opposing effects on employment. 
It gives the firm an incentive to hire more workers in order to meet its orders. But it 
also causes a rise in the fixed costs of labor, which pushes firms to substitute capital 
for labor. The first effect dominates for reasonable values of lhe elasticity of substitu­
tion between capital and labor. Reducing standard hours has a different impact on 
employment for firms that resort to overtime hours. A reduction in standard hours 
pushes these f1rms to increase hours worked by using more overtime hours. This in­
crease in the actual workweek, combined with the rise in the cost of labor flowing 
from the remuneration of overtime hours, leads to a reduction in employment. 

Finally, tabla 4.1 shows that an increase in the overtime p;emium pushes firms 
to reduce hours worked. The impact on employment is positive for probable values 
of the elasticity of substitution between capital and labor. The empirical study con­
ducted by Harnermesh and Trejo {2000) using data from California confirms the result, 
according to which an increase in the overtime premium reduces the hours worked. 
Harnermesh and Trejo found an elasticity~!/ of -0.5. 

Some Quantitative Results 
Table 4,z gives the values for the olasticitios of optimal hours and employment, 
assuming that the share s of the cost of labor in the total cost is equal to 0. 7 and that 
the elasticity of substilulion between capital and labor is equal to 1. As we shall sec, 
empirical studies suggest that suc:h values are relevant for an "aggregate" production 
function that represents the technology of the economy as a whole. This implies that 
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;;b,. = -(1 - s)a = -0.3. We assume further that the elasticity of labor efficiency 1/h 
is equal to 0.9. Relation {35) shows that firms in which the ratio of the fixed cost of 
labor to the variable cost corresponding to standard hours, or (Z/D.T), is less than O.li 

chooso a workweek shmter than the standard one. The optimal number of hours is 
equal to the standard number of hours if (Z/D.T) lies somewhere between 0.11 and 
0.44. The firm resorts to overtime when {Z/D.T) is greater than 0.44. Thus we distin­
guish three types of firm according to the level of their fixed cost: 1) those with a share 
of fixed cost (Z/O.T) equal to 10% and whose workweek is equal to 90% of standard 
hours, following relation (35); 2) firms for which (Z/D.T) = 0.3 and whose workweek is 
the same as the standard one; and finally 3) firms for which (Z/0.T) = 0.45 and whose 
optimal workweek is 4% longer than the standard one, assuming that the overtime 
premium xis equal to 30%. 

Table 4.2 shows tbat variations in hourly wage have very different effects on 
employment, since elasticity ;;ft runs from -0.21 to 2.49, when the only source of 
heterogeneity in firms is the extent of the fixed costs of labor. The same observation 
can he made about a reduction in the number of hours worked, which allows em­
ployment to be significantly increased (at a given hourly wage) when the actual num­
ber of hours is the same as the standard one, but has a very strong negative effect on 
employment in firms that make use of overtime. From this point of view, it is in­
teresting to note that a reduction in standard hours has often been proposed in the 
United States (see Hamermesh, 2001) and was adopted in certain European countries 
such as France and Germany in the 1980s in order to increase employment in periods 
of recession. Models of labor demand suggest, however, that the effects of this mea­
sure on employment are ambiguous, which Hunt's (1999) emprirical study in the case 
of Germany confirms. 

Taking Scale Effects into Account 
To this point we have assumed thal output level Y was given. But when the firm 
maximizes its profit, this level becomes a choice variable, and so-called "scale" 
effec1.s-see sections 1.3.2 and 1.4.2-have to be added to the results obtained when Y 

was fixed. Since we are interested in the impact of changes in standard hours, the 
hourly wage, or overtime premium on labor deinand at the macroeconomic level, 
scale effects have to be ganged by taking into account variation in the cost of labor 
across the whole economy, and not in one firm alone. These scale effects must there­
fore be calculated using relation {20). Formally, it suffices to replace conditional elas­
ticity ;;I;, by unconditional elasticity ~~ in all the equations in this section. We will 
seo below that empirical studies show that tho term 'I~ is certainly negative, and that 
in absolute value it is greater than ;;fv. since it is derivod from it by adding scale 
effects, which are negative-soc relations (19), (20), and (22) in section 1.3.2. Empiri­
cal studies suggest that -0.5 is a probable order of magnitude for ~~ at the macro­
economic level, whereas the value of conditional elasticity iflv which we have used for 
an individual firm is --0.3. The difference between these two elasticities is thus slight, 
which implies that taking scale effects into consideration does not modify the con-



j 
clusions reached for a given output level very much, when we are at the macro­
economic level. 

To be more precise, taking scale effects into consideration does not modify our 
results concerning the actual duration H', which is independent of the output level. 
Nor does it modify our results relative to a rise in fixed costs on employment: when 
Z rises, wo have seen that conditional demand N for workers diminishes, and since 
scale effects do not affect the length H' of the workweek, the rise in Z must indeed 
diminish the demand for workers. Conversely, scale effects might affect resulls con­
cerning the signs of the impact of variations in variable costs n and x on employment. 
But for that, unconditional elasticity~~ would have to take values greater than unity. 
At the aggregate level, this eventuality is not in the least realistic. 

Taking scale effects into consideration leads to a greater absolute value for elas­
ticity of employment with respect to standa1·d hours when H' > T. This is because 
scale effects have a tendency to accentuate the impact of the rise in the cost of labor 
on employment. When the actual workweek is the same length as the standard one, 
H' = T, the reduction in hours, which has a positive impact on employment for a 
given level of production, has a smaller impact, which can even become negative if 
the scale effect is large. Nevertheless, with a value of~~ equal to -0.5, the elasticity of 
employment with respect to standard hours amounts to -0.79. So it remains negative, 
which means that a reduction in standard hours always creates jobs. Overall, though, 
reducing standard hours tends to be more unfavorable for employment than it would 
be in a setting where production was given. 

In concluding this discussion of the trade-off between workers and hours, it is 
important to emphasize that we have looked at the impact of variations in standard 
hours and the overtime premium, while taking tho hourly wage as given. Now, there 
are good reasons to think that the hourly wage is influenced by these two variables, for 
with a constant real wage, a reduction in time worked entails a reduction in monthly 
earnings. We can well imagine that wage-earners would resist such a reduction in 
income by demanding higher wages. Conversely, a rise in the overtime premium 
brings them extra income, and that ntlght lead to a reduction in the hourly wage. The 
empirical study of Trejo (1991), carried out using North American data, finds this typo 
of effect. These problems will be tackled in chapter 6, where we study the setting of 
wages in the framework of collective bargaining models. 

2 FROM THEORY TO ESTIMATES 

Empirical studies based on the static theory of labor demand aim principally to esti­
mate the difforont elasticities set out above. First we show how it is possible, 011 the 
basis of explicit functional forms, to utilize theoretical results in empirical inves­
tigations. We then summarize the main conclusions lo be drawn from all the empirical 
work dedicated to labor demand. 
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2.1 SPECIFIC FUNCTIONAL FORMS FOR FACTO!\ )MANDS 
There are two methods for estimating the parameters of the factor demand functions. 
The first consists of postulating a particular production function on the basis of which 
it becomes possible to state explicitly the cost and profit functions; they in turn make 
it possible to arrive at the factor demands. The second is based directly on a cost 
function defined a priori, without specifying the associated production function. 

2.1.1 The Choice of a Production Function 

The solution of the problem of cost minimization allows us, with the help of a partic­
ular form of the production function, to obtain conditional demand functions in ex­
plicit form. The most commonly utilized production functions are the Cobb-Douglas 
type, and CES (for constant elasticity of substitution). 

The Cobb-Douglas Function with Two Factors 

When we take into consideration no more than two different factors of production, 
for example capital K and labor L, a Cobb-Douglas production function (Cobb and 
Douglas, 1928) has the following form: 

O<ci< 1, A> 0 (40) 

In this expression the parameter fJ > o designates the degree of homogeneity of 
the production function. It is easy to verify that the technical rate of substitution FL/Fr 

is equal to aK/(1- a)L. Now, according to relation (5) from section 1.2.1, minimization 
of the total cost of production requires that this rate should coincide with the ratio of 
the cost of the factors. If W and R again designate respectively the unit costs of labor 
and capital, we get: 

FL aK W 
'F; = (1 - a)L = R (41) 

These equalities show that capital/labor ratio K/L is proportional to the ratio W/R. 

Since by definition-see (10)-the elasticity of substitution a between capital and labor 
measures precisely the elasticity of the ratio K/L with respect to relative cost W/R, we 
will have a= 1 here. Moreover, relation (41) implies that the shares oflabor in the total 
cost is simply equal to parameter a. Equation (12) gives the value of the elasticities of 
conditional labor demand as functions of s and a then takes the following form: 

;;(;, = -ii~ ~ -(1 - a) 

Using a Cobb-Douglas production function thus imposes very restrictive con­
ditions wit11 regard to the possibilities of substitution between the inputs-since " is 
always equal to 1-but it does allow a very simple estimation of the elasticities of 
labor demand: 

The expressions of the conditional factor demands are deduced from relations 
(40) and.(41). After several calculations, we get: 

and 



The cost function C JI, Y), equal by definition to WL ·f RK, is then written: 

(W)" ( R )'-• (y)110 
C(W,R,Y)= a: ~ A 

The Multifactor Cobb-Douglas Function 
Whan there are n > 2 inputs, the Cobb-Douglas function is defined in the following 

manner: 

Y =A frtx')°"' 
i---1 

with ta.;=1 
i=t 

In this expression, X1 represents the quantity of input i necessary for the pro­

duction of output level Y. Calculations analogous to those made in the case of two 

inputs bring us to expressions of the conditional demands X' and the cost function 
C(W1 , ••• , W", Y), with W; again designating the unit cost of factor i. Here is the 

result: 

g; = [;; g(~J] (*)"" 

C(W', .. ., W", Y) = [U(~J] (*)"° 
Since, following (28), the partial elasticity _of substitution af between factors i 

and j is deduced from the cost function by the formula 11/ = CC;;/C;C1, we easily find 

that a/= 1, V(i, j), i #- j. Finally, we verify that the direct elasticity ~f of the condi­
tional demand for factor i, and the cross elasticity ii/ with respect to the cost of factor 
j #- i, arc given by: 

iif = -(1 - ~;) Vi, and 

By imposing an el8$ticity of substitution between two inputs always equal to 1, 
the Cobb-Douglas function often proves to be too resu·ictive. This· difficulty can be got 

around by using a CES function. 

The CES Function with Two Inputs 

Let 9 > 0 continue to designate the degree of homogeneity; if we consider only two 

inputs K and L, the CES (constant. elasticity of substitution) function proposod by 
Arrow et al. (1961) is expressed this way: 

y = [(ar.L)(•·-l)/• + (a.K)(•··l)/•]°"1(•-ll' /1 > o, DK> 0, 01 > 0 (42) 

If we equalize tho tochnic:al rate of substitution with the ratio of tho costs of 
inputs, we got: 

(43) 
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We thus observe that parameter a represents the elasticity of substitution be­

tween the two inputs. It must also be noted that equation ( 43), when put in loga­
rithmic form, makes it possible to estimate this elasticity of substitution in linear 
form. Relations (42) and (43) supply the conditional demands of the two inputs. After 
several calculations, we find the following expressions: 

aiL-- - .,.- y! --(~-· [ (~1-a , ( R )•-·i-•/!•-•l ' o 
OL Ot GK 

aKK= - - + - y! _ ( R )-• [(w)1-• ( R )•-·i-•/(•-ll 1 0 

UK DL DK 

With the help of these two equations, we deduce the cost function, which comes 
to: 

[ 
1 • 1 "] 1/(1-•) 

C(W,11, Y) = (~)- + (~) - yt/O 

The Multi/actor CES Function 
With n > 2 inputs, the CES function takes the form: 

[ 
n ] O./(o-1) 

Y = ~)a1X')(•-1 >/• , 
1 ... 1 

a> 0, a;> O 

With W' again designating the unit cost of factor i, minimization of the overall 
cost of production gives the conditional demands X'. They are written: 

Vi=l, ... ,n 

And the cost function has the expression: 

qw', .. ., w•, Y) = [t,(:'fT'11
-•J y11s 

Since a/ = CC1;/C1C;, this way of representing the cost function allows us to cal­
culate the elasticity. of substitution rij between the factors i and j. We thus get aj =a, 
V(i, j), i # j. 

The CES function imposes less restrictive hypotheses than the Cobb-Douglas 
function (which is, for that matter, a CES function in which we make a tend to 1), but 
the elasticity of substitution takes a constant value, one that is moreover identical for 
all factor pairs. These characteristics are sometimes inappropriate when considering 
more than two .inputs. We then have to imagine functions for which the elasticity of 
substitution is not a constant, or varies between the factor pairs. Such functions would 
lead to very complex expressions of the factor demands. That is the reason why 
certain.empirical works adopt an alternative strategy, which consists of reasoning 
directly on the basis of the cost function, without postulating any particular form for 
lhe production function. 



I 
2.1.2 The Choice of a Cost Function 
Empirical studies aiming to estimate a cost function directly postulate an analytic 
form satisfying the theoretical properties of such a function, i.e., concavity, homoge­
neity of degree 1 with respect to the costs of the factors, as well as being increasing 
with respect to the output level and the input quantities. Thanks to Shephnrd's lemma, 
the partial derivatives of the cost function give the conditional factor demands, which 
it thus becomes possible to estimate. 

The Genemlized Leontief Function (Diewect, 1971) 

If we consider a production function homogeneous of degree 8 > O with n inputs, the 
generalized Leontief cost function is written: 

C(W', ... , W", Y) = yt!•tta1i(W1)''2(Wi)''2, Gij=a;; 
i=t j=l 

Following Shephard's lemma (24), the conditional demand J(i for factor i is 
given by the partial derivative C1 of the cost function with respect to Wi. We thus 
get: 

x' = yt/•2=." a1j(w;)''2 
1~1 w 

This expression allows us to estimate the coefficients a11 and then from that to 
deduce the elasticities of substitution a/ between two factors i and j by the formula: 

,,; = a;i(W1Wi)'t' 
I zsisf 

V(i, j), j # i 

We see that the elasticity of substitution between two inputs is no longer a con­
stant, for it depends on the costs of the factors as well as on the share of each input in 
the total cost. In this sense, it is less restrictive to utilize a generalized Leontief cost 
function than a CES production function in order to define and estimate the demand 
functions. 

The Tmnslog Cost Function (Christensen, Jorgenson, and Lau, 1973) 

Assuming once more a production function homogeneous of degree 8 > o with n 
inputs, the "translog" (transcendental logarithmic) cost function is defined by: 

In this expression, parameters a; and Uij must be such that L~ 1 ai = 11 a;; = ap, 

"2:j!.1 a11 = O, Vi= 1, ... , n. For a; > 0, and a;;= o, i, j = 1, ... , n, this function is of 
the Cobb-Douglas type. But in the general case (a;i # 0), the conditional demand func­
tions are not linear with respect to the parameters. With the help of Shephard's 
lemma, though, we can show that the shares s1 of each factor are linear functions of 
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the coefficients of the cost function. Thus we have: 

n 

si =a;+ I:a11ln Wi 
1~1 

) 

It then becomes possible to estimate the parameters of this equation and from 
that to deduce the elasticities of substitution. The resulting exprossion is: 

V(i, j), i # j, 
; a;;-· s; + (sl) 2 

"; = --<·'i-, --
Here again, the elasticities of substitution are not constant and can vary among 

the factors, taken two at a time. The cross and diroct elasticities of the conditional 
demand functions are subsequently obtained using relation (29). 

2.2 MAIN RESULTS 
A large number of works have attempted to estimate the elasticities of labor demand 
and tho possibilities of substitution; they are reviewed in Hamermesh (1993, chapter 
3). From them it emerges, among other things, that the elasticity (conditional and 
unconditional) of labor demand with respect to the cost of this factor is negative. It 
has also been found that unskilled labor is more easily substitutable for capital than 
sldlled labor. 

2.2.1 Aggregate Labor Demand 
The estimate most frequently made is that of the conditional elasticity~(;,. of aggregate 
labor demand. It is effected by positing that the labor factor Lis a homogeneous quan­
tity equal to the sum of hours worked, or the level of employment. The cost of labor 
W is most often assimilated to the total amount of wages divided by the number of 
workers, or by their hours. In reality, the definition of W raises numerous problems, 
for variations in the total amount of wages may correspond to deformations in the 
structure of employment arising, for example, from different levels of seniority or 
sldll. We have also seen in tho preceding section that the distinction between fixed 
costs and variable costs plays an important role when firms have to make a choice 
between the number of workers and the number of hours worked. 

These difficulties notwithstanding, studies devoted to estimating ~Iv yield con­
verging results, whatever the level (firm, sector, or nationwid<>) at which the data are 
collected. They show that the elasticity of conditional demand for labor with respect 
to the cost of this factor is negative and, in absolute value, Jess than 1. Hamermesh 
(1993), building on more than 70 different studios, Lakes the view that tho most prob­
able interval for [;;(;,.[ is f0.15-0.75]. If a single figure were to be chosen, 0.30 would 
surely be tbe best estimate. Knowledge of ;;ty allows us to deduce the value of tho elas­
ticity of substitution a between capital and labor, since, according to (12), we know that 
these two quantities arc linked by relation;;(;,.= -(1 - s)u, where sreprcsents the share 
of labor i~' total cost. .Overall, sis close to 0.7. With;;(;,.= -0.3, wo arrive at a= 1. In 
othor words, use of a global Cobb-Douglas production function, or Y = KO(l-•) J,o. with 
"'-'· 0-7, is uol without empirical relevance when we are considering only two inputs. 



) 
Taking scale effects into account increases the absolute value of the elasticity 

of employment to its cost, which conforms to theoretical results. Works dedicated to 
estimating the elasticity qi;, of the unconditional labor demand are less numerous and 
show wider divergence than those dedicated to estimating ;;!;,. Still, on the basis of 
macroeconomic data, 11fv is negative, and Hamermersh estimates that its absolute 
value lies• on average at around 1. Ifwe assign a value of 0.3 to ;;l;,, it becomes evident 
that the extent of the scale effect is far from being negligible. 

2.2.2 Complementarity and Substitution Between Inputs 

The degree to which one input is capable of replacing another in the production pro­
cess has an important place in the assessment of the effects of economic policy. Sev­
eral major results stand out. 

If we take labor services into account with the help of a sole aggregate, the latter 
is, as a general rule, p-substitute with any other aggregate input. Hence, labor is p­
substitute with capital, energy, and raw materials, which, as readers will recall, means 
that the conditional labor demand rises with the cost of these three inputs. This result 
is somewhat surprising if one thinks back, for example, to the effects of the hikes in 
tho cost of oil in the 1970s on the level of employment. But it should be remembered 
that such hikes are accompanied by a scale effect, in other words by reduced produc­
tion, which can lead in the end to reduced employment. In other words, labor and 
energy are p-substih1tes, but probably are not gross substitutes. 

Unskilled labor is easier to substitute for capital than skilled labor. There are 
even good reasons to think that at the overall level, or even at the level of one of the 
large sectors of the economy, skilled labor and capital are p-co.mploments (for a far­
reaching review of the literature, see Hamermesh, 1993, chapter 3). These results are 
confirmed by the fact that direct elasticity of the conditional labor demand, for a given 
category of manpower, diminishes in absolute value with the level of education in this 
category. Likewise, this elasticity diminishes, still in absolute value, with the level of 
skill. The results are evidently sensitive to the manner in which the breakdown be­
tween skilled and unskilled labor is carried out. In the United States, one breakdown 
views unskilled workers as those with a high school diploma at most, and skilled 
workers as all those with a higher qualification than that; the authors come to an esti­
mate of the elasticity of substitution between skilled and unskilled labor lying be­
lween 1 ·and 2 (see Johnson, 1997, and Author et al., 1998, for whom this elasticity of 
substitution lies rather between 1.4 and 1.5). In his study of the Israeli labor market, 
Angrist (1996) finds Uiat the elasticity of unskilled labor is equal to 3. 

Results concerning the substitution between workers and hours do not yel dis­
play a real consensus. In large measure, tho lack of precision comes from the difficulty 
of attributing different costs to workers and hours, i.e., of assessing what share to as­
sign to variable costs and what share to fixed costs. According to Hamermesh ( 1993), 
the only property firmly established is that workers and hours are both p-suhstitutes 
for capital. With a reasonable degree of confidence, we may likewise assume that 
workers and hours are p-substitutes. For example, most studies show that the employ­
ment level rises unambiguously when the cost of overtime hours rises, a conclusion 
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that also conforms to the theoretical analysis presented in hon 1.5.3. We note fur­
ther that Leslie and Wise (1980) and Hart and MacGregor (1988) give estimates of the 
elasticity of production with respect to hours of 0.64 and 0.87, respectively. Using 
French data, Gianclla and Lagarde (1999) arrive at a figure equal to 0.9, whatever the 
size of the firm examined. As Hart and MacGregor ( 1988) emphasize, however, these 
results are fragile, and their summary of the empirical literature led them to conclude 
that the elasticity of production with respect to hours is close to (in fact not sig­
nificantly different from) unity. 

3 LABOR DEMAND AND ADJUSTMENT COSTS 

The static theory of labor demand furnishes valuable indications about what deter­
mines elasticities, and about the possibilities of substilution over tho long run between 
the different inputs. Regarding the manner in which the inputs reach their long-run 
values, however, and the length of time that these adjustments take, it gives no firm 
detail. Moreover, it does not take into account the fact that firms are faced with an 
ongoing process of reorganization arising from technological constraints, market fluc­
tuations, and manpower mobility (the importance of which will be highlighted in 
chapter 9). In order to be able to assess these phenomena, we have to resort to the 
notion of adjustment cost, which focuses specifically on the losses generated when­
ever input quantities are changed. The functional form that serves to describe adjust­
ment costs conditions the dynamics of labor demand and the properties of stationary 
solutions. That is why we look at different functional forms in this section: to take into 
account different types of adjustment cost. Additionally, we examine the dynamics of 
labor demand in a setting without uncertainty, then introduce stochastic elements into 
the models. The setting without uncertainty serves as a baseline and allows us to 
grasp the principal mechanisms at work. The models set in stochastic environments 
bring out the role of expectations in labor adjustment 

3.1 THE COSTS OF LABOR ADJUSTMENT 

Adjusting the size of the workforce entails costs. Numerous studies show that the size 
of these costs is far from insignificant, and for that reason they play a large role in 
decisions lo hire and fire. No real consensus has yel been reached regarding the ana­
lytical representation of these costs, but the quadratic symmetric form, historically the 
one most frequently utilized, is gradually being abandoned. 

3.1.1 Definition and Size of Adjustment Costs 

Adjustment costs arc evaluated on the basis of several different sources. Some works 
give estimates of the difference between optimal employment, i.o., what the firm 
would choose if adjustment costs wern absent, and the level of employment actually 
observed. Others supply indications of wbat the costs of hiring and firing workers 



amount lo. Yel others a, !pt to assess the effects of employment protection, which 
play an important role in many OllCD countries. 

A Typology 
Labor adjustment costs arise from variations in the number of hours worked and from 
the replacement of former employees with new ones. When the work process is re­
organized, causing temporary loss of efficiency, we say that tho firm is undergoing 
internal adjustment costs. Examples might be the adaptation of the workforce to new 
machinery, or the settling-in period for new workers. CosL• like these are difficult to 
evaluate because they do not show up as distinct items in the firm's accounts. But 
when the reorganization is accompanied by costs that can be distinguished from vari­
ations in production, for example if a change in the work routine requires the advice 
of experts who charge a fee for their services, or severance pay for workers who are 
fired, we say that the firm is confronting external adustment costs. Note that the pay­
ment of a higher premium for overtime hours does not fall into the same category as 
adjustment costs, as long as the firm is choosing to make use of overtime in a system­
atic manner. 

Changes in hours worked also come about through variations in the level of 
employment. In this case, it is both the costs of hiring and firing (which are external 
costs) and also the losses of efficiency arising from reorganization (which are internal, 
and eventually also external, costs) that give rise to adjustment costs. It is often help­
ful to distinguish.gross costs, which are caused by gross changes in employment (the 
sum of all who join or leave the workforce), from net costs, which flow from net 
changes in employment (the difference between the joiners and the leavers). The 
existence of gross costs highlights the possibility of there being positive adjustment 
costs, even when the size of the firm's workforce remains constant. These costs are 
due to the operations of hiring and firing, to voluntary departures, and also to possible 
losses of efficiency caused by the time it takes less experienced workers to get up to 
speed. According to Hamermesh (1995), gross and net costs are equivalent in extent in 
the U.S. economy. 

Evaluating Employment Surpluses 
The size of the gap between observed levels of employment and those which firms 
would wish to have if there were no adjustment costs supplies an indication of how 
great the latter are. Fay and Medoff (1985) used a survey carried out in the manu­
facturing sector in the United States in order to evaluate surplus employment dur­
ing the recession of 1980. They estimated that 8% of paid hours did not contribute 
directly to production, and that of this 8%, about half was used for maintenance, or 
for improving productivity in some way. These authors concluded that the manpower 
surplus was likely on the order of 4% during the recession of 1980. Fair {1985) con­
firmed these results llsing a difierent method. Ho calculated a trend on the assumption 
that surplus employment is null at the peaks of the economic cycle. Deviations from 
the trend were taken to conespond lo manpower surpluses. He found that these 
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represented from 4.5% to 8.5% of hours worked in the post. )period in the United 
States, with a figure of 4.5% for the recession of 1980. 

Evaluating Hiring and Separation Costs 
Studies carried out in the United States (reviewed by Hamermesh, 1993, p. 208) show 
that the extent of adjustment costs is far from negligible. In 1965-1966, the average 
cost of hiring in the New York region was on the order of $900 (expressed in terms of 
1990 purchasing power). This cost rose with skill level, reaching $4660 for manage­
ment personal. Another study carried out in the 1980s assessed the costs of hiring and 
training at $13,790 for management personal and $5110 for workers. Costs incurred 
when employees left the firm were clearly much lower, $1780 and $370, respectively. 
As a general rule, studies carried out on American data come to the conclusion that 
hiring costs are much greater than separation costs. 

Studies based on French data also show that the adjustment costs of employ­
ment are substantial. Ahowd and Kramarz (2003), utilizing a representative sample of 
French firms and their employees, found that in France, the costs of hiring are due 
solely to the hiring of skilled workers on long-term contracts, and are clearly less than 
the costs of separation. The average cost of a separation represents 56% of the annual 
cost of labor, whereas a hire (not including training costs) represents only 3.3% of the 
same cost. The cost of a separation itself depends heavily on the context. Rigorous 
employment protection means that to let an employee go for economic reasons brings 
a cost equivalent to 126% of the annual cost of labor. Gnux et al. (2001) came to con­
clusions of the same order using longitudinal data on 1000 French firms followed 
from 1988 to 1992. They estimate that, for long-term contracts, the cost of hiring rep­
resents no more than 2.5% of the cost of separation. 

What emerges from all these studies is that, in the United States, the costs of 
hiring are high and outstrip the costs of separation, while in countries where strong 
legal measures are in place to enhance job security (as is the case in many countries of 
continental Europe; see OECD, 1999, and chapter 12 of this book) the costs of separa­
tion far outstrip recruitment costs. 

Employment Protection Measures 
The usual view is that the higher the cost of a firing, the greater employment protec­
tion is. International comparisons try to rank job security norms by how strict they are 
(see OECD, 1999, and chapter 12). The wide range of criteria utilized shows us at a 
glance how complex this exercise is, and how difficult it is to evaluate precisely the 
effective cost of job protection. Those criteria concern mailers such as the possibility 
of using contracts of limited duration and the services of agencies supplying tempo­
rary labor; how Jong a period of trial employment can last; the administrative proce­
dure to follow when terminating employment (notification, summons, authori>mtion 
from a public agency); the amount of advance notice and severance pay applicable to 
different types of termination (firing for cause, firing for economic reasons, etc.); the 
definition of wrongful termination, and the possibility that a person wrongfully ter­
minated can get his or her job back. 
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Most assessments , hude that employment protection is less strict in the 

United States, Canada, and the United Kingdom than in France, Germany, and the 
countries of southern Europe. Japan occupies an intermediate position (for more 
details, see chapter 12). In Europe, a large part of the cost of termination is regulatory 
in nature (period of advance notice, administrative procedure, etc.). The result, since 
the beginning of the 1980s, has been a massive recourse to short-term contracts pre­
cisely to avoid these administrative costs. 

3.1.2 The Specification of Adjustment Costs 

For ease of analysis, adjustment costs have most often been represented using a con­
vex symmetric function (in general quadratic). But this way of specifying them does 
not allow us to explain asymmetric and discontinuous adjustments in employment. 
For this reason, it is now gradually being replaced by a piecewise linear representa­
tion that includes fixed costs. 

Quadratic Costs 

The first analyses of decisions made by a firm facing adjustment costs adopted a qua­
dratic relation between the variations (gross or net) in employment and adjustment 
costs. This representation was introduced by Holt et al. ( 1960), who viewed net 
adjustment costs as equal to b(M.1 ·- a) 2 , a, b > 0, with Af.1 = L, - L,_1 or AL,= i, 
according to whether time was represented discretely or continuously. This specifica­
tion has the advantage of introducing an asymmetry between the cost of positive and 
negative variations in employment (a> 0). But this asymmetry is obtained at the cost. 
of a strictly positive cost in the absence of any variation in employment. Eisner and 
Strotz (1963) got around this problem by assuming quadratic and symmotric adjust­
ment costs (a= 0). A hypothesis of this kind allows us to obtain simple analytic 
results, which is why it was adopted in numerous studies. It proves vulnerable to 
criticism, however, on two points. First, it does not allow us to distinguish costs aris­
ing from recruitment from those arising from departure; however, the numerous 
studies referred to above show that these costs differ in amount and effect. Seoond, it 
implies that there is a gradual adjustment of employment since' the marginal cost of 
adjustment rises with a change in the level of employment. This property gives firms 
an incentive not to vary their labor demand too much at each period, so as to mini­
mize adjustment costs. So, the quadratic form does not allow us lo explain the sudden 
adjustments in employment often observed in real life. 

Asymmetric Convex Costs 
For the reasons just mentioned, more recent studies postulate asymmetric adjustment 
costs. Pfann and Palm (199:1) assume a relation of this form: 

C(Af.) = -1 I exp(aAf.) aAL+~(M.)', a> o, b > 0 

This specification implies an asymmetry between positive and negative varia­
tions in employment. We return to the symmetric formulation with a= 0. Conversely, 
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when a > O (or a < 0) the marginal cost of an increase in employment is greater (or 
less) than that of a reduction. The asymmetry may also originate in a function that 
is not continuously differentiable. For example, Chang and Stefanou (1988) and Jar­
amillo et al. ( 1993) adopt the following specification: 

C(AL) = ch(AL) 2 if AL;;;,; 0 and C(d.L) = cr(d.L.) 2 if AL :s; 0, ch> 0, c1 > 0 

Linear Costs 

The specification of adjustment costs in the form of a piecewise linear function offers 
the advantage of achieving a more realistic representation of labor demand in which 
firms hire in some circumstances, let employees go in others, and sometimes leave 
their workforce unchanged (see below, section 3.2.2). The utilization of piecewise 
linear costs greatly expanded in the 1990s with the works of Bentolila and Bertola 
(1990), Bertola (1990), Bentolila and Saint-Paul (1994), and Bertola and Rogerson 
(1997), who examined linear adjustment costs of the form: 

and C(AL) = -c1AL if AL :s; 0, ch > 0, c1 > O 

The coefficients ch and Cf represent the respective unit costs of a hiring and a 
termination. The adjustment of employment is asymmetric, since ch 7" CJ· 

Lump-Sum Costs 

In many circumstances, the adjustment costs of employment include a component 
that is fixed and therefore not directly linked to the size of the adjustment. For exam­
ple, the co•ts of searching for certain categories of personnel or the administrative 
costs incurred in a mass termination are in large part independent of the number of 
individuals involved in these operations. Hamermesh (1993) adopted the hypothesis 
of a discontinuity in adjustment costs when he postulated that firms undergo a strictly 
positive fixed cost when AL 7" 0, but that they are not subject to any cost if AL = 0. 
Abowd and Kramarz (2003) considered different fixed costs for hirings and termi­
nations. The existence of lump-sum costs allows us to explain why firms of a certain 
size sometimes have an interest in doing their hirings, and (in France especially) their 
terminations, in groups. 

Empirical studies tried to discover which representation fits best. They made 
large strides in the l9°90s (see section 3.4.2 for the main results). These studies are all 
the more necessary insofar as the analysis of the determinants of labor demand 
dynamics proves particularly sensitive to the specification of adjustment costs. 

3.2 THE ADJUSTMENT OF EMPLOYMENT IN A DETERMINISTIC 
ENVIRONMENT 
We will consider here a furn situated in a deterministic environment that incurs 
adjustment costs when it alters its workforce. To make things easier from a technical 
point of view, a large part of the literature has assumed that these costs were symmet­
ric and could be represented by a quadratic function. We will begin by studying this 
case, which always serves as a baseline in this domain. But criticisms directed at the 



i 
hypothesis of quadratic aiiu symmetric costs, and outlined above, have led to the use 
of asymmetric functional forms, the linear one being chosen most often. 

3.2.1 Quadratic and Symmetric Adjustment Costs 

The use of quadratic costs has the advantage of leading to a very simple dynamic rep­
resentation of the trajectory of employment in which employment gradually returns to 
its stationary value. 

The Behavior of the Firm 
We will work with a dynamic model in continuous time, in which, at each date t;;, O, 

the adjustment cost concerns labor alone. When the firm utilizes a quantity L, of this 
factor, it obtains a level of output F(L,) that is strictly iocreasing and concave with 
respect to L,. Taking other inputs into account, such as capital, for example, greatly 
complicates the analysis without changiog the import of the results that we want to 
highlight. Let i, be the derivative with respect to t of the variable L,. We will assume 
that variations in the level of employment are accompanied at every date t by an 
adjustment cost represented by the quadratic function (b/2)if, b;;, 0. 

To simplify the notations·and calculations, from now on we will omit the index 
t and assume that at every date, the cost of labor and the interest rate are exogenous 
constants denoted respectively by W and r. At date t = O, the discounted present 
value of profit, rr •• is writtten: 

Ilo = C'[F(L)- WL-~i2]e-"dt 
In this environment, free of random factors, the firm chooses its present and 

future levels of employment so as to maximize the discounted present value of profits 
Il0 • This is a classic problem of calculus of variations for which the first-order condi­
tion is given by the Euler equation•: 

~=!..(~) aL at aL with (44) 

After several simple calculations, we find that the employment path is described 
by a nonlinear second-order differential equation that takes the form: 

bL-rbi+F'(L)-W=O (45) 

The stationary value L • of employment is obtained by making i = L = O in this 
equation. It is thus defined by the usual equality between marginal productivity and 
wage, or F'(L') = W. In this simple model, the stationary level of employment does 
not depend on parameter b measuring the extent of adjustment costs, for i = O in the 
stationary state, and there is no flow of hirings or terminations to give rise to costs of 
this type. This would no longer be the case if, for example, the stationary state were 
c:haracterfaed by a permanent flow of hirings compensating for exogenous departures. 
On the other hand, the employment path described by differential equation (45) 
always depends on parameler b measuring the size of adjustment costs. 
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The Dynamics of Employment 
It is possible to specify precisely tho properties of the trajectory of employment in 
the neighborhood of the stationary state by taking the first-order approximation of F'(L) 
around L'. Replacing F'(L) by F'(L•) + (L- L')F"(L') in equation {45), we arrive at: 

bL-rbi- aL = -aL', with a= -F"(L') > 0 

Let A1 and A 2 bo two arbitrary constants. The general solution of this linear 
second-order differential equation is written10: 

(46) 

with: 

Ai=~ [r+ Jr2 +¥] > 0 and (47) 

The coefficient J.1 being positive, it is necessary that A1 be equal to zero in order 
lo have a stable path. Let L0 be the (given) level of employment at date t = o. The 
value of A2 is found by making t = O in ( 46), which gives A2 = L0 - L •. The employ­
ment trajectory is thus completely defined by: 

L = L' +(Lo -L')e;,, (411) 

This equality shows that employment gradually moves to its stationary value L •. 
This property is the direct consequence of the utilization of a quadratic form to repre­
sent adjustment costs. With this specification, the firm has an interest in "smoothing 
out" tho changes it makes to its workforce, for if the adjustment were to be made all 
at once at the initial date, the instantaneous cost of the hirings and terminations, or 
b(Lo - L ') 2 , would exceed the total cost of an adjustment spread out over time. 

Figure 4.3 gives an illustration of the adjustment trajectories, assuming a homo­
geneous production function F(L) = L0", a labor cost W = 0.7, and an annual interest 
rater= 0.05. We thus have L' = 1. We assume that the initial level of employment is 
10% greater than its stationary value. As well, we distinguish two kinds of job: skilled 
jobs (the broken line), for which the cost of adjustment is 80% of the annual labor 
cost, and unskilled jobs (the unbroken line), for which the cost of adjustment is 15% 

of the annual cost These orders of magnitude correspond to the empirical results 
obtained by Bresson et al. (1996). We may note that the trajectory of unskilled jobs 
approaches the stationary value more rapidly than that of skilled jobs, for which the 
costs of adjustment are greater. In this regard, a graphic representation is particularly 
useful, since it allows us to visualize the amounts of time that adjustments take. But it 
is also useful to have a measure of the adjustment speed. 

Median Lag and the Adjustment Speed 
The time required for employment adjustment is conventionally measured by a me­

dian lag, which, by definition, indicates the time required for the level of employment 
to settte··at a point equidistanl from its initial value Lo and its stationary value L •. 
Consequently the median lag, denoted o, is implicitly defined by the equality L~ ,., 
(T.0 + L')/2. Therefore, taking into account equation (48), which describes the employ-
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flGURE 4.3 
Employment adjustment in the model with quadratic adjustment costs. The broken line corresponds to an adjustment 
cost b equal to 80% of the annual labor cost and tile unbroken line to a value of b equal to 15% of the same annual 
cost. 

ment trajectory, the median lag is defined by the formula ii= -In 2/J.,. Given the ex­
pression of .!2 that appears in relation (47), we see that the median lag increases with b. 

Hence a rise in adjustment costs prolongs the time that employment adjustment takes. 
It is interesting to note that the existence of an adjustment lag allows us to 

understand why labor productivity follows the business cycle. We do indeed observe 
that in booms, production per hour of work is higher than it is in slumps. The adjust­
ment costs of manpower contribute to explaining this phenomenon. Firms make little 
change to employment during booms, with the result that they have too few employ­
ees. Marginal productivity of labor is then high (higher than in the absence of adjust­
ment costs). The same logic implies that the marginal productivity of labor is weaker 
during slumps. 

Staying with a quadratic function means that employment adjustment takes 
place gradually, which on the one hand docs not always correspond to observed facts, 
and on the other leads to an underestimate of the extent of adjustment costs in applied 
studies (see Hamermesh and Pfann, 1996). What is more, the hypothesis of symmetry 
prevents us from distinguishing between effects arising from the costs of terminating 
employment and those arising from the costs of hiring. In what follows, we examine 
the consequences of the asymmetry between these two types of cost with a linear 
adjustment costs function. 

3.2.2 Linear and Asymmetric Adjustment Costs 

It is possible to distinguish the costs of hiring and firing by adopting a piecewise lin­
ear spec:ification. The hypothesis of linearity also brings out the fact that, contrary to 
the model with quadratic costs, employment adjustmen1 can take place immediately. 
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The Demand for Workers 
Let ch and c1 be two positive constants, and let us assume from now on that the 
adjustmont costs are represented by the function: 

C(i) = cL with and C =-Cf if l < 0 (49) 

Parameters ch and c1 allow us to distinguish hiring costs (i > O} from termina­
tion costs (i < O}. The firm's problem consists of choosing, at date t = 0, levels of 
employment that maximize the discounted present value of profit IT0 • The latter is 
expressed thus: 

r+"' Ila = Ja [F(L) - WL - C(i)Je-" dt 

Once again, this is a problem of calculus of variations to which the Euler equa­
tion (44) applies when the quadratic function -(b/2)i2 is replaced by the linear func­
tion C(i) = cL. After several simple calculations, we find that the employment path is 
defined by the equation F'(L} = W +re, which entails: 

F'(L)=W+rch ifl>O, and F'(L)=W-rcr ifi<O 

These conditions signify that the firm hires when marginal productivity is suffi­
ciently high to cover the wage W and the hiring cost rch. Conversely, the firm fires 
when productivity is so low that it just equals wage W less the provision rc1 for 
the termination cost. In all other cases, i.e., when productivity lies in the interval 
[W - ref, W + rch], the firm has no interest in altering the size of its workforce, for 
the gains due to hiring and firing are less than the costs incurred by adjusting 
employment. 

Labor adjustments take a particularly instructive form when the parameters W, 

r, c1,, and Cf are constants, which we have assumed. Let us define the employment 
levels Lh and Lt by the equalities: 

F'(Lh) = W + rch and F 1(L1} = W - rc1 (50) 

We see that the optimal values Lh and L1 do not depend on date t. That means 
that labor demand immediately (i.e., in t = O) "jumps" to its stationary value. The firm 
adjusts its workforca to the value Lh (respectively Lt) if the latter is greater than (or 
less than) the initial value Lo of employment. In the opposite case, i.e., if Lo falls in the 
interval [I.h, Lt), the optimal solution for the firm consists of making no change to the 
size of its workforce. In sum, labor demand is defined by: 

{
Lb if Lo :5 Lh 

L = f,o if Lh :5 Lo ,;; Lt 

Lt if Lr :5 f,o 
(51) 

Tho result-that the level of employment immediately "jumps" to its stationary 
value-arises from our choice of a linear form to represent adjustment cosls. In this 
case, it is 'not necessary to smooth out the trajectory so as to reduce costs. The firm 
always has an interest in reaching the stationary state as quickly us possible. Conse-
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quently the use of a linear form allows us to account for brutally rapid changes in the 
employment level. 

The Effects of Hiring and Firing Cosl< 

The choice of optimal employment is represented in figure 4.4. The upper part of the 
graph represents the marginal productivity of the initial level of employment F'(L0 ). 

The bold curve represents the relationship between the initial level and the optimal 
level of employment chosen by the firm. We seo that if the marginal productivity of 
initial employment is greater than W + rch the firm hires, whereas it fires if the mar­
ginal productivity of initial employment is less than W - rc:1. In all cases lying in 
between, the firm does not alter its employment level. 

Figure 4.4 and relations (50) also show that the costs of hiring and firing have 
opposing effects on labor demand. If the size of the workforce is low at the outset 
(Lo ,,; Lh), then optimal employment is equal to Lh, and a rise in the hiring cost ch 
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labor demand in the model with linear adjustment costs of employment. 
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reduces employment. Conversely, if there is a large number of workers at the outset 
(Lr ~Lo), the optimal level of employment takes the value Lr, and we clearly see that 
a rise in the termination cost c1 has the effect of increasing employment. We should 
not, however, conclude on the basis of this analysis that a rise in the termination cost 
(or a fall in the hiring cost) "augments" the firm's labor demand. In reality, since this 
demand immediately jumps to Lh or Lt (unless it simply remains at Lo), the level of 
employment is always equal to one of the three quantities Lh, L1, or L0 • Let us suppose 
that the number of workers is Lr. A rise in the termination cost er will augment Lr up 
to a certain value L} and will thus have the effect of placing the outset level of the 
workforce (now equal to Lr) somewhere in the interval [Lh,Lfl. In this case, relation 
(51) describing labor demand shows that the firm then has an interest in remaining at 
L1. In other words, a rise in the cost of terminating hinders the firm from going ahead 
with reductions in personnel, but gives it no incentive to hire. An analogous line of 
reasoning would show that a rise in the costs of hiring has the effect of discouraging 
further recruitment hut does not lead to a reduction in employment. Conversely, a 
reduction in hiring costs always has a positive effect on employment to the extent that 
it increases the value Lh of optimal employment. 

It emerges from this analysis that a rise in the termination cost of employment 
leads to a stabilization of labor demand when the latter is high (L1 = Lr) and that a fall 
in the hiring cost has the effect of increasing labor demand when it is low (L, = Lh)· 
Conclusions of this nature cannot be reached with a quadratic representation of ad­
justment costs. Moreover, the model just presented suggests that appropriate manage­
ment of hiring and firing costs may play a stabilizing role vis-a-vis labor demand. This 
result must, however, be reexamined in an environment with uncertainty. 

3.3 THE ADJUSTMENT OF LABOR DEMAND IN A STOCHASTIC 
ENVIRONMENT 
In order to compare the results to follow with those already obtained in the absence 
of uncertainty, we shall take a stochastic environment, and shall examine the con­
sequences of representing adjustment costs by a quadratic and symmetric function, 
and then by a linear asymmetric function. 

3.3.1 Quadratic and Symmetric Adfustment Costs 

The quadratic case serves as our baseline. Under the hypothesis of rational expoc­
tations, the dynamic path of employment is described by a linoru: equation with lag 
that .6.ts estimates well. This representation extends to multiple inputs and allows us 
to define the notion of dynamic complementarity and substitution. 

The Firm's Problem and tile Euler Equation 
Models in continuous time are not very well adapted to understanding the formation 
of expectation. For this reason we (provisionally) abandon the continuous representa­
tion of time in favor of a model in discrete time. The output of the firm is now written 
F(A., l.t), where A1 > 0 is a random variable representing, for example, a shock to the 



selling price, or to productivity, that occurs at the beginning of period I. We assume 
that the realization of A1 is observed prior to the decisions to hire and fire made in 
period t. Production is always strictly increasing and concave with respect to em­
ployment L1• In the course of period t, the firm supports adjustment costs arising from 
the hirings and firings represented by a quadratic and symmetric function that is 
expressed as (b/2)(L1 - f,1 .• 1)', b > O. The firm's behavior is analyzed following the 
same procedure followed in the dynamic model with certainty. The problem of max­
imizing the expected profit yields optimality conditions that allow us to know the 
labor demand at each date. These conditions are generally equations in differences 
defining current employment, hirings, and firings as a function of past employment 
and expected future employment. At each date t, the expected discounted present 
value of profit is written: 

In this expression, E, designates the expectation operator conditional upon all 
the information available to the employer at date t. The strict concavity of the pro­
duction function and the convexity of the adjustment costs imply that the first-order 
condition defines a maximum. Differentiating the expression of expected discounted 
present value of profit with respect to L1, we obtain the Euler equation: 

F1.(A1,L1) = W, +b(L1-L1-il--b-E,(L1+1-L1), 
l+r 

Vt;:: 1 (52) 

The dynamics of employment is thus described by a second-order difference 
equation where cunent employmenl L, depends both on past employment L,_, and on 
expected employment E1C.t+t· 

The Formation of Expectations 
At this point it is necessary to spell out the process by which expectations are formed. 
We will assume here that the producer is capable of making mtional expectations. 
This signifies that the expectation formed at date t about the value x .. , of a variable X 
at date t + i is then equal to the mathematical expectation of X1+1 conditional upon all 
the information available at date t. This expectation is denoted E1X1.,.; (for more detail 
on expectations in general, see chapter 8, section 3). Under the hypothesis of rational 
expectations, the "true" model of the economy is one of the available pieces of infor­
mation. Jn particular, the employer knows that the future level of employment L1 >• is 
given by relation {52) applied to date (t + 1). Step by step, we thus sec that employ­
ment L, will be a function of past employment L,_, and of expectations made at dale 
t about all future shocks A..,.;, i 2: 1. In ol'der to obtain an explicit solution for labor. 
demand, we will assume that the production function can be approximated by a linear 
quadratic function o[ the form F(A,,L,) = A,C., ··· (B/2)L~, with B > 0. Equation {52) is 
then wrilten: 

(53) 
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with: 

b 
ao = (B+ b)(1 + r) + b' a1 = (1 + r)ao, 

The Dynamics of Employment 

and 
(A1 -W,)a1 

a,=--b---

The solution of equation (53) can be obtained thanks to the "indeterminate coef­
ficients" method (see Blanchard and Fischer, 1989, p. 261, and Sargent, 1986, chapter 
14). It consists of postulating a particular form for the solution, then identifying the 
unknown parameters by writing that this particular form satisfies equation (53). Since 
L1 depends on its past value L1_,, on the present realization of the random variable 
a1, and on all the future expected values of the latter, we can seek a solution that is a 
linear form of these quantities. In this case, L1 is written: 

+oo 

L, = .u.,_, + Lµ;E1at+i 
i=O 

(54) 

In this expression, l and µ; (i ;:: 0) are unknown parameters that have to be de­
termined. To do so, we begin by calculating the expectation ·at date t of L1+1 resulting 
from relation (54). We thus find that E1L1+1 =AL,+ '£'1;."g µ1E,at+i+t> and in substituting 
this expression of E1L1+i in (53), we finally get: 

L, =-=-' ao Lµ;Etat+IH + a,L,_, +a, 1 ( +oo ) 

1 11.ao i=O 
(55) 

It suffices now to identify the coefficients of L1_ 1 and of an; (Vi;:: 0) in the 
expressions of L, given by (54) and (55) in order to obtain tho values of the coefficients 
2 andµ;. These.are: 

. a, 
A=1-2ao and Vi;:: 1 

Coefficient ,\ linked to lagged employment L,_1 is the root of the polynomial 
a02' - ,\ + a1 • We verify that this polynomial admits two real positive roots, one less 
than 1 and the other greater than 1. Only the value of i. less than 1 gives a stable non­
explosive solution, and thus it is the only root that can be retained. Substituting the 
values of the coefficients calculated above in equation (54), we arrive at the definitive 
expression of the solution: 

+oo 
L, = 2L,_, + µ. L(a0µ.);B,a1+; with 

j=O 

,\=1-~il," 
2ao 

(56) 

It is easy to verify that the value of ,\ linked to lagged employment increases 
with parameter b, which measures the extent of the adjustment costs. The weight of 
past employment is thus more important the higher the adjustment costs aro. In other 
words, fluctuations in labor demand are less marked when adjustment costs are large. 
Equations analogous in form to (56) have served as the foundation of numerous em-



\ 
pirical estimates that atte •.•. ! to measure the speed of employment adjustment. For 
that we have to postulate a particular form for the stochastic process governing the 
path of the random variables a, and, if possible, to link the parameters of this process 
to certain observable variables (see section 3.4.1 below for an example). 

Dynamic Substitution and Complementarity 
Only adjustment costs linked to employment, assumed to be homogeneous, have been 
taken into consideration. But the firm incurs this type of cost for other inputs, notably 
capital. Lucas (1967} and Nadiri and Rosen (1973} have studied the case of quadratic 
adjustment costs with multiple inputs in a stationary environment. Messe (1980} 
has extended this study in a stochastic framework with rational expectations. The 
dynamics of employment is then described by an equation whose form is very close to 
(56}. To be precise, if there are n inputs, of which the ith is utilized in quantity X/ at 
date t, the equation of the path of this input is written: 

n HO 

X/ = L-'1;XL1 + LYfE,xr+k 
i=1 k=O 

In this expression, l;; are adjustment parameters, Y; is a vector of parameters de­
pendent on technology and adjustment costs, and x, represents a vector relative to the 
price of the inputs. It is evident that the quantity of input i utilized at date t depends 
on the past quantities of all the inputs that give rise to adjustment costs. By extension, 
the definitions we gave in section 1.4.2 when looking at labor demand in the absence 
of adjustment cost, inputs i and j are called dynamically substitutable if .l;; < O and 
dynamically complementary if l;; > 0. When two factors are dynamically substitutable 
(or complementary) the direction of their adjustments is identical (or inverted). We 
also see that the average time it takes to adjust an input is influenced by the adjust­
ment costs of all the inputs. So the slowness with which employment is adjusted may 
be a consequence of the adjustment costs of capital if these two inputs are dynami­
cally complementary. 

3.3.2 Linear and Asymmetric Adfustment Costs 

In a model set in a stochastic environment, the costs of hiring and firing jointly influ­
ence employment, for the firm, in making decisions in the present, takes into account 
possible future upturns or downturns in the health of the economy. Where adjustment 
costs are sizable, we should expect to observe low rates of employment turnover. 
However, the influence of adjustment costs on average employment is a priori inde­
terminate in sign. 

A Model with Two States of Nature 
We return to the model in continuous time of section 3.2.2, in which a firm faces 
linear adjustment costs described by the formula (49}. We assume that instanta­
neous production is represented by the function F(A, L), where A and L designate 
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respectively a parameter affecting productivity and the employment level (the indica­
tor t is left out in order to simplify the notations). To bring out the contrast between 
the firm's behavior in booms and slumps, it is assumed that parameter A is a random 
variable following a Poisson process" with two states denoted by AG and AB, with 
AG >Ao and FAL > 0. The realization Ar; then represents the "good" state in whit:h 
marginal productivity is highest for a given level of employment. The instantaneous 
transition probability from state AG to state AB is denoted by qG, while the instanta­
neous transition probability from state An to state AG is denoted by qB. The ratio 1/qG 
(respectively 1/qB) represents the average length oftime the economy remains in state 
Ac (or AB): it is a measure of th~ persistence of state Ac (or A8 ). 

The complete and rigorous solution of the optimization problem of a firm that 
finds itself in an environment of this type is possible, but encounters substantial tech­
nical difficulties (see Bentolila and Saint-Paul, 1994, and Dixit, 1997). For the sake 
of simplicity, we start by considering a stationary policy linking constant levels of 
employment LG and L8 when the productivity variable takes the values Ac and A8, 

respectively. We assume, moreover, that the different parameters of the model are 
such that Le > L11 , which means that the firm hires when the economy passes from 
state AB to state Ac, and that it fires when the economy passes from state AG to state 
AB (employment remains unaltered when productivity does not change). 

The Decisions of the Firm 

Let Ile and IlB be the stationary present discounted values of expected profit when the 
productivity vaxiable is equal to Ar; and AB, respectively. Let We and Wn be the real 
wages linked to these states. Expected profits are then defined by the following trade­
off equations: 

rllc = F(Ac,LG) - WcLe + qc[-cr(Lc -LB)+ Ila - Ile] 

rrTB = F(Ao,La) - WoLB + qn(-ch(Lc - Lo)+ Ile - IlB] (58) 

We have met equations of this type in chapter 3, section 2, dedicated to the job 
search theory. We interpret them by reasoning as though there were multiple trade· 
off possibilities in the investment of ari asset. In the present case, an asset worth Ile 
brings in rITc at every date if it is invested in the financial market. An asset corre· 
sponding to the same amount of money invested in the labor market brings in, at every 
date, instantaneous profit F(Ac, Le) - WGLG, to which must be added the average gain 
linked to a change in the state of the economy. This eventuality comes about with a 
probability of qc, in which case the firm lets (Le - L8 ) individuals go, which costs it 
c1(Lc -Lo), and it then gets an expected profit equal to lIB. Relation (58) defining Ila 

is interpreted in analogous manner. 
When the level of employment is, for example, equal to J,B, and state Ac comes 

about, the firm makes its hiring decisions in such as way as to maximize the value of 
its expected profit net of the costs of hiring. So it must solve the following problem: 

Max[llr; ·· ch(Lc ··· Ln)] 
Lr. 

with LB given 



) 

In symmetric fashion, if the number of workers equals Le; and state Ao comes 
about, it decides to terminate employment so as to maximize the value of its profit net 
of the termination costs. So it must solve tho following problem: 

with Le given 

The first-order conditions of these two problems come down to two equations, 
(anG/aLG) =ch and (on8 /8L8 ) =-Cf· These two conditions are easy to grasp: the firm 
increases its workforce as long as the marginal profit of a hire surpasses its cost, and it 
terminates jobs to the point where the marginal loss due to a termination-equal to 
-(Dna/8L")-just covers the.cost Cf of a termination. 

Relations (57) aod (58) allow us to find the partial derivatives of profits nc and 
. no with respect to employment levels: 

arrc ( 1 ) [ ans] 
oLG = r + qc FL(Ae,Le) - We - qecf + aLe 

ano ( 1 )[ ane] 
DLa = r + qB FL(As, Ls) - WH + qsch + oLs 

Relations (57) and (58) also give (ons/ol.c) = q8 [-ch + (imc/oLe)] and (oTIGfoLs) 

= qc[cf + (ans/DLs)], which implies, with optimality conditions (one/aLe) =ch and 
(ans/aL.) = -cf. that (an8/8Lc) = (onGfoL8 ) = O. Consequently, the optimal levels Le 

and Lo satisfy the following equations: 

Fi(Ae,Lc) =We+ qcc1 + (r+ qc)ch 

FL( An, LB) = Wa - quch - (r + qo)cf 

(59) 

(60) 

The values Le and Ln correspond respectively to the levels of labor demand in 
states Ac and A 8 if and only if these two equations imply Le > L8 , which we assume. 
In this case, employment rises when the firm passes from a bad state to a good one, 
diminishes when it passes from a good state to a bad one, and remains constant in all 
other circumstances. 

F1uctuations in Employment 
We see that taking uncertainty into account through a two-state Poisson process con­
siderably alters the results obtained from models in a stationary determinist environ­
ment. Hiring phases (which correspond to the good state of nature Ac) are linked to a 
levol of employment Le greater than the one L11 existing in firing phases (i.e., whon the 
bad state A8 appears). Unlike the certain case, the level of employment does not settle 
definitively on value Le or L8 ; rather, it alternates from one value to the other accord­
ing to the states of nature. Moreov"r, relations (59) and (60) indicate that labor de­
mand depends, whatever the state of nature, on both turnover costs ch and Cf. So it is 
that we see Le decrease with ch and Cf· The fact that rm:ruilment is weaker when the 
cost Ch of a hire rises has nothing surprising about it; yet it appears that the same thing 
happcms when it is the termination cost Cf that increases. This comes about simply 
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because the entrepreneur foresees that in the foture, he or •· I.rm have to deal with 
loss favorable phases in tho cycle, when terminations will have to be made. Hence, 
high costs of termination put a brake on hires in the upward phases of the cycle. Con­
versely, relation (60) shows that L8 increases with Cf and ch. A rise in the termination 
cost Cf gives the firm an incentive to do less firing in the downward phases of the 
cycle, and a rise in the hiring cost c1, gives it incentive to act in tho same way, since it 
foresees that it will have to sot about recruiting personnel when the economic cycle 
turns up again. This analysis suggests that adjustment costs ought to have a stabilizing 
effect to the extent that a rise in these costs reduces hires when the economy turns up 
and puts a brake on firings when it turns down. In certain circumstances, it is even 
possible that adjustment costs may have a beneficial effect on average employment. 

The Labor Turnover Rate 

Let us suppose that tho economy is composed of a continuum of identical firms and 
let us designate by p the proportion of these that, .at a given date, find themselves in 
the good state of nature. The variable p then represents the proportion of firms for 
which A= AG holds. For the sake of simplicity, the measure of the continuum of 
firms is normalized to 1. At any date t, there are pqc firms that pass from state AG 

to state A8 and that each fire (Le - L11) workers. The destruction of jobs thus amounts 
to pqG(Lc - Ls). Conversely, there are (1 - p)q8 firms whose state passes from A11 to 
AG and which each hire (La - L8) workers. The creation of jobs thus amounts to 
(1 - p)qs(LG - L.). At stationary equilibrium of the economy, the number of jobs cre­
ated is equal to the number of jobs destroyed, and parameter p is thus defined by tho 
equality p = qu/(q8 + qc). One interesting indicator often utilized to measure job flows 
is the turnover rote, equal, by definition, to the sum of all the jobs created and 
destroyed. In this model, the turnover rate, denoted by<, is given by: 

'= ((1 ·- p)qB + pqG)(LG - Ls) = 2 _!lE!J'!_ (Le - L.) 
qe+qG 

Since, following (59) and (60), the employment levels Le; and Ln are functions, 
respectively decreasing and increasing, of adjustment costs, it results that the turnover 
rate falls when the "rigidity" of the labor market increases, i.e., when the costs of 
hiring ch and firing ~f increase. Conversely, the turnover rate is a decreasing function 
of the wage differential (We - W8 ). All other things being equal, for that matter, an 
economy with rigid wages that vary little over the cycle will have a higher labor turn­
over rate than an economy with more flexible wages. This property may explain why 
labor turnover rates are just about tho same in the United States and certain European 
countries such as France and Germany, although the employment market is far more 
flexible in tho United States. According to Bertola and Rogerson (1997), higher wage 
rigidity in Europe might produce a reaction in the form of large job crnations and 
destruct,ions, so that in the end, tho tu:mover rates in tho United States and Europe 
turn out io be more or loss the same (see also Dertola, 1999). This observation, which 
has to do with 1he labor market equilibrium and not just labor demand, will be more 



thoroughly documented _ .hapter 12, section 2, where wages are endogenous and so 
react to the adjustment costs of employment. 

Average Employment 

A "rigid" labor market will thus create and destroy fewer jobs than a "flexible" one, 
but we cannot a priori state anything about the average level of employment, which 
comes under pressure from two opposing directions. In certain circumstancos, it is 
possible that the average employment level may be higher in a rigid economy than 
in a flexible one. To see why, let us suppose that the production function takes the 
quadratic form F(A,L) =AL - (B/2)L2 ; the marginal productivities appearing on the 
left-hand side of relations (59) and (60) are then equal to Ac·- BLc and Aa - BLa, 
respectively. Let us denote average employment by L = pLc + (1 - p)L8 , average pro­
ductivity by A= pAc + (1 - p)Aa, and the average wage by W = pWc; + (1 - p) w •. 
Since p = qs/(q8 + qc), the addition of relations (59) and (60) defining Lc and L• 

comes to: 

A-BL= W +-r-(qBch -qccr) 
qa+ qc 

Consequently, under the hypothesis of a quadratic production function, average 
employment is an increasing function of termination costs and a decreasing function 
of hiring costs. This result, however, does not bear a general character: it depends on 
the specification of the production function and the nature of the shocks. With a 
homogeneous production function, the termination costs have ambiguous effects. 
Berto la ( 1999) has shown, with the help of numerical examples, that a rise in these 
costs likely has a positive impact, but one small in extent, on average employment. 
Using a discrete time model, Bentolila and Bertola (1990) have studied the case of a 
homogeneous production function with shocks that follow a random walk of the type 
A1 = A1 . 1 + '" where t 1 is a white noise. The shocks have a permanent effect on the 
level of parameter A1• These authors likewise conclude that there is a positive rela­
tionship between the firing costs and average employment. Nonetheless, for realistic 
values of the parameters, they show that the impact of firing costs on employment is 
small in extent. Conversely, Bentolila and Saint-Paul (1994) arrive at markedly differ­
ent results by assuming that the shocks are independent and have a uniform distribu­
tion. They bring to light a nonmonotm1ic relationship between the firing costs and 
average employment. When these costs are low, the relationship is negative, but it 
becomes positive when they rise sufficiently high. 

3.4 EMPIRICAL ASPECTS OF LABOR DEMAND IN THE PRESENCE OF 
ADJUSTMENT COSTS 
To estimate the importance of employment adjustment costs has been the aim of many 
in-depth studies. Until recently, a quadratic and symmetric representation of these 
cosl• was always used. Today, however, studies using microeconomic data generally 
abandon this representation. 
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3.11.1 On Estimates 
For convenience, numerous studies postulate Lhat adjustment costs take quadratic and 

symmetric form. Jn a stochastic environment, and under the hypothesis of rational 

expectations, the level of present employment L, is given by the difference equation 

(56), which brings in past employment L1_ 1 and expectations regarding shocks 
Dtti (i;,: 1) affecting the firm's environment. When expectations are rational, the pro­

ducer is capable, like the economotrician, of estimating the stochastic process of the 

Ut+I· For that, it is enough lo substitute expectations of these variables at date t by the 
values predicted for them by the stochastic process estimated by the economctrician. 

For example, if the stochastic process generating Lhe shocks is autoregressive of order 

011e1 or ar ::.:: :xar-1 + 1-:r, 0 < a < 1, where s, is a white noise1 then E1Ut+i = a.iat a.nd 
equation (56) reads: 

L, = J.L,_, + ···· .2!!.... - a, 
1 - "(aoµ0 ) 

All variables in this linear equation being observable al date tit can be eslimaled 

using, for example, the method of ordinary least squares. In this way we can deduce 
the median lag12 o. When the random variable a1 follows a more complex process, the 

hypothesis of rational expectations allows us to ohtain an equation linking present 

employment to the (observable) values of shocks past and present. It then remains to 
estimate this equation with adequate methods. 

The expression (56) of labor demand upon which Lhe preceding method is based 

is obtained using precise hypotheses concerning the production function (linear qua­
dr•tic) and adjustment costs (quadratic and symmetric). In order to get around having 

to postulate such restrictive hypotheses, another approach consists of estimating the 
Euler equations directly. These indicate-see, for example, (52)-that employment at 
dale t depends on both past and expected future variables. The hypothesis of rational 

expectation allows us, in making our estimates, to replace expectation variables by 
their realizations, utilizing the technique of generali~ed moments or that of instru­

mental variables, with instruments belonging to the information set of the firm at date 

t (Hamilton, 1994, chapter 14). 

3.4.2 Main Results 
The results obtained from es Lima ting. dynamic equations of labor demand aro given 
by Hamermesh (1993, chapters 7 and 8) and Hamormesh and Pfann (1996). From this 

it emerges, among other things, that the adjustment costs of employment cannot ho 
validly represented by a simple quadratic and symmetric component. 

On tlie Form of Adjustment Costs 
Until the end of the 19UOs, the grnat majority of empirical studies made use of qua­

dralic and symmetric cost functions. Most often they found that adjustment costs were 
minor;· on the order of 20% of tho annual labor cosl for the United Stales and United 

Kingdom. Since then, however, studies grounded in microeconomic data have devel­
oped notably, and all of them roach tho same conclusion: the hypothesis that adjust-



ment costs are symmetric and convex (like quadratic functions, for example) must 
be rejected. A good representation must, in all likelihood, be asymmetric, piecewise 
linear, and involve fixed costs (Hamermesh and Pfann, 1996). 

The work of Abowd and Kramarz (2003), grounded in French individual data, 
confirms this judgment. They find that the cosl• of terminating employment are almost 
linear functions of terminations, with a very high lump-sum component, which can be 
explained by the existence in France of economically motivated procedures for mass 
termination. The fixed cost ofa mass termination is 1138117 French francs (against an 
average annual labor cost of 171022 French francs). The marginal cost of terminating 
Nworkers is (56299-31.2 x N) French francs. The cost of terminating employment is 
thus concave with respect to the number of fired workers. Abowd and Kramarz also 
find that hiring costs are clearly lower, and are an increasing and concave function of 
the number of hires. 

On the Extent of Adjustments 
Many studies have tried to estimate the speed or adjustment of labor demand. They 
have adopted a quadratic and symmetric representation of labor turnover costs, and 
have not taken into account possible adjustment costs for other inputs. It appears that 
the speed of adjustment is relatively high, since according to Hamermesh (1993, 

p. 261), a reasonable estimate of the median lag is one to two quarters (1.4 quarters on 
the basis of quarterly data, and 1.2 quarters on the basis of monthly data). Estimating 
simultaneous adjustments of multiple inputs does not seem to change this conclusion. 
With a moderate degree of confidence, certain studies do show, however, that labor 
services would be dynamic substitutes with the rate of capital utilization. In other 
words, firms would adjust the utilization of their equipment all the more quickly, the 
greater the disequilibrium between desired employment and actual employment. It is 
worth noting that most of the estimates apply to the United States and Canada. 

Firms adjust hours of work more rapidly than number of workers. This result 
points to the conclusion that adjustment costs are greater for workers than for hours, 
which also explains why workers arc kept on during cyclical do}Vnturns. There exists 
no robust result, however, allowing us to assert that men and hours are dynamic sub­
stitutes, or complements. 

Most international comparisons indicate that employment adjusts more rapidly 
in tho United States than anywhere else. They also suggest that the adjustment takes 
place more rapidly in Europe than in Japan. The reasons for these divergences are not 
well established. Contrary to what one might think, the degree of unionization does 
not appear to be a significant variable. A greater or lesser rigor of legislution regarding 
the termination of employment might, howevor, be an explanation for this phenome­
non. Abraham and Houseman (1993) compared labor adjustment pmctices in the 
United States and Germany. Lazear (1990) and Dertouzos and Karoly (1990) found 
that strengthened job security, i.e., an increased cost of terminating employment, hus 
a negative impact, but Rertola (1990) estimates that these costs l1ave practically no 
influence. We "ill return to this problem in detail in chapter 12, section 2. 
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4 SUMMARY AND CONCLUSION 

Conditional demands rep1·esent the quantities of each input which a firm desires 
to utilize to attain a given level of output. The cost function is the minimal value 
of the total cost of the inputs cmTBsponding to this operation. Unconditional 
demands designate the quantities of each input that a firm desires to utilize to 
maximize its profit. The conditional and unconditional demands for an input 
always decrease with the cost of the input. The absolute value of the wage elas­
ticity of unconditional labor demand decreases with the market power the firm. 
It increases with the elasticity of capital/labor substitution. 

Labor and capital are called gross substitutes when a rise in the price of a fac­
tor leads the firm to reduce the unconditional demand for this factor and in­
crease that for another. When this rise implies a reduction in the unconditional 
demand for each factor, labor and capital are described as gross complements. 
Two factors are p-substitutes (or p-complements) if the conditional demand for 
one of them increases (or falls off) when the cost of the other factor rises. If 
the production function includes only two inputs, then they are necessarily 
p-substitutes. 

Cross elasticity of conditional demand for a factor i with respect to the price of a 
factor j increases in absolute value with the share of factor j in the total cost, 
and with the elasticity of substitution between these two factors. 

A reduction in standard hours has the same impact on employment as a rise in 
fixed costs. That is why, when a firm makes use of overtime hours, a roduction 
in standard hours increases the actual workweek by inflating the number of 
overtime hours used. The rise in fixed costs tends to hold back the level of 
production, and hence that of employment. Therefore, a reduction in standard 
hours may have deleterious effects on employment if it is not accompanied by a 
reduction in fixed costs. 

At the aggregate level, we may take it that the absolute value of the elasticity of 
conditional labor demand with respect to the cost of labor falls in the interval 
[0.15, 0.75], with. consensus settling on a figure of 0.30. Unskilled labor is more 
easily substitutable for capital than skilled labor is. Skilled labor and capital are 
p-c:omplements. Workers and hours are p-substitutes with capital. 

The adjustment costs of labor are often sizable. In the United States, hiring costs 
are greater than termination costs. In France, termination costs clearly outrank 
other adjustment costs. 

When adjustment costs are quadratic, the firm gradually adjusts tho size of its 
workforce. But it alters the size of the workforce instantaneously if adjustment 
costii 'are linear. Under this hypothesis, a rise in the costs of terminating em­
ployment allows the firm to stabilize labor demand when labor demand is high. 



l 
A decline in hiring ,, __ ,.; has the effect of increasing labor demand when it is 
low. In a stochastic environment, a rise in hiring costs generally has a negative 
impact on average employment. But a rise in firing costs may have a positive 
impact on average employment. 

Studios grounded in microeconomic data reject the hypothesis of quadratic and 
convex adjustment costs. A good representation of these costs must be asym­
metric, piecewise linear, and include a lump-sum component. 

The median lag needed for the adjustment oflabor demand lies between one and 
two quarters in the United States. Finns adjust the volume of their hours more 
quickly than they do that of their workforce. Adjustment times are shorter for 
unskiJled labor than for skilled labor. 

The fiction of a firm that lasts forever is no doubt inadequate to the task of char­
acterizing fully the behavior of labor demand. We have to take into consider­
ation firms that fail, and explain how new ones come into being. Empirically, 
job creation and destruction due to the closing down and starting up of firms 
may be as great as or greater than that caused by the expansion and contraction 
of existing firms. As Hamermesh (1993, chapter 4) points out, the problems 
posed by the creation and destruction of firms constitute one of the major chal­
lenges facing the traditional theory of labor demand and the empirical studies 
allied to it. These problems will be tackled in chapters 9 and 12, which deal 
with employment and unemployment from a macroeconomic perspective. 

The functioning of the firm is studied in abstraction from specific problems 
linked to the management of human resources. In reality, wages, working con­
ditions, the scheduling of hours of work, and employment itself are all objects of 
formal or informal negotiation. As well, the efficiency of labor may be sensitive 
to the level and form of remuneration paid and to the hierarchical struL1ure 
prevailing in the firm. These features of the wage relationship may affect labor 
demand. For example, the linkage between employment ani:I wages may be af­
fected by the bargaining power of the workers and their proferences. Such con­
siderations are absent from the traditional theory of labor demand; they will he 
dealt with io chapters 6 and 7. 

5 RELATED TOPICS IN THE BOOK 

Chapter 7, section 5; Bargaining over hours 

Chapter 9, section 3; Labor demand in the matching model 

Chapter 12, section 1: Labor market equilibrium with a minim nm wage 

Chapter 12, section 2: Ilmploymcnt protection 
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7 APPENDICES 

7-1 APPENDIX 1: THE CONVEXITY OF ISOQUANTS 
In this appendix, we show that tbe isoquants of a production function with two 

inputs, denoted F(K, L), are strictly convex when the production function is strictly 

increasing witb respect to each of its arguments and strictly concave in (K,L). Readers 

will recall that a function f: IR" -•IR is strictly convex (or strictly concave) if and 
only if: 

f[.lx + (1 - ..l) yj <(resp. >) J.f(x) + (1 - .i.) f(y), lf(x, y) E IR" x JR", If). E (0, 1) 

By definition, the isoquant corresponding to a given output level Y is a curve 

K(L) defined by F[K(L),L) = Y. This equality implies in particular: 

F[K().L, + (1 - .<)Li), ;.L1 + (1 - ).)Li]= Y lf(L1,L-,), If). E iO, lj (61) 

The production function being strictly concave, for each quadruplet (K1,Kz, 
L,, L,) we always have: 

F[AK1 + (1 - ..l)K,, ).L, + (1 - l)Li] > .i.F(K1 ,L,) + (1 - }.)F(K2,L2), If}. E (0, 1) (62) 

Let us posit K, = K(L1 ) and K, = K(li), which implies F[K(L,),L,) = F[K(L2),li] 
~= Y; tl1e right-hand side of (62) is tben equal to Y. Whatever the values of L, and L2, 

and for all V,l E (0, 1), relation (61) then gives: 

F(..lK(L,,) + (1- .<)K(L,),AL1 + (1-,\)L,] > F[K(XL1 + (1--l)Li),2L1 + (1 -J.)Li] (63) 

The production function being taken as strictly increasing with respect to each 
of its arguments, inequality (63) allows us to write: 

K[,\f,, + (1 - },)L2i < .<K(L1) + (1 - 2)K(L2) lf(L1 ,L2), If!. E (0, 1) 

This last relation shows that the isoquant K(J.) is represented by a strictly con­

vex curve in the plane (K, !,). 

7.2 APPENDIX 2: THE PROPERTIES OF (OST FUNCTIONS 
Let us consider a firm producing a unique good, whose technology can be represented 
by a production function with n arguments, denoted hy Y = F(X1 , ... , X"). Let us 



designate the vector indicating the quantities of the inputs utilized in the production 

of a quantity Y of the good by X = (X1, ... ,X"), and the vector indicating their respec­
tive price by W = (W1 , ••. , W"). Let "JI be the set of the vectors X such that F(X) ~ Y 

for a given output level Y. The cost function of this firm, denoted by C(W, Y), is then 

defined by the following relation: 

C(W, Y)=Min ..f--w'x' 
XE<&~ 

1=1 

(ij C(W, Y) is increasing and homogeneous of degree 1 in W 

(64) 

The cost function evidently increases with the price of each input, since, for a given 

vector X of inputs, the rise in price Wi of input i increases tha total cost of production. 

In order to show that the cost function is homogeneous, it is enough to note that for 
any positiva number ,\ we have: 

Min f v.w')X' = ,i Min f w'x; 
XeW i=l Xe<W 1'-::l 

Put another way: 

C(,\W, Y) = ,\C(W, Y), VJ.~ 0, V(W, Y) 

Consequently the cost function is homogeneous of degree l with respect to vec­

tor W = (W', ... , W") of the input costs. 

(ii) C(W, Y) is concave in W 
Given two vectors W = (W 1 , ••. , W") and V = ( V 1 , ... , V") of the input costs, we 

always have: 

n 

C(w, Y) s L w'x; vx e qy (65) 

i=l 

qv, Y) s f v;x' vx e qy (66) 

i=1 

Let us take a scalar,\ e [O, 1] and let us multiply relations (65) and (66) respec­
tively by ,\and (1 - J.). If we add the results obtained side by side, we get: 

J.C(W, Y) + (1 - J.)C(V, Y) s LP.w' + (1- J.)V'Jx', .V.lE [O, lJ, VX e o/I 

This inequality being satisfied for any vector of inputs X of the set o//, it implies 
in particular: 

2C(W, Y) + (1 - 2)C(V, Y) s Mi,l' L[,\Wi + (1 - ,\)V'JX', 
Xtd' j 

V,\e [o, 1] (67) 
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By the definition of the cost function, we also have: 

n 

C[,\W + (1 - ,\)V, Y] = ~J~ I),\W' + (1- A)V;JX; 
J::::1 

(68) 

Comparison of relations (67) and (68) then shows that the cost function satisfies 

the following inequality: 

C[,\W + (1 - ,\)V, Y] ;,, ,!C(W, Y) + (1 - ,\)C{V, Y) \l,l E IO, 1], \l(W, V, Y) 

This proves the concavity of function C(W, Y) with respect to W. 

(ii1) Shephard 's Lemma 
Let X = (X1, ... , X") be a vector minimizing the total cost when the unit prices of 

inputs are given by the vector W = (W 1 , ... , W"). In other terms, X is a solution of 
the problem described by relation (64). For given Y, Wand so X, let us consider the 

function with n arguments <!> = <!>(V), with V = (V 1 , •.. , V"), defined by: 

n 

<1>(V) = qv, Y) - L v;g; (69) 

i=l 

Since, by construction, we have: 

n 

qv, Y) = ~!~ L v;x', vv 
I=1 

Relation (69) implies <l>(V):;:; 0, VV. Still by definition of the cost function, rela­
tion (69) likewise entails <!>(W) = 0. Vector W thus represents a maximum for function 

<!>(.).For all i, the partial derivative of the latter with respect to V; is thus null at point 
W. Differentiating the two members of relation (69) with respect ta V;, we get: 

g; = C;(W, Y), Vi= 1, ... ,n. (70) 

where C; designaies the partial derivative of the cost function with respect ta its ith 
argument. Relation (70) constitutes Shephard's lemma. 

(iv) The Case of a Homogeneous Production Function 
Let us henceforth assume that the production function is homogeneous of degree 

0 > 0. By the definition of the cost function, we have: 

n 

G(W,i.Y) =M~nLW'X' s.c. F(X);,, Y 
i=l 

(71) 

In this problem, !el us make the change of variable Z = r'/Ox, i.e. z; = ;,-1/0xi 

for all i = 1, ... , n. Problem (71) is then written: 

C(W,l.Y);,,, ,i 11° Mint w'z; s.c. F(Z) 2' y 
z i=1 



We can immediately deduce: 

C(W,1Y) = ).118C(W, Y) (72) 

This last equation shows that tho cost function is indeed homogeneous of degree 
1/0 in Y when the production function is homogeneous of degree 0. Making A. = 1/Y in 
(72), we arrive at: 

C(W, Y) = C(W, 1)¥11°, \/(W,Y) 

Applying Shephard's lemma {70), we find: 

J(i = C;(W, Y) = C;(W, 1)¥118 

Consequently the conditional demands functions are equally homogeneous of 
degree 1/0 with respect to Y. 

(v) Production Function with Two Inputs 
When the only arguments of the production function are capital and labor, or Y = 
F(K, L), all the relations previously established of course remain satisfied. In particu­
lar, if W designates the labor cost and R the user cost of capital, Shephard's lemma is 
written with the evident notations: 

L = Cw(W,R, Y) and K = Cn(W,R, Y) (73) 

In order to find a simple expression of the elasticity of substitution between 
capital and labor, we must first note that the homogeneity to degree 1 of the cost 
function with respect to (W, R) implies: 

C(W,R, Y) = RC(W/R, 1, Y), \/(W,R,Y) 

Differentiating this relation with respect to Wand R entails succossively: 

Cw(W,R, Y) = Cw(W/R, 1, Y) (74) 

Ca(W,R, Y) = C(W/R, 1, Y) - (W/R)Cw(W/R, 1, Y) (75) 

If we now, for example, derive (74) with respect to R, we get: 

w 
Cwa(W,R, Y) = -RZCww(W/R,1, Y) (76) 

The cost function being concave, Cww is negative or null, and in consequence 
we will necessarily have Cwa ;;,. O. In the case of two factors of production, the elastic-
ity of substihi.tion a is defined by: . 

W/R a(K/l) 
"= K.1Y o(W/R) 

With the help of Shephard's lemma (73) and rolations (74) and (75), we can 
write: 

K Cn(W,R,Y) 
y= Cw(W,R, Y) 

C(W/R, 1, Y) - (W/R)Cw(W/R, 1, Y) 
Cw(W/R, 1, Y) ·---
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Or again: 

K C(W/R, 1, Y) W 
I= Cw(W/R, 1, Y)-R 

Differentiating this equation with respect to W /R, we arrive at: 

o(K/L) C(W/R, 1, Y)Cww(W/R, 1, Y) 
o(W/R) = - C~(W/R, 1, Y) 

) 

Using {76) and Shephard's lemma (73), we find after rearranging terms that the 
elasticity of suhstitution between capital and labor satisfies the relation: 

"= C(W,R, Y)Cwn(W,R, Y) 
Cw(W,R, Y)Cn(W,R, Y) 

7.3 APPENDIX 3: THE OPTIMAL VALUE OF HOURS WORKED 
If the amount of hours desired is such that H :;; T, the following inequality is satisfied: 

.QT+(l+x).Q(H-T)+Z .QH+Z 
e(H) ;;,: e(H) <m 

In this case, if !he minimum of function 'l'(H) = (.QH + Z)/e(H) lies within interval 
[O, T], it represents a global minimum for function W defined by {34). Differentiating 
'P(H) with respect to H, we find after several calculations: 

'P'(H) = He~H) [(1 - 11fr)!lH - Z11fl] 

From that we deduce that optimal number of hours worked is given by: 

II'= 'lfl ~ 
1-111, Q 

(78) 

(79) 

For this value of H to be smaller than Tit is necessary and sufficient that the following 
inequality be satisfied: 

~ < 1-11;, 
QT - 'lfr 

Moreover, equations {78) and {79) show that at the optimum, we have: 

m"(H") = (1 - 'lfi)!l 
r H'e(H') 

And the second-ordor condition for a minimum, or 'I'"> 0, then dictates 'lh < 1. The 
first line ofrelation (35) is thus proved. 

If the desired number of hours is such that H ;;,: T, the inequality ( 79) is inverted 
and the minimum of the function l/t(H) "" (QT+ (1 + x)Q(l l - T) + Z]/e(H) represents 
a global minimum for function W. Differentiating l/t(H) with respect lo H, we get: 

l/t'(l-l) = He~H) [(1 -17fr)(l +x)QH - (Z -!lxT)qf1] (80) 



) 
The optimum number of hours worked is Lhen given by: 

H = __ .2JL z -- QxT 
1 -- rtf1 (1 + x)Q 

This value of H is greater than T when: 

Z l+x--rtl', 
nr<!~ 

llquations (80) and (81) again imply at the optimum: 

l/l"(H) = (1 - 111',)(1 + x)Q 
He(H) 

(81) 

And the second-order condition for a minimum always comes down to qf, < 1 .. The 
second line ofrelation (35) is thus established. 

Finally, the optimum number of hours worked coincides with standard hours 
(H = T), when the minima of functions rp(H) and r/J(H) are not respectively in the 
intervals [O, T] and [T, +co]. This configuration appears when the following inequal­
ities are satisfied: 

1 - rtl'i < ~ < 1 + x - 11r, 
f/h -- QT - rtf, 

Thus the third line of relation (35) is proved. 
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In this chapter, we will: 

Understand why, in a situation of perfect competition, the hedonic theory pre­
dicts that wage differentials compensate for the laboriousness ur danger of tasks 

See that the existence of social norms may hamper the efficiency of perfect 
competition 

Understand why obstacles to perfect competition, such as barriers to entry or 
imperfect information, may entail differences between wages and marginal pro­
ductivity, as well as a level of employment falling below that achievable under 
perfect competition 

Understand why obstacles lo perfect competition may give rise to situations of 
discrimination in which some persons obtain lower wages than others because 
of their membership in particular demographic groups 

Learn what "statistical discrimination" is and why it can lead to persistent 
inequalities among demographic groups 
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\ 
See that empirical work indicates that the mecha. ..iis of competition play an 
important role in the labor market, and that discrimination influences wage dif­
ferences between certain demographic groups 

INTRODUCTION 

Why does John earn a lower wage than Jane? A number of possible reasons come to 
mind. Jane stayed in school longer, or obtained a more prestigious diploma. Jane's 
work is more demanding, with heavy responsibilities. Jane is older, or has been with 
her company longer. She is more highly motivated and efficient. John is the victim of 
discrimination against men. John works in a region where the average wage is lower, 
and so on. 

One of the puxposes of labor economics is to assess how relevant, and how sig­
nificant, each of these reasons is. On the theoretical level, we must specify which 
hypotheses are being used to justify every explanation offered for wage differentials. 
For example, we must inquire into the extent to which discrimination against women 
(Jane is an exception) may exist and persist. The answers Lo questions of this type are 
not trivial, and without elaborating a simple yet rigorous conceptual framework to 
represent the different elements that influence wages, they cannot be given. The frame 
of reference adopted by economic analysis is the model of perfect competition. When 
applied to labor economics, it explains the formation of wages by assuming that they 
match all labor supply with all labor demand; the attendant hypotheses are that agents 
have no market power because there is free entry into the market and information 
is perfect. This frame of reference leads to positive conclusions about the setting of 
compensation for labor that empirical studies allow us to confirm or reject. If the con­
clusions are massively rejected, then we need to formulate theoretical frameworks in 
which competition is imperfect, and subject them in tum to the rigors of empirical 
testing. 

In the first section of this chapter, we will see that the hypothesis of perfect 
competition yields a very rich theory about wage setting, with a number -0f implica­
tions. Since wages match labor supply and demand, they depend on both the char­
acteristics of workers and the characteristics of jobs. Briefly, the model of perfect 
competition leads to the conclusion that each worker gets a wage equal to that job's 
marginal productivity. The productivity of a job depends on the abilities of the worker 
and the attributes of the job. This approach suggests that workers can always find a job 
if they are prepared to accept wages and working conditions compatible with their 
abilities, which in Lum implies that the unemployed choose not to work because they 
judge the jobs on offer to be insufficiently attractive. In. other words, perfect competi­
tion in labor markets leads to an efficient allocation of resources if the decisions of the 
agents. do not entail externalities. In this connection, we will see that the existence of 
social norms may entail externalities, the consequence of which is that the equality 
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) 
between wages and margin"' productivities does not ensure an optimal allocation of 
resources. 

If the assumptions of perfect competition are not fulfilled, wage differentials 
reflect elements other than productivity differences. Sections 2 and 3 focus on what 
occurs when there are obstacles to perfect competitition. The first of these obstacles 
consists of barriers to free entry into the market, such as the presence of coalitions of 
workers-trade unions, for the most part-the behavior of which will be studied in 
chapter 7. Here we will merely highlight the consequences of market power by look­
ing at the results of a monopsony, i.e., the presence of a single firm in a particular 
labor pool. More generally, monopsony power is a specific case of labor mobility 
costs, which in this case work to the benefit of employers. But we will see that other 
costs of this type, such as hiring and firing costs or training costs, may work to the 
advantage of wage-<>arners and may be accompanied by wage gaps that do not reflect 
productivity differences alone. 

Another obstacle to perfect competition is the limited information available in 
the labor market. In chapter 3 we showed that imperfect information possessed by 
workers about the characteristics of the jobs on offer provoked search behavior on 
their part that entailed, in particular, a dispersion of wages resulting from the behav­
ior of firms, which may have an interest in offering high wages so as to be able to 
attract and hire a large number of workers (see chapter 3, section 2.3). In this.context, 
we noted that workers with greater seniority generally have higher wages, even if their 
productivity is exactly the same as that of co-workers with less experience. This kind 
of explanation for the rising relationship between age and wage earnings is very dif­
ferent from the one put forward by the competitive model of the labor market. job 
search models therefore throw light on the consequences of the lack of information on 
the part of workers concerning the characteristics of jobs. This light is interesting but 
partial, inasmuch as employers too dispose of limited information about the charac­
teristics of worke,.s. Without perfect information, employers face selection problems 
that have repercussions on the way the labor market functions. Labor economics has 
identified three important problems linked to the recruitroent strategies of employers. 
Firms in particular usually have incomplete information about the productive abilities 
of suppliers of labor and are thus faced with selection problems that affect their wage 
strategies. Conversely, workers may have an interest in "signaling" their abilities to 
employers by, for example. obtaining degrees from recogniwd educational institu­
tions (see chapter 2, section 3). Finally, the limited transparency of labor markets may 
give rise to ongoing situations of discrimination. Whatever their origin, these devia­
tions from perfect competition emerge in the form of wage differentials that do not 
compensate for any difference in working conditions or competence on the part of 
workers. 

Empirical tests of the predictions of perfect competition and of the consequences 
of tho obstacles to its application are often made jointly, and for that reason we·have 
left our review of overall empirical results to the lasl section of this chapter. 

! 247 



248 I PART Two I CHAPTER 5 ' I 
1 PERFECT COMPETITION AND COMPENSATING WAGE 
DIFFERENTIALS 

Economic analysis shows that perfect competition in the lahor markets ought to lead 
to a wage heterogeneity that results purely from the fact that some jobs are harder to 
do than others, and some suppliers of labor are more competent than others. Differ­
ences arising from hard working conditions are explained by the hedonic theory of 
wages, the premises of which were sketched by Adam Smith at the end of the eigh­
teenth century and have more recently been formalized by Rosen (1974). Wage differ­
ences linked to individual competence are explained by the theory of human capital, 
which rests on the idea that education leads individuals to become competent in ways 
that have value in the labor market. The foundations of this theory were laid by 
Becker (1964). 

A wage-paying job entitles one to receive compensation. In exchange, the wage­
earner must carry out a set of tasks that may be more or less harsh according to the 
speed at which he or she has to perform them, the work environment, the risk of acci­
dents, and even the social prestige attached to that job. Adam Smith noted at the outset 
that workers with the same level of competence should be paid different wages if their 
working conditions are different. The hedonic theory of wages proposed by Rosen in 
1974 accounts for wage heterogeneity arising from these "compensating differentials." 
It shows that the mechanism of perfect competition provides reimbursement for the 
workers who hold the hardest jobs. This mechanism also allows workers, whose pref­
erences are by nature heterogeneous, to choose how hard a job they are willing to take 
in view of the wage differences created by competition. These mechanisms also ensure 
that the allocation of workers over a range of jobs is socially efficient. 

To avoid any risk of confusion, we must distinguish clearly between the harsh 
conditions linked to a job, which vary from one job to another, and the disutility of 
work, which varies from one individual to another for the same job. To better grasp 
the implications of this distinction, let us first take the case in which all jobs are 
equally hard. 

1.1 PERFECT COMPETITION WITH Joes OF EQUAL DIFFICULTY 
Let us recall that a market works according to the principles of perfect competition if 
it presents two characteristics. Transparency: agents are perfectly informed about the 
quality of the product and its price. Free entry: agonts may enter and exit the market 
without cost. With these two hypotheses, perfectly competitive equilibrium is char­
acterized by prices that match supply and demand. When all jobs are equally hard, 
supply is principally determined by the disutility of work, which varies from one 
individual to another. 

Supply and Demand 
I.et us consider a market that has the two characteristics just outlined and in which it 
is possible to produce an exogenous quantity y of a good, thanks to a unit of labm-, 
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which, for the sake of simpacity, is the sole input. There is a large number of workers, 
all of whom supply a unit of labor and receive a wage w (expressed in units of the 
good produced) if they are hired. The welfare of a worker is evaluated using a utility 
fuociion u(R,e,9) with three arguments. Income R is equal to wage w when the worker 
is employed, and equal to zero when he or she is not. Parameter e measures the effort 
(or the disagreeability) attached to each of the jobs. We assume that this disagree­
ability is identical for all jobs, and without any loss of generality, we will assume that 
parameter e is equal to 1 if there is a hire and equal to zero if not. The parameter 9 ~ O 

represents the disutility (or the opportunity cost) of labor for the individual consid­
ered. In this model, all the jobs thus have the same "intrinsic" difficulty e, but indi­

viduals react differently to the difficulty of the tasks confronting them. Those with a 
low 9 accept it more easily than those with a high (}. The cumulative distribution 
fuoction of parameter 9 will be denoted by G(.). Finally, in order to simplify, we will 
assume that an agent's utility fuoction takes a linear form equal to the difference be­
tween the income and the opportunity cost of labor, or u(R, e, 0) = R - eO. 

Under the hypothesis of free entry, firms create jobs up to the point where no 
more opportunity for profit is left. Since firms make a profit equal to y - w for every 
job, labor demand is infinite if w < y, lies between zero and infinity if w = y, and is 
zero if w > y. The labor demand that results from the condition of free entry is then 
written: 

{
+oo ifw<y 

Ld= [O,+oo) ifw=y 

0 ifw>y 

(1) 

A worker with characteric 9 attains a level of utility equal to w - IJ if he or she 
is hired, and zero if he or she does not work. Consequently, only individuals whose 
opportunity cost 9 is less than the wage decide to work. If we normalize the measure 
of the labor force to 1, then labor supply is equal to G( w). 

Equilibriwn on<f. Optimum 
The functioning of the labor market is represented in figure 5.1,•in which the quantity 
of labor is shown on the vertical axis and the wage on the horizontal axis. Labor 
demand is composed of two parts: a horizontal line with ordinate equal to zero if the 
wage is superior to individual production, and a vertical line with abscissa y. Labor 
supply, equal to G(w), is represented by an increasing curve passing through the 
origin. At labor market equilibrium, supply is equal to demand. Figure 5.1 shows 
that labor supply and demand curves admit a sole intersection point, the coordinates 
of which are (y, G(y)). The equilibrium wage is thus necessarily equal to y, which 
entails zero profits. Employment and labor supply take the value G(y), which signifies 
that only individual< for whom the disutility of work IJ is less than the equilibrium 
wage y decide to work. 

It is important to emphasize that the allocation of individuals between employ­
ment and nonparticipalion is efficient, for every work.er takes up the occupation at 
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flGURI! 5.1 

Market equilibrium with perfect competition. 

which he or she is most productive. Workers whose opportunity cost 8 is greater than 
productivity y remain outside the labor market, while all others enter it and find 
work. An omniscient planner with the task of assigning workers to employment or 
nonparticipation so as to maximize the sum of individual utilities would choose ex­
actly the same allocation as the one that results from the competitive equilibrium, for 
such a planner must choose the threshold value of 0 that maximizes the sum of indi­
vidual utilities, equal to J:(y-x) dG(x). The solution of this problem' gives 8 = y, 
which is the level of employment obtained at competitive equilibrium. 

1.2 COMPENSATING WAGE DIFFERENTIALS AND THE HEDONIC 
THEORY OF WAGES 
When the jobs on offer to workers vary with respect to how difficult they are to do, 
perfect competition ensures that these differences will be compensated for by wage 
differentials. Equilibrium is still identified as a social optimum, and any measures 
aimed at reducing the difficulty of jobs do not improve welfare. 

Wages and the mjj;culty of fobs 
Let us now introduce heterogeneity among jobs arising from the difficulty of the work 
to be donEJ. To that end, we adapt the previous model by assuming that there P-Xists a 
continuum of jobs, each requiring a differl'!llt level of effort~> 0. This effort variable is 
a synthetic measure of the difficulty of jobs and so covers a number of dimensions 
such as accident risk, hours of work, environment, and the advantages, whether in 
kind or in status, that !low from holding a particular job. Strictly •,Peeking, e should 
thus be a vector with as many coordinates as there are characteristics to any job, but 
for the sake of simplicity, we reduce heterogeneity to a single dimension. Various 
aspect; ·of the actual content of jobs will.be examined in greater detail in section 4.1 
below, in which we present the relevant empirical work. 
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The productivity o ~ry sort of job is an increasing and concave function of 
effort, or y = f(e) with f'(e) > 0, f"(e) < 0, and f(O) = 0. Productivity y here corre­
sponds to production net of any costs occasioned by employment. For example, if we 
interpret e as a measure of industrial accident risk, it is generally possible to reduce 
these risks by reducing the intensity of work, or by making expenditures that achieve 
the same result. In either case, jobs that offer lower risk have less productivity in our 
model. As previously, we assume that the utility function of an agent takes the linear 
form u(R, e, 0) = R - eO, and that effort e is strictly positive when the worker is 

employed and amounts to zero when he or she is not participating. 
The hypothesis of free entry here entails that, for every type of work, profits are 

zero and the wage equals productivity. If w(e) denotes the equilibrium wage that 
applies to jobs that demand effort e, then we have w(e) = f(e). A worker with infor­
mation about all jobs at his or ber disposal and who enjoys perfect mobility is able to 
"visit" different markets and choose the job that gives him or her the greatest satis­
faction. If he or she chooses a job in which effort equals e, he or she will receive 
wage f(e). Hence the problem for each worker consists of selecting a value of effort 
that maximizes his or her satisfaction u[f(e), e, OJ subject to participation constraint 
u(w, e, 0) 2': u(O, 0, O) = O. This constraint signifies that the worker accepts a waged 
job if in doing so bis or her situation becomes preferable to nonparticipation (where 
R = e = O). The first-order condition of this problem, necessary and sufficient as a con­
sequence of the concavity of function f, gives: 

{ f'(e) = 0 ~ e = e(O) if f[e(O)] - Oe(O) 2': O 

e = 0 otherwise 
(2) 

The first line of this equation indicates that an agent chooses the job in which 
the marginal return to effort f'(e) is equal to the disutility 0 that it gives rise to. As 
f'(e) is decreasing withe, optimal effort ~(O) diminishes with parameter 0 measuring 
aversion to effort. The equilibrium wage received by a worker of type 0 in equilibrium 
is w[e(O)J = f[e(O)], the remuneration of tough jobs is a "compensating" wage differen­
tial, since wages increase with effort. 

This point is illustrated graphically in figure 5.2, which represents the choice of 
two types of worker. Type IJ'" is characterized by a stronger aversion lo effort than type 
IT < fl'. The effort is on the horizontal axis and the wage is on the vertical axis. An 
indifference curve-which, let us recall, is the set of points (e, w) at which an indi­
vidual obtains the same level of utility-is represented for both type's of worker. The 
indifference curves are straight lines with slope e. F~r a given 0, an upward shift of the 
indifference cUrve corresponds to increased satisfaction. Hence each worker chooses a 
level of effort e such that one of his or her indifference curves is tangent to f(e). In 

consequence, individuals with a strong aversion to effort choose low-effort jobs with 
correspondingly low wages. 

The second lino of equation (2) indicates that individuals whose aversion to 
effort is too large, i.e., such that B > fie(O)]/e(O), decide not to work. In our model, 
scrutiny of figure 5.2 shows that all individuals of typn 8 > j"(fJ) prefer not to 
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w 
u(w,e,0-) =est 

e 

FIGURE 5.2 

The hedonic theory of wages. 

participate in the labor market, because they have indifference curves that are steeper 
at the origin than the slope of function /(e). 

Normative Implications of the Hedonic Theory of Wages 
According to the hedonic theory of wages, the mechanisms of perfect competition 
allow workers to choose different working conditions, with wage differentials "com­
pensating" for the greater difficulty of some jobs. Moreover, competitive equilibrium 
allor.ations are efficient, furnishing each worker with an income w[e(8)] = f[e(8)] and 
inducing a level of employment G'(8) on the job market of type 0. This means that 
each worker is engaged in the task for which the difference between what he or she 
produces and the disutility that he or she undergoes is greatest. This result emerges if 
we look at the problem of a planner assigning workers to different jobs in such a way 
as to maximize the sum of utilities. Such a planner would choose the effort of each 
individual and the threshold value of IJ, denoted by 8', beyond which individuals no 
longer participate, in such a way as to resolve the following problem: 

fylax Je· {f[e(8)] - 8e(8)} dG(O) 
{O .o(O)} o 

The first-order conditions of this problem give f[e(O.)] = o•e(O') and f'[e(IJ)] = 0, 

V8e [0,8']. These last two equalities entail f[e(8')]/e(O•) = t'[e(8')]. Function f heing 
concave, this condition entails e(8') = 0, and so o• = f'(O). So we come back to the 
competitive equilibrium allocation, in which the return on effort and its marginal cost 
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The impact of a legal constraint on accident risk. 
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u(w,e,EI) = u(/[e(EI)], e(0),0) 

e 

are equal and in which only individuals of type (} s; f'(O) participate in the labor 
market. 

The efficiency of the competitive equilibrium has the corollary that steps taken 
by the public authorities to make jobs less demanding are undesirable if and only if 
markets function according to the principles of perfect competition. If there is no a 
priori restriction on the type of job supplied, the ones that are very difficult because, 
for example, they are highly dangerous are chosen and remunerated in full awareness 
of the pros and cons. In addition, any legal constraint that limits the difficulty of doing 
them results in a welfare loss. We can more clearly grasp the sense of this result if we 
ponder the impact of a policy aiming to reduce accident risk by putting security regu­
lations in place. Let us assume that the variable of effort e simply equals accident risk 
and that public policy consists of imposing an upper limit e+ to this risk. The intro­
duction of this constraint entails a welfare loss for all individuals whose disUtility of 
labor(} is such that effort e(O), defined by equation (2), is greater than e+. Figure 5.3 
shows us how the situation of such an individual changes. This situation corresponds 
to an indifference CUl'Vo associated with a lower level of utility in the presence of the 
constraint on accident risk. The individual in this case also receives a lower wage, 
equal to f(e+). 

It is worthwhile to insist on the fact that the uselessness of public interventions 
·when it comes to the difficulty or danger of working conditions has heen esta!ilished 
only when markets function in accordanc" with all the principles of perfect ccimpoti­
tion (perfect information, free entry). We w111 see in sections 2 and 3 that in a forge 
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number of cases, these conditions are not all met at the sai .... .:ime. Furthermore, as we 
will now proceed to demonstrate, the existence of externalities may constitute a 
source of inefficiency in the funtioning of the labor market, even if the hypotheses of 
free entry and perfect information are satisfied. Social norms provide an example of 
externalities of this kind. 

13 SOCIAL NORMS AND THE INEFFICIENCY OF PERFECT 
COMPETITION 
Numerous empirical studies suggest that social norms such as equity or morality 
influence the formation of wages. For example, Bewley (1996) states, on the basis of a 
survey of 300 people involved in formulating wage policies (managers of companies, 
trade unionists, consultants, etc.): "My findings support none of the existing economic 
theories of wage rigidity, except those that emphasize the impact of pay cuts on 
morale" (Bewley, 1996, p. 460). Surveys of company managers by Blinder and Choi 
(1990) and Campbell and Kamlani (1997) found that managers gave the need for 
equity top priority. This need can be taken into account in our basic model by making 
the preferences of workers depend ou the average wage that prevaiJs.in the economy. 

1.3.1 Social Norms and Wage Formation 
The idea that individuals are particularly attached to a feeling of equity is reinforced 
by work in psychology (Adams, 1963; Argyle, 1969) and organization theory (Lawler, 
1994). When applied to labor relations withio a firm, this idea sigoifies that an em­
ployee expects that his or her effort will be rewarded by remuneration regarded as fair. 
On the other side, the employer takes for granted that in exchange for the wage paid, 
his or her employee will also supply an effort regarded as fair. This concept is linked 
to the work of anthropologists in the tradition of Mauss (1923): it amounts to compar­
ing a variety of exchange relationships, unfolding over a sufficiently extended period, 
to a sequence of gifts and countergifts. The article of Akerlof (1962) brought it back 
withio the purview of economists. According to Akerlof, the employee's gift consists 
of exceeding prevailiog work standards, in exchange for which the employer pays him 
or her a wage exceeding the so-called "reference" wage. 

Accordiog to Akerlof(1962), the importance of fairness is enhanced by the fact, 
widely documented, that numerous employees do surpass prevailing work standards 
io their firms, yet at the same time those whose .performance doesn't meet those stan­
dards are not systematically fired. Observations of this kind cannot be understood us­
ing the traditional neoclassical model. For Akerlof, the explanation has to be sought, 
io part, io the domuin of sociology: an employee has a tendency to develop "feelings" 
for his or her firm, and for the smaller group consisting of his or her colleagues. Jn 
these circumstances, an employee derives satisfaction from makiog a "gift" of extra 

effort to the firm, " satisfaction analogous to that which he or she would feel when 
offering an unusually valuable present to a friend or relative. In this case, the em­
ployer clearly has no interest in raising work standards. Li\ewise, if an employee 
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takes satisfaction from the .• ~II-being of the co-workers in his or her group, the firm 
does not necessarily have an interest in getting rid of those who are less productive, or 
even in checking on them more closely than on the rest. In their celebrated study of 
the behavior of American soldiers during the Second World War, Stouffer et al. (1949) 
observed that during training exercises, soldiers with greater physical capacities 
spontaneously helped out the weaker ones, without looking for any personal advan­
tage. For those soldiers, it was probably a case of increasing their own satisfaction by 
raising that of the group as a whole. 

1.3.2 An Illustrative Model 
The consequences of equity for wage formation and employment can be illustrated by 
assuming, following Akerlof (1982), that the preferences of workers are influenced by 
social norms. 

Effort and Equity 
Let us consider a labor market with a continuum of identical workers, the measure of 
which is normalized to 1. Let ro be the average wage prevailing in the economy. The 
preferences of a worker are represented by a utility function u(R,e,ro) = R(l + P(e/ro)) 
- (e2/2), with p 2: O. In this expression, e represents the level of effort that will be 
chosen by a worker if he or she is hired (the value of e is zero for all those who do 
not participate in the labor market). The variable R designates income, equal to wage 
w if the worker is employed, and equal to the opportunity cost of labor, denoted by 0, 

otherwise. Parameter (} is characterized by a cumulative distribution function G(.) 
defined for the set of nonnegative real numbers. When fJ is strictly positive, this spec­
ification of preferences expresses the hypothesis that an individual takes more satis­
faction from his or her effort the higher his or her relative wage, w/ro, is. It fits well 
with the notion of fairness just discussed. Finally, we assume that individual produc­
tion is simply equal to the level of effort e. The free entry condition entails zero profit, 
and thus a wage w equal to individual production. 

If preferences are unaffected by considerations of fairness (// = 0), and if the 
labor market is perfectly competitive, the level of effort maximizes e- (e2/2), which 
entails e = 1. The utility of employed workers is equal to f. All individuals with a 
characteristic 0 less than l decide to work, and total employment amounts to G(f). 

If we now assume that P > O, we are in a position to show that considerations of 
fairness can lead employers to offer relatively high wages in order to take advantage of 
the process of "gift exchange." Under this hypothesis, each worker takes ro as given 
and chooses his or her level of elfort by solving the following problem: 

M;ix e[1 + p(e/ro)) - (e2 /2) 

Optimal effort e(w) is thus equal to [1-2(P/a>Jr'. Since each worker chooses 
his or hor level of effort as a function of the average wage, .the equilibrium is nec­
essarily symmetric. We thus have e = ro at equilibrium, and so .effort and wage are 
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characterized by the equalities: 

e=w=1+2fi 

This relation shows that social norms in.tluence productivity and effort at equi­
librium. Workers are given an incentive to make an extra effort, and receive high 
wages in exchange. Employed workers obtain a utility equal to p + G), and employ­
ment rises to level G(P + (!)], which is larger than that obtained in the absence of 
fairness considerations. Hence employment does also depend on social norms, and 
this dependence increases with the importance workers place on equity. This result is 
not, however, general; Akerlof {1982) and Akerlof and Yellen {1990) have presented 
examples of fairness actually increasing unemployment. 

Nevertheless, this model does allow us to illustrate a very general result: the 
inefficiency of competitive equilibrium in the presence of social norms. For a given 
value of p, the optimal allocation is calculated by maximizing the snm of the utilities 
of workers present in the market in a symmetric situation in which each worker sup­
plies the same level of effort, or e = w. That amounts to maximizing the utility of every 
worker with e = w. We then obtain e = 1 + p, which corresponds to a level of effort 
increasing with the degree of consideration for fairness, but inferior to that obtained at 
competitive equilibrium. The social norm is like an externality that compromises the 
efficiency of the competitive mechanism. 

Fairness: A Vague Notion 

The approach proposed by Akerlof makes the representation of preferences richer 
by integrating an explicitly social dimension. From this point of view it is of great 
interest and forms part of a larger movement attempting to take this dimension into 
account in different areas of economics (see Weiss and Fershtman, 1998, for a presen­
tation of this current of thought). The drawback to this approach, however, is that it 
makes the core results depend on the choice of an a priori definition of the structure of 
individual preferences. Fundamentally, the theory of fairness amounts to postulating 
the existence of an externality in the utility function. The ad hoc aspect of this exter­
nality is not the weak point of this theory-theoretical work often proceeds in this 
way-but the abs~nce of unanimous agreement about its nature is. At present there 
are too many elements that may enter into the concept of fairness for it to be capable 
of yielding a robust theory of wages. Economic analysis has simply not yet succeeded 
in formulating a concept of fairness strong enough to compel unanimity. Works based 
on experimental economics (see Fehr and Falk, 1999, for example) constitute an im­
portant source of information in this regard and may make it possible to achieve such 
a formulalion in the future. 

The hypotheses of perfect competition are very restrictive, and in practice their 
relevance is far from being universal. That being so, we cannot be certain that wage 
differ~ncos are the result of a socially efficient mechanism that rewards different levels 
of competence and different working conditio0.5. In the next section, we begin by 
examining the consequences of barriers to entry into the markets, and then in section 
3, the consequences of limited transparency of information. 
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2 OBSTACLES TO PERFECT COMPETITION (1): 
BARRIERS TO ENTRY 

The presence of market power in numerous labor markets is manifested most com­
monly in the form of coalitions of employees and employers. These coalitions decide 
wages and working conditions jointly, through negotiation. We will study this ques­
tion in chapter 7, dedicated to collective bargaining, but it is instructive to examine 
here the consequences of monopsony situations-those in which a single employer 
confronts a large number of suppliers of labor. We will see, on the basis of two exam­
ples, that a labor market dominated by a monopsony functions very differently from e 
market with perfect competition. In the first example, the introduction of a minimum 
wage in the presence of a monopsony may result in a rise in employment, something 
that cannot happen under perfect competition, where all workers whose productivity 
is inferior to the minimum wage see their jobs destroyed. In the second, the existence 
of a monopsony may give rise to a situation in which persons belonging to certain 
categories of the population-ethnic minorities, for example-receive lower wages 
than others although their productivity is identical. These categories undergo a dis­
crimination that does not exist in a perfectly competitive market but that may persist 
in a monopsonistic one. 

Fundamentally, monopsony is one of the textbook cases in which mobility costs 
work to the disadvantage of wage-earners. If these costs did not exist, the monopsony 
would be powerless vis-a-vis employees, who could quit their jobs at any time. But 
the converse is just as valid: the costs of hiring, firing, and training are obstacles to 
mobility of jobs that can be exploited by employees in such a way as to capture a 
share of the rent. No matter what their source, mobility costs and the rent-sharing that 
attends them generate wage differentials that are unrelated to productivity differ­
entials and that hinder the efficiency of the competitive mechanism. 

2.1 MoNoPSONY 
The existence of monopsony power is only conceivable in the presence of some kind 
of barrier that prevents others from gaining access to the labor market that it domi­
nates. This form of imperfect competition allows the monopsonist firm to discriminate 
against certain categories of workers for long spells without being forced out of the 
market. 

2.1.1 Wage, Employment, and Monopsony Power 
A monopsony has a tondency to exert a negative effect on wages and employment. 
The existence of a monopsony presupposes limited mobility on the part of those who 
supply labor, and entry .costs that bar othor firms from coming in to compete. 

The Basic Model 
The monopsony faces a labor supply L'(w) = G(w), which is an increasing function 
of the wage w. We assume that each person emp!Oyoo is capable of producing an 
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exogenous quantity y of goods. A monopsonist firm chooses the wage that allows it to 
maximize its profit, taking the lahor supply function as a given. Formally, the problem 
of the monopsonist firm is written this way: 

M;x x(w) = L'(w)(y- w) 

The first-order condition of this problem is obtained by differentiating x(w) with 
respect to w. Let 11;(w) be the elasticity of the labor supply; the wage wM of the 
monopsonist is defined by2 : 

W M - '1~(wM) 
-1+11~(wM)y, with 

L wL"(w) 
'1w(w) = L'(w) 2' 0 (3) 

The term 11;/(1+11;) lying betWeen O and 1, this relation shows that the wage 
chosen by the monopsonist is lower than the competitive wage y. These two wages 
coincide only if the elasticity of the labor supply becomes infinite, which corresponds 
exactly to the situation of perfect competition. Monopsony power enables the em­
ployer to obtain a strictly positive profit x(wM) = yL(wM)/[1 +11;(wM)], whereas in a 
perfectly competitive market this profit is zero, sinc.-e x(wM) tends to zero when ,,; 
tends to infinity. Relation (3) also indicates that monopsony power, measured by the 
ratio y/wM, decreases with the elasticity of the lahor supply. A monopsonist trades off 
between lowered wages and falling employment. If the labor supply is highly elastic, 
any wage reduction leads to a sleep fall in employment and profit, and this gives the 
employer an incentive to offer relatively high wages. Conversely, ifthe labor supply is 
little affected by wages, a monopsonist has the opportunity to cut back drastically on 
wages without suffering serious repercussions on employment and thereby on profit. 
This means that wage differentials unrelated to productivity differentials may exist. 
For given levels of competence and job specifications, workers unlucky enough to be 
in a market dominated by a monopsony raceive a wage reduced in proportion to the 
weak labor supply elasticity proper to such a market. 

The monopsony model is represented in figure 5.4. The equilibrium wage and 
employment are defined by the tangency point between the curve of isoprofit, the 
equation of which is L(y- w) = x(wM), and the labor supply curve L'(w) = G(w). 
Figure 5.4 shows. that the monopsonist exerts negative pressure on both the wage 
and employment. The wage wM is lower than the wage y that matches supply with 
demand under the hypothesis of perfect competition, and the level of employment 
G(wM) similarly lies below the level G(y) reached under the same hypothesis. 

From this perspective, the monopsony model sheds lights on the consequences 
of the minimum wage. Figure 5.4 does indeed indicate that if the minimum wage W 

lies somewhere botween the wage wM chosen hy the monopsony and the competitivti 
wage y, any rise in W allows the Jovel G( W) of employment to be increased. If, how­
ever, the minimum wage is greater than the competitive wage, the impact on employ­
ment.is evidently negative, since no firm would consent lo apemtc at wage levels that 
would bring it only losses. So the monopsony model suggests that tho rolationship 
between the minimum wage and employment is not monotonic but increasing for low 
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FIGURE 5.4 

The monopsony model. 

values of the minimum wage and decreasing for higher ones. The minimum wage may 
therefore affect employment positively in certain markets and negatively in others. We 
will return in great.er detail to the effects of the minimum wage in chapter 12, which is 
dedicated to public policy. 

The Sources of Monopsony Power 
The monopsony model assumes, on the one hand, workers with limited mobility, and 
on the other, the existence of entry costs that allow the firm in place to escape com­
petition. A number of factors might limit the mobility of those who supply labor. For 
example, the transportation cost.• affecting a particular labor pool might be significant 
(in a region poorly served by road and rail or remote from other labor pools). Monop­
sony power might also accrue to a firm dominating a profession requiring qual­
ifications that cannot easily be used in other fields. For whatever reason, there must 
exist entry costs that impede one or more firms from stepping in to compete with a 
monopsonist for the same labor market, since the strictly positive profit 1t(wM) real­
ized by the ruonopsonist ought to draw other employers to compete with it by offering 
higher wages. Only the costs of entering a labor market over which a mono.psonist 
holds sway can explain this absence of competition. 

A simple game model will enable us to show how a monopsonist firm may come 
into being when there exist costs attached to entering a market. The game unfolds in 
two stages. In stage 1, there is a waiting list made up of a large number N of firms that 
want to enter the market. All these fums know exactly what place they occupy on the 
list, and they can only enter the market one after the other. A.firm that decides to enter 
pays a cost c > 0, which when paid allows it to hire as many workers as it wants. We 
assume that the technology is always such that each worker produces an exogenous 
quantity y of a good. In stage 2, the firms present on the market are involved in "Ber­
trand competition" (Bertrand, 1883), meaning that they each simultaneously offer a 
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wage that maximizes their own profit. while taking thl 1es offered by the other 
firms as given. A game of this type is solved backward: we first determine the equilib­
rium in stage 2, then find the equilibrium in stage 1 under the assumption that the 
agents are capable of foreseeing what will occur in stage 2. 

In stage 2, the value of wages depends on the number of firms present in the 
market. When there is just one, it is a monopsonist, and we have seen that its wage 
w"' is given by equation (3). Let us now assume that there are only n > 1 competitors 
present in the market. Firm i chooses its wage w; so as to maximize its profit 
"' = L;(y- w;), talcing as given the wages paid by the other firms. Employment L; in 
firm i depends on all wages (w,, ... , w0 ) in the following manner: 

{
L'(w;) if W; > w;, Vj-# i 

L1 = (1/J)L'(w;) if i sets the highest wage with/ -1 other firms, 1 < J < n 

0 if there exists a firm j -# i which sets w; > w; 

The first line of this relation means that if the wage w1 of firm i is the highest of 
all the wages offered, firm i captures the entire supply of labor L'(w1) corresponding to 
that wage level. Converselyrthe third line indicates that if a firm comes forward with a 
wage strictly higher than that of firm i, no worker will accept employment with i (all 
agents prefer to work for wage Wil· Finally, the second line postulates that if the high­
est wage is jointly offered by J firms, they share the labor supply in equal parts. 

Entry Costs and the Existence of a Monopsony 
It can easily be shown that the situation in which every wage w1 is equal to produc­
tivity y is a Nash equilibrium, for when w1 = y for all i = 1, ... ,n, each firm has zero 
profit and can improve its earnings neither by lowering its wage-the labor supply 
coming its way would be zero-nor by raising its wage, which would occasion losses. 
It can also be shown that no other Nash equilibrium exists with wages w°1 < y. For that, 
it is sufficient to observe that the choice of a wage w; < y is not an equilibrium strat­
egy. Under this hypothesis, the profit of firm i is strictly positive, and thus a competi­
tor j would be in a position to offer a wage w; > w; which would bring it an equally 
positive but smaller profit than that of firm i. In this case, firm j captures the entire 
labor supply at ~he expense of its competitor i. Hence, when workers are perfectly 
substitutable, competition over wages among a number n of employers strictly greater 
than 1 leads to a situation identical to that of perfect competition, in which workers 
are paid at their marginal productivity. This standard result of game theory is known 
as Bertrand's paradox (1883). 

In stage 1, each firm makes its decision knowing that it will obtain zero profit in 
stage 2 if other firms are present in the market, and monopsony profit it(w"') if it is the 
only one to penetrate this market. The upshot is that once the firm at the top of the list 
has entered the market, no other firm has any interest in competing with it, since it is 
certain to make zero prolit, while paying a supplementary cost c > O to get into the 
market. The firm at the top of the list foresees that its possible entry is going to dis-
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suade the competitors wa. )behind it from entering, and so decides to do so itseli if 
ir(w"') > c. In sum, the presence of a cost of entry c entails the existence of a monop­
sony when ir(w"') > c. Conversely, if ir(wM),, c, no furn enters the market The fact 
that an entry cost, however low, leads to the appearance of a monopsony is evidently 
an extreme rosult, which may be modifiod by assuming other types of competition in 
stage 2 of the game (see, for example, Mas-Colell et al., 1995, chapter 12). Such mod­
ifications are not, however, sufficient to all.er the general import of this result, i.e., that 
the entry costs to labor markets may promote monopsony siluations and so bring 
about wage gaps unrelated to any productivity differentials. The persistence of dis­
crimination is an example of such a gap. 

2.1.2 Monopsony and Discrimination 
Discrimination is a situation in which individuals identical in regard to their produc­
tive ability are treated differently because of certain of their nonproductive character­
istics. Becker (1957) poioted out that the preferences of employers and workers may 
constitute a source of discrimination. 

There is employer discrimination when employers have an aversion to employ­
ing members of certain demographic groups. In this case, workers who belong to these 
groups must accept wages lower than those of other workers in order to compensate 
the employers for the dislike the latter feel for employing them. It must be emphasized 
that employer discrimination cannot exist under perfect competition with no produc­
tivity differences between workers. Employers with a preference for discrimination 
pay the discriminated workers at a rate below their marginal product. Free entry by 
color-blind firms that offer the potentially discriminated workers wages that equal 
their marginal product forces the discriminating firms out of the market. 

Becker also discusses the case in which discrimination may ariso out of the 
preferences of workers. In this situation, workers who bolong to a majority group feel 
an aversion for working with members of a minority group, and employers must com­
pensate the members of the majority group by paying them wages that exceed their 
productivity, financed by a levy on the wages of the minority wor)<.ers, if they want the 
two types of workers to work together in the same firm. Clearly such a situation can­
not arise under perfect competition, where the perfect mobility of workers must 
ensure that there is no firm employing members of both groups at the same time. 

In sum, it is evident that employer and employee di•crimination cannot occur in 
perfectly competitive markets, in which by definition all workers are paid according 
to their marginal productivity. Hence discrimination is necessarily linked to imperfect 
competition. Monopsony power may ontail discrimination between groups with pro­
ductive abilities that are a priori identical. The previous model has shown us that limi­
tations on personal mobility (geographical, or between kinds of employment) permit 
firms to exercise monopsony power. Workers with identical productive abilities will 
thus have different wages ifthay reside in markets in which the conditions of mobility 
vary. This type of argument has been advanced to explain discrimination against 
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women and certain ethnic minorities (see Gordon and Mo 11974; Barth and Dale­
Olsen, 1999). More generally, any employer enjoying some market power has, within 
limits, an opportunity to select workers according to his or her preferences. 

Imperfect Competition and Employer Discrimination 

Becker (1957) suggested that discrimination might arise from the fact that employers 
feel a disinclination to hire workers belonging to certain groups. He presented this 
hypothesis in formal terms by assuming that the gains these employers derive from a 
worker are equal to y- w - u;, where y denotes productivity, w stands for the wage, 
and u; is a positive term if the worker hired belongs to group i for which the employer 
feels an aversion, and zero if not. Under perfect competition, the condition of free en­
try results in aversion for certain groups having no incidence, since the entry into the 
market of employers endowed with "normal" preferences, i.e., who maximize their 
profit y - w in all circumstances, allows workers who are potentially targets of dis-. 
crimination to obtain a wage equal to their productivity y. Conversely, discrimination 
has a chance of persisting in a situation ofimperfect competition: an employer enjoy­
ing monopsony power can discriminate against certain individuals persistently with­
out being forced out of the market by competitive forces. Discrimination then leads 
to lower wages and levels of employment for those who are its victims. To demon­
strate this, let us suppose that a monopsonist is present in a market composed of two 
groups, denoted A and B, of workers whose productive abilities and preferences are 
strictly identical to those we considered in arriving at figure 5.4. The labor supply of 
individuals of group i is thus equal to L'(w;) = G(w;), i =A, B, where G designates the 
cumulative distribution function of the reservation wages. If the entrepreneur feels a 
disinclination to employ workers of group A, his or her behavior is described by the 
following problem: 

Max G(wA)(y - wA - u) + G(wa)(y - wB), 
{wJ\,WB} 

O<u<y 

In this problem, wA and WB designate the wages that apply respectively to the 
members of groups A and B. Parameter u measures the loss that the employer feels in 
the presence of persons of group A. 

The Effects of Discrimination 
Differentiating the criterion of the employer with respect to WA and w8 , we find the 
values of the remunerations received by agents belonging to groups A and B. They are 
as follows: 

wM -· T/~(w,M) ( u·) 
; -1+11;.(w;") y- J' 

{ u ifi=A 
llj= 

Oifi=B 

with ,,'(w) = w;G'(w;) > 0 
w i G(w;) - and 

Ifthe second-order condition is satisfied, we have GG" - 2(G') 2 < 0, and we can 
verify that workers targeted for discrimination obtain a lower wage than that of the 
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workers in group B. This res. i easy to understand with the help offigure 5.4. Wage 
w;,'4 obtained by workers in the group not targeted for discrimination corresponds to 
wM, i.e., to a tangency point between an isoprofit curve for the jobs in group Band the 
graph of the labor supply of this group. The slope of the isoprofit curve for the jobs in 
group A is given by dL/dw = L/(y - w - u). It is greater than the slope of the isoprofit 
curve for the jobs in group B for every pair (w,L). The tangency point between the 
isoprofit curve and the labor supply for group A is necessarily situated to the left of 
that for group B. Wages and employment are therefore both lower for group A. 

The mechanisms brought to light in this simple moriopsony model reappear in 
contexts in which the job search is costly. These search costs prevent workers from 
bringing the full weight of competition to bear on firms, and that confers some monop­
sony power on employers. With a job search model much like the one we developed 
in chapter 3, Black (1995) has shown that discrimination based on the preferences of 
employers can in fact persist if workers are faced with costly searches. Discrimination 
then takes the form of lower wages and longer periods of unemployment for the 
workers who are its victims. 

2.2 SPECIFIC IRREVERSIBLE INVESTMENT AND RENT-SHARING 
The monopsony model illustrates a situation in which a firm dominates a labor market 
composed of workers who, faced with substantial mobility costs, find it impossible 
to look for a job elsewhere. Conversely, there also exist mobility costs that allow 
employees to capture a part of the rents obtained by firms. Hiring and training costs 
may fall into this category. Being irreversible, they form significant obstacles to mo­
bility and work in favor of employees already in place when it comes to the sharing 
out of rents. 

2.2.1 Incomplete Contracts, Renegotiation, and Rents 
To understand rent-sharing, we will take as our frame of reference the model of per­
fect competition from section 1.1. In this model, the condition of free entry entails· 
zero profits and a wage w equal to individual productivity y. Let ~· suppose that an 
employer bas made an innovation known to him or her alone, or protected by a 
patent, that allows him or her to produce a quantity y+ > y on condition that each 
worker hired is trained to make use of the new technology. Let us further assume that 
the cost of this training is a positive exogenous constant c; the firm can forosee putting 
this new technology (and the training that goes with it) into operation if y+ - c > y. In 
what follows we will assume that this inequality is satisfied. 

We will first take the case in which the firm is in a position to offer job-seekers a 
complete, nonrenegotiable contract setting out the wages to be paid throughout the 
period of the contract. This firm comes into the labor market offering wage w = y; Ibis 
is accepted by the workers, who do not have an opportunity to obtain a higher wage 
with other firms, which (by assnmption) do nol have the benefit of the new tecbnol­
ogy. For each person hired, tlic "innovating" firm obtains a rent equal to y"1 - c -
y > 0, while the employees, for their part, capture none of the rent due to the new 
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technology as long as there exist complete, nanrenegatiable contracts. All of the rent 
flows back ta the employer. 

Now, let us suppose that the employee can renegotiate his or her contract after 
the employer has hired him or her and paid the cost of his or her training c. To deter­
mine the outcome of the renegotiation, it is necessary to define the gains the protago­
nists make if the labor relationship is maintained, or if it is broken off, as well as the 
role fur sharing out these gains. When the contract is renegotiated, the employer's 
profit is equal to y" - w, since the cast of the training has already been paid. Let 
W denote the wage of a new employee. If the labor relationship is broken off, the 
employer can hire a replacement and obtain a profit equal to y+ - c - W. His or her 
net gain from continuing to employ the former worker at wage w is thus equal to 
c + W - w, which simply corresponds to the difference between the cost of a new 
worker and the cost of the present one. Through renegotiating, the employee already 
in place obtains a wage w; since he earns y in all the other firms, his or her net gain 
comes to w - y. By definition, the surplus (or, in other words, the rent), which we 
denote by S, generated by the continuation of the labor relationship is equal to the 
sum of the net gains of !he employer and the employee, or S = c + W - y. It should be 
noted that the surplus linked to jobs in the perfectly competitive sector is zero, since, 
for those jobs, we have W = y and c = O. The surplus in the innovating firm can, an 
the other hand, be strictly positive, and in that case can become the object of a nego­
tiation over how to share it out. 

Let us assume that the worker has enough bargaining power to win for himself 
or herself fraction ye [o, lj of the surplus3; we will then have w - y = yS. The wage w 

is then equal to y(W + c) + (1- y)y. Since the employer foresees that at equilibrium, 
he or she will have to pay a wage W satisfying the same relation, i.e., such that W = 

y( W + c) + (1 - y) y, he or she knows that wages w and W will be equal and, in conse­
quence, defined by w = W = y + y[c/(1 - y)J. The profit y+ - c - w of the innovating 
firm is therefore equal ta y+ - y - [c/(1 - y)J. The new technology is in fact put into 
operation if this last quantity is positive. In the end, the negotiated wage satisfies: 

w = {y+y[c/(1-y}] if y+ > y + [c/(1-y}] 
y otherwise 

Hence the opportunity to renegotiate contract•-which is a conseq\lence of the 
absence of complete contracts-allows workers to capture a part of the surplus if there 
are costs attached to replacing manpower. In a sense, these costs protect wage-earners 
who already hold a jab from the competition of other workers. The latter, often called 
outsiders, following the terminology introduced by Lindbeck and Snawer (1988}, can­
not offer ta take jobs for wages lower than those paid ta the insiders, for such offers are 
not credible if it is impossible ta sign complete, nanrenegotiable contracts. 

2.2.2 The Holdup Problem 
In the· model just presented, the costs of replacing manpower originate from an in­
vestment in specific human capital, in the sense that tho skill necessary ta operate the 



COMPENSATING WAGE DIFFERENTIALS AND DISCRIMINATION 

innovative technology has no value in any other firm. When contracts are incomplete, 
a worker has no incentive to make this kind of investment, for he or she has no assur­
ance that the employer will let him or her profit from the return to his or her invest­
ment. Conversely, if it is the employer who finances the imestment in specific human 
capital, he or she is liable to a manpower replacement cost that may constrain him or 
her to allow the employee who has had the benefit of this investment to keep part of 
the surplus. This holdup, as it is called (Williamson, 1975; Grout, 1984; see also 
chapters 9 and 12), diminishes the returns on investments, or to be more precise, 
these returns decrease with the bargaining power of the party that does not invest. 
Sufficiently high bargaining power y on the part of employees may even lead to nega­
tive profit-if y• < y + (c/(1 - y)J in our modal-and thus the employment that would 
make a surplus available is not created. 

This example shows that the coexistence of irreversible investments and incom­
plete contracts can give rise to wage gaps that do not reflect "compensating dilfer­
entials." Moreover, in the presence of incomplete contracts, the labor market is not 
any more efficient: firms may underinvest in human capital. It should be noted that 
there are other costs iinked to hiring that are sources of irreversible investment. In 
particular, we will see in chapter 9 that costs occasioned by the process of searching 
for and selecting workers play an important role in this rospeL-t. 

3 OBSTACLES TO PERFECT COMPETITION (2): 
IMPERFECT INFORMATION 

Within the framework of perfect competition, agents avail themselves of unlimited no­
cost information about all the characteristics of the products exchanged and about the 
qualities of persons who offer their services. This hypothesis is clearly too simplistic 
to represent., in an accurate manner, the way many markets actually function. 

In chapter 3 we showed that imperfect information possessed by workers about 
the characteristics of the jobs on offer provoked search behavior on their part that 
entailed, in particular, a dispersion of wages resulting from the behavior of firms, 
which may have an interest in offering high wages so as to be able to attract and hire a 
large numb.er of workers (see chapter 3, section 2.3). job search models therefore 
throw light on the consequences of the lack of information on the part of workers 
concerning the characteristics of jobs. This light is interesting but partial, inasmuch as 
employers, too, dispose of limited information about the characteristics of workers. 

In the first place, the lack of information concerning the characteristics of 
workers obliges employers to opt for wage strategies that will attract the most 
productive people. These strategies can tum out to be very inefficient, and can have 
tho paradoxical effect of eliminating the most produGtive workers from the market; 
tl1is is the problem of adverse selection. In the second place, if employers conclude 
that membership in a given group yields an a priori estimate of individual productiv-

I 265 
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ity, a situation known as statistical discrimination betw youps may become per­
sistent. In all these textbook examples, markot mechaoisms lose their efficiency, and 
wage gaps no longer reflect compensating differentials. 

3.1 SELECTION PROBLEMS 
Ever since the fundamental work of Akerlof(1970), the selection problems agents face 
when they want to purchase a good the quality of which is known to them only 
imperfectly have been the focus of numerous studies (see, for example, Mas-Colell 
et al., 1995). These works have made their influence felt in labor economics, inasmuch 
as employers frequently encounter this type of problem during the hiring process. We 
will begin by presenting the phenomenon of adverse selection that emerges when 
employers' observation of the abilities of employees is imperfect, and then focus on 
the linkage between this phenomenon and unemployment. 

3.1.1 Adverse Selection 
When employers observe the abilities of workers imperfectly, the wage they pay loses 
its capacity to equal (unobservable) marginal productivity. This result emerges natu­
rally from a simple model in which the opportunity cost of labor is the same for all 
agents. 

A Model with Imperfect Information About the Abilities of Workers 
We here consider a labor market made up of a continuum of individuals whose pro­
ductive abilities are different. A worker with ability h can produce h units of a good. 
The distribution of productive abilities is given by a cumulative distribution function 
G(h) defined on the interval [h-,h+]. The preferences of workers are represented by a 
utility function u(R, d) = R + d, where R designates income, equal to wage w if they 
are hired and zero otherwise, and d is an indicator function with a value of zero if the 
individual is hired and 1 if not. The function d thus represents the opportunity cost of 
labor; it includes earnings from outside the labor market and the value of leisure. 

If we assume that there is free entry into the labor market and that firms observe 
the productive abilities of their employees perfectly, a line of reasoning identical to 
the one set out in section 1.1 of this chapter shows that perfect competition leads 
to zero profits, and wages that equal marginal productivities. For those who decide to 
participate in the labor market, we will thus have w(h) = h. Moreover, only those 
obtaining a remuneration that exceeds the opportunity cost of labor accept employ­
ment. Since this cost is here equal to 1, the wage must be greater than 1. If for sim­
plicity's sake we normalize the size of the labor force to 1, equilibrium employment is 
equal to Pr{J1 :<: 1} = [1 - G(l)]. 

Lot us now suppose that employers do not observe individual abilities h, but do 
know the cumulative distribution function G(.). The wage cannot depend on abilities, 
since Lhese are not observable. All workers thus necessarily get the same wage w. 

''rhe labor supply L', the graph of which is shown in figure 5.5, is equal to the 
labor force (normalized to unity) if the wage is greater than the opportunity cost of 
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The adverse selection problem. 

labor, i.e., if w ~ 1. It equals zero if w < 1, and takes any value lying between zero and 
1 when w = 1. In consequence, if w ~ 1, the expected productivity of a job is simply 
equal to the average ability or E(h) = Je~ <; dG(<';), and the profit expected from a job 
that is filled attains the value E(h) - w. The hypothesis of free entry entails that firms 
create jobs up to the point at which all profit opportunities disappear, with the result 
that labor demand is infinite if w < E(h), comprised between zero and infinity if w = 

E(h), and zero if w > E(h), or: 

{
+oo if w < E(h) 

Ld = [O, +oo[ if w = E(h) 

0 if w> E(h) 

(4) 

Knowledge of labor supply and demand now allows us to determine labor mar­
ket equilibrium. 

Labor Market Equilibrium 

At labor market equilibrium, the wage equates supply and demand. Figure 5.5 shows 
that two cases may exist. 

In the first case, the average ability is less than the opportunity cost of working, 
or E(h) s; 1. The intersection of the labor supply with the demand for this factor, 
denoted by Ld' in figure 5.5, corresponds to the interval [E(h), 1] situated on the hori­
zontal axis. Equilibrium employment is thus zero: firms have no interest in offering 
jobs for which expected productivity is less than the lowest wage that workers would 
accept. Tho unobservability of productive abilities prevents any transaction. To be 
more precise, the most efficient workers-those whose productive abilities are greater 
than the opportunity cost of labor (h > 1)-are forced out of the market, since firms 
cannot distinguish them from less productive individuals. It is because less efficient 
workers are attracted by a wage higher than the one they could get if employers did 
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observe their ability that the average productivity of jobs is weak and employers have 
no interest in entering the market. Imperfect information thus creates a problem 
known as adverse selection, that blocks the most profitable transactions from takin~ 
place (Akerlof, 1970). Adverse selection leads to unemployment, inasmuch as the· 
most efficient workers do not find jobs that match their abilities, whereas they would 
have been hired if information had been perfect. 

In the second case, E(h) > 1, the average ability is higher than the opportunity 
cost of labor. Labor demand, denoted by Ld2 in figure 5.5, intersects with labor suir · 
ply at the point of abscissa E(h) and ordinate 1. There is thus full employment, and· 
the equilibrium wage is equal to E(h). Selection problems are now the source of. 
overemployment, since the level of employment is equal to 1, whereas efficient em-. 
ployment, arrived at in the absence ofinformation problems, comes to [1 - G(l)!. 
Moreover, all employees receive the same wage and thus are not being remunerated 
according to their abilities. Workers with low productivity are getting a remuneration. 
greater than their productivity, while the most efficient workers are being underpaid. 
To be precise, persons whose productivity h is less than 1 come into the labor market, 
but they would be nonparticipants if information were perfect. 

3.1.2 Adverse Selection and Efficiency Wage 
In the preceding model, adverse selection problems prevented any transaction from. 
taking place in a labor market in which the average ability of individuals was low. 
This was an extreme case; most often these problems lead to the exclusion of a portion 

of workers. It is possible to arrive at an equilibrium possessing this characteristic if we 
assume that the opportunity cost of labor is no longer independent of productive abil­
ity. We thus obtain a version of the so-called "efficiency wage" theories, a distinctive 
feature of which is that they make "excessively high" wages set by employers the 
cause of unemployment (see Akerlof and Yellen, 1986, for a panorama of efficiency 
wage theories). 

An Efficiency Wage Model 

We will assume from this point on that an increasing relationship exists between the· 
opportunity costs,of labor, d, and individual efficiency, h. Such a hypothesis seems 
natural, inasmuch as the most efficient individuals in the labor market generally have 
some way to make their competence pay off outside this market (or find the rewards of 
leisure meager). In theso circumstances, Weiss (1980) has shown that firms have an 
interest in paying relatively high wages in order to attract good workers. Increasing 
the wage is thus a way to improve labor productivity. 

Let d(h), with d'(l1) > 0, be th.a opportunity cost of labor for a person with char­
acteristic h, and let us assume, in order to make the presentation simpler, that 
d(h) < h, 'Vh E [h- ,h+I. The preferences of this worker are again represented by the 
utility function u(R, d) ~ R + d, where R designates income, equal to wage w(h) if a 
hire occurs and zero if nut, and d is an indicator function whose value is zero if the 
individual is hired and d(h) if not. In other words,· the utility of a person with the 
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characteristic his respectively equal to w(h) if he or she is hired and to d(h) if he or she 
does not participate in the labor market. When information is perfect, the hypothesis 
of free entry again entails w(h) = h. Moreover, as we have assumed that d(h) < h, the 
result is that w(h) > d(h), Vh E [h"·, h+], with the consequence that all workers decide 
to participate in the labor market and find jobs that match their respective abilities. 

Let us now take the case in which information on the qualities of workers is 
imperfect, with employers knowing only the distribution G(.) of abilities. The wage 
cannot depend on individual abilities, which are not observable by the employer. The 
upshot is that workers all get the same wage w, and the labor supply is made up of all 
persons for whom the wage w exceeds the opportunity cost of labor d(h), i.e., all those 
persons whose characteristic his such that d(h):;;; w. The labor supply L'(w) is thus 
characterized by the equality L'(w) = G[d-1 (w)]. The expected productivity of a job 
depends on the current wage, which is why we denote it by E(hlw). It is defined by: 

E(hlw) = .f~- I; d_G(t;) with d(h) = w 
G(h) ' 

This expression is to be understood as follows: when the current wage is equal 
to w, only persons having a characteristic h:;;; ii= •t'(w) participate in the labor 
market. These persons produce an overall quantity J~-1; dG(I;) of goods. The average 
output of an individual is found by dividing this quantity by the mass G(h) of indi­
viduals present on the labor market. Under the hypothesis of free entry, firms create 
jobs up to the point at which expected profit E(hjw) - w for a job is zero. As a 
result, labor demand is infinite if w < E(hlw), comprised between zero and infinity if 
w = E(hlw), and zero if w > E(hlw), i.e.: 

{
+co if w < E(hjw) 

L d = [O, +co( if w = E(hlw) 

0 if w > E(hjw) 

(5) 

Labor Market Equilibrium 
A labor market eqnilibrium is a situation in which the demand mlltches the supply. It 
corresponds to a pair (w',h') satisfying the two equations E(hlw') = J;: <! dG(I;) = w', 
and d(h') = w•. This equilibrium is represented in figure 5.6, in the plane (w,h). The 
conditional expected productivity E(hlw) varies between h- and h+. It is etjual to h"· 

for w = d(h-) and it increases with the wage as long as w < d(h+) for in this case, any 
wage rise attracts workers whose efficiency is greater than that of individuals already 
present in the markeL On the other hand, from the moment the wage rnaches or 
exceeds the value d(h'), everyone participates in the labor market, and the expected 
productivity is equal to JJ: !; dG((). In figure 5.6, we have assumed that the condi­
tional·expected productivity E(hfw) intersects the 45° line just once, at abscissa point 
w'. In this case, the equilibrium is unique-but there could be other configurations 
with multiple equilibria. Employment is equal to G(w'), since all the workers whose 
productivity his less than w' participate in the labor market. 
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fl&URE 5.6 

Adverse selection and efficiency wage. 

In the equilibrium described by figw:e 5.6, the "good" workers-those whose 
productivity h lies to the right of the efficiency wage w• -do not participate in the 
labor market, for the remuneration is too low to compensate for their opportunity cost 
of working. The equilibrium wage is too high, in the sense that it exceeds the produc­
tivity of a portion of the workers who are receiving it-those whose characteristic lies 
to the left of w'. But the equilibrium wage remains too low to attract the whole set of 
workers. So once again we observe an adverse selection phenomenon that eliminates 
the best workers from the market. Adverse selection is also accompanied by under­
employment, because labor market equilibrium with perfect information entails, for 
the same parameter values, full employment (see chapter 6 for another efficiency wage 
model that explains unemployment). 

In a long-run perspective, the degree to which adverse selection problems affect 
the labor market must decline significantly. At that horizon, it is difficult to sustain 
the hypothesis that firms do not observe the productive characteristics of thoi:r 
employees. In countries where the procedures for terminating employment are not too 
costly, individuals who have shown that their ability is low will lose their jobs, and 
the problem of adverse selection will be remedied. But in countries where the legisla­
tion on termination of employment is more severe, what we find is that selection in 
hiring is strengthened through the use of contracts of limited duration or other forms 
of atypical employment (OECD, 1994), which has the effect of strongly reducing the 
chances of adverse selection. 

3.2 SELECTION AND STATISTICAL DISCRIMINATION 
Readers are reminded that, by definition, there is discrimination if individuals are 
treated. differently because they belong to different demographic groups. We have seen 
that the presence of a monopsonist firm in the labor market might explain the persis-
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tence of a discrimination whose roots lie, as Becker (1957) suggested, in an aversion 
felt by the employer, clients, or other workers toward persons belonging to certain 
groups. Arrow (1973) and Phelps (1972) have shown that the unobservability of indi­
vidual characteristics may also provoke discriminatory behavior on the part of firms. 
The latter generally dispose of lintited information about individual characteristics. 
They possess pieces of information like age, experience, education, and performance 
on hiring tests that may have been administered, but these elements are only corre­
lated with productivity, and so explain it only imperfectly. In order better to evaluate 
productivity, employers sometimes utilize supplementary information (or beliefs) on 
the average quality of one demographic group or another. A situation referred to as 
"statistical discrimination" may then arise. This expression signifies that individuals 
with identical abilities but belonging to different groups do not have equivalent career 
paths because of the average quality, real or imagined, of the group to which they 
belong. We will begin by showing how such a phenomenon may come about, and then 
foc:us on how statistical discrimination can become a source of persistent inequality 
among groups when the beliefs of employers influence the decisions agents make 
about education. These explanations of discrimination and inequalities throw valu­
able light on the consequences of quota policies of the kind that mandate, for exam­
ple, the hiring of a given proportion of members of a certain group. 

3.2.1 Statistical Discrimination as a Source of Individual Discrimination 
Let us consider a labor market in which agents have zero opportunity cost of labor 
and two different levels of productivity: a low level, h- = 0, and a high one, h+ > 0. 
Employers evaluate the performance of workers by using hiring tests or trial periods, 
the cost of which we take to be zero for the sake of simplicity. The test makes it pos­
sible to detect efficient workers (the h+ type) with a probability equal to 1. The ineffi­
cient ones, however, have a probability p E (0, 1] of passing the test and being wrongly 
takeu for efficient Moreover, employers estimate that the proportion of efficient 
workers in the demographic group considered is equal to" E (0, 1]. In these conditions, 
passing the test does not guarantee that the person hired will be efficient (the h+ type) 
since an inefficient one (the h- type) has a probability p of passing the test. The 
emp_loyer's first task is to assess quantitatively the reliability of the test in selecting 
efficient persons. In other words, he or she must calculate the a posteriori probability, 
denoted by Pr{h = h'"lsnccess }, that a worker who passes the test will actually be of 
the h+ type. By definition, this probability is given by the formula: 

p {h _ h+I } _ Pr{h ~- 11+ and success} 
r - success - Pr( success} 

Since the test makes it possible to detect efficient workers infallibly, Pr{ h = h< 
and success} is equal to Pr{h = h+}. So we have: 

Pr{h = h+lsuccess} = Pr{h = hT} - " 
Pr{ success} Pr{ success} 

(6) 
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The problem thus comes down to calculating the to. )robability Pr{ success} of 
passing the test. The outcome {success} breaks down into two separate outcomes 
according to the equality: 

{success}= {success and h = h+} +{success and h = h-} (7) 

From what has gone before, we know that the probability of outcome {success 
and h = h +} is equal to n; as for the probability of outcome {success and h = h-) it is 
equal to the proportion (1 - n) of inefficient workers times the probability p that one 
of them will pass the test. Taking the probabilities of both sides of relation ( 7) we find 
that Pr{ success} is equal to n + p(l - n), and the equality (6) finally yields4 : 

" Pr{ h = h' !success) = ( ) n+p 1-n 

For the employer, ·it turns out that the expected productivity of a person who 
passes the test is equal to h+n/[n + p(l - n)]. The condition of free entry then means 
that this quantity also represents the wage of a worker who has passed the test. This 
wage applies to all workers of the h+ type, and to the proportion p of inefficient 
workers who pass the test (inefficient workers who fail it obtain a zero wage). It is 
increasing with the value n of the proportion of workers whom employers estimate to 
be efficient. This constitutes a source of statistical discrimination, for the wage paid to 
efficient individuals is reduced by their membership in groups believed by employers 
to contain a high proportion of inefficient workers. The degree of precision of the tests 
is another source of statistical discrimination, for we can see that an increased proba­
bility p of failing tho test has a negative impact on the wage. In this connection, Lang 
(1966) has pointed out that specific cultural and linguistic attributes of ethnic minor­
ities work to undermine the precision of their evaluation and for that reason constitute 
a source of statistical discrimination. 

Statistical discrimination implies that individuals endowed with identical pro­
ductive abilities may havo different wages because they belong to different groups. 
Statistical discrimination does not, however, explain discrimination among groups. It 
does not allow us to understand why individuals belonging to different demographic 
groups persistently receive lower pay on average than their counterparts endowed 
with identical moductive abilities. If individual performance is really independent 
of membership in a precise demographic group, repeated observation of thi5 perfor. 
mance ought to cause employers to arrive sooner or later at an estimate of its true 
value, which is, by hypothesis, independent of membership in a group (Cain, 1986; 

Arrow, .1998). 

3.2.2 Statistical Discrimination as a Source of Persistent Inequality Among Groups 

Although statistical discrimination cannot persist, it is capable of creating inequal­
ities, for the beliefs of employers and their capacity to make evaluations influence the 
behavior of workers. Let us assume that the efficiency of a worker depends in part 
on his or her investment in education. In a situation of statistical discriminatia·n, the 
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return to education is low~. Jo the degree that employers believe tbat the proportion 
of inefficient workers in the group is substantial. This belief can act as an incentive 
for workers not to acquire education, and thus becomes a self-fulfilling prophecy: 
employers, anticipating that the proportion of efficient workers will be low, discour­
age efforts to acquire education and so do actually encounter fewer efficient workers 
(Lundberg and Startz, 1983; Coate and Loury, 1993; Loury, 2002). 

A Model with Self-Fulfilling Prophecies 
It is possible formally to illustrate this mechanism, in which beliefs lead to their own 
fulfillment, by slightly adapting the previous model. Let us now assume that workers 
can acquire education before starting their working lives. Their preferences are repre­
sented by a utility function u(R, e) = R - e, where R designates income, equal to wage 
w if they are employed, and zero otherwise. The variable e represents the cost of the 
effort to acquire education. This cost may be equal to 1, which makes it possible to 
achieve efficiency of h+ > 1, or to zero, in which case the worker has a productivity 
h-, assumed to amount to zero. We represent decisions about education using a two­
stage game. In the first stage, workers decide 011 educational effort e. In the second 
stage, there is free entry into the labor market, and employers decide hires according 
to the process described in the previous model of statistical discrimination. At equi­
librium, the beliefs of employers must be consistent, which means that their esti­
mate of the proportion of efficient workers must be equal to the proportion actually 
observed. 

We have shown that an educated worker obtains a wage w+ = h+x/[x + p(l - x)J 
in the second stage, whereas an uneducated worker has an expected gain given by 
E(w-) = pw+. An individual thus has an interest in acquiring education if w+ -1 ~ 

E(w-), which is equivalent to: 

"~ p 
(1 - p)(h+ - 1) 

(8) 

This condition indicates that workers decide to acquire education only if em­
ployers estimate that a sufficiently high proportion of the population is efficient. In 

this sense, the beliefs of employers are indeed capable of influencing the behavior of 
workers. 

Multiple Equilibria and Persistent lnequalities 

The term p/[(1- p)(h+ -1)] that appears iri the right-hRnd side of(B) is greater than 1 
if p 2: (h+ -1)/h'. In this case, the inequality (8) is never satisfied, since the proba­
bility" must fall in the interval [O, 1]. The frequency p with which inefficient workers 
pass the test is so high with respect to the gains won through education that there is 
no interest in acquiring education, whatever employers believe. Labor market equilib­
rium then corresponds to a situation in which no worker acquires education and in 
which the beliefs of employers must be such that " = O in order to be consistent with 
their observations. So all workers obtain a zero wage. The imprecision of the method 
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u(w,e) 

FIGURE 5.7 

Statistical discrimination as a source of inequalities among groups. 

of evaluation in this case represents an. insurmountable source of statistical discrimi­
nation leading to deep inequalities, since the individuals who are victims of this dis­
crimination decide not to acquire education. 

If on the other hand p s (h+ - 1)/h+, there exist values of n capable of giving 
workers incentive to acquire education. Figure 5.7 shows that three equilibria, of 
which two are stable, are possible. In this figure, the curves u+ and u- represent the 
gains of workers in the plane (u, n). We see that for n = 0, workers prefer not to ac­
quire education, since u- > u+. The value n = 0 thus represents an equilibrium at 
which no worker acquires education and where they all get a zero wage. But for n = 1, 
we necessarily have u+ > ,,-. The value n = 1 is then an equilibrium at which all 
workers get educated and thus obtain a wage equal to h+. There also exists an equi­
librium n0 strictly comprised between 0 and 1. In this situation, workers are indiffer­
ent between acquiring education or remaining inefficient. But this equilibrium can be 
eliminated, for it is unstable: if a proportion no+ r. (where e is an arbitrarily small 
number) of workers get educated, all workers have an interest in getting educated for 
c > 0 and none fore< 0. A small deviation from equilibrium thus prevents a return to 
the initial position, which signifies that this equilibrium is unstable (the same line of 
reasoning will show that the other two equilibria are stable). 

This very simple example shows that the influence of employers' beliefs may 
prevent groups from acquiring education and lead to persistent inequalities. If beliefs 
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are unfavorable at the out••/" < x0 , it is possible that certain groups may be shackled 
to a low equilibrium (x = 0), while others, enjoying more favorable beliefs at the out-

set, " > "°' may be coordinated at a high equilibrium (x = 1). In this respect, the 
weight of history becomes a significant source of discrimination, to the extent that 
beliefs are generally influenced by past experiences. Observation of poor performance 
by a group in the past is capable of influencing present beliefs and exerting a dis-
incentive effect on the behavior of members of the group in question; the dynamic of 
self-fulfilling prophecies can engender persistent inequalities (Loury, J 998) that have 
to be combated through suitable programs. In order to illustrate this, the next sub-
section advances some conside~ations regarding affirmative action. 

3.2.3 The Limits of Affirmative Action 
Affirmative action forces employers to treat persons belonging to disadvantaged 
groups in the same way they treat those belonging to more favored ones. The imposi­
tion of quotas privileging the hiring of workers belonging to groups that are a priori 
disadvantaged by the functioning of the labor market forms part of the toolkit of affir­
mative action measures. Coate and Loury (1993) have pointed out that hiring quotas 
risk having a disincentive impact on the investments in education of persons belong­
ing to groups that benefit from affirmative action, and thus tum out to be inefficient in 
the end. We can easily grasp this using the two-stage game set forth above and adding 
the assumption that the public authorities oblige employers to hire a minimum pro­
portion ir8 of workers at a minimum wage of w+ = h+x8/[x8 .;- p(1 - ir8 )]. This wage 
corresponds to the equilibrium wage of efficient workers when these do in fact repre­
sent a part x8 of their group (if the hiring test is reliable enough for the inequality 
p :!> (h+ -1)/h+ to be satisfied). In these circumstances, the government can imple­
ment affirmative action for tho purpose of combating the perverse effects of statistical 
discrimination that lock the labor market into a suboptimal situation. Let us assume 
that the government is aware of the model developed just now, and is striving to reach 
the high equilibrium of figure 5. 7 by imposing "• = 1. Employers are thus obliged to 
hire all workers at wage h+. The reti:nn to education becomes systematically negative, 
since an educated worker obtains h+ - 1, while an uneducated one obtains h+. The 
existence of the quota discourages education and leads ultimately to a highly ineffi­
cient situation in which firms make negative profits by being forced to hire workers 
who have no incentive to improve their productivity. 

In order to combat the effects of statistical discrimination, Coate and Loury 
(1993) recommend instead the use of subsidies targeted so as to raise the returns on 
education. In figure 5.7, a subsidy equal to the cost of educational effort and financed 
by a lump-sum tax gives agents an incentive to get educated and leads to coordination 
at the good equilibrium by shifting the curve u+ upward. Neumark ( 1999) and Altonji 
and Blank (1999) also suggest that giving employers incentive to improve the proce­
dures they use to evaluate job applicants would constitute an effactive means of com­
bating statistical discrimination. 
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These considerations suggest that affirmative action can have detrimental con­

sequences leading to efficiency losses. A review of empirical research carried out by 
Holzer and Neumark (2000a), however, indicates that these losses should be slight in 
comparison to the extent of the redistributive effects achieved. 

4 WHAT EMP!RiCAl STUDIES TELL US 

Numerous empirical studies have been dedicated to wage-selling and the way the 
labor market functions. First we will present those studies that bear on the hedonic 
theory of wages. Wage discrimination and its connections with the theories set out 
above form the content of the second subsection. Finally, the theory of compensating 
differentials has been criticized on the basis of a purely empirical argument grounded 
in the fact that wage differentials persist between workers who are a priori endowed 
with identical abilities but who are employed in different industries. This is an estab­
lished fact in many developed countries, and it suggests the systematic existence of 
rent sharing or monopsonies. We end with a review of works that try to account for 
these interindustry wage differences. 

4.1 DOES THE HEDONIC THEORY OF WAGES REALLY APPLY? 

The main prediction of the hedonic theory of wages is that wage differentials com­
pensate for the conditions in which a job is performed. Tests of this prediction run up 
against methodological difficulties having to do, on the one hand, with unobserved 
individual characteristics, and on the other, with the heterogeneity of individual pref­
erences about the attractive or unattractive features of doing any job. We will illustrate 
lhese difficulties by presenting the application of the hedonic theory of wages to the 
problem of evaluating the price of a human life. 

4.1.1 Considerations of Method 

The method used to test the predictions of the hedonic theory of wages consists of 
estimating the wage w received by an individual as a function of his or her personal 
characteristics, represented by a vector x, and the non-wage characteristics of the job, 
represented by a vector e. In general, the equation estimated is of the form: 

!nw=xJJ+ea+e 

In this expression, a and p are vectors of parameters to be estimated and e is a 
disturbance term with zero mean that is assumed to be normally distrib_uted. Vector x 
of personal characteristics generally includes age, sex, number of years of study or 
degree obtained, experience, seniority at work, ethnic origin, place of residence, fam­
ily status, and trade union membership. Vector e of the non-wage characteristics of 
jobs incorporates variables like the duration and the flexibility of hours worked, the 
repetitive aspect of tasks, the risk of injury, the level of ambient noise, the physical 
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strength required by the job, the risk of job loss, the cost of health insurance, the cost 
of saving for retirement, and so on. 

The Impact of Unobserved Individual Characteristics 
Taking the non-wage aspects of jobs into account poses two delicate problems. The 
first arises from unobserved individual characteristics. If some of these characteristics 
affect productivity positively, the results of the model have a good chance of under­
estimating the impact of non-wage characteristics on wages. Laborious tasks are likely 
to be inferior goods, the "consumption" of which diminishes as income rises. If the 
income effect is sufficiently strong, 5 then the most efficient individuals choose the 
less laborious jobs, which entails a negative relation between wages and the labori­
ousness of jobs. This point is illustrated in figure 5.8 which represents, in the plane 
( w, e), the choices of two individuals having different levels of efficiency. In this 
figure, parameter e is a unidimensional measure of the degree of laboriousness of 
tasks. In conformity with the theoretical elements developed in section 1.1, the 
choices of the efficient worker correspond to a tangency point between one of his or 
her indifference curves, denoted by u+, and the frontier j+ of possible combinations 
of wage and task laboriousness. The less efficient worker has lower productivity and 
finds himself or herself facing a set of trade-off possibilities between wages and task 
laboriousness of which the frontier r- is situated beneath frontier f'. Figure 5.8 rep­
resents a situation in which the wage obtained by the efficient worker is higher, but 
the degree to which his or her tasks are laborious is lower than that chosen by the less 

w 

e 

FIGURE 5.8 

Compensating differentials and the unobserved characteristics of jobs. 
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efficient worker. So, what we have is a negative relat.. between wages and the 
degrees of laboriousness of jobs, If the difference between the frontiers r and f- is 
ignored by the econometrician, the negative correlation between wages and labori­
ousness of tasks will be underestimated. To escape this type of difficulty, it is prefera­
ble to make estimates using longitudinal data that allow us to follow individuals and 
thus get a bettor idea of their personal characteristics (Brown, 1980; Duncan and 
Holmlund, 1983). Nevertheless, Hwang et al. (1992) have shown that small errors in 
this domain can lead to very large biases. 

The Importance of the Heterogeneity of Individual Preferences 
The second problem encountered when estimating the impact of the non-wage ele­
ments of jobs on wages arises from the heterogeneity of individual preferences. There 
is not necessarily unanimous agreement that certain characteristics of jobs, liko repet­
itiveness, use of physical strength, or flexible work schedules, are disagreeable, so the 
predictions of the hedonic theory of wages can only focus on certain elements that are 
clearly identifiable as drawbacks or advantages for all workers. 

Empirical tests of the hedonic theory of wages give qualified results, which nev­
ertheless, in many cases, highlight compensating wage differentials linked to the non­
wage aspects of jobs. The first studies that focused on this area found that non-wage 
characteristics such as the repetitive content of jobs, bad working conditions, job se­
curity, freedom for persons to organize their own work, the opportunity for them to 
assist their fellow employees, the degree of supervision, the mortality rate, and the 
intensity of the work had a sign that conformed to theoretical predictions (see Brown, 
1980). Nevertheless, Brown points out that numerous studies arrive at results that lack 
significance or even contradict theoretical predictions, and he suggests that these 
problems derive from the fact that all the studies conducted up to 1980 utilized cross­
soctional data from which biases linked to the existence of unobserved variables 
might have arisen. His own work exploits longitudinal data and shows that correcting 
the biases does not significantly improve the results in a direction favorable to the 
theory. Other studies have highlighted other non-wage elements that influence wages, 
such as the degree of generosity of health insurance and retirement plans (Montgom­
ery et al., 1992), but thoir conclusions remain fragile because of the weight of biases 
induced by excluded exogenous variables. 

4.1.2 The Weight of Unobserved Characteristics: An Application to the Evaluation of 
the Price of a Human Life 
The weight of unobserved variables renders estimates of wage equations fragile. In 
this regard, the contribution of Hwang et al. (1992) is particularly interesting. It shows 
that the biases depend on three variables: the heterogeneity in unobserved productiv­
ity, the percentage of earnings paid in non-wage fnrm (advantages in kind, health 
insurance, retirement, etc.), and the dispersion of the proferonces of workers whon it 
comes' lo trading off between remuneration in the form of wages and in other forms. 
To show the importance of these variables, Hwang ot al. (1992) take up the study 
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) 

Estimates of the price of a life saved. 

weekly wage (in levels) 

(Age)' 

Education 

Risk 

R' 

Price of a life saved On years of average wage) 

Values af variables (907 observations) 

Age (years) 

Education (years) 

Weekly wage (1967 dollars) 

Risk (probability xlO') 

Figures in parentheses are standard errors. 

Source: Hwang et al. (1992). 
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Model 1 Model 2 

(Thaler and Rosen) (Hwang et al.) 

3.89 4.50 
(0.80) 

-0.0479 -0.0965 
(O.OOsr.2) 

3.40 4.87 
(0.55) 

0.0353 0.3020 
{0.0210) 

0.41 0.31 

26.54 227.67 

Avemge Standard error 

4L8 11.3 

10.11 2.73 

132.65 50.80 

109.8 67.6 

carried out by Thaler and Rosen (1976) on the evaluation of the price of a human 
life, based on the impact of industrial accident risk on wages. 

Thaler and Rosen estimated a weekly wage equation in which the explanatory 
variables were age, level of education, geographic location, amount of time worked, 
the presence of a trade union, and the risk of a fatal industrial accident per year mul­
tiplied by 105 . The main results are presented in the first columii of table 5.1. These 
figures lead Thaler and Rosen to calculate the value of a life saved in. the following 
manner: "Suppose 1,000 men are employed on a job entailing an extra death risk of 
.001 per year. Then, on average, one man out of the 1,000 will die during the year. The 
regression indicates that each man would be willing to work for $176 per year less if 
the extra death probability were reduced from .001 to .0. Hence, they would together 
pay $176,000 to eliminate lhat death: the value of the life.saved must be $176,006" 
(Thaler and Rosen, 1976, p. 292). If we divide this figure by the average value of 
annual wages (given by $132.65 x 50 = $6633.50), we obtain the price of a human life 
expressed in years of wage. This price is given in the first column of table 5.1. 

Hwang et al. (1992) correct the estimates of Thaler and Rosen by making hy­
potheses, supported by a munher of empirical studies, about the values of unobserved 
variables capable of biasing the estimate. They show that the work of Thaler and 
Rosen probably leads to a c:onsiderable underevaluation of the price of a human life. 



280 I PART Two I CHAPTERS 
\ 

This point is illustrated in column 2 of table 5.1, which ca._ .bonds to a situation in 
which the heterogeneity of unobserved productivity (measured by the ratio of the 
variance of unobserved productivity to the variance of observed productivity) is equal 
to 0.395, the percentage of earnings paid in wage form is equal to 0.80, and the dis­
persion of wages due to the heterogeneity of preferences (measured by the ratio of the 
variance of wages conditional on observed productivity to the total variance of wages) 
is equal to 0.106. The "corrections" made by Hwang et al. lead to an evaluation of the 
price of a human life almost ten times higher than that obtained by Thaler and Rosen! 
So biases created by excluded exogenous variables are potentially very large, which 
ought to make us cautious in dealing with the results of studies of this type. 

Our caution should be all the greater in that these results are grounded on the 
hypothesis of a perfectly competitive labor market Now, both in theory and in prac­
tice, the problems of information, the costs of mobility, and the market power of 
individuals and firms influence the compensation mechanism between the wage and 
non-wage components of earnings. In this light, Hwang et al. (1998) have looked at 
what becomes of compensating wage differentials in an equilibrium job search model 
(analogous to the one we presented in chapter 3). They .ha"e shown that search costs 
influence the trade-off between the different components of overall remuneration. 
Empirical estimates of this trade-off therefore reflect not just the preferences of agents; 
they also echo constraints linked to the functioning of the labor market. 

4.2 WAGE DISCRIMINATION 
The assessment of wage discrimination poses methodological problems linked essen­
tially to the insufficiency of information about individual characteristics. We will be­
gin by laying out these problems before turning to an examination of empirical results. 

4.2.1 Questions of Method 
To gauge the magnitude of wage discrimination, ao initial strategy consists of ex­
plaining wage differentials on the basis of a set of variables linked on the one hand to 
the characteristics of individuals and the jobs they hold, and on the other to their 
membership in particular groups. The portion explained by their membership in these 
groups is interpreted as a consequence of discrimination if the other fuctors account 
perfectly for all the other determinants of wage differentials. But the existence of un­
observed variables blunts the precision of this strategy. For this reason, alternative 
methods that try to pinpoint discrimination directly with the help of experiments, or 
by comparing performances and remunerations, have been worked out. 

Estimations of Wage Equations 
The standard approach consists of estimating an equation in which the logarithm of 
income is explained by a set of factors such as the duration and quality of schooling, 
experie_nce, region, and by dummy variables representing ethnic origin and sex 
(which are the principal sources of wage discrimination when it occurs). Let W/ be the 
income of individual i, x; the vector of individual characteristics and of the job held, 
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and I'; a vector of dumm) Jriables with a value of 1 if the individual belongs to 
groups potentially discriminated against and zero if not. The estimated equation is 
written: 

In W; = x;p+µ1a+e; (9) 

In this equation, a and pare vectors of parameters to be estimated and the term e; 

represents a normally distributed disturbance term with zero mean. If the set of vari­
ables explaining the wage is sufficiently rich, a negative value for one of the com­
ponents of vector a indicates that there is discrimination against the corresponding 
group. More exactly, each component of estimated vector ii measures the average loss 
of income, evaluated in percentages, due to membership in the group to which this 
component relates. But this conclusion is highly questionable, for a negative value of 
a component of & can be explained by unobservable individual characteristics that 
are independent of membership in such a group and that contribute to a lowering 
of income. A complementary approach aims to separate the contribution of observ­
able characteristics from that of nonobservable characteristics (generally attributed to 
discrimination). 

The Blinder-Oaxaca Decomposition 
The so-called Blinder-Oaxaca decomposition (Blinder, 1974; Oaxaca, 1973) consists of 
estimating wage equations separately for a reference group and for the other groups to 
be compared to the reference group. Let WA; and XA; be respectively the wage and the 
vector of "objective" characteristics of an individual i belonging to the reference 
group A. The wage equation relative to this group takes the form: 

(10) 

In this equation PA designates the vector of parameters to be estimated and e11; 

again represents a normally distributed disturbance term with zero mean. In the same 
manner, the wage equation relative to a group Bis written: 

In wn; = Xs1Ps + •s; 
The last" two equations allow us to calculate the difference between the average 

values of the wage logarithms. We get: 

(11) 

Here x11 and x8 designate the average values of the vectors of observed charac­
teristics. The first term of the decomposition, (x11 - xs)PA• represents the "explained" 
component of wage differences between groups. It regards elements such as educa­
tion, experience, social milieu, and the nature of the jobs held. The second term, 
xs(PA - ,li8 ), represents the "unexplained" component. It measures, for group B, the 
differences of return to characteristics due to membership in this group. For example, 
if k is an index number referring to professional experience, the term xs,(PA, - P8,) 

measures the difference in return to experience between groups A and B. The ad­
vantage of ·the Illinder-Oaxaca decomposition is that it does not demand that the 
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coefficients linked to individual characteristics be identic. Jevertheless, the "unex­
plained" component always captures the effects of characteristics not observable by 
the econometrician, as well as any possible discrimination effects. 

Clearly, though, the portion explained by discrimination using the Blinder­
Oaxaca method depends on the reference group chosen. If B is the reference group 
instead of A, the explained part of the differences in average values of the wage loga­
rithms is no longer (x11 - x,,)P11 but (x11 - xs)ft8 • Since the difference in average values 
of the wage logarithms, In w11 - In w8 , is independent of the decomposition, the ex­
plained part of the portion of wage differences evidently depends on the reference 
group chosen. Hence if the returns to individual characteristics (education, experi­
ence, seniority, profession) of group A are higher, and if this group is also endowed 
with better characteristics on average, the explained part (x11 - xs)P11 is greater than 
(x11 - x8 )/J8 , and the extent of discrimination against group B gauged by taking group 
A as a reference is weaker than in taking the other group. 

Several studies have tried to solve this problem by proposing a more general 
form of the Blinder-Oaxaca decomposition. The idea is no longer to take any one 
group as reference but to assign each group an arbitrary weight. The decomposition is 
then written: 

P = )jjA + (1 - A.)Ps 

In this equation, ). E [0, 1] designates the relative weight of group A in the def­
inition of the reference group and iJ is interpreted as the vector of the returns on 
observable variables, such as education, professional experience, or seniority, in a 
competitive market. It is indeed possible that one group obtains, on average, returns 
greater than the competitive rate while another group obtains less than competitive 
returns. So parameter A. can be interpreted as the relative weight to be attributed to 
group A to reflect the returns of a competitive market. This weight is clearly very hard 
to define precisely, and a large area of arbitrariness always subsists (see Cotton, 1988; 
Oaxaca and Ransom, 1994; and the smmnary of Kunze, 2000). 

In sum, the different methods of decomposing the wage gaps between demo­
graphic groups can give different results when applied to the same sample, so it is 
important to identify and clearly define the hypotheses of every empirical study in 
order to be able to interpret, and eventually compare, assessments of discrimination. 

4.2.2 How to Estimate Changes in Discrimination 
In the United States, wage inequalities between men and women tended to shrink 
during !he 1980s and 1990s (Blau and Kuhn, 1997; Fortin and Lemieux, 1998). This 
facl is surprising, for if one ponders the overall distribution of wages, inequalities 
mounted sharply over the same period. Less skilled workers in particular under­
went relative losses of purchasing power. Why did the relative position of women 
improve, when on average they hold less skilled jobs than men? Is it the consequence 
of reduced discrimination or Urn result uf an improvement in their relative prodllctiv­
ity? On the other hand, wage gaps between black and white males tended to grow oiler 
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the same period (Bound" )Freeman, 1992). Why did the relative wages of black men 
decline while those of women rose? 

In ordor to understand the dynamics of wage inequalities and the role of dis­
crimination, several studies have utilized the decomposition of the evolution of wage 
differences introduced by Juhn et al. (1993). We begin by explaining the principles of 
this decomposition and then go on to emphasize the detrimental consequences of 
selection biases in this type ofresearch. 

The Decomposition of Juhn, Murphy, and Pierce 
Juhn et al. (1993) begin by estimating the wage equation (10) for a demographic refer­
ence group A (men, for example) at date t. For an individual i of group A at date t, this 
equation takes the form: 

(12) 

Juhn et al. (1993) decompose the statistical residual •Au by positing •Alt= UAtOA1t. 
where "'At= y'var(OA11 ) is the standard error of the residuals of the distribution of wage 
logarithms at date t of the members of group A. The error term OA1t is interpreted as a 
standardized residual with zero mean and unitary variance. The estimation of equa­
tion (12) by ordinary least squares for the members of group A gives the estimated 
values p,,,, tiAlh and 11,,,. Let 0,.1 and XAt be respectively the average of the OA1t and of the 
x,.;1; the average of the wage logarithms of group A, denoted by In w,.1, is then defined 
by the equality: 

Jn WAt = XAtPAt + 11t.t0At 

)uhn et al. ( 1993) then assume that the coefficients PA< and the variance of the 
residuals UAt are identical for the two groups, or PAt =Pm = P, and c7A1 = c701 = u,. Let us 
introduce the difference operator il., defined by il.y1 = y,., - YBt. y = x, 0. The difference 
of the average values of the wage logarithms between groups at date tis written thus: 

Dt = In WAt - Jn WBt = il.x,p, + u,il.Ot (13) 

This equation indicates that the wage differential between the two groups 
includes a component arising from the differences of characteristics, ii.x,p,, and a 
component that results from the differences in the standardized residuals, ii.ti,, be­
tween the members of the two groups. The term u,il.ti, is interpreted as the differences 
unexplained by the observable variables and which can therefore be attributed to dis­
crimination. Equation (13) then gives the difference observed at dates t ands between 
the intergroup wage differentials. The result is: 

(14) 

The first term of the right-hand side measures "the effect of changes in observed 
characteristjcs" and represents the contribution of changes in the averages of ob­
servable characteristics of the members of the two groups between dates s and t. The 
secooo term is "the ob.served price effect" and represents the contribution of differ­
ences in returns for characteristics observed at date t. The third term measures "the 
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effect of changes in wiobserved characteristics" and corres,._.fds to the change in the 
average relative position of the members of the two groups in the distribution of wages 
that is not due to observed variables. Finally, the fourth term is an "unobserved price 
effect." 

This method allows us to pinpoint the contributions of the different components 
- of the changes in the gaps in average wage between demographic groups. Like all 

decompositions, it rests on arbitrary hypotheses of which we need to be aware io 

order to gauge its signiD.cance. First, as we have already pointed out in studying the 
Blinder-Oaxaca method, the distinction between observed characteristics and unob­
served characteristics does not capture exclusively phenomena linked to discrimina­
tion. It also reflects, among other things, measurement errors, specification problems, 
and the existence of omitted variables. Moreover, the choice of reference group is as 
critical as io the Blinder-Oaxaca decomposition (Fortin and Lemieux, 1998). Finally, 
the hypothesis according to which the variation in residuals of the two demographic 
groups is identical (i.e., "A• = a81 = a1), which is indispensable in order to be able to 
distinguish the effect of changes in unobserved characteristics from the unobserved 
price effect, is highly debatable-(see Suen, 1997, and the assessment of Blau and Kahn, 
2001). 

The Consequences of Selection Biases 
Selection biases due to the fact that we only observe the wages of persons who work 
(see chapter 1, section 2) are an important source of error io the assessment of wage 
differentials between groups and in the evaluation of the components of these differ­
entials. The average wage of all the members of a group should actually depend not 
just on the (observed) wages of workers who have a job, but also on the potential (and 
thus unobserved) wages of persons in this group who do not have a job. The distri­
bution of observed wages therefore represents only a part of the distribution of the 
"offered wages," and it is necessary to know this last distribution in order to evaluate 
the wage differences between groups. The importance of this bias, to which Butler and 
Heckman (1977) drew attention, was illustrated by Brown (1964) and more recently by 
Chandra (2000) and Heckman et al. (2000) in the analysis of wage gaps between blacks 
and whites io the lfnited States. 

Figure 5.9 shows that the treatment of selection biases can profowidly alter our 
assessment of the movement of wage gaps between demographic groups. A calculation 
performed using data from the U.S. Decennial Census between 1940 and 1990 of av­
erage observed wages (i.e., without taking selection biases into account) suggests that 
the ratio of the average wage of black men to that of white men grew in stages between 
1940 and 1990, falling back slightly during the 1980s. But this conclusion rests on 
arguments that neglect the fact that the participation rate of black men fell off more 
sharply than did that of white men over this period, and this contributed to reducing 
the weight of black men situated at the low end of the distribution of offered wages. 
To offset this bias, Brown (1984) calculated the average wage of each demographic 
group on the assumption that the wage offered to a nonparticipating individual came 
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Ft&URE 5.9 
Ratios of weekly wages between black and white men (25-55 yeal'5) in the United States. Brown's decomposition 
Identifies the unobserved wages (of nonparticipants) by a random draw in the distribution of observed wages lying 
below the median. The matching cell mean decomposition identifies unobserved wages by creating six age categories 
and seven educational levels and assigning to each nonparticipant the average wage of the category to which he or 
she belongs. 

Source: Chandra (2000. table 3). 

from a random draw below the median of the distribution of observed wages. On this 
basis, the movement of wage gaps turned out to be much less favorable to black men, 
for the members of this group situated at the low end of the wage distribution, who 
were uxcluded from the calculation of the average of observed wages, were then 
included, which contributed to bringing down the average wage of all black men. Fig­
ure 5.9 shows that the evaluation carried out according to Brown's method leads us to 
identify a diminution in the relative wage of black men since the beginning of the 
1970s, whereas simple scrutiny of the observed data yields the very different conclu­
sion that the gap in average observed wages shrank by 6% between 1970 and 1990. 
There are other ways of calculating average wage. The matching cell mean method 
brings in the unobserved wages by creating categories using age and educational cri­
teria and assigning to each unemployed individual the average wage of the category 
to which he or sho belongs. It portrays a movement of wage gaps close to that 
observed using the raw data. Finally, a more complete method consists of adjusting 
the distribution of wages offered by simultaneously estimating a wage equation and a 
participation equation, in conformity with tho method of Heckman (1979). 
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286 j PART Two I CHAPTER s 

4.2.3 Direct Assessment of Discrimination 
Assessing the extent of discrimination by estimating wage equations poses problems 
that are difficult to overcome. The inevitable existence of omitted variables would 
point to the conclusion that the results obtained always overestimate discrimination. 
Another problem has to do with the influence of discrimination on explanatory vari­
ables. Our theoretical analysis in section 3.2 showed that discrimination may dis­
courage education, and more generally any investment leading to increased incomes. 
In consequence, the observation of a lower level of education may be caused by dis­
crimination. In this case, the results obtained through estimating wage equations un­
derestimate discrimination. These limitations justify the use of alternative methods 
that aim to estimate discrimination directly. We will give the broad outlines of three 
of these approaches: audit studies, the experimental method, and a method based on 
the comparison of productivity differences and wage differences. 

Audit Studies 
Audit studies consist of setting up experiments in order to compare the performance 
in the labor market of individuals who are identical except for their membership in a 
clearly specified group. To that end, the investigator pairs off individuals who belong 
to different groups but who have the same individual characteristics in terms of edu­
cation and social origin and who go about their job search in exactly the same way (for 
a summary presentation of the relevant works, see Darity and Mason, 1998; Altonji 
and Blank, 1999; and the critique of Heckman, 1998). In general, investigations carried 
ont in the United States find that whites are more frequently· given the opportunity to 
take hiring tests than blacks or Hispanics, and also receive more job offers. Moreover, 
whites have access to better jobs than blacks or Hispanics. The study by Goldin and 
Rouse {2000), which looks at the effects on hires of a change in recruitment policy by 
major symphony orchestras, follows a very similar approach. In order to guarantee the 
impartiality of the judging panels, the musicians audition behind an opaque screen. 
This type of audition was introduced by the Boston Symphony Orchestra in 1952 and 
has been adopted by many orchestras in the 1970s and 1980s. Goldin and Rouse find 
that the presence of the screen significantly increased the number of women hired, 
and that it explfiln!' almost one quarter of the increased presence of women in sym­
phony orchestras in the 1970s and 1980s. 

The Experimental Method 
Another method, one little used at present, is based on setting up laboratory experi­
ments. Fcrshtman and Gneezy {2001) have used it to study ethnic discrimination in 

Israel, bringing Ashkenazic students (descendants of European and American Jewish 
communities) and Oriental Jews (descendants of Jewish communities in Asia and Af­
rica) together to participate in the trust game and in the dictator game. 

The trust game is a game with two players in which player A holds a sum of 
money-and must decide how much to hand over to player B. The experimenter triples 
the amount of the transfer and gives it to player B, who can decide to make a gift in 
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return to player A. With.. lese rules, the efficient outcome-the one, that is, that 
gives both players the maximum of resourcos-dictates that player A should transfer 
the whole sum he holds to player B, so that B will receive the maximum from the 
experimenter. But on the assumption that both players are rational egoists, running 
the game in a noncooperative context makes it impossible to reach this efficient out­
come. Player A, foreseeing that player B has no interest in returning anything at all to 
him or her in the final stage of the game, lacks any motive to give B a positive amount 
in the first stage. So the solution to this noncooperative game is a zero transfer, or in 
more technical terms, the zero transfer is the only subgame perfect equilibrium.• The 
experiments carried out by Fershtman and Gneezy (2001} reveal, however, that player 
A does give a positive amount, and that player B frequently gives back a greater 
amount. To be precise, Fershtman and Gneezy organize their experiment this way: the 
role of player A is assigned to students whose ethnic origin is not specified, and the 
role of player B to other students whose names sound either Ashkenazic or Oriental. 
Fershtman and Gneezy find that individuals with Oriental backgrounds receive lower 
transfers than others. 

This .result seems not to come from statistical discrimination, inasmuch as the 
behavior of players B during the running of the game is no different whether they are 
Ashkenazic or Oriental. Fershtman and Gneezy use the dictator game in order to show 
that their result does not come from a taste for discrimination either. In the dictator 
game, player A decides on a transfer to player B, who is unable to give anything back 
to player A. The amount of player A's gift is always tripled by the experimenter, 
which can only benefit player B, who has no strategic role in this game. On average, 
the experiment shows that those playing B obtain the same transfers whether they are 
Ashkenazic or Oriental. Hence it appears that the reduced gains of those of Oriental 
descent in the trust game do in fact result from a problem of trust on the part of player 
A, and not a taste for discrimination. Fershtman and Gneezy conclude that the dis­
crimination springs from the existence of groundless stereotypes. What is more, when 
this experiment is run on a female population, women do not engage in discrimina­
tory behavior; therefore they do not subscribe to the same sterebtypes as men. The 
particular interest of this approach is that it sheds precise light on the origins of cer­
tain forms of discrimination. 

Productivity Differences and Wage Differences 

The third method consists of evaluating differences in productivity and comparing 
them to wage differences. Data available in the field of sports have made it possible to 
study wage discrimination between athletes of different ethnic origin (see Kahn, 1991 
and 2000, for summaries). Discrimination of this kind against blacks was brought to 
light in the National Basketball Association in the 1980s. On the other hand, discrim· 
ination appears not to influence the salaries received by baseball players. Hellerstein 
et al. (1999} have tried to apply methods of this kind to industry by esti.n).ating the 
productivity differentials of workers belonging to_ different ethnic groups. They use 
surveys that match data about firms and individuals and compare them wilh estimated 
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Table 5.2 ) 
Coefficients relative to ethnic origin and sex in wage equations. The individual characteristics are edu. 

cation, experience, and region. The job characteristics are sector and status (full· or part-time). 

Dependent variable: 

log hourly wage Model 1 

Blacks -0.207 
(0.0'12} 

Hispanics -0.379 
(0.010) 

Women -0.279 
(0.007) 

Control 

Individual characteristics No 

Job characteristics No 

The figures in parentheses are standard errors. 

Source: Altonji and ·Blank (1999). 

Model 2 Model 3 

-0.119 -0.089 
{0.011) (0.011) 

-0.131 -0.102 
(0.010) (OJJ09) 

-0.272 -0.221 
(0.006) (0.007) 

Yes Yes 

No Yes 

wage differentials. The results they obtain tend to confirm assessments based on the 
estimation of wage equations: differences in income between ethnic groups generally 
correspond to differences in productivity, except for women, who on average receive 
wages lower than their productivity. 

4.2.4 Main Results 
As we have noted, the difficulty in estimating the impact of discrimination lies mainly 
in the assessment of the importance of omitted variables. Empirical results obtained 
through estimates of wage equations show that when the characteristics of individuals 
and the jobs available are controlled with sufficient care, the proportion of wage dif­
ferences attributable to discrimination shrinks. It even tends to disappear for differ­
ences among ethnic groups in the United States. 

The Importance of Omitted Variables 
The size of the impact of unobserved variables is illustrated in tables 5.2 and 5.3, 
which present the results of estimates of hourly wage equations ca1Tied out by Altonji 
and Blank {1999) using the Current Population Survey panel in the United States in 
March 1996. Table 5.2 assesses the extent of discrimination following the method of 
dummy variables described by equation (9). The first column (Model 1) corresponds 
to estimates in which the only individual characteristics taken into account arc mem­
bership in different groups (Hispanics, blacks, women). The figures reported in tills 
column give the coefficients tied to the dummy variables. They are interpreted as the 
average loss of wage (in%) due to membership in the relevant group. According to 
these estimates, memhership in these groups entails significant wage lassos: around 
21 % for blacks, 38% for Hispanics, and 28% for women. The magnitude of these wage 
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Table 5.3 

Decomposition of wage differences among ethnic groups and sexes. 

Dependent variable: 

log hourly wage Blacks/whites Hispanics/whites Women/men 

Log hourly wage (difference) -0.211 -0.305 -0.286 

Antount due to: 

Characteristics -0.114 -0.226 -0.076 

Returns -0.098 -0.079 -0.211 

Differences due to charaderlstlcs: 

Education -0.013 -0.024 -0.001 

Experience -0.048 -0.152 -0.003 

Personal* -0.020 0.008 -0.002 

Crty and region 0.020 0.033 -0.001 

Occupation -0.058 -0.080 -0.012 

Industry 0.006 -0.012 -0.036 

Part-time and public sector -0.000 0.001 -0.020 

Differences due to returns: 

Educatlon 0.082 0.012 -0.022 

Experience -0.197 -0.025 -0.023 

Personal* 0.047 0.025 0.014 

Oty and region 0.030 -·0.032 -0.013 

Occupation -0.005 -0.058 -0.060 

Industry 0.032 0.046 -0.004 

Part-time and public sector 0.009 0.033 0.014 

Source: Altonji and Blank (1999). 

*Personal characteristics include gender and ethnic origin when necessary. 

losses diminishes noticeably if we take into account individual characteristics like 
education, experience, and region (Model 2). It diminishes a little more if we add job 
characteristics, such as the industcy in which the individual is working, and part-time 
work (Model 3). But these are steep losses nevertheless. 

Table 5.3 pinpoints the wage differences among groups using the Blinder­
Oaxaca decomposition. In this method, it is differences among objective character­
istics that explain the largest part of wage differences among ethnic groups, whereas 
differences in the rehiro to these characteristics explain the largest part of the wage 
differential between men end women. Hence, black and Hispanic: ethnic minorities 
have lower levels of education and higher retums to schooling than whites. Con­
versely, these two groups have lower levels of, and lower roturns to, professional 
experience than those of whites. Women have levels of educalion and experience very 
close to those of men, but the returns to these characteristics prove to be noticeably 
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lower for them. The return to a given occupation likewi• )pears lower for women 
than for men. 

Overall, tables 5.2 and 5.3 show that taking omitted variables into account 
can lead to substantial modifications of findings concerning the extent of wage 
discrimination. 

Wage Differences and Gender 
The bulk of empirical studies dedicated to estimating wage differentials between men 
and women conclude that a significant proportion of these differences remains wiex­
plained by observable variables. Figure 5.10 gives valuos for the ratio between the 
average wage of women and men in 22 countries at the end of the 1980s and the 
beginning of the 1990s. Women's wages are shown to be systematically lower than 
those of men. The ratio of women's wages to men's varied between 87% in Slovenia 
and 42% in Japan. For all the reasons cited above, these gross ratios do not give us a 
measure of the degree of wage discrimination against women. 

Nevertheless, estimations of wage equations do generally conclude that ob­
served characteristics of jobs and individuals explain only a portion of the wage 
differentials between genders (see table 5.3). It is a phenomenon found in many coun­
tries. Blau and Kahn (2001) find that taking education and experience into accowit 
explains only a part of the wage difference observed between genders in the countries 
in figure 5.10. Alternative methods that rely on experiments or on the comparison of 
estimates of productivities and wages also throw light on the extent of discrimination. 
Thus, Hellerstein et al. (1999) fowid that women have a productivity around 15% 
lower than that of men in industry in the United States, but the wage they receive is 
around 30% lower. It should be noted, however, that the application of this method to 
French data leads to different results, since Crepon et al. (2001) found that wage dif­
ferences between men and women exactly reflect differences in productivity. This 
study therefore suggests that the extent of discrimination against women is different 
from one country to another. The work of Blau and Kahn (2001) and the OECD (2002) 
confirms this general result. It shows that wage differences between men and women 
are significantly influenced by the overall distribution of wages in each country. In 
particular, the b~oader the area covered by collective negotiations-which generally 
leads to a reduction in the spread of wages-the less the difference between the wages 
of men and women. 

The Movement of Women's Relative Wages 

The study of the movement of the rnlative wages of women and men during the 1970s 
and 1980s in the United States has also drawn much attention. The wage gap between 
men and women remained stablo between the Second World War and the end of 
the 1970s, but shrank noticeably during the 1980s, as figure 5.11 shows. This move­
ment went along with an increase in inequalities assessed over the total distribution of · 
wages. It may therefore seem surprising that the relative position of women, whose 
performance in the labor market is traditionally inferior to that of men, should have 
improved over this period. 
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The ratio of women's wages to men's wages, adjusted.for hours. in 22 countries at the end of the 1980s and beginning 
of the 1990s. 

Source: Blau and Kabn {2001). 
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The decomposition of wage gaps during the decade of the 1980s suggests that 
the overall shift in a direction favoring women resulted from the combined working of 
opposing movements. Table 5.4 portrays the decomposition carried out by Blau and 
Kahn (1997) an the basis of equation (14). It shows that the reduction in the wage gap 
between men and women resulted from an improvement in the observed character­
istics of women, like education, experience, types of jabs held, and the trend toward 
trade unionization, which was mare favorable ta women than men over this period. 
Nonetheless, the. price effects observed have contributed to an increase in the wage 
gap between genders: women, who always hold less skilled jabs, the kind to which 
relative returns have fallen, have been disadvantaged by this phenomenon. The de­
composition of terms corresponding ta unobserved characteristics comes to the same 
type of conclusion. Unobserved price effects have contributed to increasing the wage 
gap, while changes in unobserved characteristics have pushed the wage gap the other 
way. Hence the combined trend in characteristics, observed and unobserved, of 
women, represented in the .penultimate line of table 5.4, turns out to be favorable to 
women. In contrast, the total contribution of price effects, reported in the last line, has 
run counter to the reduction of wage gaps. Finally, the estimates of Blau and Kahn 
(1997) also show thnt the unobserved part of the wage gap between men and women 
has substantially declined-the decline is given by the sum of terms (3) and (4) in 
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Table 5.4 

Decomposition of the movement in the wage gap, 1979-1988. Wage gaps 01 are defined as the gaps 

between the averages of the wage logarithms of men and women, hence: o, = ln(Wmr) - ln(wp). 

Change in differential (Dee - D,,) 

(Ax .. -· t;.x,.)/l88 (1) 

Education 

Experience 

Occupation 

Collective bargaining 

Industry 

t;.x,.(fl .. -fl,,J (2) 

Education 

Experience 

Occupation 

Collective bargaining 

Industry 

(t;.088 - t;.B79Jo88 (3J 
t;.B88 (o88 - a,,J (4) 

Sum gender-specific ((1) + (3)) 

Sum wage structure ((2) + (4)) 

Source: Blau and Kahn (1997, table 2). 

-.1522 

-.1244 

-·.0088 

-.0529 

-.0458 

-.175 

-.0012 

.0997 

.0013 

.0219 

.0441 

.0081 

.o215 

-.1420 

.0143 

-.2664 

.1140 

table 5.4-which points to the conclusion that either discrimination against woman 
has declined or that their unobserved characteristics have moved closer to those of 
men. 

Wage Differences Between Ethnic Groups 
The results of certain studies-tables 5.2 and 5.3-which show that in the United 
States, a large part of the differences in income between ethnic groups could be 
explained by the differences betWeen "objective" individual characteristics, have 
provoked numerous debates. These debates have been fueled by the work of Neal and 
)ehnson (1996), who utilized the results of the Armed Forces Qualifying Test, educa­
tion, and the type of job held by parents as supplementary individual characteristics. 
The unexplained component of the dil!eronc:es in income among groups then becomes 
not significantly different from zero (soe also Altonji and Blank, 1999). These results 
have been confirmed by the study of Hellcrstein et al. (1999), who directly compared 
estimates of wage differentials and productivities. 

Other approaches, however, yield opposite conclusions. In particular, experi­
ments carried out to compare the performances of workers through audit studies indi­
cate that discrimination is present during the hiring process. On the other hand, 
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Eckstein and Wolpin (1999) have shown, utilizing a jobs h model, that discrimi­
nation in terms of offered wages at the time of hiring can lead to much weaker dis­
crimination in terms of wages accepted. According to their estimates for high school 
graduates, the differences among othnic groups in wages offered are three times 
greater than the differences in those accepted. These results suggest that it is not 
enough to focus on wages in order to detect the presence af discrimination in the labor 
market, and they also show the limits of estimations of wage equations in this area. It 
is necessary to take into account the histories of individuals, including their periods 
of unemployment, the manner in which they conduct job searches, and the kinds of 
jobs they wind up holding. 

Studies on the movement of the inequalities belween blacks and whites during 
the 1980s in the United States find that improvements in education and experience of 
blacks contributed to reducing the wage gap between whites and blacks. But observed 
and unobserved price effects-using the terminology of the decomposition of Juhn 
et al. (1993) presented above-have worked in the opposite direction and have pre­
vailed, leading to an increase in the average wage gap between whites and blacks over 
this period (Juhn et al., 1993; Card and Lemieux, 1996). In sum, the relative wages of 
blacks have declined, for they were situated at the low end of a wage distribution that 
had a tendency to widen during a period in which inequalities generally increased. 
There is not, from this perspectivc, any indication of a marked shift in discrimination 
against blacks over this period. 

Affirmative Action 
We have pointed out that it is possible to combat discrimination by imposing con­
straints that compel firms to correct behaviors that create disadvantage for certain 
demographic groups. Affirmative action, in place in the United States since the begin­
ning of the 1960s, is an example of this. It has led to a large number of decisions in 
the wake of Kennedy Executive Order 10925 in 1961, which requires that firms con­
tracting with the government "take affirmative action to ensure that applicants are 
employed and employees are treated during employment without regard to their race, 
creed, color, or national origin." Following this decision, the policy of affirmative 
action underwent a number of developments. In 1965, Johnson Executive Order 11246 
reiterated Kennedy Executive Order 10925. In 1967, Johnson Executive Order 11375 
stated that Executive Order 11246 applied to women as well. In 1968, Department of 
Labor Regulations Governing Executive Orders 11266 and 11375 made it mandatory 
for firms contracting with the federal government and that had more than 50 em­
ployees or a contract worth more than $50,000 to establish the degree to which women 
and minoritie~ were underrepresented in their workforce, then set out corrective goals 
and a timetable for achieving them. In 1979, in United Steelworkers of America v 
Weber, a case regarding a training program in which 50% of the places were reserved 
for blacks, the Supreme Court decided that the Civil l<ights Act of 1964 "does not 
prohibit such race-conscious affirmative action plans." The judgment states clearly 
that such plans, which aim to remedy entrenched phenomena of segregation, are 
legitimate. 



COMPENSATING WAGE DIFFERENTIALS AllD DISCRIMINATION 

This series of decis. ) shows that demographic groups that are undergoing 
discrimination obtain the benefit of programs that give firms contracting with the gov­
ernment an incentive to hire them. Empirical studies dedicated to the consequences of 
affirmative action have sought, in the first place, to detect its impact on wages. The 
evidence is that it very probably favored blacks and women during the 1960s and 
1970s, although to assess the extent of this effect with precision is a very tricky busi­
ness (see Donohue and Heckman, 1991). Other studies focused on the distorting 
effects of these programs, attempting to discover whether they drove firms to recruit 
underperforming workers. In t.heir overview of the literature, Holzer and Neumark 
(ZOOOa, 2000b) emphasize that there is nothing to point to the conclusion that women 
who benefited from affirmative action had lower levels of education or experience 
than those of men in comparable types of jobs. Their performance in the labor market 
was likewise comparable. On the other hand, the levels of education and experience 
of ethnic minorities who benefited from affirmative action programs are frequently 
lower than those of their white colleagues. Their performance in the labor market is, 
however, very close to that of whites. Holzer and Neumark (2000b) show that this re­
sult arises from the fact that employers practicing affirmative action select members of 
ethnic minorities with greater rigor at the hiring stage. Overall, Holzer and Neumark 
(2000a) estimate that losses in productivity owing to affirmative action appear to be 
limited. The global effects of affirmative action remain little understood, however, and 
continue to be the focus of plentiful research. 

4.3 INDUSTRY AND FIRM WAGE DIFFERENTIALS 
In a perfectly competitive labor market, with given productive abilities and working 
conditions, the wage of any individual ought to be independent of the firm or industry 
in which he or she is employed. If one industry or firm pays better than others, perfect 
mobility of workers ought to lead to a flow of labor supply toward that firm or in­
dustry and a consequent drop in remuneration. But the existence of persistent wage 
differentials between industries and firms is a stark and abundantly documented fact. 
Slichter (1950) had already established that' this was the case foe American workers 
between 1923 and 1946. 

4.3.1 The Traditional Approach 
Let w,, be the hourly wage of an individual i at date t; let x;i be the vector of his or 
her personal characteristics and those of his or her job at tho same date; and lot Y; 
be a fixed industry effect, where j = J(i, t) is the industry of worker i in period t. 
Interindustry wage diil'orences a.re generally highlighted by estimating an equation of 
the form: 

ln w,, = x,,p + Y/(i, •J + •11 (15) 

In this equation, eu designates an independent, identically distributed statistic 
residual. The coordinates of var.tors /J and y are parameters to be estimated. In par­
ticular, the coordinates of vector y indicate the influence of th<> industries on wages. 
If these coefficients aro null, the theory of compensating wage differentials is not 
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Table 5.5 

Estimates of interindustry wage differences in France, 199()-1995. 

Model without fixed 

Industry individual effect 

Agriculture -0.101 
{0.07) 

Mining (coal) 0.139 
(0.021)) 

Petroleum 0.210 
(0.018) 

Electricity 0.108 
(0.007) 

Chemical 0.163 
(0.009) 

Food retail -0.112 
(0.007) 

Hotels, bars, and restaurants -0.175 
(0.006) 

Figures in parentheses are standard errors. 

Source: Goux and Maurin (1999). 

Model with fixed 

Individual effect 

-0.017 
(0.016) 

0.058 
(0.056) 

0.049 co.om 
0.058 
(0.019) 

0.016 
(0.019) 

-0.043 
(0.014) 

-0.008 
(0.012) 

Note: Aside from industry, the variables taken into account are experience in the labor market, job 

seniority, place of residence, education, nationality (French or foreign), and profession. How to read the 

table: according to the model without fixed individual effect, a wage~earner in agriculture receives, on 

average, a wage of 10.1. 

invalidated. If they are significantly different from zero, we must conclude either that 
there are omitted variables or that the theory of compensating wage differentials is 
invalidated. Traditionally, the estimation of this type of equation gives coefficients for 
vector 7 that are significantly different from O. The first column of table 5.5 presents 
the results obtained by Goux and Maurin (1999) for France in 1990-1995, with a 
breakdown into 39 industries. According to these estimations, the standard gap due to 
industry is of the order of 8%-9%. We also observe that the industries that pay the 
least (agriculture~ food retail, and hotel, bar, and restaurant) offered wages 15% lower 
on average than the rest of the economy. The industries that pay the most (petroleum, 
mining, chemicals) offered wages that were on average 15% above those in the rest of 
the economy. Gowc and Maurin note as well that these wage differences persist over 
time. 

4.3.2 The Importance of Unobserved Worker Ability Differences 
The results presented in the first column of table 5.5 are similar to those obtained for 
Fran~e and the United States by Dickens and Katz (1987), Krueger and Summers 
(1988), Katz and Summers (1989), Abowd et al. (1999), and Abowd and Kramarz 
(1999). At first glance, these results suggest that the labor markets are far from being 
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perfeL-tly competitive. The .hterpretation is a delicate matter, however. It is quite 
possible that wage difforentials are caused by an unobserved heterogeneity of workers. 
If those with the greatest productive abilities (unobserved) are concentrated in the 
same industries, those industries must pay higher wages. In that case, the model 
explaining wages is described not by equation (15) but by: 

In Wu =Xit/J+'Yf(i.t) +11.i +eu (16) 

where a; designates the unobserved abilities of individual i. If data for several periods 
are available, it is possible to eliminate this term by estimating equation (16) in differ­
ences for workers who stay in the same industry. Such estimations, carried out on 
U.S. and French data and covering a sufficiently large number of industries (Murphy 
and Topel, 1987; Abowd et al., 1999; and Goux and Maurin, 1999), find that inter­
industry wage differentials are to a very large extent explained by the characteristics 
of workers. The second column of table 5.5, taken from Goux and Maurin ( 1999), gives 
a striking illustration of this. It shows that the contribution of industry to wage setting 
is much smaller, and often not significantly different from zero, at the threshold of 
5%. Further, Goux and Maurin point out that there is a very weak correlation, less 
than 0.25, between the coefficients estimated by the models with and without fixed 
individual effect. Finally, they find that the wege variatioru; undergone by an individ­
ual in changing industry do not exceed 2 %-3 % . These results point to· the conclusion 
that interindustry wage differences are essentially explained by individual effects. 
They are very different from the results obtained by Krueger and Summers {1988) and 
Gibbons and Katz (1992), who, with a smaller number of industries (around 20, rather 
than around 40), found that industry makes a significant contribution to wage forma­
tion, after controlling for fixed individual effects. But by adopting a breakdown similar 
to that of Krueger and Summers (1988) and Gibbons and Katz {1992), Goux and 
Maurin {1999) arrived at conclusioru; close to theirs for French data. That being so, the 
results that tend to prove the importance of the industry component obtained by 
Krueger and Summers {1988) and Gibbons and Katz (1992) are most likely the result 
of an aggregation bias caused by using too few industries. 

4-3.3 Industry Effect and Finn Effect 
Although the impact of industry on wage formation appears very slight, all things 
considered, we should not jump to the conclusion that labor markets function in a 
perfectly competitive manner. It is quite possible that imperfect competition leads to 
heterogeneous wages among firm.• in the same industry. An approach like the one just 
described must be used to study this problem, but with identification of the firms, and 
not just the industries, in which individuals work. Studies that tako this approach 
show unambiguously that the impact of the firm is greater than that of the industry 
(Abowd el al., 1999; Gome and Maurin, 1999). Gome and Maurin, for example, assess 
the average of the difference in wages paid to all identical worker employed at two 
different firms in France at 20%-30%, whereas it does not exceed 2%-3% for a 
change of industry. They show, moreover, thai these differences are positively 
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correlated with the size and the capital/labor ratio of Jirn. .he correlations with pro­
ductivity and profitability are much less significant. Once again, the interpretation of 
those results is a delicate matter. It is possible that wage differences among firms may 
be the result of unobserved differences linked to working conditions. The hedonic 
theory of wages postulates that a wage re.fleets not just productive ability, but also the 
content of the tasks an employee must carry out at his or her workplace: more dan­
gerous, more unstable, and more laborious jobs are compensated for by higher wages. 
As these characteristics of jobs are generally poorly measured, it remains possible that 
the unobserved heterogeneity of jobs does explain wage differences among firms, 
according to a perfectly competitive logic. 

5 SUMMARY AND CONCLUSION 

According to the model of perfect competition, workers receive wages equal 
to their marginal productivity. The hedonic theory of wages shows that the 
mechanism of perfect competition allows agents to choose different working 
conditions, and that wage differentials "compensate" for the laboriousness or 
danger of tasks. Testing the extent of such wage compensation runs into diffi­
culties having to do, on the one hand, with unobserved individual character­
istics, and on the other, with the heterogeneity of individual preferences when 
it comes to the advantageous or disagreeable aspects of the working conditions 
of a job. Empirical studies do, however, bring to light phenomena of wage com­
pensation in many circumstances. But the orders of magnitude obtained must be 
interpreted with caution because of the weight of the omitted variables. 

Monopsony exerts a negative effect on wages and employment. Its existence 
presupposes limited mobility of workers and entry costs that hinder other firms 
from coming in to compete for the labor pool in question. This imperfection in 
competition allows the monopsony to discriminate against certain categories of 
workers for long periods without being forced out of the market. 

In the absence of complete contracts, hiring and training costs work in favor of 
insiders when it comes to rent sharing. Wage gaps then no longer reflect pro­
ductivity differentials alone. 

t,;mployers, who cannot observe the abilities of workers perfectly, are faced with 
a· problem of adverse selection. This makes it impossible for a person's wage to 
match his or her (unobservable) marginal productivity, and labor market equi­
librium ends by allocating resources inefficiently, with the most productive 
workers no longer participating in the labor market. 

_ .The term "statistical discrimination" applies to a situation in which individuals 
with identical abilities but membership in different demographic groups have 
divergent c:areer paths because of the average productivity, real or imagined, of 
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agents belonging to . J group. In this case, the beliefs of employers concerning 
the average quality of a demographic group can become "self-fulfilling prophe­
cies" and provoke the appearance and persistence of productivity differences 
between groups, to the detriment of the ones discriminated against in the first 
place. A quota policy, providing for the hiring of a given proportion of members 
of a certain group, may turn out to be ineffective if it hns the effect of discourag­
ing effortS to acquire education. 

The difficulty of evaluating discrimination lies mainly in assessing the weight of 
unobserved individual characteristics. If we use sufficient care in controlling for 
the characteristics of individuals and those of jobs offered, the proportion of 
wage differences attributable to discrimination declines. The majority of studies, 
though, conclude that in the United States, women are the victims of significant 
wage discrimination. The extent of wage discrimination against women does 
vary from one country to another. 

Providi,ng that the data are disaggregated to a sufficient degree, unobserved in­
dividual heterogeneity explains the core of interindustry wage differences. The 
share of wage differences explained by the heterogeneity of firms, on the other 
hand, remains large. In France, for example, the average of the differences in 
wage paid to an identical worker employed in two different firms lies in the 
20%-30% range, but does not exceed the 2%-3% range from one industry to 
another. 

6 RELATED TOPICS IN THE BOOK 

Chapter 3, section 2.1: Wages in the equilibrium search model 

Chapter 6, section 4.4: The efficiency wage model 

Chapter 7, section 3: Wage determination through collective' bargaining 

Chapter 9, sections 3 and 6: The matching model and the efficiency of labor 
market equilibrium 

Chaptor 9, section 4.2: Investment and the holdup problem 

•' Chapter 12, section 1: The effects of the minimum wage 
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In this chapter, we will see 

Why firms and workers engage in long-term relationships 

How the trade-off between insurance and incentive acts on the remuneration 
rule for labor 

Why firms make use of hierarchical promotions and internal markets 

The links between seniority, experience, and wages 

The efficiency wage theory 

INTRODUCTION 

Within firms, those who manage human resources have a toolkit of apparently quite 
varied measures at their disposal (Gibbons and Waldman, 1999b). The strategic vari­
ables currently used to optimize the return on ·labor include promotion, bonuses, 

P T E R 6 



306 I PA.RT Two I CHAPTER 6 

profit-sharing, status distinctions, quality circles, invest._ Ji in training, and dis­
missal. Such a toolkit leads us to ask, what form would an optimal remuneration rule 
for labor take? A priori, a remuneration rule ought to be based on the complete array 
of information available to both sides-primarily the results of the activity of the 
employees, and observation of the environment in which this activity takes place, The 
theory of contracts explains how technology and the preferences of actors both influ­
ence the choice of strategies for managing human resources (see Hart and Holmstrom, 
1987; Salanie, 1997; Malcomson, 1999; and Prendergast, 1999, for complete presenta­
tions, and Milgrom and Roberts, 1992, for an excellent nontechnical one). To be more 
precise, this theory analyzes how contractual relations allow two different types of 
problem to be managed: the uncertainty of the environment, and the private nature of 
certain information concerning the activities and the performance of workers, 

The wage relationship is generally a long-term one, which takes concrete form 
when a "labor contract" is signed, Curiously, this type of contract very often specifies 
only rights and duties of a purely formal nature, without always linking remuneration 
explicitly to performance, Simon (1951) had already noted this essential difference 
between an ordinary contract of sale and purchase, and a labor contract governing a 
hierarchical relationship. Above all, a labor contract betokens a relationship of subor­
dination, meaning that an employer and an employee have agreed that the latter will 
exercise his or her profession under the authority of the former, It may also set out the 
length of time this agreement will last and the amount of remuneration to be paid. 
Such a remuneration very often depends on criteria, such as seniority, that do not, at 
first sight, appear to have much to do with individual performance. Doeringer and 
Fiore (1971) have drawn attention to the fact that large firms set up "internal markets" 
that function according lo a logic very different from that of a competitive market of 
the kind described in the previous chapter, where the remuneration of workers hinges 
on their productivity. A priori, though, it would seem to be more efficient to pay an 
employee according to the tasks that he or she effectively carries out, in other words 
to pay him or her a wage corresponding to his or her output-the system known as 
"piece rate,'' In reality the modes of remuneration vary widely. Freeman and Rogers 
(1999) estimate that around 45% of workers in the private sector in the United States 
in 1998 were receiving a remuneration that partly depended on their own perfor­
mance, or that of their firm, through some type of collective profit-sharing or em­
ployee stock ownership plan. Thesa authors highlight the fact that during the .1990s 
the way workers are paid in the United States tended to shift toward remuneration 
linked to performanGa, So the pay employees receive is made up of some combination 
(the weighting varies) of time wages, piece rate, stock ownership, and collective profit­
sharing, Our aim in this chapter is to show that problems of incentive and risk-sharing 
play a determining role in how these components are weighted. 

In section 1, key concepts relating to the labor contract are defined, Section 2 
concentrates on contractual relationships when the actions of wage-earners arc ver­
ifiable by an impartial judge and the economic environment is uncertain; in this situ­
ation, the labor contract proves useful as an efficient way to share risk. Section 3 
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analyzes the labor relatio. .\,when the actions of wage-earners are not verifiable, but 
the result of thorn is. This context permits us to understand incentive problems, and 
the linkage between a worker's pay and the results of his or her activity; in particular, 
it specifies how punishments, rewards, and the tailoring of individual remunerations 
come into play as means of incentive. Finally, section 4 deals with incontive problems 
in informational structures in which neither actions nor results are verifiable. Such 
is generally the case for workers performing complex tasks. In this setting, there is 
no point in making a contract that stipulates a remuneration based on performanco, 
since the latter cannot be verified by a third party should a dispute arise. As we will 
see, the impossibility of verifying the actions and performances of agents explains 
two elements frequently encountered in systems of remuneration: wages that rise with 
seniority, and systems of internal promotion. 

1 THE LABOR CONTRACT 

The features of labor contracts depend, to a large extent, on whether or not the results 
of an employee's activity can be observed and taken into account. These results can 
only appear explicitly in the contract if they are verifiable. If they are not, the work 
relationship is governed by implicit and self-enforcing clauses. 

1.1 EXPLICIT AND IMPLICIT CLAUSES 
To set up a system of remuneration based on observed results is to presume that the 
latter can be established beyond dispute. This is why the terms used in drawing up 
the contractual document properly speaking are called verifiable elements. Under this 
heading are grouped all the parameters capable of being objectively assessed by an 
impartial court. For example, if the contract specifies the exact amount of wage to be 
paid, the task of checking to see whether this amount was indeed paid (by examining 
bank accounts, receipts, and so on) can actually be assignod to a· third party. The 
notion of a verifiable clause contains the idea that, should a dispute arise, one of the 
parties wonld be able to supply proof, in the juridical sense of the term, sufficient to 
settle the matter. 

As a general ntle, there exist numerous parameters that cannot be assessed with 
~ufficient precision by an impartial tribunal. The results of collective or individual 
activities usually fall into this category, because it is difficult to furnish real proof that 
what was accomplished fell short of what was intended. Hence parameters of this type 
will not appear in the contractual document. Note that the possibility of verifying the 
values of the parameters of a contract is not really tied to the possibility of observing 
these values. In fact the shared observation of parameters has only limited importance 
whenever no third party can certify what has been observed. 

We can now state precisely the definition of explicit and implicit clause (Carmi­
chael, 1989). Analysis of the verifiable character· of the wording of a contract allows 
us, in theory, to place it in one or tho other of these categories. All the clauses of an 
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explicit contract being verifiable, they will appear in black ..ad white in the text of the 
agreement, as will the penalties arising from their violation. For that matter, it is the 
existence of these penalties that ensures that in the great majority of cases, explicit 
contracts are respected. The case is different, however, with the clauses of an implicit 
contract. Since they are nonverifiable, there is no reason why they should appear in 
any written document at all-which amounts to saying that in this situation, thera is 
no contract in the legal sense of the lernL 

1.2 COMPLETE AND INCOMPLETE CONTRACTS 
The theoretical literature also adopts the terms complete and incomplete contract to 
distinguish between explicit and implicit contracts (Hart and Holmstrom, 1987). By 
definition, a contract is complete when it is possible, at the moment of signing, to 
foresee all the circumstances that could arise while it is in effect, and to set out verifi­

able clauses for each of them. A complete contract thus comes to the same thing as an 
explicit contract. Conversely, an incomplete contract does not take some of these cir­
cwnstances into account. There are several reasons why it is curtailed in this way. 
First, the possible circwnstances might simply be too numerous, and some of them 
highly improbable. The "production" costs of the contract (legal advice, preliminary 
study, the actual drafting, etc.) would outweigh the benefits to be derived. Second, 
certain circumstances cannot be verified, in which case there is no point in including 
them in the clauses of the contract. Finally, a contract that aimed to utilize all the 
available information in an optimal manner might lead to clauses or rules of applica­
tion that would outstrip the cognitive capacity of one of the partners. It would then be 
necessary to adopt simplified rules, and in that case one might also take the view that 
the contract was incomplete. In swn, there is no real difference between the definition 
of an incomplete contract and that of an implicit contract. The notion of "unverifiable 
clause" encompasses all the reasons for which a contract may be incomplete (for 
recent work on the links between the incompleteness of contracts and the asswnption 
of rational behavior, see !Iart and Moore, 1999, and Maskin and Tiro le, 1999). 

The impossibility of having a third party verify individual performance has at 
least two important consequences when an employee and an employer wish to enter 
into a long-term .relationship. In the first place, it becomes pointless to describe in 
minute detail the tasks the employee will be expected to carry out. In reality, the labor 
contrnct most often takes the form of a relationship of subordination that simply 
acknowledges the employer's authotity and sets out a specified amount of remuuera­
tion. It is not generally possible to know in advance what services will be supplied in 
return for the wage. In the second place, if this relationship is extended, that means 
the two parties have a mutual interest and are no longer ruled by obligation. The 
contract is then said to be self-enforcing. As the colebrated expression (apparently 
coined by Okun, 1981) goes, an implicit contract then takes the form of an "invisible 
handshake." 

Having set out the V8lious possible categories of contract, our next step will be 
to highlight the main properties of optimal contracts. These will necessarily differ 
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ac:cording to the explicit o.- implicit nature of the contract. In studying these problems, 
the so-called "agency" model supplies a framework both inclusive and rigorous, and 
has gradually come to dominate the literature. 

1.3 THE AGENCY MODEL 
The agency model-also called the principal-agent model-analyzes the problems 
arising from the working out of contracts between two actors, the principal and the 
agent. 1n· labor <>conomics, tho principal is the employor, and the agent the employee. 
Confining the analysis to just two protagonists at this stage makes it possible to high­
light a number of instructive traits, as the reader will see. More sophisticated models 
study the interactions among a larger number of actors (see Salanio, 1997). 

The agency model assumes that the principal proposes a contract that the agent 
can either accept or refuse. This hypothesis allows the bargaining problem to be dis­
posed of rapidly and lots us focus on analyzing the way lhe structure of information 
influences the characteristics of contracts (the theory of bm-gaining is set out in chap­
ter 7). It is important to note that such an assumption makes no commitment as to 
whether labor market competition is perfect or imperfect. The only thing determined 
by the nature of labor market competition is the level of satisfaction the employer 
must offer the worker for the contract to be acceptable. For example, if the market is 
perfectly competitive, free entry entails zero profit, and the principal will necessarily 
have to offer a level of satisfaction that procures him or her zero profit, otherwise the. 
worker will tum to another employer. 

The information available tu each party and the degree to which it can be veri­
fied influences the properties of contracts offered by the employer. Here we can set out 
two textbook cases. In the first, the employee's effort is observed by both parties and 
is verifiable. Though the effort made can be verified, the employee's output might be 
affected by contingencies unfOl'eseen at the time the contract .was signed. So both 
sides are faced with a problem of risk-sharing. The contract proposed by the employer 
then sets out the optimal division of risk and maximizes his or her expected profit. In 
the second case, the employee's effort is not verifiable, and the employer is faced with 
a problem of moral hazard. He or she must propose a contract that gives the worker an 
incentive to supply maximum effort at minimal cost. 

As these observations show, the aim of labor contracts is to manage two types of 
problem: that of risk-sharing, and that of incenlive. 1 We will study them in that order 
ill the following sections. 

2 RISK-SHARING 

Risk-sharing between· employors and workers has already been mentioned above to 
account for the rigidity of real wages. Empirical studies do in fact show that the real 
wage fluctuates less than production, employment, or hours worked, and is cloarly 
procyclical (see Abraham and Haltiwanger, 1995, and chapter 8, this book). 
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These stylized facts do not fit well with a purely c:c_ Jetitive determinatio~ of 
wages, in which the only contracts in existence are those made in a "spot market" that 
define the level of transactions in all foreseeable situations but include no provision 
for insurance. In the model of perfect competition laid out in chapter 5, section 1 (in 
which the labor market is represented as functioning solely on the basis of spot market 
contracts), variations in productivity lead to proportional variations in the wage. To 
grasp this, let us take the case of an agent entering such a market; this agent's prefer­
ences are represented by a quasi-concave utility function U(C,L), where C and L des­
ignate respectively the agent's consumption of goods and his or her leisure. Here we 
shall assume that consumption of goods is identical to the agent's remuneration W, 

and that his or her leisure is equal to the difference between total endowment of time 
L0 , the duration of wbich is normalized to 1, and hours of work, denoted hy h. 

We will further assnme that the production y of the agent depends on hours 
worked h and on a random variable e according to function f(h, e) increasing in both 
its arguments, and such that, on the one hand, marginal productivity is decreasing 
Uhh ,;;; 0) and, on the other, marginal productivity is strictly increasing with shock e, 
which amounts-to hypothesizing fh, > O. Under these conditions, the profit I1 of an 

employer is defined by the equality I1 = f(h,e) - W, and the zero profit condition then 
entails W = f(h,e). 

The determination of work schedules and remuneration is represented in figure 
6.1 for two values of e, denoted e1 and e2 > e1 , in the hours-wage plane. As we showed 
in chapter 5, section 1.1, each worker is able to force each employer to bid against the 
others, and therefore to choose a combination of work schedule and remuneration that 
maximizes his or her utility subject to the zero profit condition. Jn graphic terms, re­
muneration and work schedule are determined, in every state of nature, by the tangent 
point between curve f(h, e) and an indifference curve. In figure 6.1 we observe that 
variations in real wages are greater than variations in hours worked if the elasticity of 

w 

W2 

w, 

FIGURE 6.1 

Wages and hours worked in a perrcctly competitive spot market 
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the labor supply is we" .. Lth respect to wages. Empirical studies have regularly 
found that the labor supply is weakly elastic with respect to the real wage (see chapter 
1). So the model of a perfectly competitive spot market predicts that productivity 
shocks lead to greater variations in wage than in work schedules, something that 
empirical observation contradicts. 

These limitations of the spot market model suggest that the demand for insur­
ance may play a role in determining wages. The earliest models in this field came 
from Azariadis (1975), Baily (1974), and Gordon (1974). They aro set in an environ­
ment in which the performance of workers is verifiable. These models explain, in a 
highly satisfactory manner, the rigidity of real wages, but prove to be of little use in 
understanding underemployment and unemployment. Subsequent work, which we 
will present later, has explored the consequences of the absence of verifiability of 
individual performance. Although this work has helped economists to understand 
certain characteristics of labor contracts, it has not allowed them to establish that the 
insurance motive constitutes an important sourr.e of persistent unemployment (for a 
simple presentation of the main results achieved regarding insurance contracts, see 
Azariadis and Stiglitz, 1983, and for more comprehensive overviews: Rosen, 1985, 
and Malcomson, 1999). 

2.1 SYMMETRIC OR VERIFIABLE INFORMATION 
The first studies of the consequences of the demand for insurance assumed that indi­
vidual performance was verifiable, and showed how risk-sharing between an em­
ployer, who can diversify his or her assets on the financial markets, and an employee, 
whose access to such markets is limited, damps down the fluctuations in real wages. 
This approach also agrees with the most detailed empirical characteristics of wage 
formation: the well-established facts that the real wage of an employee is strongly 
correlated with the lowest rate of unemployment registered since the time he or she 
began his or her current job, and that it depends hardly at all on the current unem­
ployment rate, or the rate that existed at the time he or she was hired (Beaudry nnd 
DiNardo, 1991). We will see how, by taking labor mobility and insurance mer.hanisms 
into account, we can explain facts of this kind. 

2.1.1 An Individual Insurance Contract Model 

In what follows, we will work with a model of an individual contract much like 
l'he models used by Green nnd Kahn {1983), Chari {1983), and Cooper {1983). It is a 
principal-agent model, in which the employer proposes a contract that the employer. 
can only accept or reject. 

Preferences and Technology 

We retain the hypotheses adopted already in looking at a competitive spot market: the 
agent's preferences are represented by a quasi-concave utility function U( C, L) where 
C and I. designate respectively tho agent's consumption of goods, and his or her 
leisure. Here we will assume that consumption of goods is identir.al to the agent's 
remuneration W, and that his or her leisure is equal to the difference between total 
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endowment of time L0 , the duration of which is normalize)to 1, and hours of work, 
denoted by h. The production y of the agent depends on hours worked h and on a 
random variable • according to function /(h, e) increasing in both its arguments, and 
satisfying fhh ,;; 0 and fh, > 0. The random variable e is a continuous variable defined 
over the interval$= [e- ,s+] the density of which is denoted by g(e). The profit TI of 
the principal is defined by the equality TI= f(h,e) - W. Finally, we do not a priori 
exclude the possibility that the principal may be risk-averse, and we will denote the 
utility function of the Von Neuman-Morgenstern type representing his or her prefer­
ences by v(Il}, with v' > o and v" ,;; o. 

In this subsection, the observation of the random variable e will be assumed to 
be verifiable. 2 Under this assumption, the literature on contracts habitually speaks of 
symmetric information to signify that the principal and agent have access to the same 
information, and that neither one can manipulate it, because it is verifiable by a court. 
An insurance contract d = {W(e},h(e)} then specifies ex ante, in other words before 

knowing of the advent of the shock, the remuneration· W(e) to be received by the agent 
and the hours of work h(e) that he or she must supply, whatever value of e may be 
observed. An insurance contract is a contingent contract that takes into account all 
possible states of nature. 

The Principal's Problem and the First-Order Conditions 
The principal chooses a contract d that maximizes his or her expected utility and that 
offers the agent an earnings prospect at least equal to what he or she could obtain 
elsewhere. Let fJ be the expected utility corresponding to external opportunities, and 
Il(e) the profit f[h(e}, e] - W(r.) when the value of the shock is equal to •· The optimal 
contract is the solution of the problem: 

~x Ev[Il(c)] (1) 

subject to the participation constraint: 

EU[W(e}, 1 - h(•)] :<?: fJ (2) 

Let ). be the multiplier associated with this constraint; the Lagrangian of the 
principal's probleµi is written: 

IR= Ev(f(h(r.}, e] - W(e)} + ,\{EU[W(e), 1 - h(s)] - U) 

The first-order conditions are obtained by setting the derivatives of this Lagran­
gian to zero with respect to h(F.) and W(s) for all values of r.. Let Uc and U1 be the par­
tial derivatives of function U(C,L) and lei fh be the marginal produclivity of hours 
worked; we thus have: 

a IR 
oh(t) = g(e)(fh[h(e}, e]v'[Il(c)J -·· .WL[W(F.), 1 - h(e)]} ~ o, 

0~8) = g(e){-v'[Il(e)] + ,lUc[W(e), 1 - h{F.}]'} = o, 
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If we eliminate the multiplier A betwee.n these two equations, we see that the 
optimal contract is characterized by the following system: 

Ui[W(e), 1 - h(e)J 
Uc[W(•), 1 - h(•)] 

fh[h(e),e), 

.Wc[W(P.), 1 - h(e)] = v'[Il(•)J, 

'lee& (3) 

(4) 

Relation (3) shows that the marginal rate of substitution between consumption 
and leisure is equal to the marginal productivity of labor. So the insurance contract 
yields a Pareto efficient allocation, and can be described as a first-best contract. Rela­
tion (4) determines optimal risk-sharing; it entails: 

Uc[W(P.), 1 - h(e)] 
Uc[W(O), 1 - h(O)] 

v'[Il(•)J 
v'[II(O)]' 

What we have here is the Arrow-Borch condition, well known in insurance 
theory (see, for example, Laffont, 1989), and according to which the sharing of risk is 
optimal when the marginal rate of substitution of a gain-measured by the marginal 
utility of consumption-in state e for a gain in state (I is the same forthe principal and 
for the agent. 

2-1-2 The Properties of the Optimal Contract 

Let us first take the most common case, in which the principal is supposedly risk­
neutral (v" = 0), because of his or her opportunity to diversify risk in a perfect finan­
cial market. As the reader can ascertain, differentiating the system (3) and ( 4) with 
respect toe leads to the following comparative statics properties: 

( UtL - UccUu _, ) dh =, 
UcUcc Jhh de Jh• 

and 
aw uCL dh 
de= Ucc de 

(5) 

It is evident as well that the first-best contract prescribes a wage independent of 
states of nature if the marginal utility of consumption is independent of hours worked 
(UCL = 0). The functioning of a labor market with insurance conttacts is thus very dif­
ferent from that of a spot market, in which the wage is highly sensitive to variations in 
productivity for empirically relevant values of labor supply elasticity. This was the 
result obtained by the early work of Azariadis (1975), Baily (1974), and Gordon (1974). 
It suggests that an employer who has low aversion to risk has a tendency to insure his 
oi: her employees by paying them a remuneration little dependent on the present state 
of the economy. 

If we assume that the utility function is concave-which implies Ucc < O and 
(UCL) 2 - UccUu < 0-and that f1u > 0, it is clear that hours worked are an increasing 
function of the level • of the random factor. This conclusion fits well with empirical 
observations, according to which hours worked rise when the economic trend turns 
up. However, Rosen (1985) and Malcomson (1999), among others, have pointed out 
that equations (3) and (4), which describe the optimal contract, also have some 
unconvincing implications: the direction in which remuneration W varies depends on 
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the sign of Uc1., which is not a priori determined, so tho Jdel does not succeed in 
reproducing the procyclicity of wages unambiguously. It is easy to verify, moreover, 
that the utility of the agent diminishes with e if leisure is a normal good. Since 
dU = Uc dW - U1. dh, we find with the help of relations (3) and (5) that the derivative 
dU/de is of the sign of (UccU1. - Uc1.Uc). This quantity is negative if leisure is a nor­
mal good (see chapter 1, appendix 2). Hence, in adopting the usual hypothesis that 
leisuxe is a normal good, the model predicts that the agent's satisfaction diminishes 

when productivity increases (and even that his or her remuneration falls if Ur.t. > O, 
which is also the prevalent hypothesis). 

For the remuneration to be increasing unambiguously withe, it would be neces­
sary to adopt more restrictive hypotheses, for example, that the principal displays risk 
aversion (v" < O) and that houxs worked take only two values, h > O and O (which 
amounts to supposing that the individual labor supply is inelastic). Under these 
hypotheses, differentiating the risk-sharing relation (4) implies dW/de > 0. But Mal­
comson (1999) points out that this relation also implies that remuneration and profit 
always vary in the same direction, something that is not verified for certain categories 
of workers. Finally, it should be noted that if the principal is risk-neutral (v" = 0) and 
houxs worked still take no more than two values, relation (4) implies a constant wage 
that does not depend on productivity e. The principal insures the agent perfectly 
against fluctuations in his or her income, which does not fit well with the procyclicity 
of the real wage. 

2.1.3 Insurance and Labor Mobility 
According to the foregoing model, wages depend solely on conditions prevailing in 
the labor market at the time the contract is signed (conditions summed up by the 
parameter U representing the expected utility offered by external opportunities at that 
time). Real wages are not, therefore, correlated with the state of the labor market dur­
ing the period covered by the contract, which clashes with the conclusions of Beaudry 
and DiNardo (1991, 1995), according to which the real wage is significantly correlated 
with the lowest rate of unemployment recorded from the time the contract began. 
Beaudry and DiNardo take the view that the model yields this bad prediction beciluse 
of an implicit and. quite groundless hypothesis: that the cost of mobility is pmhibitive 
once a contract is signed. In what follows, we construct a model excluding this 
hypothesis, and as we will show, it really does match the stylized facts better. This 
model is a simple, stationary version of the models of Harris and Holmstrom (1982) 
and Beaudry and DiNardo (1991). Unlike these authors, we assume that the distribu­
tion of shocks is stationary, and that shocks are not autocorrelated. 

A Model with Labor Mobility 

We will illustrate the effect of taking labor mobility into account in a simplified model 
in which individuals, with lifetimes of infinite length, discount the future at the rate 
o e }O .. l°[. We assume that length of time worked his a .variable that can take only one 
value if agents decide to work. The instantaneous utility U(W, 1 -- h) of an employee 
is then denoted by U(W) and, without any loss of generality, we assume that the 
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agent's production per u __ ./ of time, f(h, e), is simply equal to c. At the beginning of 
each unit of time, productivity e takes a value obtained by a random draw from a dis­
tribution G(e) assumed to be stationary. For the sake of simplicity, the employer is 
assumed to be risk-neutral. In this context, we can verify that the previous model, 
with no labor mobility, entails a constant wage, independent of productivity e. As we 
shall see, such is not the case when mobility is taken into account. 

In order to introduce labor mobility simply, we will assume that, when the state 
of nature e comes about, the agent has the opportunity to quit the firm he or she is 
with and work h hours externally, which in that period procures for him or her the 
gain U[W(e)]. In this expression, W(e) designates the outside wage, which is assumed 
to be increasing with e; this conveys the notion that an upturn in the economic trend 
makes itself felt throughout the economy. Opportunities outside the contract then 
offer the agent an expected discounted present value ii'(e) = U[W(e)] + oEii'(O). in con­
sequence, the expected discounted present value obtained in a firm offering a contract 
Jll = {W(e)}, amounts to V(e) = U[W(e)] + oE Max[V(O), ii'(IJ)]. Labor mobility forces 
the employer to offer a contract satisfying a participation constraint, which is written 
V(e) ii'(s), l/e. Let fJ = EU[W(e)]; for any contract satisfying the participation con­
straints, the definitions of ii'(e) and V(e) imply the equalities EV(•)= EU[W(e)]/(1 -o) 
and Eii'(e) = fJ/(1-0). In consequence, the participation constraints V(e)ii'(e) are 
writtten3 : 

0 - 0 -
U[W(e)J + 1 _ 0EU[W(O)] ~ U[W(e)] + 1 _ 0 U, l/e (6) 

The left-hand side of this inequality represents the agent's expected utility if the 
state of nature• occurs when the contract d applies, while the right-hand side repre­
senl• the expected utility that he or she would get by quitting the Jinn where contract 
JI/ is in force. If (6) is satisfied, the agent never Ii.as an interest in leaving his or her 
firm, whatever the state of nature that occurs may be. Taking the expectation of both 
sides of inequality (6), we observe that the "global" participation constraint, i.e., 
EU[W(O)] ~ fJ, is satisfied if inequality {6) is satisfied for all e. 

The principal, henceforth assumed to be risk-neutral, chooses a contract that 
maximizes his or her expected gains, E[e - W(e)]/(1 -J), taking into account partici­
pation constraints (6) for all possible values of e. Let A.{r.) be the multiplier associated 
with constraint (6) when state " occurs. The Lagrangian of the principal's problem is 
defined by: 

!L' = I~ -W(e)] g(e) de 
1-0 

+ J A.(e){ U[W(e)] + 1 ~;jJ U[W(O)]g(O)dO- U[W(e)] - 1 ~o fJ }g(e) de 

The first-order conditions are found by setting the derivatives of this Lagrangian 
to zero with respect to W(e). We thus got: 

a!L' { 1 • o . } oW(n) = g(e) -1.=-"""J+.i(e)U'[W(e)) + 1 _ 0 U'[W(e)]E.i(O) = o 
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The optimal contract is thus characterized by the following equality: 

[(1 - o).<(e) + oE,\(ll))U'[W(e)) = 1 en 
This equation differs from equation ( 4) describing risk-sharing in the model 

without mobility, which prescribed a constant wage with a risk-neutral principal and 
a production function f(l1, e) additively separable with respect to h and e. Here, wage 
W(•) depends on the state of nature e through multiplier ,l(e), which is not a priori a 
constant. 

Propertie.• of Contractual Wages 
We can set out certain characteristics of contractual wages in detail by considering the 
set A+ of states of nature for which the participation constraints are nec!!ssarily bind­
ing. Formally, this set is defined by A+ = {ei-<(e) > O}. Let us assume that this set is not 
empty, and consider two states e1 and e2 which belong to this set and are such that 
e1 > e2 • For these values e1 and e,, the constraints (6) are equalities. If we subtract 
these equalities side by side, it becomes evident that U[W(e1)] - U[W(e2)] is equal 
to U[W(e1)] - U[W(ez)]. Now the last expression is positive since •1 > •2 and outside 
wages W(e) are increasing withe. We can state, therefore, that optimal wages W(e) are 
likewise increasing with e over the set A+. Since the agent's risk aversion dictates 
U" < 0, it results, following risk-sharing relation (7), that the multipliers ,\(•) are like­
wise increasing with e over the set A+. Let e; then be the smallest value of e for which 
we have J.(e) > O. The previous line of reasoning proves that the set A+ is also charac­
terized by A+= {ele;:; ei}. Conversely, we can deduce that we have ,\(e) = 0 for all 
e<e;. 

The first-order condition ( 7) then shows that the contractual wage is constant 
for all e < e;. Conversely, when e;:; •;, the participation constraint is binding and the 
contractual wage W(•) is defined by the equality: 

- 0 -
U[W(•)] = U[W(•)]- 1 _ 0 {EU[W(ll)]- U} 

Since EU[W(ll)] ;:; U, we observe that the contractual wage W(e) is less than the 
outside wage W(e) for e ;:; e;. To summarize, the participation constraints are binding 
in the "good" stat~s of nature (•;:; e;) with wages that are increasing, but less than 
outside wages, while in the "bad" states of nature (• < •;) the wage is constant and the 
participation constraints are not necessarily binding. These properties• of contractual 
wages are shown in figure 6.2. 

Under these same hypotheses, the model without mobility entailed a constant 
wage in all states of nature. This wage then ought to be correlated solely with the state 
of the economy at the moment the contract is signed, which contradicts the results of 
Beaudry and DiNardo {1991). On the other hand, if it is possible for the employees to 
leave tl.>eir firnu;, the model shows that the contractual wage is no longer a constant, 
and that it rises when the ·economic trend turns up. This conclusion does agree with 
that of Beaudry and DiNardo, which brings out a positive correlation between the 
contractual wage and the weakest unomployment rate since the beginning of the con-
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Contractual wage 

fUiURl 6.2 
The wage contract with labor mobility. 

tract. It should be noted that if we had assumed that the principal was also able to 
break the contract, the contractual wage would not have been completely rigid down­
ward. There would have been "very bad" states of nature for which the principal's 
participation constraint would have been binding, which would have entailed a wage 
flexibility downward for these states; and this would have been a better fit with the 
fluctuations in the real wage over the cycle (see Thomas and Worral, 1988, for a model 
that takes this possibility into account). Finally, we must also note that in the model 
with labor mobility, fluctuations in the contractual wage are damped down in com­
parison to those in the outside wage (see figure 6.2). This result also agrees with the 
observed fluctuations in the real wage over the course of a cycle, which do appear to 
be damped in comparison to labor productivity (in our model, the outside wage can be 
likened to a competitive spot wage perfectly correlated with the marginal productivity 
of labor). Taking mobility into account in a model with symmetric information thus 
gives a better explanation of certain stylized facts. It now remains to examine the 
effects of information asymmetry. 

2.2 ASYMMETRIC OR UNVERIFIABLE INFORMATION 
We come back to the static model without labor mobility; the assumption will now 
be that the observed values of the random factor e are not verifiable. The literature on 
insurance contracts most often employs the term asymmetric information lo describe 
this situatign, This means that one of the actors-for our purposes, the principal­
observes the true values of the shocks. The main thing to remember, though, is that 
this is a situation in which it is impossible, or very costly, to bave the actually occur­
ring values of the random variable e verified by an impartial third party. From this 
perspective, the terminology adopted by the literature using the agency model 
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certainly has greater clarity. It uses the term hidden inforr._ Jn to indicate that p~r­
formances are unverifiable (see Salanie, 1997). With this hypothesis, a contract can 
no longer he simply a series of values of remuneration and effort indexed to future 
values of e, for the principal will sometimes have an interest in claiming that the value 
of • that applies is not the one that actually occurs. The "revelation principle" of 
Myerson (1979) rnakos it possible nonetheless to arrive at a chaxacterization of optimal 
contracts. 

2.2.1 The Revelation Principle 
The revelation principle is of inturest because it limits the search for optimal contracts 
to the set of contracts for which the principal does declare the true state of nature. 

The Incentive-Compatible Contract 

Let us imagine that the agent and the principal have agreed on a contract Jil = 
{W(e),h(e)}; when the principal observes the value e of the random shock, his interest 
is to declare that he has observed the state of nature m(e) which, given this contract Jil, 

procures him the greatest possible profit. Formally, the state m(e) is defined by the 
equality: 

m(e) = Arg M,F{f[h(B), e] - W(O)} (8) 

Let us now consider contract,,/= {W(e), h(e)} where W(e) = W[m(e)] and h(e) = 
h[m(e)]. Compared to contract Jil, contract ,,/ presents the advantage of being 
incentive-compatible; in other words, if it is in force, the principal always has an 
interest in revealing the true state of nature. To demonstrate this result, let us suppose 
that ..i is in force and the principal declares that he or she has observed the state of 
nature 0, whereas the true state is e. The profit attained by adopting this attitude is 
defined by the identity: 

f[h(O),•)-W(B) = f{h[m(B)],•}- W[m(O)] (9) 

Now, using definition {8) of signal m(.), the right-hand side of this last equality 
satisfies: 

f{h[m(B)],•} - W[m(O)] :S M;iic{f[h(s),•] - W(s)} = /[h(e),•] - W(e) 

Finally, relations {9) and (10) entail: 

f[h(O),ej - W(B) s f[h(e),e)- W(•) 

(10) 

This inequality signifies that the principal makes less profit by "lying," i.e., by 
announcing li, than he or she docs by revealing the true state e of nature. So the prin­
cipal does indeed have an interest in revealing the true state of nature when contract 
,,/is in force. 

This revelation principle also entails that contracts sl and Ji lead to the same 
allocation of resources. If e comes about and contract Jd is in force, the principal 
declares that state m(e) has come about, which means that the agent must work 
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h[m(e)] in exchange for L. .Jensation W[m(e)]. On the other hand, if it is contract d 
that is in force, the principal announces the true state e of nature since dis incentive­
compatible. The agent. must then work h(e) = h[m(e)] and receives wage W(e) = 
W[m(•)J. so the allocation of resources is identical under contracts .91 and ..I. Since it 
is possible to associate any contract with an incentive-compatible contract that leads 
to the same allocation of resources, the search for the optimal contract can be confined 
to the set of incentive-compatible contracts. In practice, the optimal contract is the 
solution of problem (1) of maximization of expected profit, given the participation 
constraint (2) and adding the incentive-compatible constraints, i.e.: 

f[h(e),e] - W(e) <': f[h(O),e] - W(B), V(e,O) (11) 

The direct solution of this optimization problem is generally complex (see 
Rosen, 1985, and Salanie, 1997). But an astute observation made by Cooper (1983) 

gives us a very simple way to find out which incentive-compatible constraints will be 
binding. 

A Method for Finding the Second-Best Contract 

Let s/1 = {W1(•),h1(e)} be the first-best contract with symmetric information defined 
by the first-order conditions (3) and (4), and let us imagine that this contract is in 
force in a situation of asymmetric information. When state e appears, the principal 
announces that it is state m1 (e), the solution of problem (8), that has occurred. It is not 
difficult to specify the properties of state m1 (e) according to the form of the utility 
function U(C,L) of the agent. For that purpose, let Il(e,11) be the profit f[h1 (0),e]­
W1 (0) that comes to the principal when, with the first-best contract .911 in force, he 
or she anounces that he or she has observed state 0 whereas in reality it is state e that 
has come about. Taking into account comparative statics relations (5) and risk-sharing 
condition (3) satisfied by the first-best contract, we find that the partial derivative II8 

of profit Il(e, 9) with respect to ()satisfies the equalities: 

Il9 = h;(9)fh[h,(8),r.]- w;(O) = (UiUcc- UciUc) h;(9) , 
Ucc (h,(O), w,(OJ) 

(12) 

In the first place, this equation shows that m1 (•) = e for all utility functions such 
that UiUcc - UciUc = O at every point. Leisure demand is then independent of in­
come (see chapter 1, appendix 2). This property is satisfied, for example, if the agent's 
utility function takes the form U[W + ;(1 - h)J with U' > o, U" ,;;; 0, ; 1 > O and ;" ,;;; O 

(Azariadis, 1983). Under these hypotheses, the optimal contract with •symmetric 
information-also called the second-best contract-is no different from tho first-rank 
contract. Moreover, it was established in chapter 1, appendix 2, that leisure is a nor­
mal good if and only if llciUc - UiUcc > O. If we accept this standard hypothesis, 
relation (12) shows·that profit II(e,6) is increasing with 9. The signal m1 (•) is thus 
equal to the upper hound ;,+ of the set ·of possible values of the random variable •· 
Conversely, if llciUc - UiUcc < O, leisure is an inferior good, profit II(e, 6) becomes 
a decreasing function of 9, and state m1 (e) coincides wilh the lower bound ,- of tho 
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possible values of e. In conclusion, the results of this analysiS are summed up in the 
following manner: 

{ 
e if there is no income effect 

m1(e) = e+ if leisure is a normal good 

e- if leisure is an inferior good 

(13) 

Thus, asymmetric information is not a source of any inefficiency when the 
demand for leisure is independent of income. Conversely, when the demand for 
leisure depends on income, the firm will most often have an interest in sending out 
misleading messages if the first-best contract applies. This contract is thus not 
incentive-compatible, and in the definition of the optimal second-best contract, 
incentive-compatible constraints (11) corresponding to states in which the principal 
would have lied if the first-rank contract had been in force will be binding. 

2.2.2 An Example with Two States of Nature 
We illustrate the revelation principle in a simple model with only two states of nature. 
Assuming that leisure is a normal good, the conclusions agree better with the styl­
ized facts than the conclusions that issue from an equivalent model with symmetric 
information. 

The Principal's Problem 
With the help of response m1 (e) described by (13), it is possible to find out the prop­
erties of the second-best contract in a model with only two states of nature, e+ and 
,-, equiprobable and such that e+ > .-. To make the exposition simpler, we will 
assume as well that the principal is risk-neutral and that the production function takes 
the multiplicative form f(h, e) =eh. The optimal contract maximizes the principal's 
expected profit subject to the participation and incentive-compatible constraints; 
hence it is the solution of the problem: 

(h'~!"'J. [}(e+h+ - w+) +H•_h_ - w-)J 
' I•+,-

subject to constr~ts: 

tU(w+,1-h+) +!U(w-, 1-h-) ~ D 

,+ h+ - w+ ~ ,+ h- - w-

(14) 

(15) 

(16) 

Let .! ~ 0, µ, ~ a, and µ., ~ O be the Kuhn and Tucker multipliers respectively 
associated with the participation constraint {14) and the incentive-compatible con­
straints (15) and (16); the first-order conditions of the principal's problem are found 
by selling the derivatives of the Lagrangian-which the reader may write out in full 
if he or she wishes-to zero with respect to variables W; and h; for i = +, -. The 
result is: 
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.!!!'._ = -~+~Uc(w+ 1-h+)-µ, +1t2 = o 
aw+ 2 2 • 

(17) 

ase 1 ;. 
aw-= - 2+2uc(w-, 1 -h-) +µ, -µ2 = o (18) 

ase (1 ) ;. ~ oh, = Z + µ, ,+ - Z UL(W+, 1 - h ·) - µ,•- = o (19) 

;; = G-.-1'2 )·- -~UL(w-, 1- h-) -µ,e+ = o (20) 

The Optimal Contract When Leisure Is a Normal Good 
If we add up the equalities (17) and (18), we can easily verify that).> O; the par_tici­
pation constraint ( 14) is thus binding. Taking leisure to be a normal good, as usual, we 
know from rule (13) that the principal has an interest in overestimating the true state 
of nature when the first-best contract is in force. In other words, the principal would 
lie if it were the "bad" state of nature a- that came about. Consequently, constraint 
(15) is not binding, hence µ1 = 0, and constraint (16) is saturated, hence µ2 ~ 0. In 
addition, condition (19) entails: 

.< u. (w+ h+) e+ _ (1 ) + z L ,1- =z-µ2e > z-µ, 8 (21) 

Noting once again that relation ( 17) gives .!Uc(W+, 1 - h+) = 1 - 2µ., we arrive 
at the following inequality: 

UL(W+, 1- h+) + 

Uc(w+, 1- h+) > 8 (22) 

Since µ1 = O, conditions {20) and (18) respectively entail ).UL(w-, 1 - h-) = 

(1+2µ2)•- and A.Uc(W-, 1 - h-) = 1+2µ2. Eliminating the positive quantity 1+2µ2 
between {21) and (22), we get: 

UL(w-, 1 - h-) 
Uc(w-,1-h-) 

(23) 

In the first place, we can show, using the incentive-compatible constraints, that 
wages and hours vary in the same direction. Thus, the binding constr~nt (16) 
entails w+ - w·· = •-(h+ - h-), whereas constraint (15), which is not binding, en­
tails •+(h+ - h-) ~ w+ - w-. In consequence, we have (e+ - e-)(h+ - h-) ~ O. Since 
e+ > .-, we deduce h+ > h- and so w+ > w-. In contradistinction to the case in 
which information was symmetric, the wage now rises unambiguously when the eco­
·nomic trend turns up. This property is a direct consequence of the hypothesis of 
asymmetric information. The values of• being unverifiable, the agent knows that the 
principal has no inlerest in declaring that the good state of nature e+ has appeared if 
such a declaration leads to a higher wage. Hart (1983) lias shown in a much more 
general model that the principal has an incentive to reveal the true state of nature if a 
long work schedule is linked to a high wage. 
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Conditions (22) and (23) also indicate that the inelh. .Icy due lo asymmetric 
information only manifests itself in the good state of nature. Jn this state, the marginal 
rate of substitution between consumption and leisure surpasses marginal productiv­
ity, whereas these quantities must he equal-see (3)-in the first-best contract. With a 
few calculations, we can show that this inefficiency leads to higher remuneration and 
longer hours of work in the second-best contract when the good state of nature occurs. 
This result suggests that asymmetric information helps to increase employment. The 
absence of verifiability of workers' performance does not therefore help to explain 
underemployment. Malcomson (1999) notes that this result might, however, explain 
the fact that in many contracts the firm has the right to demand that its employees 
supply a certain volume of overtime hours. Overall, the model with asymmetric 
information, although a disappointment when it comes to explaining underemploy­
ment, does come to conclusions that fit better with the stylized facts than does the 
model in which information is assumed to be symmetric, i.e., verifiable. 

Overall, taking risk-sharing between employers and employees into account fits 
well with certain empirical characteristics of wages and hours, such as the low vari­
ability of wages or the procyclicity of hours and compensation. We will now proceed 
to show that the labor contract also helps us to solve incentive problems when the em­
ployee's effort is not verifiable. This dimension of the wage relationship allows us to 
gain an understanding of a number of empirical elements concerning wage formation. 

3 INCENTIVE IN THE PRESENCE OF VERIFIABLE 
RESULTS 

To this point we have assumed that hours worked were perfectly verifiable and could 
therefore be written into the labor contract explicitly. But hours worked must not be 
confused with the "effort" made by an employee in carrying out his or her, tasks. Jn 
practice, it is possible in most circumstances to check very easily that an employee is 
present at his or her place of work at the set times, but it is much harder to assess the 
intensity of his or h~r effort, although the latter determines the speed, precision, and 
quality with which tasks are carried out. For this reason, much thought has been 
devoted to the study of labor relations when workers' effort is not verifiable. The 
employer is faced with an incentive problem, that of working out a contract that will 
impel the worker to furnish the maximum of effort at the least cost. 

In this seclion, we focus on situations in which effort is not verifiable, but the 
results of an agent's activity are. The case in which neither tho effort nor the results 
are verifiable will be analyzed in the following section. We begin by showing, using 
the agency model with hidden action, how the absence of verifiability of effort keeps 
the empioyer from correclly insuring his or her employees against fluctuations in 
activity. The hunt for incentive mer.banisms does, indeed, lead oniployers, in certain 
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circumstances on which Lile theory of conb:acts sheds light, to offer remunerations 
tied to collective or individual results, when it would have been in his or her interest 
to offer constant remuneration, independent of results, if effort were verifiable. We 
will then see that the relationship between result and remuneration can take different 
forms, ranging from incentive pay to promotion based on hierarchical rules, the logic 
of which is closely similar to that governing sports tournaments. 

3.1 THE PRINCIPAL-AGENT MODEL WITH HIDDEN ACTION 
The situation analyzed· by the agency model with hidden action is schematically 
comparable to that of a gold prospector or a salesman. When the owner of a gold 
property, or the manager of a firm, employs persons of this type, he or she anticipates 
remunerating them on the basis of their results, that is, on the basis of how much gold 
is found, or what volume of sales is achieved. In this context, a mediocre result does 
not necessarily reflect a feeble effort on the part of the gold prospector or the sales­
man. The fact is that in many circumstances the result in question also reflects general 
conditions, independent of the will of the actors, in which their activity takes place. 
The quality of the gold property worked over by the prospector, or the demand for the 
product sold by the salesman, fall into this category. There is generally an element of 
risk in the individual's activity, against which he or she wishes to be insured. But a 
complete insurance, providing remuneration independent of the result, and thus of 
the effort made, is highly likely to provide little incentive. The agency model shows 
how the rules of remuneration give rise to a b:ade-off between the need for insurance 
and incentive. Finally, in cases where the employer receives information from sources 
other than direct observation of individual performance (the performance of a team, 
for example, or reports made by supervisors), the question of what indicators to use in 
regulating remuneration arises, as does that of the efficiency of rules based solely on 
verifiable data. 

In the agency model with hidden action, the principal-or the employer-is 
confronted with a problem of moral hazard, inasmuch as he or sh.e does not know, a 
priori and with certainty, what actions the agent-or employee-has undertaken to 
achieve the observed results. In this context, the basic agency model shows that the 
remuneration rule chosen by the principal depends on the results of the agent's activ­
ity, and will arrive at a compromise between the motives ofinsurance and incentive. 

The canonicRl agency model with hidden action focuses on the behavior of a 
prfu.cipal and an ogent whose decisions unfold in the following sequence: 1) the prin· 
cipal offers a contract; 2) the agent accepts the conb:act, or turns it down; 3) if the 
agent turns it down, the protagonists go their separate ways, but if the agent accepts it, 
he or she then supplies an effort; 4) a random evont occurs that affects the result of the 
agent's effort; 5) the principal and the agent observe the result; 6) the principal remu­
nerates the agent according to the terms of the contract. The optimal decisions can be 
found through backward induction, so we musl first define·lhe behavior of the agent 
who has accepted a contract, than determine the choioc of the principal, who antici­
pates the agent's deCisions. 

I 323 
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The Agent's Behavior 

In order to study the decisions of the two parties, we will consider a very simple static 
model. Thus, we assume that the utility function describing the agent's preferences 
takes the exponential form: 

U[W- C{e)] = -exp{-a[W- C(e)J} (24) 

In this expression, the variables W and e designate respectively the remunera­
tion received by the agent, and the effort he or she has expended in the production 
process. The function C{e) represents the cost linked to the supplying of effort e. To 
simplify the calculations, we will adopt the quadratic representation C(e) = ce2/2, 
c > O, but all the results of this section remain true on the assumption that the cost 
function is strictly convex. Finally, readers are reminded that the parameter a > O is 
the index of absolute risk aversion, equal to -U"/U' (see, for example, Mas-Colell 
et al., 1995, chapter 6). The utility function chosen, which is of the CARA (constant 
absolute risk aversion) type, thus entails a constant index of absolute risk aversion. 
The choice of a hypothesis of this kind makes the exposition of the agency model a 
great deal simpler, while the conclusions reached extend, in essence, to more general 
environments (see Hart and Holmstrom, 1987; Salanie, 1997; and Macho-Stadler and 
Perez-Castrillo, 1997). When necessary, we will make clear which results flow specif­
ically from this hypothesis. 

When the agent supplies effort e, he or she allows the principal to reap the ben· 
efit of production y = e + e, where " is a normal random variable with zero mean and 
standard error u. The presence of a random variable prevents an impartial third party 
from knowing exactly the effort e of the agent by observing his or her production y. 
The effort thus cannot be verified, but the production can. The principal is then in a 
position to contruct a remuneration rule based on observation of the production 
achieved. In order to simplify, we will assume that the principal adopts the linear rule 
W = w + by, where w represents a fixed wage independent of the performance of the 
agent and b is a piece rate on production y. {It can be shown that the optimal remu· 
neration rule is indeed linear, with the hypotheses of constant index of absolute risk 
aversion and a normal random variable; see Holmstrtim and Milgrom, 1987.) If we 
assume that the agent has to make his or her decisions before knowing the realization 
of the random variable e, but with knowledge of the remuneration rule proposed by 
the principal, he or she chooses a level of effort that maximizes his or her expected 
utility. Since W= w+b(e+e), tho definition (24) of the agent's preferences shows 
that this expected utility is then equal to --·exp{-a[w +he - C(e))}E(exp(-ab.)J. And 
since the random variable • follows a normal distribution with zero mean and stan· 
dard variation u, the random variable exp(-ab.) follows a log-normal distribution, the 
mean of which' is equal to exp(a2b2 u2/2). In sum, the utility expected by the agent is 
written: 

(25) 
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. J 
The maximization at expected utility implies that the love! of effort e• chosen by 

the agent is such that C'(e') = b, or e• = b/c. This equality portrays the incentive 
properties of the remuneration rule. Tho agent's effort evidently does not depend on 
the fixed part w of this rule, but increases as the relationship between remuneration 
and performance, measured by the parameter b, rises in intensity. 

The Principal'• Behavior 
In order to set the value of b, the principal reckons on level e' of effort by the agent, 
since the contract is signed before the agent starts work. The relationship between 
the remuneration rule and the level of effort, C'(e') = b, is imposed on the principal, 
and is called the incentive-compatible constraint. The principal must also take into 
account the participation constraint, which indicates the conditions under which 
the agent accepts the contract. We shall assume that the agent can always attain an 
expected utility iJ outside the contractual relationship. Hence the participation con­
straint is written EU ~ V with V < O. The principal, assumed to be risk-neutral, 
chooses w and b in such a way as to maximize his or her expected profit, given this 
participation constraint and knowing that the agent's effort is equal to e'. In these cir­
cumstances, the agent's production is given by y = e' + e and his or her remuneration 
amounts to W = w + b(e' + •). Since the random variable e has zero mean, the profit 
expected by the principal, E(y- W), is equal to (1 - b)e' - w. In the end, the princi­
pal's problem comes down to the following optimization problem: 

Max[(l - b)e' - w] subject to C'(e') =band EU~ V 
(w.b) 

(26) 

Let us set ii= -ln(-U)/a; taking the logarithms of the opposites of the two sides 
of the participation constraint EU~ V, we fi.n.d that this constraint takes the form: 

ab2a2 
w+be-C(e)--2 - ~ii (27) 

The problem (26) can be simply solved by noting that the effort e• defined by the 
incentive constraint i_s independent of the fixed part of the remll.lleration. Let us sup­
pose that the principal has settled on the value of parameter b; it is clearly in his or 
her interest to select win such a way as to bind the agents's participation constraint, 
since w does not affect e'. Carrying the value of w thus obtained into the principal's 
problem, we observe that the optimal value of parameler b is the solution of the fol­
lowing problem: 

[ ab2a2 ] M,,ax e• - C( e') - - 2- - x subject to constraint C'(e') = b 

The Optimal Remuneration Rule 
The quadratic form ce2/2 of the cost function allows us to define explicitly the optimal 
value of b, as follows: 

b'=-1-
i +aca' 

(28) 
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This simple formula perfectly illustrates the trade-o_ .ltween the motives of 
incentive and insurance. At the optimum, positive effort e' = b' /c results from a pos­
itive value of b', since in this case the remuneration varies with the level of produc­
tion. Note that parameter b' goes to zero when the variance of e is infinite. In this case, 
production is no longer linked to effort, and the incentive motive vanishes. We also 
see that b' diminishes with the degree of absolute risk aversion a. In other wards, the 
more risk-averse an agent is, the less marked the relationship between the result and 
the remuneration becomes. On the other hand, it is easy to verify that the fixed part 
of the remuneration grows in importance, the stronger risk aversion is. The optimal 
value w' of the fixed part of the remuneration is found by bringing the value of b• 

defined by (28) into the participation constraint (27) written in the form of an equality, 
or: 

w• =X- 1 
2c(1 + aca2 ) 

(29) 

We can also observe that parameter b' decreases with measure c of the disutility 
of effort. Thus, an agent for whom the disagreeability of effort has less weight than it 
does for someone else will be more attracted to a compensation rule which privileges 
payment by results. When agents are heterogeneous according to characteristic c and 
when employers do not observe this characteristic, then employers may increase the 
relative importance of the variable part of the remuneration as compared to the fixed 
part in order to attract agents who are more tolerant of effort, or to put it another way, 
ones who are more efficient (see Lazear, 1986 and 2000, for models built around this 
mode of selection). 

First-Best Optimum and Second-Best Optimum 
It is important to point out that the nonverifiable character of effort and the variability 
of remuneration mean that the contract arrived at produces an allocation that is a 
second-best optimum. This means that it would have been possible to find a contract 
that improved the outcome for at least one of the partners, with no detriment to that 
of the other, if effort were verifiable. The fact is, given a contract prescribing variable 
remuneration, that any other contract which allotted the average of the remuneration 
prescribed by the earlier contract to the employee under all states of nature would 
provide the employer with the same expected profit. On the other hand, it would 
clearly improve the situation of the agent, since he or she is not risk-neutral. So the 
absence of complete insurance proves to be inefficient. When effort is unverifiable, 
the only possible incentive mechanisms necessarily link remuneration to production 
(the only verifiable variable) and so there cannot be total insurance. 

In order better to grasp the consequences of this situation of moral ha,,ard, let us 
suppose that effort e is verifiable, and that the contract stipulates a remuneration that 
always takes the form W ' ' w +by. When effort is verifiable, it is as though the prin­
cipal had .the ability to decide how much effort the agent was making. The principal's 
problem then consists of maximizing his or her expected profit with respect to (b, w, e) 
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subject to the worker's participation constraint {27) only. The expected production 
and remuneration being respectively equal to e and w-!- be, the problem defining the 
so-called first-best contract is written: 

ab2 u2 
Max [e-(w+be)] subject to w+be-C(e)--- :<:x 

{w.b,o} 2 

We see that the participation constraint is binding, and that the optimal values, 
denoted by (b 0 , w 0 , e0 ), are defined by: 

C'(e") = 1, b0 = 0, w0 =x+C(e0 ) 

The first-best allocation corresponds to a pure insurance contract, in which the 
employer insures the worker totally against the hazards of production by giving him 
remuneration w 0 = x + C(e0 ), independent of production. We may also note that effort 
in the fir&1:-best contract, defined by C'(e0 ) = 1, is greater than effort in the second-best 
contract, defined by equation {28), where C'(e') = b' < 1, given that the employee is 
averse to risk- So the first-best contract entails a higher level of production. 

It is worth noting that the level of effort e0 in the first-best contract is attained 
even if effort is unverifiable when the agent is risk-neutral (a= 0). In this case, equa­
tion {28) shows that the agent has no need to be insured, and the principal has an 
interest in offering a remuneration strongly linked to performance (b' = 1 ). In this 
context, the first- and second-best allocations coincide. We see, then, that a value of a 
piece rate b strictly lower than unity, entailing a fall in production, is, in a sense, the 
price to pay for solving the problem of moral hazard facing a principal with a risk­
averse agent. 

An Empirical IllustraUon 

Lazear (1986, 1999, 2000) studied the evolution of compensation schemes within a 
large autoglass installer in the United States; his observations clearly illustrate the 
main lessons of the basic agency model. Over the period covered by the available data, 
this firm moved gradually from a system of fixed hourly wages to a piece-rate system, 
following a change in management. Let us assume that in a fixed wage system all 
employees are more or less compelled to furnish a minimum verifiable effort. The 
agency model then predicts that moving to a piece-rate system ought to lead to a hike 
in individual productivity. Lazear does in fact estimate that the average productivity 
pe,r worker rose by 22% in this case (see also the study of Paarsch and Shearer, 1999, 
on the compensation schemes of tree planters in British Columbia). 

The agency model also predicts that changing the remuneration rule ought to 
lead to wide variation in individual performance. Lazear does indeed observe that the 
1'llriance of individual production reached the level of 2.53 under the new system of 
performance pay, whereas it had been only 2.02 under the fixed wage system. Lazear 
also isolates a selection effect: the quit rate of the most productive workers shrank 
from 3.5% to 2.9% per month, while that of the other employees rose from 4.6% to 
5.3%. 
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This study therefore suggests that financial incentives uj influence the behavior 
and the performance of workers in the way predicted by the theory of incentive. Much 
empirical work confirms that this prediction is well-founded, especially by high­
lighting the existence of a dilemma between incentive and insurance (see Chiappari 
and Salanie, 2003). It should nevertheless be pointed out that financial incentives can 
have counterproductive effects, something that psychologists have known for a long 
time (Kruglanski, 1978; Deci et al., 1999), and that economists have begun to focus on 
too. Indeed, experimental evidence confirms that explicit incentives sometimes result 
in worse compliance than incomplete labor contracts (Fehr and Falk, 1999; Fehr and 
Schmidt, 2000; Gneezy and Rustichini, 2000). This result is usually explained by the 
conflict between extrinsic motivation (contingent rewards) and intrinsic motivation 
(the individual's desire to perform the task for its own sake) (Kreps, 1997). In this 
perspective, Benabou and Tirole (2003) provide a model that explains the counter­
productive effect of financial incentives. They consider a framework in which the 
principal has private information about the abilities of agents, which means that 
agents do not know their own ability within the firm. In this context, the contract 
proposed by the principal sends the agent a signal about his or her own ability. A 
contract with a strong incentive component, in which remuneration is closely linked 
to performance, may send the agent a bad signal about his or her abilities, and so dis­
courage him or her. The study of Benabou and Tirole shows that the theory of con­
tracts can be refined so as to account for phenomena that reveal the limited efficiency 
of purely incentive contracts. In the remainder of this chapter, we will concentrate on 
the case typically dealt with in the theory of contracts, in which the agent does have 
information about his or her own characteristics. 

3.2 SHOULD REMUNERATION ALWAYS BE INDIVIDUALIZED? 
To this point we have assumed that the principal could only make the remuneration 
of an agent depend on that person's individual production. But even in cases as siin­
ple as that of the gold prospector or the salesman, there is no reason why the sharing 
rule need depend exclusively on individual production if there are other verifiable 
variables: the utilization of which would make it possible to work out more efficient 
contracts. 

The Age11cy Model with Two Signals 
In a very general way, we may suppose that the principal observes, not just individual 
production y, but a signal 8 independent of the agent's level of effort yet capable of 
being correlated with the random variable e. Like production, the signal f. is not only 
observable, but also verifiable. For example, meteorological conditions do not depend 
on how hard a farm worker exerts him- or herself, but they do very often affect the 
harvest1 and arr. verifiablP.. More generally, signal i muy concern macroeconomic vari­

ables;· or the observation of the production of other agents, or of the "team" to which the 
agent in question belongs. It is in the principal's interest lo make use of this signal whon 
the efforts of agents combine in more or less complex ways in the production process. 
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In this setting, the .,,Jt's compensation rule may depend on the observation of 
his or her individual production y and that of signal ii. A (linear) compensation rule 
thus takes the form W = w-'- by - iii!. The definition (24) of the agent's preferences 
shows that his or her expected utility is now equal to -exp{-a[w +be - C{e)]} · 
E{exp[-a(bF.- iii!)]}. Let us assume, in order to simplify, that the random variable ii is 

normally distributed with zero mean and standard error "· and let p be the correlation 
coefficient between the variables e and ii. We thus have cov(e,i) = pu2• In these con­
ditions the random variable -a(be - iii!) follows a normally distributed law with zero 
mean and variance a2u2 (b2 + b2 - Zpbb), and the random variable• exp[-a(bF. - iii!)] 
has a log-normal distribution with mean a2u 2(b2 + b2 - Zpbb)/2. The expected utility 
of the agent is now written: 

EU= -exp{-a[w+be- C(e)- a;' (b2 +62 -2pbb)]} 

We observe that optimal.effort is always characterized by the equality C'(e') = b. 

The mean of the random variable ii being zero, the principal's expected profit is again 
equal to (1- b)e' - w, and in consequence, the optimal compensation rule is. again 
the solution of the problem {26). Taking the logarithms of the opposites of both sides 
of the participation constraint EU<': fJ, we find that the latter now takes the following 
form: 

au2 - -
w+ be- C(e) - 2 (b2 + b2 - 2pbb) ;;-: x (30) 

The Optimal Compensation Rule 
As before, the principal has an interest in choosing w in such a way as to bind the 
participation constraint. If we bring the value of w thus obtained into the principal's 
problem, we see that the optimal values of parameters b and b solve: 

Ma,x[e' - C(e') - au' (b2 + b2 - 2pbb) - x] subject to C'(e') = b 
{b.b) 2 

As C(e) = ce2/2, we find, after simple calculations, that the optimal values b' 
and ii• are defined by: 

b' = 1 
1 + ocu2 {1 - p2 ) 

and ij· =pb' (31) 

If variables e and ii are independent, the correlation coefficient p is equal to zero 
and the indexation coefficient b' is null. The observation of ii then has no informative 
value. Conversely, if variables e and i aro not independent, the optimal remuneration 
rule takes into account all the information available. The optimal value of the fixed 
part of the remuneration is obtained hy using the participation constraint {30) written 
in the form of an equality, and definitions {31) of b' and b', or: 

w' = x-· ---1-----
2c[1 + aca2 (1- p)] 

(32) 
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We see that total remuneration, W' = w' + b'y - ii·;;, ,~Js when ii increases for 
a given value of y. This result comes from the fact that the principal knows that a high 
value of production is less the consequence of a special effort on the part of tho agent 
than it is of an exogenous rise in the random variable ii. An interesting case is that in 
which i becomes an indicator of the activity of others employed in the firm, or even of 
the activity in other firms taking place in an analogous environment. If the principal 
cannot "filter out" the contribution of other workers, or the general market trend, to 
the agent's production, then it is not optimal to make the remuneration of an individ­
ual depend solely on production. This justifies schemes in which a part of the remu­
neration depends on an indicator relative to the performance of others in the same 
firm, or the economic trend in a particular sector. For example, profit-sharing rules 
adopted in certain firms frequently seem to reflect thinking ~f this kind (Cahue and 
Dormont, 1997). Along the same lines, Gibbons and Murphy (1990) have observed that 
there might be grounds for penalizing the managers of a firm when that firm's share 
price does not rise as fast as the average index of the stock market. 

3.3 SOME REASONS WHY PERFORMANCE PAY MAY BE INEFFICIENT 
Two major sources of inefficiency in compensation schemes based on verifiable 
observations are the multiplicity of the tasks that go to make up the content of the 
work done by any individual, and the fact that an agent's activities are generally 
observed by his or her supervisors, and their objectives do not necessarily overlap 
completely with those of the principal. That being the case, an employee may have an 
interest in focusing part of his or her effort on activities likely to catch the supervisor's 
approving eye. 

3.3.1 Multitasking 
In what has gone before, an employee's remuneration was based on the putatively 
verifiable observation of a single scalar deemed to represent the agent's production. 
This approach eliminates much of the difficulty arising from multitasking-the fact 
that the productive activities of most individuals have many dimensions. Given the 
reality of multitasking, the principal may he tempted to base an agent's remuneration 
on the only verifiable observations available. But in doing so, the principal actually 
gives the agent an incentive to put more effort into precisely the kind of actions that 
do give rise to verifiable observations but that may not necessarily bring the principal 
the most benefit. The history of the former USSR abounds in anecdotes about projects 
selected accorrung to the number of nails used, or their weight (both verifiable quan­
tities). Multitasking is one of the reasons firms usually adopt implicit contmcts. Brown 
(1990), for example, shows that the frequency of implicit contracts rises, and that of 
piece-rate work diminishes, with an indicator of how many different tasks agents are 
assigned. 

When possible, firms sometimes choose to index the remunel'ation of agents to 
global indicators strongly c:orrelatcd with the objectives of the principal. Payment for 
managers in the form of stock options is a practice that is spreading precisely because 
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it makes it possbile to abb·· ~e interests of managers (i.e., agents) with those of share-
holders (here considered as the principal). Likewise, all the players on a soccer team 
generally receive the same bonus when their team wins: if the center forward were 
paid for the number of goals he or she scored, he or she would probably have a 
tendency to try to score goals too often, instead of passing the ball to teammates in a 
better position to do so. (On questions of multitasking, see Holmstrom and Milgrom, 
1991, and the summary of Prendergast, 1999.) 

3.3.2 Supervision and Rent-Seeking 
In firms above a certain size, it is not the principal who observes the performance of 
agents. This activity is delegated to supervisors whose precise role is to report what 
they observe to the prjncipal. But supervisors arc themselves agents, and their objec­
tives do not necessarily overlap with those of the principal. For oxample, it is some­
times observed that in order to avoid friction with the people they have to work with 
every day, supervisors tend to write reports in which bad performances are made 
to look better than they are, thus minimizing the degree of difference among the 
employees they supervise (see, for example, Murphy and Cleveland, 1991). 

Another, and surely more important problem, is known in the literature as rent­
seeking. It is caused by the fact that agents may derive a comparative advantage from 
devoting a part of their efforts to actions that will "impress'" supervisors so that the 
latter will write favorable reports about them, instead of devoting all their efforts to 
tasks that are the most beneficial to the principal (on this, see Milgrom, 1988, and 
Tirole, 1992). In France, for example, teachers are hired through competitions, and in 
some of these the members of the judging panel are well-known personalities. There is 
a tendency for the candidates to espouse the opinions of these personalities, or at any 
rate to demonstrate that they are acquainted with them (which bears a corresponding 
cost in time), so as to make a favorable impression. Prendergast (1993b, 1999) points 
out that rent-seeking most often makes its appearance in situations in which it would 
be extremely hard to find any objective yardstick by which to measure production, 
and our example of hiring competitions for teachers falls into !his category to some 
extent. The same thing would be true for art critics or restaurant critics. Prendergast 
(1993b) shows that these situations breed "yes-men," whose purpose is simply to 
avoid standing out from the crowd. 

l4. Model with Rent-Seeking 
The inefficiency generated by rent-seeking comes to light naturally if we marginally 
change the basic agency model. Let us now sup pose that !he agent is able to exercise 
two types of effort. He or she can put effort e into activilies that are directly produc­
tive, in which case his or her production y \s again given by y = e + e. But the agent 
can also put out effort cc, which (for simplicity) has no productive value but allows 
him or her to impross the supervisor favorably. In doing so, the agent knows that 
the supervisor who observes y will write a report stating that the agent performed 
y +a. Since the agent's remuneration depends only on the supervisor's report (the 
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principal receives no other information), it can be writte. I= w + b(y +ix). Let us 
assume that this agent's preferences can be described by the exponential function 
U = -exp{-a[W - C(e) - K(ix)]} in which the disutilities linked to efforts e and ix are 
represented by the quadratic functions C(e) = ce2/2 and K(ix) = kix2/2; reasoning 
identical to that followed in the basic agency model arrives at the following expres­
sion of expected utility: 

{ [ ab2u']} EU=-exp -a w-;-b(e+ix)-C(e)-K(ix)--2-

The reader will see that the levels of effort e· and ix' chosen by the agent are 
such that C'(e') = K'(ix') = b. In this simple model, the agent equates the marginal 
costs of the two types of effort to the piece rate. Let [J again be the reservation utility 
of the agent, and let us posit x = -ln(-U)/a; taking the logarithms of the opposites of 
the two sides of the participation constraint EU;;,: U, we find that the latter constraint 
comes down to the inequality: 

ab2u2 
w+ b(e+ ix)- C(e)-K(ix)--2-;;,: x 

Since the agent's production is given by y = e' + e and his or her remuneration 
amounts to W = w + b(e' +ix'+ e), the principal's expected profit, or E(y- W), is 
equal to (1 - b)e' - bix' - w. The principal then decides on his or her remuneration 
rule by maximizing his or her expected profit subject to incentive and participation 
constraints, or: 

Max[(l - b)e' - bix' - w] subject to C'(e') = K'(a') =band EU;;,: U 
{w.b) 

Since the principal always has an interest in choosing the fixed part w of the 
compensation scheme in such a way. as to bind the agent's participation constraint, we 
can carry the value of w thus obtained into the expected profit. We see then that the 
optimal value of parameter b solves: 

M:x[e· - C(e') - K(ix') - _ab~u' - x.J subject to C'(e') = K'(ix') = b 

The Inefficiency a/Performance Pay 
Given the quadratic cost functions, we easily find that the optimal remuneration rule 
b' is characterized by: 

b' = c 1 .. 
· 1 +k+ acu2 

with e"' = ~~ and a• = ~ 
c k 

These equalities show that the principal takes "rent-seeking" activity into ac­
count by reducing the piece rate b'. Tho more profitable rent-seeking is to the agent, 
i.e., the. :weaker parameter k is, the less is paid for performance. In other words, rent­
seeking weakens the variable part of total remuneration and strengthens the fixed 
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) 
part; this increases the in" .... i::iency bred by the moral hazard problem. Hence the first-
best optimum is not reached with risk-neutral agents (a= O), since even in this case 
b' < 1. 

This model illustrates a more general result, which is that when an employee's 
performance is evaluated solely on the basis of verifiable data, there is a strong risk of 
provoking an inefficient allocation of that agent's efforts, because he or she will begin 
to focus his or her efforts exclusively on activities that will pay off, given the criterion 
being used to evaluate performance. In the preceding model, this criterion is simply 
performance reported-not observed-by supexvisors; but the model actually applies 
to other situations too. For example, when it comes to the problem of multitasking, 
variable ix can be interpreted as a particular effort intended to push up a specific in­
dicator, upon which the agent's remuneration is in part based. Prendergast (1999) 

adduces a number of situations, from doctors paid on a fee basis to educational insti­
tutions rewarded for the number of degrees they grant, in which a system of "objec­
tive" compensatfon is a cause of inefficiency. As we shall see in the following section, 
one remedy for these detrimental outcomes, which surface when neither effort nor 
performance can be verified, lies in constructing systems of promotion based on 
the relative performance of agents, and/or grounding long-term relationships on im­
plicit contracts; the latter are sometimes called "incomplete" contracts, or informal 
relationships. 

4 INCENTIVE IN THE ABSENCE OF VERIFIABLE 
RESULTS 

In this section we will assume that both the effort made and the results achieved by 
an agent are unve1·iftable. If we look again at the static agency model with this hy­
pothesis, a double problem of moral hazard emerges, since the employee can no 
longer a priori trust his or her employer when the latter promises to pay a high wage 
in exchange for good performance: if remuneration increases with observed produc­
tion, the employer always has an interest in declaring that he or she has observed the 
lowest level of production, so as to pay the lowest wage possible. This difficulty is 
sometimes got around by invoking the notion of reputation: a firm could not behave in 
this way, for its employees would inevitably quit, and would spread the news that the 
firm was behaving in this way; the firm would then have greater difficulty in recruiting 
new workers (the models of Bull, 1983, 1987, take up this idea). Another approach 
takes the view that when a relationship lasts for more than one period, that means the 
two parties have a mutual interest in it. The contract that binds them is thus implicit 
and self-enforcing. 

We shall see that this last approach does allow us to understand several impor­
tant features of wage relationships and the functioning of the labor market in the 
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absence of verifiability of results (see Chiappari et al., 1~ kor more details). In the 
first place, the occurrence of double morel hazard in this context explains the use of 
promotions, following a hierarchical logic that is very different from the logic that 
links remuneration directly to performance or productivity. The double moral hazard 
also accounts for the existence of compensation rules based on seniority, which are 
frequently observed in firms. Finally, the inefficiency induced by the double moral 
hazard may, in certain circumstances that the efficiency wage model of Shapiro and 
Stiglitz (1984) illustrates, be the source of involuntary unemployment. 

4.1 PROMOTIONS AND TOURNAMENTS 
Following the seminal work of Doeringer and Piore (1971), many studies have high­
lighted compensation rules specific to large firms and known as the internal market. 
Large firms appear to adopt rules that are apparently quite unconnected with the out­
side, and supposedly competitive, world. Among other things, these rules define the 
systems of promotion, the positions, and the wages that go with them. Wages seem to 
follow a hierarchical logic, largely independent of the productivity of labor. A wage 
raise generally goes along with a promotion, when the agent changes.position in the 
hierarchy. In some large firms the salary of the CEO is more than three times higher 
than that of the vice-presidents. A gap that large would seem to indicate that the 
internal market of a firm is a structure that allows a solution to certain problems of 
incentive. "Tournament" theory makes it possible to explain some of the properties 
of internal markets by linking wages to the hierarchical grades at which agents arrive 
according to their relative performance. 

4.1.1 A Tournament Model 
Tournament theory starts with the idea that the principal creates competition among 
his or her agents by, on the one hand, promising them prizes specified in advance, 
and, on the other, making it clear to them that the awarding of these prizes will de­
pend not on the absolute level of an individual's production but on the place that this 
level occupies relative to that of the other competitors. The model of reference is that 
of Lazear and Rosen ( 1981 ), but here we will make use of a slightly more general one, 
close to that of M;elcomson (1984), which has the advantage of fitting helter with the 
foregoing analyses of optimal remuneration rules. 

The llules of the Game 
In analyzing the properties of a promotion syslem, one ought to use an explicitly dy­
namic model. But we prefer to avoid the excessive analytical complication to which 
that option leads and will therefore make do with a slatic model: a large .firm in which 
a given number N of employees each produce a quantity y = e + e of goods, where e is 
a normally distributed random variable with zero mean and standard mror u, proper 
to the indiyidual in question. In order to simplify the notation, we do not index indi­
viduais, and wo assume that random variables affecting individual production arc in­
dependent. The N employees receive a given fixed wage w0 , and they all aspire to 
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promotion, in which L 1ey will receive wage w0 + b, b > O. The purpose of this 
simple formalization is to make it clear that the hierarchical structure of a firm rests 
on a given grid of remunerations in which wages change discontinuously, and only 
with promotion. The principal chooses the number L of those promoted and the value 
b of the "bonus" that comes with promotion. The tournament unfolds according to an 
extremely simple rule: the principal announces that he or she will offer a promotion to 
the L persons who have performed best. We will solve the principal's problem and 
show that there is no difference between choosing the number of those promoted L 

and the value of the bonus b, or the minimal level of production y that qualifies an 
agent for promotion and the bonus b. 

On the Value of Promotions When Individual Effort Is Unverifiable 

When an individual's prodnction cannot be impartially assessed by a third party, the 
advantage of the tournament in comparison with other kinds of incentive is that it 
only contains verifiable clauses. The number L of those to be promoted and the wage 
w0 + b that each will receive are known before the competition begins, and an impar­
tial tribunal can easily determine whether the prescribed promotions have in fact 
taken place, and whether every employee has been paid according to the agreed wage 
scale. Moreover, the firm has no a priori interest in lying about the possible finishing 
order, since in any case it pays the same wage bill w0N + bL, which is likewise known 
beforehand. At most, the firm's management might favor "pet" candidates, but it 
cannot change the number of promotions nor the value of the total wage bill. In this 
sense, promotions constitute a simple way for the employer to commit him- or her­
self to pay the bonuses he or she has promised, since the value of all the bonuses is 
verifiable. 

So we see that promotions and internal markets in general allow the clauses of a 
contract to be made explicit. just as in a tournament, the rules, tho different stages of 
the game, and the rewards are made perfectly clear at the outset, and are verifiable. 
The wages corresponding to ear.h grade in the hierarchy are totally uncoupled from 
the productivity of labor, and it is the number of promotions ,and the wage gap be­
tween the different rungs that, if correctly calibrated, constitute an optimal incentive 
scheme. In other words, your superior does not earn twice as much as you because 
he or she is twice as productive, but because that fact will give you reason to put 
plenty of effort into your current assignment, in the hope of climbing the rungs of the 

,hierarchy. 

The Behavior of tlie Agent 

To simplify the analysis, and in order to concentrate solely on the characteristics of 
the internal market, we will suppose that all agents arc risk-neutral. Mora precisely, 
the utility function bf an agent is simply written U = W - C(e), where the cost of 
effort is meas\ired by the quadratic .function C(e) = ce'/2. Given the proposed com­
pensation scheme, each agent knows that he or she will receive wage w0 whatever his 
or her level of production may be, and that he or she will, in addition, be entitled to 
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bonus b only if his or her production is greater than y, l .!: y- e. Let<!>(.) be the 
cumulative distribution function of the random variable e; this event will happen with 
a probability equal to [1 - <l>(y - e)], when an employee supplies effort e. His or her 
expected utility is then written: 

EU= w0 + b[1-<l>(y- e)j - C(e) {33) 

Knowing band y, every agent chooses the level of effort e' that maximizes his 
or her expected utility. Let ,P = <I>' be the probability density function of the distur­
bance •; we then find that e• is the solution to: 

b,p(y- e') = C'(e') 

It is easy to verify that with a normally distributed disturbance, relation (34) 

defines a unique value of effort e' = e'(b, y) increasing with bonus b, but with a 
direction of variation which is ambiguous with y (this direction depends on the sign 
of y - e'). We can also verify that the second-order conditions dictate b,P' + C" > 0. 

The Behavior of the Principal 

Ifwe assume, for the sake of simplicity, that the total production of the firm is the sum 
of individual productions, the expected profit per capita is: 

E" = e' - wo - b[t - <l>(y- e')] (35) 

The principal determines b and y in such a way as to maximize this profit per 
capita, taking into account the incentive constraint (34) and the participation con­
straint EU ~ fJ, where fJ again designates an exogenous level of utility accessible 
outside the firm. This problem is simple to solve if we limit ourselves at the outset to 
the values of variables b and y which make the participation constraint binding. In 
this case, relation (33) shows that band y always verify: 

wo + b[t - <l>(y- e')] = fJ + C(e') (36) 

If we carry this equality into definition (35) of expected profit per capita, we get 
En= e' - C(e') - fJ. The maximization of this expression yields: 

C'(e') = 1 ¢> e• = ! 
C, 

(37) 

With the help of relations (34) and (36), we see that this level of effort can be 
attained by choosing a production norm y and a bonus b satisfying: 

b,p(y- e') = 1 

w0 + b[1 .. - <l>(y- e')] = fJ + C(e') 

(38) 

(39) 

Equations (38) and (39) define the optimal values of y and of b, given the value 
of e' yielded by (37). Since all the workers whose individual production surpasses ji 
are promoted, tho number of promotions is rlet'ined by L = N[1 - <Jl(y - e')]. It there­
fore makes no difference to the principal whether he or she proposes a contract stip-
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ulating the bonus and th. .Animal value of production. that will trigger a promotion, 
or the bonus and the number of promotions that will be made. 

Note that the system of promotions through the ranks of a pre-established 
hierarchy provides each competitor at the outset with an average gain equal to what 
he or she could achieve otherwise, i.e., U. But in the aftermath, the winners of the 
tournament-those promoted-obtain a level of utility greater than that of the losers. 
If the _latter l'emain with the firm, that is because they still have hope of being pro­
moted in an upcoming tournement This point could be taken into account in an 
explicitly dynamic model in which workers participate in a number of successive 
tournaments (see Meyer, 1992). 

Increasing Risk 

The system of relations (38) and (39) also furnishes some interesting details about the 
effects of increased uncertainty. This eventuality can be schematically likened to an 
increase in the complexity of the organization, which makes individual supervision 
more random. In this interpretation, the standard error /1 must be an increasing func­
tion of the size N of the ·firm. 

The consequence of increased uncertainty can be analyzed by approximating 
the solution defined by equations (38) and {39). Let us assume that the gap between y 
and e' is not too large. Since <l>(O) = 1/2, and since the probability density of a normal 
variable satisfies ;(o) = 1/av'ill and f{O) = 0, a first-order expansion around the 
mean gives: 

;(y- e') "'f\{O) = 1/a,/W and <l>(y - e') "' ~ + (y - e');(o) 

Relations {38) and (39) then entail: 

and [l _ <l>{y _ e')] "' C(e'~~- wo 

It can be seen that an increase in uncertainty, here deemed equivalent to a rise 
in 11, amplifies the wage gap and reduces the proportion {1 - <!>) of promotions. Hence, 
there ought to be few promotions in organizationally complex' firms, in which the 
assessment of individual performances is imprecise, or in those in which "chance" 
plays a significant role-but the promotions that do occur ought to be accompanied by 
a strong increase in remuneration. To the extent that the standard error /1 increases 
~ith the size N of the firm, this model also predicts that the level of compensation 
should increase with the number of individuals who aspire to a promotion. Note that 
these results have been reached on the assumption that agents arc risk-neutral. Aver­
sion lo risk, on the other hand, would have the effect of reducing the gaps between the 
various grades of the hierarchy. Examination of wage policies and promotion rules in 
certain large firms confirms this prediction. But before presenting a few illustrations of 
these results, it will be instructive to reflect on the limitations of promotion based on 
performance. 
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Tournaments and Rent-Seeking ) 
The tournament model formalizes and simplifies a system of promotions based on the 
respective performance of agents. But there exist many organizations, including cer­
tain large industrial firms, in which promotions are made essentially on the basis of 
seniority. It would seem that a hierarchy in which seniority is the preponderant factor 
must lead to an inefficient allocation of resources, since agents no longer have an 
incentive to make great effort. The seniority rule, like many other so-called "bureau­
cratic" rules, is partially explained by the fact that it makes it possible to avoid rent­
seeking activity. The ground for this conclusion can easily be shown by crossing the 
rent-seeking model with the tournament model. To that end, let us suppose that each 
agent can put out respectively an effort a that does no more than impress the supervi­
sor, and an effort e that only increases his or her individual production, still given by 
y = e + e. Let us also assume that an agent's promotion depends only on the perfor­
mance y +a reported by the supervisor. As before, the principal chooses the number 
L of those to be promoted and the value b of the bonus corresponding to the promo­
tion. But now the principal announces that he or she will offer a promotion to the 
L persons who have the best performance as reported by the supervisors (since, by 
hypothesis, the principal delegates the observation of results to supervisors). 

Let r be the level of reported performance that triggers a promotion, and let 
K(a) = ka2/2 be the cost linked to rent-seeking activity. The expected utility of the 
agent, who is promoted if his or her performance is greater than r, is now written: 

EU= w0 + b[l - <l>(r- e- a)] - C(e) -K(a) 

Knowing b and r, the agent chooses levels of effort e* and a' which maximize 
his or her expected utility. We thus have: 

btf>(r - e' - a') = G'(e') = K'(a') (40) 

Relation (35) giving the expression of profit per capita here takes the form: 

En= e' - w0 - b[l - <l>(i' - e' - a')) 

Likewise relation (36) giving the values of band i' which make the participation 
constraint binding is here written: 

w0 + b[l - <l>(r - e• - a')) ~ D + C(e") + K(o:') (41) 

Bringing this last equality into the expression of profit per capita, we find 
En= e• - C(e') - K(e'). The maximization of this expresssion loads to levels of effort 
e' and o;' characterized by 

• 1 1 

e = c(i+-I(c and a' =-1-> 0 
c+k 

(42) 

Finally, the performance norm i' and the bonus bare found by substituting those 
values.cif e· and ex' in equations (40) and (41). From that we can deduce the number of 
promotions proposed by lhr. principal, which is given by L = N[l -- <l>(r - a')j. 
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Relations (42) show J effort e' (or ~·1 increases (or decreases) with the cost k 
of rent-seeking. That means that rent-seeking reduces the effort dedicated to produc­
tion. If k is small with respect to c, rent-seeking activity pays off handsomely for the 
agent, while the !inn's interest in staging the tournament-that is, a system of promo­
tions based on performance-is lessened, since productive effort falls off. In practice, 
above a threshold of minimum verifiable effort, it may be in the firm's interest to 
abandon the system of promotion based on performance for a system based on senior­
ity, which does not elicit rent-seeking activity, and probably also makes it possible to 
save a portion of the supervision costs. 

4.1.2 Empirical Illustrations 
The predictions of the tournament model have often been tested in the realm of sport. 
As we would expect, studies show that golfers hit the ball more carefully, and racing 
drivers take greater risks, when the prizes offered are bigger (see Prendergast, 1999, 
who points out, however, that these studies are rather confirmations of the general 
principles of the theory of incentive than of the tournament model). In economics, the 
tournament model has relevance when applied to the properties of hierarchical struc­
tures, and the wages linked to each grade. 

A Case Study 
The study carried out by Baker et al. (1994a,b) on a large American firm in the service 
sector, for which the data available covered the period 1969-1988, sharpens and 
confirms certain predictions of the preceding models. In the first place, this study 
shows that the relative importance of each grade in the hierarchy remains very stable. 
Whereas the firm tripled in size over the period in question, the rates of promotion 
from one grade of the hierarchy to another hardly varied at all. Second,- figure VI in 
Baker et al. (1994a), reproduced in figure 6.3, indicates that the average wage corre­
sponding to each grade increases at an increasing rate as we move up the hi~rarchy. 
This property accords with the size effect highlighted in the tournament model, 
according to which compensation increases with the number of.individuals aspiring 
to promotion. In the firm in question, the number of employees decreased very gradu­
ally from level 1 up through level 4 (the fonr lowest levels), and as we see, average 
wage growth is small in this part of the hierarchy. However, the relative size of each 
grade falls off very sharply between levels 5 and 8 (in 1980 there were 86 people in 
[jrade 5, 25 in grade 6, four in grade 7, and one in grade 8). As figure 6.3 shows, the 
more competitors there are in relation to the number of posts available in the next 
highest grade, the more steeply the average wage climbs. 

Figure 6.3 also brings out the fact that the wage does not remain constant within 
each grade of tho hierarchy. In other words, certain individuals (even the majority) see 
their wage rise without being promoted; this means that there are incentive mecha­
nisms other than the tournament at work within each hierarchical grade. 

The conclusions reached by Eriksson {1999) point in the same direction as those 
of Baker el al. (1994a,b). Using a sample group of 2600 managers taken from 210 
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Danish firms who were followed from 1992 to 1995, Eriksson estimates that hierar­
chical grade explains 60% of the variation in wages. He also confirms certain pre­
dictions of the tournament model, finding that the "prize" awarded (i.e~ bonus b in 
the theoretical model) increases when the number of competitors rises. Further, he 
highlights a significant relationship between the variability of demand addressed to a 
sector and the dispersion of wages within that sector. This conclusion accords with 
the prediction of the·theoretical model that bonus b increases with standard error u 

characterizing the distribution of wages. Mention should be made as well of McCue 
(1996), a study of persons employed in the state of Michigan, which finds that internal 
mobility-that is, successive promotions within the same firm-explains around 15% 
of the wage rise for men over the life cycle. 

More on Promotions 

The models we have used in this part are very simple. They illuminate only a portion 
of the logic of promotions, and would need to be extended in various directions. Some 
works insi_st on the fact that promotions send a signal about the quality of employees, 
making it possible to assign them to the tasks best suited to their abilities (Waldman, 
1984; Sattinger, 1993). This would explain the importance of the wage gains that gen-
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erally go along with pron. ks. Higher pay with promotion keeps workers whose 
good qualities would be signaled to other employers by their promotion from quit­
ting the firm. Promotions are also a way to give workers incentive to accumulate 
specific human capital (Carmichael, 1983; Prendergast, 1993a; Chang and Wang, 
1996). Finally, promotions may also be explained by uncertainty about the efficiency 
of employees. Harris and Holmstrom (1982) consider a situation in which the quality 
of every employee is uncertain, and is gradually revealed by his or her performance. If 
the worker is risk-averse, a risk-neutral firm ought to have an interest in insuring him 
or her against this uncertainty by paying him or her a constant wage, dependent on 
his or her expected efficiency at the time of hiring. The most efficient workers, how­
ever, would then be given an incentive to look for other jobs, since other employers, 
observing their quality as revealed by their past performance, would be ready to offer 
them higher wages. In consequence, the firm has an interest in offering limited insur­
ance, and in working out a system of promotion with a low starting wage and steep 
wage increases as justified by performance. 

The model of Gibbons and Waldman (1999a) takes up the learning process of 
Harris and Holmstriim (1982) and adds the acquisition of human capital and the as­
signment of employees to tasks adapted to their abilities. This model, which integrates 
several dimensions of an individual's career within a firm, reproduces well the main 
results of empirical studies of the subject, such as significant wage increases accom­
panying promotion, or the existence of "fast tracks," in which an individual who has 
been rapidly promoted to one grade in the hierarchy is then promoted rapidly to the 
next one (on the subject of careers, see the comprehensive panorama of Gibbons and 
Waldman, 1999b). 

4.2 THE ROLE OF SENIORITY 
We will now take into explicit consideration the dynamic dimension of the wage 
relationship in a context where production is not verifiable; our purpose will be to 
illustrate the importance (which empirical observation confirms; see Lazear, 1979) of 
remuneration rules based on seniority. We can characterize optimal long-term con­
tracts very simply using the so-called "shirking" model, which' we begin by laying 
out. The grounds for remuneration by seniority are· discussed subsequently. 

4.2.1 The "Shirking'' Model 
The shirking model assumes two levels of effort: the first strictly positive and again 
denoted by e, which gives rise to a disutility C > O and allows the agent to realize 
production y1 > O at date I, and the second with a value of zero, the disutility and the 
production of which are both normalized to zero as well. Note that in this model it is 
obligato'Y' for an agent furnishing level of effort e to achieve production y. So when 
the princ:ipal observes that production has taken the value zero, he or she can be sure 
that the employee has been shirking. If production were a verifiable magnitude, the 
principal could arrange this employee's remuneration as follows: the payment of a 
fixed wage w such that the participation constraint would be binding when the 
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employee was not caught sltirking, and a low wage (or eve. penalty} w1 when in­
spection found that he or she was not furnishing effort e > 0. But when individual 
production is not a verifiable magnitude, it becomes necessary to invent other remu­
neration rules. 

The shirking model takes the dynamic dimension of the wage relationship into 
account, and assumes that the principal proposes a contract { w1; t = O, 1, ... , +co} 
specifying the wage the employee will receive on each date. If the agent is caught 
sltirking, i.e., is inspected and found to be furnishing a null effort, he or she is paid to 
the end of that period and is fired. Note that the sltirker receives his or her wage for 
that period even if he or she has not supplied any effort during it. This is an offshoot 
of the unverifiable character of production, which prevents the employer from pro­
posing a remuneration based on results. In what follows, we will use the exogenous 
constant parameter p ,;; 1 to designate the probability that the principal will inspect 
the agent's activity in each period. This less-than-perfect supervision {p * 1) is 
explained by the costs arising from checking up on the activities of employees-costs 
that are likely to be greater in a large firm. We will also assume that at each period the 
agent risks losing his or her job with an exogenous constant probability denoted by q. 

The Behavior of the Principal 
If o e [O, 1 J designates the discount rate, the profit expected by the employer from the 
continuation of the contract after the tth period, or n,, is written: 

n, = y, - w, + 0[(1 - q) Max(Il,+,, Ilf>1) + qf.!1+1) (43) 

In this expression, f.!0.1 designates the profit expected when the contractual 
relationship winds up at the end of period t. This might, for example, be the profit 
expected in a "competitive" labor market, or the profit derived from leaving the posi­
tion empty. We will assume that the employer considers this quantity to be a parame­
tP.r dP.pendent on general macroeconomic conditions and outside his or her control. 
The term Ilf+1 represents the expected profit of the principal if he or she decides to 
"cheat," in other words to break the contract at the end of period t. Relation {43) is 
now easy to grasp. In the present period, the principal obtains an instantaneous profit 
equal toy, - w,, but at the end of this period the job is destroyed with a probability q, 
in which case the employer expects the gain Ilr+i· If the job is not destroyed, which 
happens with probability 1 - q, the principal decides to respect the implicit contract 
when this attitude procures for him or her a gain Il1+1 superior to the gain n:+, that he 
or she would achieve by not abiding by the contract. 

If, at period t, the employer decides to fire his or her employee by wrongly 
claiming that the latter has not supplied the required effort, his or her expected profit 
amounts to: 

(44) 

At each date, the employer respects the contract if doing so permits him or her 
to expect a profit greater than the one he or she would obtain by breaking the con-
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tract. For that, it is neces. ) and sufficient that the employer's incentive constraint 

II,~ rr:, vt ~ 0 be satisfied. Now, relations (43) and (44) entail: 

\ft~ 0 

We then easily verify that the incentive constraint II, ~ rr:, Vt~ 0, is equivalent 
to condition II1+1 ~ fir+» for all t ~ O. Abiding by the contract also necessitates that 
the employer has no better alternative-a property that, as we have seen, character­
izes the participation constraint. Since the gain expected by the principal at date t 

outside the contractual relationship amounts to fi,, the participation and incentive 
conditions finally come down to the inequalities II1 ~ fi., Vt ~ 0. 

The Behavior of the Agent 

In order to focus our analysis more narrowly on the incentive problem, we will now 
assume that workers are risk-neutral. That being the case, if an agent supplies effort 
e > O during the tth period of the contract, ho or she attains a level of utility equal to 
w1 - C over the course of this period, and more generally, he or she expects an inter­
temporal level of utility V. satisfying: 

(45) 

In this expression, V1~1 represents the expected utility of an agent who decides 
no longer to furnish effort eat period t + 1; it is defined by relation (46) below. The 
term V1+1 designates the utility expected when the contractual relationship comes to 
an end after t periods. This corresponds to the utility expected from searching for a 
job. Relation (45) signifies that, in the present period, the employee obtains instanta­
neous utility w1 - G, but that at the end of this period the probability is only 1 - q that 
the job will still be there. If it is, he or she decides to furnish effort e > O at date t + 1 if 
doing so procures for him or her a utility V.,.1 greater than the utility V1~1 .1 which he or 
she would get by not producing this effort. But if the job is destroyed, which happens 
with probability q, the employee then obtains a level of utility equal to V1+1 • 

When at the tth period of the contract an employee shirks, he or she receives 
wage w1, but does not undergo the disutility C that comes with supplying effort e. As 
there is a probability p of being monitored, in which case he or she will be fired, his or 
her expected utility is written: 

Vt'= w, + (1 - p)o[(1- q) Max(V.+1. v,~,) + qV1+1] + poV,+i (46) 

An employer who wishes the agent to supply effort eat each period must find a 
way to make the incentive constraint V. ~ v; satisfy Vt ~ O. With the help of relations 
(45) and (46), we arrive at: 

v, - Vt'= -C+ pJ[(l - q) Max(Vr+1, V1~1 ) + qV1+1)- pJV,.,, 

We then easily verify that the incentive constraint V, <': v;, \ft~ O is equivalent 
to condition: 

- c 
Vm - V.+1 ~ po(l _ q), \ft~O (47) 
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Rent and the Sot of Feasible Contracts 

At this stage it will be helpful to bring the notion of rent associated with the labor 
contract into sharper focus. In a general way, this term designates the difference 
between the gains procured by the contract and those to be found in the best outside 
opportunity. In this case, for the agent the rent at date tis equal to V, - i7,, whereas for 
the principal it amounts to [11 - ft,. The incentive constraint {47) signifies in particu­
lar that in order to give an employee incentive to put out effort today, he or she must 
expect a strictly positive rent from doing so tomorrow. In this model, the incentive 
mechanism is forward looking and the wage w1 exerts no influence on the effort of 
period t. The incentive to furnish strong effort during this period comes from the 
prospect of the future gains specified by the contract, in other words the series of 
wages starting from date t + 1. It is worth noting that, unlike future wages, the hiring 
wage plays no incentive role. The importance of this will become clear when we come 
to characterize the optimal contract. 

Finally, in order for the employee to remain under contract at date t, it is also 
necessary that he or she not find any better alternative. This participation condition is 
given here by V, ~ i7, for all t ~ O. We immediately see that it is satisfied, except at 
t = 0, when the incentive constraint (47) is satisfied. The participation conditions thus 
dictate the only supplementary constraint V0 ~ i70 • In sum, the set P of levels of utility 
and profit attainable by using self-enforcing contracts is defined by: 

p = {(IT,, V.)IIT1 ~ft,, V.+1 - il1+1 ~ po(;- q)' Vo~ Vo, 'Vt~ 0} (U) 

From now on we will simply refer to P as being the set of feasible contracts. The 
next step is to spell out the properties of optimal contracts. The characterization of 
optimal contracts is made a gre~t deal easier by using the notion of surplus. We then 
see that the existence of a self-enforcing contract is equivalent to conditions that suc­
cessive surpluses must satisfy, and that the optimal contract does not offer any rent to 
the agent at the time of hiring. 

Surplus and the Existence of a Self-Enforcing Contract 
By definition, an optimal contract satisfies the incentive and participation constraints 
of the worker and the employer and maximizes, at every date, the expected profit of 
the principal. A useful notion in this context is that of global surplus at date t. Let S1 

be the global surplus. It is equal by definition to the sum of the rents that the contract 
procures. We thus have: 

s, = v, ... v, + rr, - ft,, 

Adding up relations (43) and (45), we get a difference equation that looks for­
ward and that completely defines the sades of surpluses. It is written: 

S, - 0(1 - q)S1+1 °" y, - C + o(ft1+1 ~ il1+1) - (V, +ft,), \ft~ 0 (49) 

We observe that wages do not appear in this equation. In consequence, the value 
of the surplus does not depend on the level of wages. This property follows from the 
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) 
hypothesis that principal dild agent are both risk-neutral, and would not be verified 
with individuals who did present risk aversion. It makes possible a simple answer to 
the question of the existence of self-enforcing contracts. The right-hand side of rela­
tion ( 49) contains only variables considered as exogenous parameters by the partners 
to the contract. Consequently the global surplus is also, at this stage, an exogenous 
parameter. Since, by definition, n, - ft,= S, - (V, - Vt) for all t:?. 0, the set P of 
feasible contracts described by relation ( 48) is also characterized in the following 
manner: 

{ - c - } P = V,IS1+1 :?. V.+1 - V,+1 ;;,. pJ(l _ q), So ;;,. Va - Va :?. 0, Vt:?. o (50) 

This way of presenting the set of feasible contracts allows us to deal with the 
question of the existence of self-enforcing contracts easily. The fact is that for a con­
tract of this type to exist, it is necessary and sufficient that the set P not be empty. 
Relation (50) shows that this condition is satisfied when the series of surpluses has 
well-defined lower bounds. To be precise, we have: 

c 
S1+1 :?. po(l _ q), and (51) 

These inequalities show that an employer and a worker will agree on an im­
plicit, self-enforcing contract when it offers them the opportunity to generate an over­
all nonnegative surplus over the entire duration of the contract, aod strictly positive 
for every period t:?. 1. The initial period and the subsequent periods are different in 
kind because the incentive mechanism is forward looking. At the moment of hiring, it 
is sufficient that the surplus offered by the contract be simply positive, but at date 
t:?. 1, the surplus has to exceed quantity C/ po(1 - q), which is strictly· positive, in 
order to give the agent incentive to supply effort e in all the periods subsequent to t. 

In a world without moral hazard, a firm and a worker would have an interest 
in coming to terms when doing so allowed them to generate a non-zero surplus S, at 
every date. So moral hazard has the effect of restricting the set \)f feasible contracts, 
since conditions (51) show that it becomes necessary for surplus S, to be greater than 
CfpJ(l - q) for every t:?. 1. Taking moral hazard into account thus induces a form of 
Pareto inefficiency, inasmuch as exchanges such that O s s, $ Cf pJ(l - q) at a date 
t:?. 1 (mutually advantageous ones, that is), will not be realized. This inefficiency can 
l~ad to the exclusion of some workers with low productivity from long-term contrac­
tual relationships. 

Rent and the Optimal Contract 
We can easily find the expression of the optimal contract if we remember that it is 
equivalent to setting values for w1 or V,. Relation ( 45) shows, in fact, that there is a 
bijection between the series of wages and the series of intertcmporal utilities. For­
mally, then, we can view the employer's decision variables as the employee's utility 
levels rather than wages. The definition of the global surplus entails that the expected 
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profit be expressed in the form CT, = -V, + (V, +ft, +St). ice the terms in paren­
theses in this equality are all exogenous parameters, the search for a self-enforcing 
contract maximizing profit CT, at every date t;;,, O is equivalent to minimizing inter­
temporal utility V, over the set P of feasible contract• defined by (50). We then see that 
the optimal self-<3nforcing contract is characterized in the following manner: 

(i) if P #- 0, then V0 = V0 and V,+1 = V1+1 + C/[10(1- q), \ft;;,, 0 
(52) 

(ii) if P = 0, no self-enforcing contract exists. 

Thus, when the series of surpluses is such that the set P of feasible contracts is 
not empty, we have V0 = V0 at date t = 0, which signifies that the optimal contract 
does not offer any rent to the worker at date t = O. But at all subsequent periods, the 
agent obtains a gain Vi+1 strictly greater than the external opportunity Vi+t of quantity 
C/ [10(1 - q), which gives him or her an incentive, for one thing, so supply effort e > 0, 
and for another, not to voluntarily quit the firm in which he or she is working. It 
should also be noted that the principal captures the entire surplus of the contractual 
relationship (CT0 - i'io = S0) and never has an interest in breaking the implicit contract 
that ties him or her to the employee, precisely because this contract procures him or 
her more than the outside opportunity if the set P is not empty: we in fact have 
n, - ft, = s, - C/ [10(1 - q) for all t;;,, 1. 

These properties of the optimal contract suggest that the wage at the time of hir­
ing plays a special role. We shall now make this point clear by relating it to the role of 
seniority in the wage profile. 

4.2.2 Seniority, Experience, and Wage 
The wage profile over the course of careers is influenced by a number of factors. 
We can usefully distinguish experience-the cumulative duration of all periods of 
employment-from seniority-the duration of employment in the same firm. 

The Reasons Why Wages Rise with Seniority 
In the first place, the improvement in human capital that comes with the acquisition 
of knowledge and skill increases productivity, and this in itself is an explanation for 
the wage profile ov.or the course of careers (Becker, 1975; Mincer, 1974; see chapter 2, 
this book). Specifically, the accumulation of general human capital of the sort that 
can he put to use in a large number of different firms ought to lead to an increasing 
relationship between experience and wages. Conversely, the accumulation of specific 
human capital of the sort that can only be put to use in one particular job may lead in 
certain circumstances to an increasing relationship between seniority and wages. 

The existence of information problems may also explain an increasing relation­
ship between experience or seniority and wages. In the equilibrium job search models 
laid out in chapter 3, workers knew the distribution of wages and had access to a lim­
ited 11\lmber of job offers per unit of time. Within this framework, wages rise with 
experience, for the probability of having received a job offer from a firm proposing a 
high wage rises the longer an individual has been prnscnt in tho labor market. Better 
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knowledge of an emplo} .! characteristics, which makes it possible to assign him or 
her to tasks at which he or she is most efficient, also con.•titutes a reason for wages to 
rise with seniority (Jovanovic, 1979; MacDonald, 1982). Finally, problems of incentive 
contribute to the existence of an increasing relationship between wages and seniority. 
In this connection, Lazear (1979, 1981) has put forward the proposition that a system 
of "deferred payment," in which workers get low pay at the outset of their careers but 
a promise of generous remuneration toward the end of them, constitutes a simple and 
particularly efficient incentive mechanism. 

We will demonstrate that the mechanism of deferred payment and the role of 
human capital in wage-earning careers are well illustrated by the shirking model pre­
sented above. Further, we shall see that empirical investigation generally finds that 
experience and seniority do have a positive effect on wages, but do not actually pin­
point the causes of this increasing relationship. 

The Optimal Wage Profile in the Shirking Model 
Let us return to the shirking model in order to show how the mechanism of deferred 
payment emerges naturally as a solution to the incentive problem facing the firm. 
With some simple calculations, relations ( 45) and {52) that define the optimal contract 
allow us to express optimal wages in the following manner: 

and (53) 

We see that the series of optimal wages is linked quite simply to the levels of 
utility associated with outside opportunities. In order to highlight this linkage more 
tellingly, let us assume that at each period t these outside opportunities procure an 
instantaneous level of satisfaction w, - C, where w, represents the "outside" wage. 
Thus we have: 

+a> 
V, = L:o'(Wt+; - C), \ft<': 0 (54) 

i=O 

H the human capital accumulated by an individual is of the general kind, he or 
she can expect ever larger external gains, and the series of W1 will be increasing (see, 
for example, Harris and Holmstrom, 1982). Conversely, if the human capital accumu­
lated by an individual is of the specific kind, the effect on outside opportunities will 
be zero, and the series of W1 will not be increasing (Jovanovic, 1979, uses a model 
grounded on this hypothesis).. It is possible to link the optimal wage profile to the 
series of outside wages w,. Relation (54) does in fact entail that (ii'1 -oii'1+i) is equal 
.to w, - C. Equations (53) giving the optimal wages are then written: 

- c 
Wo = Wo--

p 
(55) 

Wt= Wt+~ [J(l ~ q) -1], (56) 
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FIGURE 6.l!. 
The profile of optimal wages with general human capital and deferred payments. 

These last two relations show that the contractual wage is less than the out­
side wage (w0 < W0) at career onset, but then overtakes it in the subsequent stages 
(w, > w,). We also observe that starting from date t = 1, the wage increases (or dimin­
ishes) with the same frequency as outside opportunities. It is thus clear that only 
general human capital influences the observed wage, thxough its impact on outside 
opportunities. Specific human capital, on the other hand, which by definition has no 
influence on the outside wage, does not affect the observed wage. This result flows 
from the hypothesis that the worker has no bargaining power: the employer here 
unilaterally proposes a labor contract that binds the participation constraint of the 
worker. If the worker did have non-zero bargaining power, the participation constraint 
would not be binding, and specific human capital would exert a positive influence on 
the wage (see chapter~. section 2.2, and chapter 9, section 4.2). 

In figure 6.4 we havo depicted the properties of a profile of optimal wages, on 
the hypothesis that levels of outside utility would be increasing. This figure brings out 
a particular form of the "deferred payment" mechanism, the theory of which was ela­
borated by Lazear (1979, 1981) in particular. Jn this mechanism, the workers with the 
most senio.rity in a firm would be paid at a rate that surpassed th•ir marginal produc­
tivity, while the workers with less seniority would be paid at a rate falling short of 
their marginal productivity. This arrangement gives tho workers hired most recently 
an incentive to furnish the efforts demanded of them in order to. stay with the firm 
long enough to get the benefit of the wages reserved for "old hands." In our model, the 
mechanism of deferred payment takes an extreme form, since only the hiring wage w0 

is less than the competitive wage W0 which notionally reflects the agent's marginal 



CONTRACTS, RISK·SHARING, AND INCENTIVE 

productivity. Note that the , Jontinuity between the hiring wage and the subsequent 
wages would be attenuated if we were to take into account a certain heterogeneity 
in hires and in the amount of time needed for the firm to get a clear picture of 
the abilities of its workers. These elements would have the effect of spreading the de­
ferred payment mechanism more evenly out over time, and so the wage profile would 
show a pattern of increase more like the empirical observations which we will look at 
later. 

It is also evident that the incentive constraints impose a steep slope on the wage 
profile mainly at career onset, after which it is rather the participation constraints that 
influence this profile. Now, the levels of utility that an individual can expect outside 
his or her current job evolve with changes in his or her human capital. If this capital 
grows little or not at all over time, the wage profile ought to flatten out quickly; and 
the converse is true if the value of human capital increases over time. In other words, 
the positive effect of the incentive constraints on wage growth should be felt mainly 
at the onset of an individual's career, and that of the accumulation of human capital 
should be fell ill Ii later stage. 

4.3 EMPIRICAL ELEMENTS ON EXPERIENCE, SENIORITY, AND WAGES 
Many empirical studies have examined the links between wages, experience, and 
seniority. They generally confirm the existence of a simultaneously increasing rela­
tionship between wages and experience and between wages and seniority. We begin 
by laying out the general principles that should govern the estimation of the returns 
on seniority and experience, and we give the essential results. As well, we have 
seen that the problems raised by moral hazard may lead firms to adopt a system of 
"deferred payment," which also entails an increasing relationship between wages and 
seniority. To complete this subsection, we refer to some studies that have tried to 
establish how large a part this system plays in compensation policies. 

4.3.1 Estimating the Return to Seniority 
The return to seniority is most often estimated by means of an eq1,1ation in which the 
wage is the dependent variable and seniority is one of the explanatory variables. 

The Basic Equation 
Estimates of the returns to seniority and experience are governed by the same logic as 
that used in studying l:ho return to education (see chapter 2, section 4). In practice, the 
-returns to the three variables education (denoted by eel), experience (denoted by ex), 
and seniority (denoted by te) may be evaluated by estimating the fallowing equation: 

In W1j1 = P + Pedeel;;1 + P.~ex;;1 + p.,te;;t + •;;1 (57) 

If we take the year as the unit of time, parameters pk, k = eel, ex, te represent the 
wage variations (expressed in percentage) that follow from an extra year of educalion, 
experience, or seniority. In order to fit the predictions of the theoretical 111odels, it 
is possible to add quadratic terms for these three variables so as to take into account 
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nonlinearity in the returns, but we omit this step in orde1 .,/make the presentation 
easier. In equation (57), variable w;;1 designates the wage of an individual i in firm j 
at date t, and •i;t is an error term. Estimating this equation by ordinary least squares 
-including quadratic terms-on American data from the Panel Study of Income 
Dynamics (PSID) from the 1970s and 1980s produces a wage gain on the order of 27% 
for ten years of seniority and 34% for ten years of experience (see Altonji and Wil­
liams, 1997). These results suggest that the returns to experience and seniority are 
significant and likely do not differ much from each other. Nevertheless, two different 
problems are likely to generate biases. 

For one thing, experience and seniority are endogenous variables in relation to 
wages. In the theory of labor supply, decisions to participate in the labor market, and 
consequently experience, depend on wages (see chapter 1). In equilibrium job search 
models, workers have a lower probability of quitting their firm the higher their wage 
is (see chapter 3). Seniority is thus an increasing function of wages. For another, the 
most efficient workers generally have more experience and seniority than others, 
and better matching between jobs and workers ought to increase seniority. To ignore 
this unobserved heterogeneity means that estimating equation (57) by ordinary least 
squares will overestimate the returns to seniority and experience, since a part of 
the positive correlation observed between wages and these two variables results 
from the fact that the most efficient workers also have more seniority, more experi­
ence, and higher wages, and from the fact that better matches also procure better 
wages and greater seniority. To solve these problems, several solutions have been 
proposed and tested on the PSID data. 

Heterogeneity Biases 
Abraham and Farber (1987) decompose the error term •iJt into an individual compo­
nent 1/;, a component linked to matching µ1;, and a random term (;;1, or: 

(58) 

They distinguish seniority in the firm at date t (this is the variable te1ft) from the 
total effective duration of the job of worker i in firm j (denoted by du;; in what fol: 
lows). For exampl~, an individual hired in 1980 has two years of seniority in 1982 
(te1/t = 2), and if he or she quits firm j in 1990 the effective duration of his or her job in 
this firm will have been .ten years (du;;= 10). Abraham and Farber point out that the 
components specific to individuals 'I; and to matchings µ;; are in fact indirectly corre­
lated with seniority but directly tied to tho total duration of the job of worker i in firm 
j. Using data on the Iola! durations of jobs, they modify equation (57) by including job 
duration as an explanatory variable of wages. Equation (57) thus becomes: 

In W1;1 = /3 + f3,ded1;1 + {3,.ex111 + {3,.te1;1 + Pdudu;; + •;;1 

The purpose of term dui; is to eliminate the heterogeneity bias due to the influ­
ence cii'"wagos on the duration of jobs, and thereby on seniority. Estimating such an 
equation by ordinary least squares gives us a much smaller value of {31, than we get in 
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! 
the absence of the term .. ~;j. Altonji and Shakotko (1987) arrive at the same conclu-
sion, and the same orders of magnitude, using a methodology close to that of Abraham 
and Farber (1987). They find that ten years of seniority leads to a 13% increment in 
wages, while ten years of experience leads to a wage increment of 34%. This work 
suggests, then, that the return to seniority is slight compared to the return to experi­
ence. But again, these estimates are not entirely satisfactory, since they do not control 
for the endogeneity of seniority with respect to wages. 

Endogeneity Bias 

The contribution of Topel (1991) focuses on the endogeneity of seniority. The results 
obtained differ greatly from those of Abraham and Farber (1987) and Altonji and Sha­
kotko (1987) but approach those obtained by ordinary least squares applied to equa­
tion (57). Topel estimates that ten years of seniority leads to a wage increment of 25%, 
while ten years of experience makes possible an increment of 34%. Topel's method 
unfolds in two stages. The first is to estimate the following equation: 

ln Wijt = b + bededijt + be1xBX~ + htetBijt + BIJt 

The term ex3 designates the experience of individual i at the time he or she 
is hired for job j. Over duration te;;1 passed in firm j worker i has accumulated both 
experience and seniority. If we assume that the return to experience is the same before 
and after the hire in firm j, then parameter b,. represents the sum of the returns to 
seniority and experience. The return to seniority alone is thus equal to b,. - b.,. 

In order to eliminate the fixed individual effects represented by the components 
q; andµ;; in the decomposition (58) of the error term e;;1, Topel estimates this equation 
in differences, retaining only persons who do not change firms. Topel thus makes the 
hypothesis that the rate at which the wages of workers who do not change firms grows 
is a nonbiased estimator of the wages of all workers. Topel justifies this hypothesis 
by noting that all wages evolve according to a random walk' after removal of trend 
growth. Working with this hypothesis, Topel obtains a nonbiased estimator b,. de­
noted by 610 • [n the second stage, Topel fits the following equati~n: 

In W111 - b10te;;1 = b + b.ded;;1 + b._,ex3 + e1;t (59) 

Estimating this equation by ordinary least squares yields a nonbiased estimate 
of bex if the disturbances r.;;1 are not correlated with experience. We have seen that 
,unobserved heterogeneity may be the source of a bias of this type, inasmuch as the 
most efficient individuals-those with the highest n; in equation (58) of the decompo­
sition of the error term-are also those with the most seniority. Ordinary least squares 
then overestimate b •. y, because a part of the correlation between wages and experiunce 
oomes from unobserved individual effects. Although aware of this type of problem, 
Topel nonetheless estimates equation (59) by ordinary least squares, and finds an es­
timate b •. , with on upward bias. This estimate allows him to calculate a lower bound 
of the return to seniority, equal to ;,,. - bux. As this lower bound is very close lo the 
value obtained by simply estimating equation (57) by ordinary least squares, Topel 
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concludes that the returns to seniority are greater than th~-- evaluated by Abraham 
and Farber (1987) and Altonji and Shakotko (1987). 

Final Remarks on the Return to Seniority 
Altonji and Williams {1997) have reviewed the problem of evaluating the returns to 
seniority and tried to pinpoint the reasons for the differences among the three studies 
just cited. They show in particular that Topel's results are sensitive to the method 
chosen for introducing a trend to generate stationary wages in the first stage of his 
estimates. Adopting Topel's method, but taking a different approach to generating 
stationarity in wages and to certain other related elements of estimation, Altonji and 
Williams (1997) obtain results close to those obtained by Abraham and Farber (1987) 
and Altonji and Shakotko (1987), the conclusion of which was that the return to 
seniority is very slight. 

These works deal with problems of endogeneity and heterogeneity bias in a par­
tial manner, focusing essentially on estimating seniority. The contribution of Buchin­
sky et al. ( 2001) stands farther back from the problem, since it examines the returns to 
experience and seniority while taking into account the endogenous nature of partici­
pation and mobility between jobs. Buchinsky et al. (2001) estimate a system of three 
equations, in which the dependent variables are wages, mobility between jobs, and 
participation, by a method of maximum likelihood much like the one presented in 
chapter 1, section 2.1.2. This approach makes it possible to limit the heterogeneity 
and endogeneity biases that occur when participation and mobility between jobs are 
assumed to be exogenous. Buchinsky et al. {2001) find that seniority has a very high 
return. For workers whose educational qualification falls in the range between a high 
school diploma at one end and college or university study (short of a graduate degree) 
at the other, ten years of seniority produces a wage increment of 40%, whereas ten 
years of experience produces a wage increment of 27%. In this context, the return to 
seniority is clearly greater than the return to experience. 

The contribution of Parent (2000) looks at the effect of experience in a given 
industry on the return to seniority. Using data from the National Longitudinal Survey 
of Youth from 1979 to 1996, and the Panel Study of Income Dynamics from 1981 to 
1991, he finds that )he return to seniority is considerably reduced when experience in 
an industry is added as a control variable. For Parent, this result points to the conclu­
sion that human capital specific to one industry has more weight than human capital 
specific to one firm in the increase in an individual's wage profile. 

Aside from their divergences concerning orders of magnitude, these studies 
confirm. that seniority and experience both increase wages. But they only partially 
explain this phenomenon, inasmuch as the increase in wages with seniority can be 
explained in a number of ways. The accumulation of specific human capital, selection 
processes, and problems of moral hazard may explain the increasing relationship 
betwee.n. seniority and wages. We will now shift our attention to empirical works that 
have attempted to bring out the role of moral hazard. Empirical works devoted to spe­
cific human capital are sllillmarized by Yarber (11l99) and arc discuss"d in chapter 2. 
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Some empirical studies suggest that certain firms do in fact adopt wage policies based 
on the deferred payment mechanism. Lazear and Moore (1984), for example, compare 
the incomes of independent workers with the incomes of workers who are a priori 
identical but carry out similar functions within a firm of which they are employees. 
Since the independent worker has 110 need to give himself or herself incentive to 
make the necessary effort, his or her income profile ought to be identical to marginal 
productivity. Lazear and Moore find that the wage profile of employees is steeper 
than that of independent workers, which points to the conclusion that the mechanism 
of deferred payment is a way of giving employees incentive to make the desired 
efforts. 

The work of Kotliko!f and Gokhale (1992) is even more .convincing. Using data 
for the period 1969-1983 covering a sample of 300,000 employees of large North 
American firms specializing in sales, these authors achieve a reconstruction of the 
productivity profile of an employee from the time he or she enters a firm, based on the 
wage of new entrants. Their figures IV and III, reproduced here in figure 6.5, show 
respectively the wage profiles and productivity of a manager and a salesperson be­
tween ages 35 and 65, i.e., over a 30-year career with a firm. 8 The manager's wage 
profile conforms to the theory of deferred payment. It approximately lags marginal 
productivity over the course of the first 10 years, then overtakes productivity .during 
the remaining 20 years. Conversely, the wage profile of a salesperson differs little from 
that of his or her productivity. This near overlap derives from the fact that the activity 
of a salesperson is verifiable (an impartial tribunal can delermine an employee's sales 
volume by, for example, checking his or her sales records), and in consequence his or 
her wage can be largely based on the number of articles he or she has sold. 

Another instructive feature of the shirking model-see relation (56)-is that, the 
hiring wage excepted, an employee's wage ought to increase when the frequency p of 
supervision declines. Now, this frequency is likely an increasing function of the ratio 
of the number of supervisors checking on the performance of employees to the num­
ber of employees. So, all other things being equal, the deferred payment mechanism 
suggests that firms paying high wages are also those in which the supervisor/employee 
ratio is lowest. The study of Groshen and Krueger (1990) on hospitals in the_ United 
States does in fact come to this conclusion. 

4!4 EFFICIENCY WAGE AND INVOLUNTARY UNEMPLOYMENT 
The optimal wage profile in the shirking model works like a bonding mechanism: 
workers accept being paid less than their productivity at tho onset of their careers, and 
higher pay later on. In certain cases the hiring wage can even be negative. This means 
that workers accept that they are making a deposit with the employer, who will pay 
them back later on. Labor contracts do not generally stipulate this covenant. Hence 
it is useful to analyze the way tl1e labor market l\mctions when employers caunot 
manipulate wage profiles for incentive purposes as much as they wish. From this 
point of view, Shapiro and Stiglilz (1984) have built a celebrated "efficiency wage" 
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Profiles of remuneration and productivity. 

Source: Kolllkolf and Gokhale (1992). 

model, in which there exists involuntary unemployment at labor market equilibrium. 
This model illustrates how the labor market would function in a limit case in which 
employers had no choice in the matter of wage profiles, and on that account con­
stitutes a very fragile explanation of unemployment. 

4.4.1 The Model of Shapiro and Stiglitz (1984) 
In order to suppress the bonding mechanism, Shapiro and Stiglitz {1984) adopt a 
stationary version of the shirking model in which firms arn constrained to pay the 
same wage at all periods. The incentive mechanism is then based solely on thu risk of 
unemployment. 
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A Bonding Mechanism 
The optimal wage profile described by relations (55) and (56) is interpretable as an 
incentive mechanism in which there is a "bond" the agent is obliged to post at the 
time of hiring that will be gradually paid back to him or her. It is just as though the 
agent were to be paid a base wage equal to the outside wage w, at every period t ;>: 0, 
but had at the outset deposited a sum equal to C/p with the employer; this sum 
is gradually reimbursed starting at date t ;>: 1 in the form of a bonus added to the base 
wage and amounting in each period to• (C/p){[l/a(l - q)] -1). Akerlof and Katz 
(1989) pointed out that when the shirking model is specified in this way, it is not 
possible to "smooth out" the profile of optimal wages, i.e., to narrow the gap between 
the hiring wage w0 and the subsequent wages w1• To grasp this point clearly, let us 
suppose that the agent receives a wage Wm > Wo over the initial period of the con­
tract. The employer cannot, at certain periods t ;>: 1, pay a remuneration less than the 
optimal wage w1 characterized by (56), for in the periods that he or she did so, the 
employee's incentive constraint ( 47) would no longer be satisfied. 

Accordingly, the shfrking model displays a bonding mechanism that cannot be 
substituted for a regularly increasing wage profile. Such a mechanism is not at all 
realistic in practice, and in any case the payment of a deposit does not exist except in 
the rarest of cases in the labor market. One of the reasons used to explain this absence 
is the imperfection of the financial market.• (Shapiro and Stiglitz, 1985): workers sup­
posedly suffer from liquidity constraints that prevent them from collecting the sums 
necessary to put down the deposit. Shapiro and Stiglitz (1984) base their theory of the 
efficiency wage on the practical impossibility of making this deposit mechanism work, 
and show that it would lead to the emergence of involuntary unemployment. 

A Particular Stationary Versim1 of the Shirking Model 
Shapiro and Stiglitz ( 1984) adopt a stationary version of the shirking model in which 
V1 = V, \ft;>: O. Moreover, this version radically suppresses tbe bonding mechanism 
by assuming that the principal pays the same wage w at every period. With this 
hypothesis, the agent is given incentive to furnish effort e > O throughout the duration 
of the contract if and only if the principal pays him or her the wage defined by the 
right-hand equality of relation {53), or: 

w=(l--a)V+C+- ----1 - c [ 1 l 
p 0(1-q) 

(60) 

In this case, the utility V, expected by the agent is the same at each period t and 
can be denoted simply by V. A consequence of the hypothesis of wage stationarity 
made by Shapiro and Stiglitz is that V0 = V. Jn consequence, relation (52) shows that 
the agent benefits from a rent over the whole of the duration of tho contract such that 
V0 - V = Cfpa{l - q). If we take the view, as Shapiro and Stiglitz do, that V desig­
nates the expected utility of an unemployed person, the result is that accepting a 
job offer procures a gain V0 strictly superior lo the gain V of an unemployed person. 
Unemployment is thus involuntary in nature, since anyone looking for work prefers to 
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accept a job at the current wage w (which offers him 01 .. .Jr an expected utility V0 ) 

rather than remain unemployed (which offers an expected utility equal lo ii'). 
Let z be the gains of an unemployed person al every period, and let s E [O, lj be 

the (endogenous) probability of returning to work at every period. In a stationary state, 
the intertemporal utility of an unemployed person ii' satisfies the following equation: 

ii' =zH[sV + (1-s)ii'] 

Since V = ii'+ C/pd(1 - q), an unemployed person's expected utility is ex­
pressed as a function of the rate of return to work according to the formula: 

(1-o)ii'= z+___:£_ 
p(l - q) 

If we carry this equality into the expression of the efficiency wage ( 60), we find a 
relationship between the wage paid to employees and the exit rate from unemploy­
ment, which takes the form: 

w=z+C+~[-1 (•+!)-1] p 1-q 0 
(61) 

The exit rate from unemployment depends on the level L of overall employ­
ment. Relation (61) thus supplies a link between wages and employment that needs to 
be made explicit. To that end, let N be the (exogenous) size of the labor force; the level 
of unemployment is then equal to N - L. In a stationary state, the flow qL of entries 
into unemployment equals the flow of exits s(N - L) out of it. Consequently W!l have 
s = qL/(N - L), and in carrying this value into (61), we do indeed find a relationship 
between the wage level and the employment level, written: 

w= z+ C+~ [-1-(..!1£_+!)-1] 
p 1-q N-L o (62) 

This relation, which is often called the incentive curve (IC), is represented in 
figure 6.6. It is increasing and possesses a vertical asymptote at point L = N. This 
property signifies that there is never full employment at equilibrium. This is easy to 
see: in a situation where there is no risk of lasting unemployment, an employee knows 
that in case of job loss, he or she will immediately find another one. He or she then 
has an interest in shirking, since it no longer occasions any loss. In this model, the 
fear of unemployment plays an incentive role only if unemployment lasts a certain 
length of time, for it is during this period that the agent suffers losses. 

Labor Market Equilibrium 

To close this model, we must still specify the behavior of firms. Like MacLeod and 
Malcomson (1998) and Malcomson (1999), we can take the view thal the profit linked 
to outside opportunities, equal to fi in the stationary state, designates the expected 
profit of vacant jobs. If y represents the constanl exogenous production of a worker, 
the gain TI oxpoctod from a filled job is given by the equality: 

n = y - w 1- 0[(1 - q)n + qfi] (63) 
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FIGURE 6., 
The equillbrium of the model of Shapiro and Stiglitz. 

Let us also assume, for the sake of simplicity, that information is perfect in the 
labor market, which thus operates without friction. Let the situation he one in which 
s < 1, i.e., an equilibrium in which there are more unemployed persons than vacant 
jobs. Vacant jobs are then immediately filled by the unemployed, and so offer the 
same prospect of profit as jobs that are filled. With these hypotheses, we will have 
11 = fi. Finally, let us assume that there is no barrier to entry into the labor market. 
Competition will then cause entrepreneurs to open up vacant jobs as long as the profit 
expected from .•uch job creation surpasses the cost of installing new equipment. Let 
CK be the exogenous, supposedly constant, value of this cost; entries into the market 
for goods will stop when the expected profit fi from a vacant job is exactly equal to 
CK. At free entry equilibrium, we will thus have 11 = fi = CK and relation ( 63) defining 
tbe expected profit from a filled job entails that the cquilibriu!" value w• of the effi­
ciency wage is given by w• = y-(1-o)CK. Carrying this equality into equation {62), 
which characterizes the efficiency wage, we find ultimately that equilibrium employ­
ment L' is given by: 

w' = y-(1-o)CK =z+c+£[-1-(-~+~)-1l , p 1-q N-L ii J 

Labor market equilibrium is thus situated at the intersection of the incentive 
curve (IC) and the horizontal line with ordinate y - (1 -ii)CK; it is represented by 
point E in figure 6.s. 10 This equilibrium is characterized by involuntary unemploy­
ment linked to a downward rigidity in the real wage. The N - L • unemployed persons 
would indeed all agree to work for a wage less than w', since the situation of an 
employed participant procures an expected utility snperior to that of an unemployed 
one. But they would thon have an interest in shirking, which dissuades employers 
from offering lower wages. 
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4.4.2 Final Remarks on Efficiency Wage Theory 
The shirking model leads us to an equilibrium with involuntary underemployment, in 
which employees receive a rent that gives them incentive to supply an adequate level 
of effort. This model suffers, however, from a major theoretical weakness having to do 
with the fact the firms could think of other remuneration schemes more sophisticated 
than the payment of an unvarying wage (Yellen, 1994). These might include, for 
example, the payment of an award when an employee is found not to be shirking 
(MacLeod and Malcomson, 1969). More generally, we have shown that the shirking 
model with no restriction on individuals' strategies leads to a bonding mechanism 
that offers no rent to employees, so that there is no involuntary unemployment at 
labor market equilibrium (this objection to the efficiency wage theory is also known as 
the bonding critique; see Carmichael, 1985, 1989, and 1990). The result that there is 
no rent for the employee when the employer unilaterally decides on the clauses of the 
contract is not linked to the particular kinds of incentive mechanism that we have 
considered. Fundamentally, it illustrates a general principle of the theory of incen­
tives, which is that a principal who has at his or her disposal a sufficiently wide range 
of strategies can always make the agent's participation constraint binding, and thus 
appropriate the entire surplus flowing from the contractual relationship (see, for 
example, Kreps, 1990, p. 604). The existence of a rent for the agent in a model with 
moral hazard is thus grounded on restrictions-that require explanation-on the stra­
tegic options of individuals. 

The Financial Market and the Minimum Wage 

Shapiro and Stiglitz {1985) made the objection that credit market imperfections ren­
dered the bonding mechanism impracticable. It is not, however, certain that this 
argument carries the weight it may appear to at first sight, for it is grounded in an 
excessively strict interpretation of the shirking model. If we were to add certain 
hypotheses, such as the assumption that workers are heterogeneous and that it there­
fore takes time for each one's aptitudes to reveal themselves, the shirking model 
would produce a compensation policy resembling a wage profile increasing in normal 
fashion with seniority more than it would a bonding mechanism. In order to rescue 
the efficiency wage theory as a possible explanation of involuntary unemployment, we 
need to find reasons to explain why firms cannot reasonably offer an increasing wage 
profile that would bind the participation constraint of workers. 

One reason might be the existence of a legal miminum wage Wm exceeding the 
hiring wage w0• We have shown that in this case, firms pay wago Wm in the initial 
period, then wage w1 defined by {56) in the following periods. Each worker receives a 
rent equal to Wm - w0 , and unomployrnont becomes involuntary again. This situation 
is conceivable, but the reason for the rent, and thus involuntary unemployment, is not 
a necessity inherent in the incentive mechanism, in other words it is not a problem of 
moral hazard. On the contrary, the reason for tho rent is the existence of a wage floor 
making· remuneration downwardly rigid. A purely competitive model would have 
come to the same qualitative conclusions about unemployment. More precisely, moral 
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hazard entails the exis, j of an abrupt step-up in the wage profile that would not 
have been necessary in a traditional supply-and-demand modet The equilibria are 
thus not a priori the same in the two types of model. But ii is always a constraint on 
the downward flexibility of the real wage that enables us to explain the involuntary 
nature of unemployment. 

Rent and Asymmetric Information 
Beaudry (1994) and Arvan and Esfahani {1993) have advanced a justification for the 
existence of rents. It is based on the notion that workers who observe imperfectly the 
characteristics of the firm that hires them may doubt the credibility of undertakings 
given about remuneration profiles that will rise, or rewards that will be paid out. Let 
us suppose, for example, that there are two types of employers. With the "bad" 
ones, production y is low (independent of the efforts the workers make), and these 
employers have an interest in systematically discharging their employees after having 
promised them an increasing wage profile, or rewards. With the "good" employers, 
production y is high, and they can offer credible contracts. Within this framework, 
to offer remunerations that pay a rent constitutes a way for the "good" employers to 
signal their quality. The hypothesis of a double asymmetry of information grounded 
in moral hazard and adverse selection thus allows us to save the efficiency wage 
theory as the foundation of a form of involuntary unemployment. These models do 
not, however, explain why firms choose to signal their characteristics hy offering high 
wages when they might, for example, spend more on advertising their products, 
which could tum out to cost less than letting rents go to their employees. 

Wage Rigidity, Incentive, and Rent 
The model of Shapiro and Stiglitz (1984) suggests that unemployed persons ought to 
offer their services at less than the current wage and that firms ought to refuse these 
offers. Some recent studies based on surveys of employers do in fact show that they 
are reluctant to lower wages, even in situations in which there is significant unem­
ployment. According to Blinder and Choi (1990), Bewley (1995), and Campbell and 
Karnlani (1997), the company executives surveyed believed ihat wage reductions 
would be judged "unfair" by employees and would provoke increased turnover and 
reduced intensity of effort in response. Agell and Lundborg (1995) com~ to identical 
conclusions and also find that firms do not want to hire unemployed persons offering 
~o work for less. 

Fehr and Falk (1999) have studied the downward rigidity of wages within the 
framework of an experiment in which two groups, firms and workers, have the oppor­
tunity lo agreo on a wage contract through a mechanism of bilateral bidding. When the 
participants are forced to sign only incomplete contracts, in which the level of effort is 
not stipulated in advance, the experiment shows that firms refuse to hid wages down. 
On the other hand, whon the actors have tho opportunity to sign complete contracts, 
remunerations become markedly more flexible and approach their competitive values. 
These surveys and experiments reinforce the view that wage policies are, in tho hroad 
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sense, driven by the need for incentive, but they give no , .br.ular indication as to 
the existence of rents. The downward rigidities highlighted by these empirical studies 
do not in the least contradict the general properties of self-enforcing contracts with­
out rent developed in this section. For example, a deferred payment mechanism 
offering no rent over the whole course of tho wage relationship is just as "rigid" as 
the unvarying wage in the model of Shapiro and Stiglitz (1984). 

5 SUMMARY AND CONCLUSION 

Labor contracts are used to deal with problems of risk sharing and incentive. 
The properties of wage contracts depend to a large extent on whether or not it 
is possible to take the observation of the results of a wage-earner's activity into 
account, All observations that can be objectively assessed by an impartial tribu­
nal fall into the category of verifiable clauses. The labor relationship may be 
governed by implicit agreements that bear on nonverifiable clauses. Such agree­
ments occur in the setting of long-term relationships, the existence of which 
depends only on the mutual interest the partners have in them. We then say that 
the agreement is self-enforcing. 

The demand for insurance allows us to explain certain empirical characteristics 
of the movement of wages, in particular the fact that they are procyclical, fluc­
tuating less than productivity, and the fact that they are not correlated with the 
current rate of unemployment. 

The traditional agency model with hidden action analyzes the remuneration 
rule that a risk-neutral principal offers to a risk-averse agent when that agent's 
results are verifiable. The principal faces a problem of moral hazard, since he or 
she does not know with certainty what actions the agent took in order to achieve 
his or her observed results. The optimal remuneration rule exhibits a compromise 
between the demand for insurance and the need for incentive. It most often pre­
scribes a remuneration that depends on performance. The optimal rule must take 
account of all the verifiable observations correlated with the effort of the agent. 

Multitasking, only part of which is verifiable, constitutes a source of inefficiency 
that impels firms to adopt implicit contracts and/or overall indicators of perfor­
mance. Another source of inefficiency is rent-seeking. Its cause is the compara­
tive advantage that agents may derive from concentrating part of their efforts on 
actions that will impress the supervisors who are charged witb informing the 
principal about observed performances. 

The internal market in a firm, and morn generally systems of hierarchical pro­
motion, can be analyzed as tournaments in which the rules of promotion and 
the wages that go along with each promotion are specified in advance. A tour­
nament offers the advantage of making the clauses of a contract explicit. The 
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tournament mode, _.(, suggests that hierarchical levels ought in large measure 
to explain wage variation. It suggests further that the remWleration that comes 
with a grade in the hierarchy rises with the number of individuals who aspire to 
be promoted to that grade. These predictions match empirical results well. The 
rule of promotion by seniority is partially explained by the fact that it makes it 
possible to avoid rent-seeking activity. 

Empirical studies confirm the positive effect of seniority on wages. Still, this 
effect is probably less important than that of experience. 

The "shirking" model describes a long-term relationship between a principal 
and an agent in which the agent's effort and results are unverifiable. In this con­
text, the optimal remuneration rule is a series of wages increasing with seniority 
but offering the agent no rent over the whole duration of the contract. Empirical 
studies confirm the existence of an increasing relationship between seniority 
and wages; as well as the influence of incentive mechanisms in this area. Moral 
hazard is a source of inefficiency, however, for employers cannot credibly enter 
into long-term engagements with agents who produce insufficient but positive 
surpluses. The exact wage profile depends on the combined effects of the acqui­
sition of general human capital by the agent and the principal's wish to obtain 
an adequate level of effort. 

6 RELATED TOPICS IN THE BOOK 

Chapter 1, section 1: The choice between consumption and leisure 

Chapter 2, section 4: The return to education 

Chapter 3, section 2.1: The wage profile in the equilibrium search model 

Chapter 5, section 1: Wage determination and perfect competition 

Chapter 5, section 2.2: The holdup problem 

Chapter 7, section 2: Wage determination and collective bargaining 

Chapter 9, section 4.2: More on the holdup problem 
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INTRODUCTION 

Bargaining over labor contracts can take place at the individual level, between each 
worker and his or her employer, or r.ollectively, between organizations representing 
wage-earners and employers. The fact that wages are the upshot of bargaining between 
two partners indicates that both sides are looking for an agreement on how to share 
the outcome of the activity in which they are jointly involved, and that the resulting 
partition (or "share-out") depends on the bargaining power of each partner. In most 
major industrialized countries, a significant proportion of wages is regulated by col­
lective agreements that codify the agreements reached through bargaining between 
unions representing employees and organizations representing employers. The pur­
pose of this chapter is to study the r.ourse of events in a round of collective bargaining, 
and their consequences. 

Collective bargaining presents two conceptual barriers to analysis. The first is 
how to represent the objectives of the partners to the bargaining. These actors are not 
economic "agents" in the ordinary sense of the term but organizations (most often 
unions). The objectives of these organizations arise, one way or another, out of those 
of their component members. As we will see, economic analysis of collective deci­
sions can shed light on the connection between individual preferences and those of 
collective organizations. Once past this barrier, there remains a second difficulty: how 
to represent the bargaining process. Since the early 1980s, developments in non­
cooperative game theory-especially dynamic games-and the attendant concepts of 
equilibrium have made it possible to overcome this obstacle as well. Dynamic game 
theory allows us to understand fundamental aspects of the behavior of actors, i.e., of 
the strategies they pursue as bargaining unfolds, and the manner in which they agree 
to conclude it and share the future benefits. 

The theory of collective bargaining furnishes a primarily local explanation of 
wage setting, in the sense that it compares the strategies of two clearly identified 
actors. It needs to be integrated into a general equilibrium model if we are to achieve 
an understanding of the global level of employment within an entire economy. In this 
chapter we remain at the stage of partial equilibrium, with two actors (an employees' 
union and an employer) controlling a labor pool. Only in chapter 12, section 4, do we 
integrate collective bargaining over wages into a general equilibrium model. 

Section 1 gives a sketch of the importance of collective bargaining in tho major 
industrialized countries. It also specifies the objectives of tho different actors, and how 
to represent their rospectivo choice criteria. Section 2 givos the essential concepts and 
results of game theory used to analyze the unfolding of the negotiations. They are ap­
plied in section 3, which lays out the basic models describing the consequences for 
wages and employment of bargaining between an employer and a union representing 
all the workers in a given labor pool. The last hyPothesis is abandoned in section 4, 
whore we assume that only employees in place (insiders) are ablo to make agreements 
with tho management of the firm. Section 5 looks at the impac:t of coller.tivo bargain­
ing on investment and tho number of hours worked. Ancl finally, section 6 offers a 
review of empirical findings on the consequences of collective bargaining. 



1 UNIONS AND hLLECTIVE BARGA!NING 

Collective bargaining plays an important role in most industrialized countries. The 
collective bargaining coverage, the concrete manner in which it occurs, the degree to 
which it is coordinated, and the variables involved are all sources of diversity and can 
affect the performance of a nation. There have been numerous controversies over how 
best to represent the objectives and behavior of collective organizations, and choice 
theory has not succeeded in resolving them completely. 

1.1 THE CHARACTERISTICS AND IMPORTANCE OF COLLECTIVE 
AGREEMENTS 
A collective agreement is made up of a set of provisions negotiated between one or 
more employers and the representatives of their employees. Union density and the 
collective bargaining coverage of collective agreements are measures of their impor­
tance. The level at which they are negotiated and the aim of the agreements reached 
vary significantly in the different OECD countries. 

1.1.1 Collective Bargaining Coverage and Union Density 

Union density is to be distinguished from collective bargaining coverage. We pres­
ent values for these two factors in 19 OECD countries before examining their 
development. 

International Comparison 
Figure 7.1 presents levels of union density and collective bargaining coverage in 19 
OECD countries in 1994. Union density equals the proportion of wage-earners who are 
unionized, and collective bargaining coverage equals the proportion of wage-earners 
who are covered by collective agreements. The average collective bargaining coverage 
is high, equal to 68.3% for the set of 19 countries and 82.3% for the 12 European 
Union (EU) countries. On the other hand, the average union density proves to be sig­
nificantly lower, amounting to 40% for the set of 19 countries. and 44.3% for the 12 
EU countries. 

The gap between union density and collective bargaining coverage derives in 
large part from legal constraints and the institutional context. For example, in Francu 
and Spain collective agreements do not have the right to discriminate between union 

' members and nonunionized workers. This prohibition may explain the large gap be­
tween the high collective bargaining coverage in these two countries and the remark­
ably low rate of union density. On the contrary, in Australia, New Zealand, the United 
States, and the United Kingdom, it is legal for collective agreements to discriminate 
between unionized and nonunionized workers, and this has certainly favored union 
membership. The upshot is that union density does not always provide a good mea­
sure of the power of unions. In France, although union density is low, unions play a 
preponderant role, for they are logally empowered to represent workers in collective 
bargaining-and collective bargaining is compulsory in firms with more than 50 
employees. In the United States, on the other hand, where union chmsity is higher, 
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collective bargaining is mandated by law only if tbe majority of tbe employees in 
a plant vote in favor of union representation (Hartog and Theeuwes, 1993; Booth, 
1995a, chapter 2).' This no doubt explains the low collective bargaining coverage in 
the United States. Overall, collective bargaining coverage is surely a more reliable in­
dicator of the power of unions than union density. 

Recent Changes in Union Density and Collective Bargaining Coverage 
Figure 7.2 depicts changes in union density between 1970 and 2000 (see Checchi and 
Lucifora, 2002, for a comprehensive study of the evolution of union density). Com­
parison shows that over this period there were gains in Denmark, Belgium, and Fin­
land and major losses in, among others, Australia, Austria, the United States, France, 
Japan, "'Portugal, and tbe United Kingdom. Among the 18 countries included, three 
experienced an increase in union density and the other 15 experienced a decrease. 
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Changes In union density in 18 OECD countries, 1970-2000. 

Source: OECD data. 

Figure 7.2 also shows that union density rose in Germany and Italy between 1970 and 
19AO, but then fell off. In Sweden, union density rose between, 1970 and 1994 and 
then· fell sharply. Overall, we see very diJierent movements in union_density, and a 
significant drop in this indicator in many countries (see the histograms on the right in 
figure 7 .2). The non weighted average of union density has fallen off slightly since the 
beginning of the 1980s, after having risen slightly between 1970 and 1980. 

Figure 7.3 depicts changes in collective bargaining coverage in 11 OECD coun­
tries between 1980 and 1994. The ex_ent of coverage decreased in seven countries, 
held steady in Finland, and rose in France, the Netherlands, and Portugal. It was tho 
United Kingdom that experienced the sharpest drop in the 1980s. This particular 
change was the result of refusals to extend collective agreements made at the begin­
ning of the 1980s. Overall, we sec that the nonwoighted average of extent of coverage 
fell off very slightly between 1980 and 1990, but then turned up; also very slightly, 
between 1990 and 1994. Thus there is not a pervasive tendency for coll"ctivc bar­
gaining coverage to decline. 

- --
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Changes in collective bargaining coverage in 11 OECD countries. 

Source: OECD (1997). 

1.1.2 The Level at Which Bargaining Takes Place 

In order to represent the unfolding of collective bargaining, we have to know if it is 
taking place at the love! of the firm, the industry, the region, or on a national scale. In 
reality, it is not always easy to classify countries by this criterion, for in most cases 
thorn is an overlap between negotiations taking place at several different levels. Table 
7.1 bears witness lo this diversity for 17 of the OECD cow1lries already cited, and 
makes it clear that there is always some bargaining done at the firm level. Austria 
appears to be an exception to this rule, but although collective bargaining is indeed 
prohibited at the level of firms, a decentralizing trend has in practice enhanced the 
bargaining power of planl committees since the beginning of the 1990s (OECD, 1994, 
p.191). 

·Table 7.1 also portrays the degree of coordination for the economy as a whole. In 
this regard, a distinction should be made belweon explicit and implicit coordination. 



Table 7.1 

Levels of collective bargaining and coordination, 1980-1994. 

Institutional 

level of 

collective 

Country bargaining 

Australia 1.2.3 

Austria 2.3 

Belgium 1,2,J 

Canada 1.2 

Finland 1,2,3 

France 1,2.3 

Germany 1,2 

Japan 1,2 

Netherlands 1,2,3 

New Zealand 1.2 

Norway 1,2, 3 

Portugal 1,2.3 

Spain 1,2,3 

Sweden 1,2,3 

Switzerland 1,2 

United Kingdom 1,2 

United States 1,2 

Source: OECD (1997). 

Privileged 

level of 

collective 

bargaining 

2-3,1 

3-2,1 

2 

2 

11 

2 

2~1 

2-3 

2-2.3 

2.3-2 

3-2 

2-1 

Coordination at the level 

of the whole economy 

As an objective Achievability 

Explicit coordination High 

Implicit coordination High 

Explicit coordination Limited 

Absence of coordination Absent 

Explicit coordination High 

Explicit coordination Limited 

Implicit coordination High 

Implicit coordination High 

Explicit coordination limited 

Explicit coordination Absent 

Explicit coordination High 

Explicit coordination Limited 

Explicit coordination Limited 

Explicit coordination Limited 

Absence of coordination Limited 

Absence of coordination Absent 

Absence of coordination Absent 

Legend: 1 = firm; 2 = sector; 3 = central. The arrows indicate the direction of change. "Explicit coordi­

nation" means joint negotiations between workers' unions and employers' confederations, with perhaps 

participation by the state. "Implicit coordination" takes into account control by union federations, and 

the fact that certain leading sectors are models for others. 

Explicit coordination means actual bargaining between trade union confederations 
and confederations of employers at the national level. Implicit coordination· derives 
either from the control exercised by union confederations over tl.toir members or from 
the fact that agreements reached in certain industries serve as models for the rest. 
Note that the absence of centralized bargaining does not necessarily imply the absence 
of national coordination, for the latter may be implicit. Garmany and Japan, for exam­
ple, do not have collective bargaining at the national level, but there is a strong im­
plicit coordination in both countries. In Japan, at the time of the "spring offensive" 
(Shunto), tho w1ions announce tho broad o"titlines of their wage demands vis-a-vis all 
the large firms in the country, and these guidelines are generally followed in individ­
ual cases. In Germany the logic of cohesion is different: it is agreements roached in the 
metalworking sector that traditionally serve as guid.,Jhrns. 
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We will see in chapter 12, section 4, that the pluralit, lorms of coordination 
makes it very difficult to classify systems of industrial relations according to their de­
gree of centralization. Institutional structures are not carved in stone, either. Certain 
countries like Sweden, the United Kingdom, and New Zealand are moving toward 
decentralization, while others, like Portogal, are moving toward a more centralized 
structure. 

1.1.3 The Aim of Collective Bargaining 

In the United States, collective agreements cover a particularly wide range of subjects, 
including wages, promotions, work schedules, holidays, retirement, seniority, train­
ing, handling, arbitration of grievances, and health insurance.' Collective agreements 
are in fact a way to compensate for the low level of involvement by the state in areas 
such as health and retirement. The state traditionally takes a larger role in these areas 
in other OECD countries, especially in Europe, with the result that collective agree­
ments address a smaller number of issues in these countries. Still, bargaining there 
generally covers not only wages but other things as well, such as work schedules, 
working conditions, and professional training. The level of employment, however, is a 
topic that is seldom raised anywhere in the OECD (Hartog and Theeuwes, 1993). 

1.2 THE BEHAVIOR OF UNIONS 
The economic analysis of unions has long been highly controversial. The assumption 
that complex political institutions have rational objectives like those dealt with in the 
economic theory of individual choice appeared too simplistic to be relevant. Hicks 
(1932, p. 140) took the view that "to protect the customary standard of life (which may 
be conceived as a money wage or, in times of monetary disturbance, a real wage), to 
maintain fair wages, and to secure to the workers a share in exceptional profits, are the 
usual aims of the wage policy of trade unions." In other words, unions .•imply 
demanded a "fair wage" (or a "customary standard of living") determined by overall 
social conditions. Hicks saw no need to resort to choice theory in order to represent 
tho behavior of a union. 

Dunlop was the first to declare that "an economic theory of a trade union 
requires that the or~anization be assumed to maximize (or minimize) something" 
(Dunlop, 1944, p. 4). According to this author, the aim of a trade union is to maximize 
the total amount of wages n>ceived by its members. Ross (1948) reacted by insisting on 
the essentially political nature of unions; he criticized Dunlap's approach by empha­
sizing that unions are not made up. of identical individuals, and that the content of 
their decisions reflects tho struggle for power both within the membership and be­
tween members and leaders of unions. This objection highlights an important limita­
tion of Dunlap's analysis by showing that the heterogeneity of a union's members 
affects its aims. The distribution of various individual characteristics, the way in 
which t~e leadership is selected, the organization of elections, the recruitment of 
members," and a number of given institutional factors are all capable of influencing a 
union's behavior. Ross's objection signifies, in other words, that it is insufficient to 



postulate a union objecti. _ },ndependent of its members' preferences and its own 
institutional characteristics. So it becomes necessary to analyze the relationship be­
tween the union's preferences and those of its members. This has been the goal of the 
economic theory of unions for several decades; some empirical studies have helped to 
clarify the nature of union aims. 

1-2-1 Union Preferences and Individual Preferences 

The representation of the preferences of a union depends mainly on the homogeneity 
or heterogeneity of the individuals it comprises. To this dimension we sometimes 
have to add certain aims proper to the union leadership. 

A Union with Identical Members 
A union composed of identical members has, since the work of Dreze and Modigliani 
(1981), MacDonald and Solow (1981), and Oswald (1982), been the basis for repre­
sentations of union preferences. The assumption is that the union defends the inter­
ests of N identical workers who form its "labor pool." Every union member supplies 
one unit of labor if the real wage w exceeds the reservation wage w, equated to the 
income of an unemployed person. Individual preferences are represonted by an indi­
rect utility function of the Von Neumann and Morgenstern type, or v(.), strictly 
increasing with respect to income. The labor demand addressed to the union is 

denoted by L. The (identical) workers each have the same probability (1 - L/N) of 
being unemployed when L < N. If this inequality is satisfied, the probability of being 
employed amounts to L/N. Conversely, if labor demand is greater than or equal to the 
size of the labor pool, the probability of being hired is equal to 1, and a worker's 
expected utility is simply v(w). We then assume that the objective of the union con­
sists of maximizing the expected utility?;; of its members. This last quantity is defined 
by: 

"Y, = tv(w) + (1-t)v(w), t = Min(l,L/N) (1) 

Given that the size N of the labor pool is exogenous, that comes to the same 
thing as assuming that the union maximizes the sum N"Y, of the utility of its members. 
Such a union is then described as "utilitarian." If the workers have no aversion to 
risk-v'(.) is then a constant-this specification is compatible with the hypothesis 
that the union maximizes the "union rent" (Rosen, 1970; De Menil, 1971), defined by 
!he product t(w - w). Dunlap's hypothesis that the union objective is to maximize the 
total wage bill further requires w = O. 

The hypothesis that union members are identical allows us to lay precise 
microeconomic foundations for union preferences. This precision is however gained 
at the expense of realism. The heterogeneity of union members poses different prob­
lems according to how the union functions. If the organization is perfectly democratic, 
its preferences can be deduced from those of its members by analyzing the outcome .of 
a vote. On the other hand, the objectives of union leaders play a determining role if 
they enjoy strong discretionary powers. 
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A Perfectly Democratic Union with Different Members ) 
We learn from the analysis of collective decisions (Arrow, 1963) that the preferences 
expressed through the outcome of a vote by rational agents are themselves rational­
i.e., that they define a complete, reflexive, and transitive ordering-when a) majority 
rules; h) agents vote sincerely and do not try to shape the outcome by announcing 
their intentions beforehand; c) they are voting on a single question; and d) the utility 
function of each individual admits only one maximum with rospect to the variable on 
which they are voting. lf these conditions are satisfied, the decision taken expresses 
the preferences of the median voter. 

These results show that when the heterogeneity of union members is intro­
duced, the definition of a union's objective rests on highly restrictive hypotheses. In 
this regard, as Blair and Crawford (1984) point out, hypothesis c, that the vote can 
only address one question, proves extremely limiting. In practice, collective negotia­
tions embrace a number of topics (see Hartog and Theeuwes, 1993). But to allow both 
heterogeneity of members and a number of variables to be negotiated becomes a per­
ilous exercise, since the rationality of union decisions is no longer guaranteed (pref­
erences are not necessarily transitive). For this reason, studies of the analysis of a 
union composed of diverse members make the assumption that the vote is exclusively 
about wages (Booth, 1984; Blair and Crawford, 1984; Carruth et al., 1986). Their main 
contribution is to show that the union has a slight preference for employment if the 
median voter has a slight probability of losing his or her job, as will be the case if 
layoffs are made by seniority (as in the United States), or if the median voter pos­
sesses specific human capital that gives him or her an advantage with respect to other 
workers hired more recently. 

Conflicts Between Union Leadership and Membership 
In many institutions, the leadership has discretionary power, and their objectives do 
not necessarily coincide with those of their membership. For example, the social 
prestige, the advantages in kind, and the remuneration of members of the leadership 
generally depend on the importance of the institution they represent. That being the 
case, it is most often assumed that their objective is to maximize the size of their 
organization (Ross, 1948; Atherton, 1973; Martin, 1980; Farber, 1986). Hence it is 
possible simply to study the consequences of the discretionary power of the leader­
ship. If we assume (Farber, 1986) that the size of the union increases with the number 
of workers employed-a hypothesis justified by the observation that union density 
among the unemployed is much weaker than it is among workers who do have a job­
union leaders in a position to fix the wage level unilaterally subject to the constraint 
of decreasing labor demand would set a wage equal to the reservation wage, so as to 
maximize the level of employment compatible with the participation constraint of 
workers. This conclusion, as Lewis (1963) points out, shows that a "boss-dominated 
union" keeps its members from profiting from its monopoly power, since this power is 
used exclusively for the benefit of the leadership; the latter attain their objectives iu a 
situation of pm·foct competltion. 



This briof reviev. ~)work dealing with the problems posed by the heterogeneity 
of union members reveals that the economic analysis of union behavior remains very 
crude. Nonetheless, a couple of things have been learned. For one thing, it is possible 
to represent the preferences of the union in terms of employment and wages on a pre­
cise microeconomic basis. For another, the goals of the union depend not just on the 
preferences of its members, but also on its institutional structure. The purely eco­
nomic approach to trade unionism is, to a certain extent, relevant, since there do exist 
hypotheses permitting us to define union objectives on the basis of dmice theory. But 
the highly restrictive nature of these hypotheses (identical members, validity con­
ditions of the theorem of the median voter) leads to a neglect of institutional charac­
teristics that may have important influence on employment and wages. 

1.2_2 Union Goals According to Empirical Studies 

Useful information about union goals comes from several sources. Freeman and Medoff 
(1984, chapter 14) have undertaken studies utilizing statements made by union mem­
bers and leaders. They conclude that the American union movement functions very 
democratically, particularly at the local level. Work by labor sociologists is also instruc­
tive but is difficult to apply to the formal definition of the objective function of a union. 
For this reason, econometric studies based on individual data would appear to be best 
suited to this purpose. Their procedure is to estimate wage and employment functions 
on the assumption that remuneration is set by a union maximizing its objective func­
tion subject to the constraint of the labor demand. The estimation of the coefficients of 
the wage and employment equations thus obtained then allows us to characterize 
union preferences. For example, Dertouzos and Pencavel (1981) and Pencavel (1984) 

have tested a utility function of the Stone-Geary type, of the following form: 

"f';;=(w-w0 ) 0(L-L0 ) 1- 0 , 8e[0,1J (2) 

In this expression, w 0 and L0 represent respectively the minimal wage and em­
ployment levels accepted by the union. Parameter 0 measures the relative importance 
of wages. This formulation allows us to recover (as particular c~ses) the objective of the 
total wage bill (0 = 1/2,L0 = w 0 = O) postulated by Dunlop (1944) and the objective of 
union rent (0 = 1/2, w 0 = W,L0 = O) put forward by Rosen (1970) and De Menil (1971). 

Pencavel (1984) used data on six local unions' of the International Typographical 
Union (United States) for the period 1946-1965. Each local union is assumed to max­
imize the objective just set out subject to the constraint of a linear labor demand 
function: 

(3) 

where r, is the price at which tho product is sold, rz is an index of the cost of produc­
tion, X is the number of lines of advertising sold annually, and D is a dummy variable. 
The first-order condition is writton: 

0 a1(w-w0 ) 

0-1 ~ r1(L-L0 ) 
(4) 
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\ 
The estimation of these Inst two equations allow, J to find the values of the 

parameters characterizing the utility function of unions. Three important lessons 
emerge from Pencavel's study. The first is that the estimates of each parameter are 
noticeably different for the six local unions. In particular, the values of w0 and L" 
increase with the size of the local. The second is that the parameter 0 is, on aver­
age, relatively weak, lying between 0.19 and 0.36 for four local unions, and reaching 
0.61 and 0.88 for the other two. That means that the local unions studied weight 
the employment objective very strongly. Finally, the estimated values of the param­
eters reject the hypothesis of the maximization of the wage rent or of the total wage 
bill. 

Farber (1978) and Carruth and Oswald (1985) have adopted an identical proce­
dure, but with the assumption of different objective functions. Farber (1978) studies 
the behavior of the United Mine Workers (United States) over the period 1948-1973, 

on the assumption that this union maximizes the expected utility of a member with 
median seniority. He estimates that this member's relative degree of risk aversion­
equal by definition to -wv"(w)/v'(w), if v(w) is the indirect utility function and w 
the individual's wage-is on the order of 3. Carruth and Oswald (1985) analyze the 
behavior of unions in the coal and steel industries in the United Kingdom over the 
period 1950-1980. They too assume that the union maximizes the sum of the utilities 
of its members, and they find a relative degree of risk aversion on the order of 0.8. 

Such results lead us to reject the objective of total wage bill or union ren~ based on 
the risk neutrality of workers. 

All of these results musl, however, be interpreted with caution, for union pref­
erences are not being estimated directly. The estimates actually hoar on both the 
functional form of the union objective and the mode of wage formation. The equations 
tested all assume that the union determines the wages of its members unilaterally. In 
reality, wages are the object of bargaining, and this can perceptibly modify the form of 
the equation estimated. 

2 BARGAINING THEORY 

Bargaining theory studies situations in which it is possible for rational agents to come 
to an agreement over ho'I'( to share a quantity of(any) goods. Since Edgeworth (1881), 

a number of authors have sought to define 1he rational principles that preside over 
such a partition. Only recently has the work of Nash (1950, 1953), Stahl (1972), and 
Rubinstein (1982) systematically solved the bargaining problem. Nash launched the 
axiomatic approach, while Stahl and Rubinstein have developed tlrn strategic ap­
proach. These two approaches make it possible to represent bargaining through sim­
ple models, which cast light on the notion of bargaining power and on the origins of 
confiict such as strikes. 



2.1 
I 

THE PRECURSORS 
The earliest analyses of bargaining ran into tho problem of the indeterminacy of the 
solution. Edgeworth (1881) had noted that this solution should be Pareto optimal, 
since rational individuals would not accept a partition knowing that there existed 
other, more advantageous ones for at least one of the partners. But this criterion is not, 
in general, sufficient lo define a unique solution. It simply indicates that agents exploit 
as far as possible the mutual benefits of cooperation. It is also necessary to explain 
how these benefits are shared. Zeuthen (1930) and Hicks (1932) were the first to pro­
pose solutions to the problem raised by Edgeworth. 

The model of Hicks (1932) describes bargaining between a workers' union and 
the management of a firm, on the hypothesis that each player possesses a bargaining 
pawer arising from his or her potential to hold out in case of conflict. This model can 
be presented graphically, with the duration of the strike on the horizontal axis and the 
wage on the vertical axis (see figure 7.4). The firm's "concession" schedule is denoted 
by the symbol ( C). It is increasing, for the longer the strike lasts, the readier the 
employer is to accept high wages. Symmetrically, (R) designates the "resistance" 
schedule of the union. It is decreasing, for it seems natural to assume that the union 
will accept lower wages if the strike drags on. The wage settled on, denoted by w', is 
determined by tho intersection of curves (C) and (R). Assuming that tho capacity of 
both sides to hold out is "common knowledge," Hicks deduces that strikes are only 
potential, since the firm and the union are perfectly capable of foreseeing the duration 
of the strike and the wage to which the bargaining will eventually lead. 

Wage 

w• 

Duration of the Strike 

FI6UR£ 7.4 
The model of Hicks. 
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The solution proposed by Hicks has the advantage 01 •lmplicity. Its drawback 
is that it remains very vague about the elements that determine the capacity of the 
players to hold out. Does it come from their risk aversion, their preference for the 
present, gains while the strike lasts, or alternative wages? It is indispensable for 
the theory of bargaining to state precisely the part played by these different factors. 
The model of Zeuthel). (1930) adopts this perspective, since it represents the behavior 
of the players during the unfolding of negotiations. Today, however, the hypotheses 
adopted by this author to represent the strategic behavior of the players appear ad hoc, 
i.e., incompatible with the postulate of rationality (see the presentation of Friedman, 
1986, p. 159). In this field, the contribution of game theory has been to clarify pre­
cisely how rational individuals behave during the unfolding of negotiations. 

It was the work of Nash (1950, 1953), Stahl (1972), and Rubinstein (1982) that 
made it possible to solve the problem of bargaining in a systematic fashion. Nash 
(1953) approached the question from two different angles, which in practice turn out 
to be complementary. The first is the axiomatic approach, the aim of which is to de­
fine a priori the properties that it would seem natural for the solution to possess. The 
second is the strategic approach, in which the bargaining-process is explicitly for­
malized, but without prejudging the final properties of the solution. In this section, we 
examine the problem of a negotiation between two players (the extension to a larger 
number of participants raises no special difficulties; see, for example, Osborne and 
Rubinstein, 1990). We will look first at the axiomatic approach, then at the strategic 
one, and finally analyze the linkage between these two ways of dealing with the bar­
gaining problem. 

2.2 THE AXIOMATIC APPROACH 
The works of Nash (1950, 1953) marked a decisive step in the analysis of bargaining 
between two agents. The aim of the axiomatic approach is to define the solution to the 
bargaining problem on the basis of a set of properties that it must "naturally" satisfy. 
Nash {1950, 1953) advances four such properties. To be precise, let G be the set qf 
vectors of utility u = ( u1 , u2) that players 1 and 2 can attain at the conclusion of the 
bargaining, and let d = ( d1 , dz) be the vector of the utility obtained in a situation of 
status quo, in other words the failure of bargaining. It is assumed th_at G is compact 
and convex, and that if u e G, u ;>,: d. A set of solutions is then a function f linking 
every pair ( G, d) to a vector uN = ( uf, uf) e G that satisfies the following four axioms: 

(i) Pa~eto optimality. u e G and u ;>,: uN => u = uN 

(ii) InvariU11ce to positive linear utility transformations. \l(a,,a2 ,b,,b2)eR~+ x 
R2 • Let us define the linear function T which links every vector (u,, u2 ) to vector 
(u;, u;) such that u; = a1u1 + b1 fori=1,2; then f[T(G), T(d)J = T[f(G, d)]. 

(iii) Independence of iLTelcvant alternatives. B c G, and f(G, d) EB=> f(B, d) = 
f(G,dj. 

(iv) Symmetry. If d, = d2 and if (u1 , 112 ) e G => (u., u1 ) e G, then uf'" uf. 



j 
The first two axioms signify respectively that the players exploit all mutual 

benefits and that the solution must not depend on a particular representation of their 
preferences. The fourth axiom postulates that the players are "interchangeable" in the 
following sense: when player 1 takes the place of player 2, he obtains the same gain as 
the latter. This property supposes that the players have an identical "bargaining 
power." Axiom (iii) posits that if the players come to an agreement belonging to a 
subset B of the set G of all possible agreements, they will not change their attitudes if 
they confine themselves straightaway to taking into account only the possibilities 
offered by the subset B. 

It is then possible to show that there exist• a unique solution uN satisfying 
properties (i) to (iv). It is defined by (see Nash, 1950, and Osborne and Rubinstein, 
1990, p. 13): 

UN= Arg¥.aJ<(U1 - di)(u, - d,) 

This so-called Nash solution thus corresponds simply to the maximization of the 
product of the net gains of the players. If we suppress the symmetry axiom (iv), we 
arrive at solution uG, called the generalized Nash solution. It is defined by: 

UG = Arg¥.'\l'(u, - d,)'(u2 - d,) 1-'. y E (0, 1] 

In this expression, y represents the bargaining power of player 1. Within the 
framework of the axiomatic approach, this concept lacks precision. We will see below 
that the strategic approach allows us to establish a link between the preferences of 
players, the unfolding of the negotiation, and this notion of bargaining power. 

It also needs to be emphasized that the properties stipulated by Nash have 
sometimes been criticized, and that it is possible to imagine others (see, for example, 
Kalai and Smorodinsky, 1975, who discuss the independence axiom (iii)). As well, it 
can be difficult to define precisely the situation of status quo that corresponds to the 
gains d. During wage bargaining, axe these gains the ones obtained if a strike occurs, 
or do they correspond to outside opportunities, i.e., to gains obtained should the pro­
tagonists go their separate ways? To answer these questions, it is negessary to define 
the bargaining process completely. That is precisely the aim of tho strategic approach. 

2.3 THE STRATEGIC APPROACH 

Stahl (1972) and Rubinstein (1982) worked out the first models of bargaining to use 
the theory of noncooperative games in a dynamic setting describing a process of offers 
and counteroffers. We describe the game that serves as a point of reference for all 
theories of collective bargaining first, then we look at the solutions. 

2.3.1 A Noncooperative Bargaining Game 

In dymuuic nonc:ooperative games, the relevant concept of equilibrium is that of 
"subgame perfect equilibrium." With this concept, it becomes possible to eliminate 
noncredible threats. 

COLLECTIVE BAR6AINING I 383 



384 I PART Two ! CHAPTER 7 

Rubinstein's Model 
We present here a simplified version of the model of Rubinstein {1982). It is a game 
between two persons whose life span is infinite, and unfolds in a discrete sequence of 
periods; in each of these, it is possible for the two players to share a good, the size of 
which is normalized to unity. In other words, in each period the two players have be­
fore them a "pie" of a given size, which they can share if they can reach an agreement 
about how much each will get. If they cannot agree, the pie is forfeited for that period 
and they must content themselves with their reservation utility. To be more precise: 
we assume that on even dates, player 1 proposes a partition (x1, 1 - xt) which player 
2 accepts or refuses. According to this partition, player 1 gets x1 and player 2 gets 
{1- x1). On odd dates, player 2 proposes a partition (y1, 1- y1) which player 1 accepts 
or refuses. The agents have an infinite life span, and at every date their preferences are 
represented by strictly increasing and strictly concave utility functions denoted by 
u1(x) and u2(1- x). Parameters t51 e{O,1) and t52 e {O, 1) will designate the discount 
fuctors. We assume that each player is able to attain an instantaneous level of utility 
ii; = u;(O), i = 1, 2, at every date during the unfolding of the bargaining. These levels 
of utility are exogenous and correspond to what each agent can obtain as long as no 
agreement is reached. Bargaining ceases when an agreement is reached between the 
players. This agreement then applies to all the subsequent periods. In other words, at 
the date an agreement stipulating partition {z, 1 - z) is accepted, the gains of players 1 

and 2 are respectively defined by: 

..[!... , u1 (z) 
U, = L.,01U1(z) =--

l=D l-,- 01 
and 

~ , u.(1-z) 
U2 = L.,o,u2(1- z) =--=---•=• 1 -J, 

In this dynamic game, each agent adopts a strategy that specifies the offers that 
he or she makes, and his or her reactions to the offers made by the other player. A 
strategy pair-one for each player-forms a Nash equilibrium if the strategy of one 
player is the best response to the strategy of the other. Hence, at Nash equilibrium, 
neither player has an interest in modifying his or her plan of action unilaterally at the 
outset of the bargaining. 

Subgame Perfect equilibrium 
In dynamic games, however, the notion of Nash equilibrium thus defined is not com­
pletely satisfactory, since it offers no way to eliminate equilibria resting on non­
credible threats. The example of the ultimatum game illustrates this point. Let us 
imagine a game unfolding over a single period (for example, date t = 0), and let us 
suppose that the strategy of player 1 consists simply of putting forward a partition 
offer (x, 1 - x). Player 2's only options are to accept or reject it. If player 2 accepts the 
offer, he or she receives (1 - x) and player 1 receives x, at which point the game ends. 
If player 2 refuses, each player must be satisfied with his or hor reservation utility ii;, 

i = 1, 2, and the game also ends. Let us now assume that player 2 adopts the following 
strategy: accept every offer x s 1/2 and refuse every offer x > 1/2. The outcomo is a 



} 
Nash equilibrium cha,acterized by the partition (1/2, 1/2), for at this point, each 
player obtains the highest possible gains given the strategy of the other player. Fur 
if player 2 undertakes to refuse every olfer x > 1/2, player 1 's best option is to offer 
1/2. In that situation, player 2 does indeed have an interest in undertaking to re­
fuse any offer x > 1/2. More generally, every partition {x, l - x), x e ro, 1], corresponds 
to a Nash equilibrium. But this type of equilibrium implies that player 2's strategy 
rests on a nnncredibla threat, for when player 1 has put forward an offer x, player 2 
has an interest in accepting every partition such that u2 {1 - x);;,: ii2 = u2{0), which 
is equivalent to x,;; 1. To undertake to rafuse an offer x ,;; 1 is thus not a credible 
th real 

For this reason, the general practice is to adopt a concept of equilibrium that 
eliminates noncredible threats. The idea is to search for each agent's optimal strategy 
at eveiy date (and no longer just at the outset of the game), given all the other actions, 
past and present, chosen by the other agent. A pair of sn·ategies respecting this condi­
tion is a Nash equilibrium for every subgame, i.e., for every date t at which a player 
acts and not just for the initial game that begins at date t = O. The consequence of this 
definition is that no agent individually has an interest in deviating from strategies that 
form a subgame perfect equilibrium, since each individual chooses his or her best 
strategy at eveiy instant. In other words, the players do not prepare plans of action 
which, the moment they were put into operation, it would be in their interest lo 
renounce. 

In the example just given of the ultimatum game, there is just one subgame per­
fect equilibrium. As we saw, player 2 accepts all x s 1, the moment he or she has to 
respond to the offer of player 1. Player 1 knows this, and so proposes the ultimatum 
x = 1. The only perfect subgame equilibrium of the bargaining game, at a period be­
ginning with an offer from player 1, thus ends in a partition (1, O). 

Let us now look at how the concept of subgame perfect equilibrium makes it 
possible to determine solutions to a bargaining process. Clearly the properties of solu­
tions will be quite different according to whether the horizon of the bargaining pro­
cess is finite or in.finite. 

2.3.2 Bargaining with a Finite Horizon (Stahl, 1972) 

Subgame perfect equilibria are obtained by backward induction. We will show that it 
is in the interest of both players to agree at the outwt of the game on a well-defined 

' partition. For that purpose, let us suppose that the final date of the gam0, denoted by 
n, is even. If no agreement has been reached by that time, player 1 would make the 
final offer, and player 2 would necessarily accept any value x,;; 1. So on the final date, 
player 1 would offer Xn = 1. Knowing that, player 2 could, at date n - 1, make an offer 
acceptable to player 1 that took advantage of player l's preference for the present: 
player 2 would offer partition (y, 1 - y) at date (11 -1), knowing that player 1 will 
obtain il1 + L:;".,o~u1 (1) by refusing and I:;'°,0 o:u,(y) by accepting. If we calculate 
the difference between these two quantities, wo see that player 1 accepts all offers y 
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such that: 

u1(y)-ii1 ~o1 [u1 (1) - ii1] 

Since player 2 obtains no more than his or her reservation utility if player 1 

refuses the offer, at date (n - 1) he or she makes an offer acceptable to player 1 which 
is the most advantageous for him- or herself. This partition, (Yn-t. 1 - Yn-il. is defined 
by: 

u1(Yn-·t) - ii1=01[u1(1)- ii1] 

The reader can verify that Yn-t < 1 when &1 < 1 and that Yn-l = 1 if&, = 1. This 
result means that wasting time is "costly" when an agent has a certain preference for 
the present (J1 < 1). The line of reasoning now proceeds backward. Let us place our­
selves at an even date t ,,; n - 2; player 1 makes an offer (x,, 1 - xi) knowing that at 
date (t+l) player 2 will make an acceptable offer {y1.1.i.1-yr+1). Should player l's 
offer be refused, player 2 attains the level of utility ii2 +I:;;'_, iliu2 {1 - Yr+t) and if it is 
accepted, he or she obtains :L:"=ooiu2(1- x1). For player 1, it is optimal that these last 
two quantities be equal and x, is thus defined by relation: 

ll2(l - Xt) - iiz = &,[u,(1 - Yt+1) - iiz] (5) 

Likewise, at odd date (t -1) player 2 makes an offer (Yt-1, 1- Yt-1) knowing 
that player 1 will make an acceptable offer (x1, 1 - x1) at date t. By refusing player 2's 
offer, player 1 obtains ii1 + I:;;"_1 Ji u1 {x1) while he or she attains a level of utility 
I:::°-0 &iu1{y1_1) by accepting. For player 2, it is optimal that these last two quantities 
be equal, and y,_, is thus defined by: 

u1(Yr-1)- ii1 =01[u1(xr)- il1] (6) 

Relations (5) and (6) form a system of difference equations describing the offers 
that one of the players makes at a given date in the knowledge that the other player 
will make an acceptable offer on the following date. St~p by step, it appears that opti­
mal strategies in subgame perfect equilibrium depend on both the initial date and the 
final date of the game. If the game begins at t = o, it is player 1 who makes the first 
offer and the equilibrium corresponds to the partition (x0 , 1 - x0 ) where x0 is the value 
of x, deduced from. the system of equations (5) and (6) at t = o, with Xn = 1. Con­
versely, if the game begins at t = 1, it is player 2 who makes the first offer, and the 
equilibrium corresponds to partition (y,, 1 - y1) where y1 is the value of Yr deduced 
from the system of equations (5) and (6) at t = 1, with Xn = 1. As intuition suggests, 
preference for the present causes the players to have an interest in coming to terms 
right at the start of the game. 

The hypothesis of a finite horizon lets us deJlne a simple solution to the bar­
gaining. It is seldom adopted, howevcr, sincc it gives the terminal date of the game 
such cssential importance. Bargaining over wages, for example, is not generally set in 
such a framework. For this reason, it is no doubt moro relevant to take the view that 
the horizon is a priori infinite, since the date at which a bargaining process will come 
to an end is rarely spelled out. 



2.3.3 Bargaining with ~ .~nite Horizon (Rubinstein, 1982) 
With an infinite horizon, it becomes possible to analyze the stationary strategies of the 
agents directly. A precise description of the bargaining process will better enable us to 
grasp the notion of bargaining power. 

The Outcome of the Bargaining 
When the game horizon is infinite, all subgames beginning on even dates are identical, 
and the same holds true for all subgames beginning on odd dates. Since the players 
are rational, offers made on a date twill be the same as the ones that would have been 
made on date (t + 2). Hence we can characterize a subgame perfect equilibrium based 
solely on stationary strategies. Let us assume that the strategy of agent 1 consists, on 
the one hand, of accepting any offer y;,, y• and refusing any offer y < y• on odd 
dates, and on the other of offering x' on even dates; and let us further assume that the 
strategy of agent 2 consists of accepting every offer x ,;; x• and refusing every offer 
x > x' on even dates, and offering y• on odd dates. For these two strategies to consti­
tute a subgame perfect equilibrium, x• must be the highest value that player 2 (who 
then receives 1 -· x•) is prepared to accept at every date, given y•, and y' must be the 
smallest value that player 1 (who then receives y') is ready to accept, at every date, 
given x*. 

If, on any odd date, player 1 accepts offer y', he or she attains a level of utility 
I:;':.0 o;u1 (y'), while by refusing, he or she obtains ii1 +I:;':, o;ui(x"). The smallest 
value y• that player 1 is prepared to accept at every odd date, given x', is then 
defined by: 

u,(y') - ii,= o,[u,(x') - ii,] (7) 

Symmetrically, the highest value x• that player 2 is prepared to accept at every 
even date, given y•, is defined by: 

u2(l - x')- ii2 =<l2[u2(l - y')- ii2J (8) 

In appendix 1 to this chapter, we show that these two equations define a unique 
solution. The reader may note that relations (7) and (8) could have been obtained by 
making t go to infinity in equations (5) and (6) describing the solufions of the finite 
horizon game. As before, it is preference for the present that gives players an incentive 
to accept an offer. If the game begins on date t = O, player 1 makes the first offer, and 
the solution to the bargaining is defined by partition (x•, 1 - x'), for player 2 is indif­
ferent between accepting this solution now or offering y' at t = 1. Conversely, if the 
game begins on date t = 1, t110 solution to the bargaining is partition (y', 1 - y.'). 

Hence the bargaining process is only virtual in this model, for the players 
have no interest in wasting valuable time in bargaining when they know what 
the uoique solution to the bargaining process is. So this model does not explain 
why bargaining should not be concluded immediately, nor (consequently) why it 
should be interrupted by strikes. We will see below how conflicts may emerge in such 
a setting. 

COLLECTIVE BARGAINING I 387 



388 I PART Two I CHAPTER 7 

Bargaining Power 
Although bargaining is taking place virtually, preference for the present plays a very 
large rolo. Each player's share decreases with preference for the present, which means 
that impatience reduces bargaining power. This general result can be illustrated 
with the help of utility functions u1 (x) = x and u2(1- x) = 1 - x, from which we get 
x• = (1 - 02 )/(1 -o1o2 ) and y' = o1 (1-02)/(1 - o1J2). Player 1 's share increases with 
J1 and decreases with Jz. Moreover, scrutiny of this solution shows that there is an 
advantage in making the first offer, since x• > y•. 

The models of bargaining just laid out are of interest because they describe a 
process that ends with a unique, noncooperativo solution. They show that it is neces­
sary to know with precision the structure of the game, i.e., the whole set of possible 
actions and tho characteristics of the players, in order to define the solution. Note, 
however, that there exist other noncooperative games capable of representing a bar­
gaining process. Binmore et al. (1986) built a model very close to the one set forth 
here, in which, for one thing, bargaining can be interrupted at every instant with a 
positive probability, and for another, it is risk aversion that gives players an incentive 
to accept a sharing arrangement immediately (see Osborne and Rubinstein, 1990, and 
chapter 9, section 3.4, this book). Finally, it must be emphasized that, thanks to the 
precise description of the bargaining process, we now have a better grasp of-the notion 
of bargaining power. In the models we have studied, this notion is linked to a prefer­
ence for the present. An "impatient" player has less bargaining power than a more 
patient one. In the model of Binmore et al. (1986), it is risk aversion that determines 
the power of each player. An agent with low risk aversion will have more bargaining 
power than an agent more hesitant to face the same risks. In the axiomatic approach, 
there was no suitable way to get at this idea of bargaining power. Nevertheless, there 
are linkages between the strategic and axiomatic approaches, which we will now 
clarify. 

2.3.4 The Relationship Between the Axiomatic and the Strategic Approaches 

Nash's axiomatic solutions can also be obtained as limit solutions to a noncooperative 
game in which the interval between two offers has been rendered erbitrarily small. 
Comparison of th~se two approaches clarifies the manner in which the status quo 
points are conceived. 

Convergence on Nash's Axiomatic Solution 
Binmore et al. (19!l6) showed that if the interval between successive offers in Rubin­
stein's game, described above, lends to zero, then the solution converges on the axi­
omatic solution of Nash (1953). When the elapsed time between two successive offers 
goes to zero, the two players arc in the und going lo make identical offers. More pre­
cisely, we show in appendix 2 to this chapter that if the two players have the same 
discou_n_t rates, the solution to Rubinstein's game goes toward xN defined by: 

xN =ArgM_:ix[u1(x) - il1][u2(l - x)- il2] 



Thus we come back Le axiomatic solution of Nash from section 2.1 above, on 
the condition that we identify the gains made in a status quo situation with payoffs 
obtained by the players during the unfolding of the negotiation. 

Binmorc et al. (1986) and Osborne and Rubinstein (1990) have shown that, 
starting with the same Rubinstein's bargaining game, we arrive at the generalized 
Nash solution if we assume that agents have different discount factors or different re­
sponse times. For example, -when the two players have different discount rates, ri > 0, 
the discount factor of player i takes the expression '51 = e-'14, where /1 represents the 
interval between two successive offers. When this interval tends to zero, the solution 
of the Rubinstein bargaining game converges on the following generalized Nash solu­
tion (see appendix 2 of this chapter): 

xG = ArgM,;ix[u1 (x) - ih)'[u2(l - x) - ih) 1-'. (9) 

The most impatient player, i.e., the one for whom ihe discount rate ri is the 
highest, has the weakest bargaining power. 

The Status Quo Situation 
The correspondence between the generalized Nash solution and that of the nonco­
operative Rubinstein's game thus allows us to define both the status quo situation and 
the bargaining power of the players with precision. If the game that allows us to obtain 
the Nash solution is the one proposed by Rubinstein ( 1982), the payments in a status 
quo situation are different from those the players would obtain outside the relation­
ship. In fact, they coincide with the gains they obtain during the negotiation. In the 
case of wage bargaining between a union and a firm, that means that the status quo 
payments should not be defined by outside wages foi' the workers, or by the profits 
that could have been realized with other wage-earners for the firm. These payments 
should correspond to what the agents obtain if there is a strike, i.e., what they can 
receive during the unfolding of the bargaining without resorting to outside oppor­
tunities. The latter should therefore appear in the form of constraints in the bargaining 
problem, since each player must, at the conclusion of the bargaining, attain a utility 
greater than that which outside opportunies offer him or her. Mofe generally, inter­
pretations of the Nash solution are contingent on the noncooperative game that 
underlies them. Hence, the axiomatic Nash solution can be obtained as the limit solu­
tion of a noucooperative game in which the bargaining could be interrupted at any 
moment with a positive probability. In this case, it is risk aversion and the probability 
of the negotiation breaking off that determine both the power of each player and the 
status quo point (see Dinmore et al., 1986, and Osborne and Rubinstein, 1990). 

The Limits of Rationality 
Bargaining theory yields simple models thal define the solution of bargaining between 
rational individuals. The attraction of formal consistency must not, however, hide a 
certain fragility. A number of experiments-see, for example Ochs and Roth (1989) 
and the discussion in Kreps ( 1990)-havo in fact sought to test the validity of the 
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theory. They show that the choices of players are frequt .) different from what 
the rationality hypothesis and reasoning by backward induction, the foundations of 
the logic of subgame perfect equilibrium, would predict. For example, we have seen 
that if one of the players is able to announce an ultimatum in a credible manner, 
the suhgame perfect equilibrium outcome leaves the other player nothing. Numerous 
experiments show that players rarely adopt such strategies. When placed in these 
conditions, it appears that the player who is able to announce an ultimatum will 
rather have a tendency to propose a "fair" partition, leaving a not insignificant part of 
the pie to the other player. Symmetrically, the other player will tend to refuse a parti­
tion that procures him or her a level of utility which he or she views as unfair. Finally, 
it is worth noting that backward induction in certain circumstances requires chains of 
reasoning too complex to be systematically followed through by the players. 

Despite these limitations, the overwhelming majority of collective bargaining 
models follow the Rubinstein approach and adopt the generalized Nash solution-a 
model with simple and precisely defined microeconomic foundations, which can 
subsequently be enriched by abandoning, or adding, supplementary hypotheses. 

2.4 l.ABOR CONFLICT: STRIKES AND ARBITRATION 
The bargaining models presented above do not allow us to investigate labor conflict. 
Labor conflict is a phenomenon that most often takes the form of strikes (where they 
are permitted), or, as in the public sector in the United States, arbitration procedures. 

2.11.1 Strikes 
In the strategic models presented above, strikes are no more than threats which are 
never carried out, for the players are able to anticipate the consequences of offers and 
counteroffers perfectly, without having to experience them. There are, however, two 
ways of accounting for strikes in this context. 

First, it is possible to alter the Rubinstein (1982) bargaining model marginally 
by supposing that the players have a choice between striking or "holding out" -
continuing to work under an out-of-date contract during the unfolding of the negotia­
tion. Solutions to the bargaining game then exhibit an array of subgame perfect equi­
libria, some with a strike and others without (Fernandez and Glazer, 1991). This 
approach is of interest because it shows that strikes can emerge from a bargaining 
process in which the actors can choose among a number of strategius in case of dis­
agreement. Ils limitation is the lack of a clear criterion for selecting a particular equi­
librium from among the various possible equilibria. The predictive power of this 
strike model is thus very low. 

Another course is to assume that the players know each other's characteristics 
imperfectly. The delays in the bargaining then become a means to force the revelation 
of the information each agent disposes of. For example, to withstand a strike may be 
the only. action that allows an employer to prove that he or ~he is incapable of paying 
a high wage (see the summary of Kennan and Wilson, 1993). The frequency of strikes 
ought then to rise with the degree of wicertainty about the profitability of firms. Tracy 



(1986) tested this predicti .\ing the volatility of the return on shares as a measure 
of uncertainty about profitability. He does indeed find a positive correlation be­
tween strikes and uncert!tinty. These models with asymmetric information have been 
enhanced by introducing a choice between striking or holding out. Cramton and Tracy 
(1992), in their data on labor conflict in the United States over the period 1970-1989, 

emphasize that holding out is five times more common than striking. This means that 
it is important to take this characteristic of wage bargaining into account. The model 
of Cramton and Tracy (1992) predicts that strikes will be more frequent to the extent 
that past real wages covered by current contracts have shrunk due to inflation, for in 
this case holding out is more costly for workers. Their empirical results do indeed 
highlight a positive correlation between frequency of strikes and shrinkage of past 
wages. The gains to be made by striking or holding out evidently depend on the labor 
legislation in force. In particular, if the employer is permitted to hire replacement 
workers during strikes, that reduces the harm a strike can do, and thus ought to exert 
downward pressure on the wage negotiated. Cramton et al. (1999) studied the effects 
of legislation allowing the hiring of temporary workers in strike situations, using 
Canadian data from 1967 to 1993. They estimate that wages are 4% lower, and that the 
average duration of strikes is two weeks shorter, when such legislation is on the books. 

2-4-2 Arbitration 
In the United States, arbitration is frequently used in the public sector when strikes 
are forbidden. The arbitrators are generally experts picked by the employers and 
unions, following a procedure set out by the government. For example, in selecting an 
arbitrator for police and firefighters in New Jersey, the New Jersey Public Employmont 
Relations Commission must present a list of seven candidates to representatives of the 
employers and employees; each side has a right of veto over three of the names, and 
must rank its preferences among those who remain. Usually arbitration procedures 
fall into two categories. In conventional arbitration, the arbitrator is free to impose a 
settlement as he or she sees fit. In final-offer arbitrotion, the two sides each make a 
final offer, and the arbitrator must select one of them. 

It is possible to study the effects of arbitration procedures u~ing strategic bar­
gaining models, as long as the objectives of the arbitrator are specified. For example, 
Farber and Bazorman (1986) assume that the arbitrator attempts to minimize the sum 
of square deviations between his proposals and the allocations preferred by the parties 
to the dispute (which permits him or her to maximize his or her chances of being 
nominated again in the future, according Lo Faber and Bazerman). Let· us consider a 
conventional arbitration procedure in the bargaining game from section 2.3.1 above, 
where two players are trying to split up a pie of size 1. When the arbitrator allot.• sharo 
x to player 1, player 2 obtains a complementary share of 1 - x. If we assume that the 
players are risk-neutral and that each player wants to obtain the whole pie, the arbi­
trator's problem can be written as follows: 

MJn a(x - 1)2 + (1- a)x', 0 <a< 1 
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In this expression, a is a parameter representing Jrelative weight of player 1 
in the arbitrator's goal and the term (x - 1) 2 (or x2) designates the square deviation 
between the share allotted to player 1 (or 2), and his or her preferred allocation. The 
solution of this problem corresponds to the partition x0 chosen by the arbitrator. It is 
defined by: 

Xu= rJ. 

Let us assume that the players know the arbitrator's preference a imperfectly 
and that they anticipate values cc, and a2 , which may tum out to be different. If going 
to arbitration has a cost denoted by c1, i = 1, 2, (the cost of wailing for the arbitrator's 
decision, for example), player 1 anticipates that with this procedure, his or her net 
gain will be equal to oc1 - c,, while player 2 anticipates a not gain amounting to 
1 - oc2 - Cz. Consequently, the players have no interest in going to arbitration if they 
can agree on a partition x satisfying the two inequalities x :<?: a1 - c1 and 1 - x :<?: 1 -
•2 - Cz. Partitions negotiated without mediation thus fall in the interval [•1 - c1 , 

a2 + c2]. This interval is not empty when a1 - c1 ::; a2 + Cz. In the opposite case, which 
corresponds to inequality a1 - a2 > c2 + c1, the players will resort to arbitration. This 
model shows that the probability of using the arbitrator diminishes with the sum 
(c2 + c1) of the costs and increases with the relative optimism (a1 - a2 ) of each side. 

For the purpose of illustrating this example in a simple context, let us assume 
that the players know the true value of cc, and that the bargaining process is repre­
sented by the Rubinstein model from section 2.3.3 above, in which there exists an 
exogenous probability that the outcome of the negotiation will be settled by conven­
tional arbitration between each offer and counteroffer. More precisely, let us suppose 
that the probability that the bargaining will break off during the interval of time d 
following a refusal by player i is equal to ellp;. That being so, the bargaining is 
represented by problem (9) from section 2.3.4 with ii1 =cc - c1 , a,= 1- a - c2 and 
y = p 2/(p1 + p2). We then get the solution2 x = y(a - cz) + (1 - y)(a - c1) •. We see that 
the outcome of bargaining in the presence of a conventional arbitration procedure 
depends on the probability of the arbitrator intervening, on the arbitrator's prefer­
ences, and on the cost of arbitration. The bargaining modRl in the presence of a final­
offer arbitration procedure comes to the same qualitative conclusions (Farber and 
Bazerman, 1986; Ashenfelter et al., 1992). 

This model shows that decisions assigned lo arbitrators play a determining role. 
They influence not just the occurrence of arbitration procedures, but also the wages 
settled by bargaining, even without the effective intervention of an arbitrator. Empiri­
cal work suggest• that arbitrators all have approximately the same criteria, depending 
on the observable characteristics of employers and employees. In other words, the 
"interchangeability hypothesis" concerning arbitrators, based on the assumption tlrnt 
arbitrators maximize their probability of being nominated again in the future, which 
wo did assume in the model above, is not generally rejected (Farber and Bazerman, 
1986; Ashenfelter, 1987). This model is also compatible with the fact that recourse to 
an arbitrator is less common when the costs of going to arbitration are higher (Ashen-



feltar et al., 1992). ~i.ureover, comparing the wages of police officers in states with a 
system of arbitration and in ones without between 1969 and 1998 in the United States, 
Ashenfelter and Hyslop (2001) estimate that the presence of a system of arbitration 
has no significant effect on the average wage, and appears to reduce the dispersion of 
wages only slightly. Finally, all empirical work suggests that the two arbitration pro­
cedures, conventional and final-offer, have similar effects on the frequency of conflicts 
and on wages. 

We have been studying the bargaining process in a very general framework, 
which might as easily have comprised individual negotiations as collective ones. 
This has allowed us to present simple models that clarify the factors that influence 
the partition of surpluses between two protagonists. In what comes next, we will 
direct our attention to collective bargaining between workers' representatives and 
employers. 

3 STANDARD MODELS OF COLLECTIVE BARGAINING 

Models of collective bargaining generally consider an environment with a firm that is 
able to make positive profits and a union that negotiates wages for all employees. The 
first model to represent collective bargaining between a firm and a union was the 
"monopoly union" model of Dunlop (1944), in which the union sets the wage unilat­
erally, koowing the labor demand of the firm. The "right-to-manage" model (Nickell 
and Andrews, 1983) generalizes this case by assuming that wages are bargained over, 
with the employer retaining the prerogative to hire and fire. This hypothesis is actu­
ally highly questionable, inasmuch as unions and employers may have an interest in 
negotiating over variables other than wages. On that basi.•, two models have arisen: 
tbe model of weakly efficient bargaining over wages and employment, and the model 
of strongly efficient bargaining, in which the protagonists can negotiate about as many 
variables as they jndge necessary. 

3.1 THE RIGHT-TO-MANAGE MODEL 
The right-to-manage model is a generalization of the union monopoly_ model, with the 
assumption that the firm always decides its own labor demand, hut that wages are 
bargained over. 

3.1.1 The Negotiated Wage and the Employment Level 

Here we consider a union composed of N identical workers. The union's objective is 
to maximize the expected utility of each of its members, knowing that if the firm's 
labor demand is less than the number of union members, the employer chooses whom 
to hire at random. When the wage paid by the firm is equal to w, an individual who is 
hired attains a level of utility equal to v(w), and one who is not- ··an unemployed 
parson-obtains v(w). In this expression, w is an exogenous parnmetcr designating 
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the reservation wage, taken to be equivalent. to a unemp. II person's income. We 
can assume that a person looking for work can always be hired in a perfectly compet­
itive labor market offering wage W to every employee. Unless the opposite is explicitly 
stated, we will assume that the members of the union are risk-averse (v" < 0). Let L be 
employment. The union's objective is then written: 

-Y, = tv(w) + (1 - t)v(W) with t = Min(l,L/N) 

The union is facing a firm that has a competitive advantage that allows it to 
make strictly positive profits: its market i• protected by entry costs (see chapter 5, 

section 2.2). When wage w is fixed, the firm's profit takes the form II= R{L) - wL, 

where R(L) designates the revenue function (this function is such that R' > O and 
R" < 0). Profit maximization gives the labor demand of the firm: it is defined by 
L0 (w) = R'-1 (w). 

In the unfolding of the bargaining process, we will follow the standard practice 
in the literature and assume that the members of the union get the level of utility of an 
unemployed person and the employer gets zero profit in case of disagreement. If 7 

designates the power of the union then the negotiated wage solves the following 
problem: 

with 

subject to: 

Ld(w) s; N and W2' W 

For an interior solution, the maximization of the logarithm of the generalized 
Nash criterion gives the first-order condition: 

y dLd(w) ywv'(w) (1-y) dIT(w) 
Ld(w) ---;r,;-+ v(w)- v(w) + IT(w) dW = O 

Let 17{; = -(w/L)(dL/dw) and 11':, = -(w/IT)(dIT/dw) be respectively the absolute 
values of the elasticity of employment and profit with respect to wages. In general, 
these quantities depend on the wage w. Jn order to study their influence on the latter, 
it proves useful to assume that they are increasing functions of parameters ZL and z •. 
In other words, we·can posit 7/{; = 17{;,(w,zL) and 11':, =11':,(w,z.) with 017{;/iJzL > 0 and 
iJ'!':,/iJz. > 0 by definition. The first-order condition is then written: 

- _ L • ywv'(w) 
<l>(w, w,zL,z,,y) = -711w-(1-y)7/w + v(w)-v(w) 0 

The second-order condition is satisfied when <l>w < O. Furthermore, for every 
parameter x, we have ow/iJx ~ -!J>x/<l>w. In consequence, 1Jw/iJx is of the sign of <!>,. 

Hence, as: 



we see that the wage is • J1creasing function of the bargaining power y of the union. 
The marginal productivity of labor being equal to this wage, employment decreases 
with parameter y. The same reasoning shows that the wage is an increasing function of 
the income w of a jobless person. The reader will also be able to verify that function <I> 

depends negatively on parameters ZL and z,. That means that any increase in the 
absolute value of the wage elasticity of labor demand or profit entails a reduction in 
the wage. 

3.1.2 Markup and Union Power 
The first-order condition also allows us to express the difference between the gains 
made by a worker who is hired and those of a jobless person. Thus we have: 

v(w)-v(W) y 
wv'(w) = y11!;, + (1 -y)17~ = µ, 

(10) 

This equation shows that those who are hired have a utility greater than that of 
the jobless, given that y > O. To be precise, variable µ, is interpreted as a markup 

indicating the gap between the utility of a worker with a job and that of a jobless per­
son. At the optimum of the bargaining problem, this markup increases with union 
power y and decreases with the absolute values of the wage elasticity of labor demand 
and profit. In the limit case in which the union has all the bargaining power-the 
"monopoly union" model-the gap between the utility of an employee and that of a 
jobless person depends only on the wage elasticity of labor demand. When the union's 
bargaining power is null, workers hired and the jobless have the same gains. Such a 
situation is generally described as competitive, inasmuch as employees get no "rent" 
with respect to the jobless. The negotiated wage then equals the reservation wage W. 

If the revenue function of the firm is homogeneous of degree a e (0, 1), then we 
have 11!;, = 1/(1 - a), 'I~ = a/(1 - ex), andµ,= y(l - cx)/(y(l - ")+a). In this case, shocks 
to productivity or the firm's selling price do not affect the wage and lead only to em­
ployment adjustments. According to Bruno and Sachs (1985), this property makes it 
possible to explain the rigidity of real wages observed on aggregate data in the OECD 
countries at the end of the 1970s and beginning of the 1980s (see also chapter 8). 

In figure 7 .5 we represent the solution of the right-to-manage model. Note that 
an indifference curve for the union, defined by the equation L[v(w) - v(W)I =est, has 
a negative slope in the plane (L, w) when L:;;; N. Differentiating this equation, one 
gets: 

dwl =·-[v(w)-::v(W)] <O 
dL -.;-c" Lv'(w) -

<f'w I = [v(w) - v(W)] {z '( ) _ v"(w)[v(w) - v(W)]} 
dl,z -.;-c•t L 2[v'(w)] 2 v w v'(w) 2' O 

The indifference curves are thus decreasing and convex. Moreover, they have a 
horizontal asymptote at the point w =Win the plane (w,L). We can also show that an 
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(O<y< I) 

w,, 
IT=cst (y=O) 

L'(w) 

L 

flGURE 7.5 
The right-to-manage model. 

isoprofit curve, defined by the equation R(L) - wL =est, reaches a maximum on the 
labor demand curve. Differentiating this equation, we get: 

d'w! 

dL 2 \n=cst 

R'(L)-w 
--L-

LR"(L) - Z[R'(L) - wJ 
L2 

The first eq nation implies that the isoprofit curves have a horizontal tangent on 
the labor demand curve, where R'(L) = w. Moreover, the second equation implies, 
together with the concavity of R(L), that the isoprofit curves are concave at the point 
whore they cross the labor demand curve, which means that the isoprofit curves reach 
a maximum on the labor demand curve. 

In the right-to-manage model, the solutions lie on the labor demand. If the 
union's bargainirig power is zero, the wage is equal to W and the isoprofit curve is 

tangential to the union's indifference curve at point E0 (the first-order conditions of 
profit maximization entail that tho isoprofit curves have a zero slope when they cross 
labor demand). In the other extreme situation, in which the union disposes of all 
the bargaining power, the solution lies at point E1 , where the indifference curve of the 
union is tangential to the labor demand. In all cases lying in between (0 < y < 1) the 
solution lies at point E on the portion of tho labor demand delimited by points E0 

andE1 . 

The monopoly union model, and more generally the right-to-manage model, 
come.to the conclusion that the bargaining power of unions lowers employment. They 

are not, however, totally sutisfaL:tory, because the union and the employer agree, when 



i 
y > 0, on a Pareto-inoil!cient contract. At every point E "i' E0 , figure 7 .5 shows that the 
indifferenco curves and the isoprofit curves are not tangent. Starting from point E, the 
employer and the union could thus agree on an employment-wage pairing that would 
raise the level of satisfaction of at least one of them. In this regard, Leontief (1946) 

pointed out that it was possible to reach Pareto-efficient allocations by bargaining over 
wages and employment. 

3.2 EFFICIENT CONTRACTS 
The outcome of collective bargaining is not usually a mere agreement about wage. The 
number of hours to be worked, working conditions, employment, and union repre­
sentation are also privileged as objects of negotiation. The right-to-manage model is 
thus seen to lie relatively far from reality. In this subsection, we will study the prop­
erties of collectivo bargaining over a number of variables. It will be instructive to be­
gin hy examining the case in which the bargaining is about just two variables, wages 
and employment, then extend the analysis to larger numbers of variables. We will see 
that assuming that bargaining does not concern wages alone leads to very different 
predictions from those arrived at with the right-to-manage model. In particular, 
increases in union power are not necessarily bad for employment if a sufficient num­
ber of topics are bargained over. Moreover, this approach is useful in overcoming 
certain limitations of the simple models developed hithe1"lo, which assumed a homo­
geneous labor force, while in reality unions are generally composed of members with 
different productivities. Considering unions composed of· heterogeneous workers, 
which bargain over many variables, allows us to show that collective bargaining has a 
tendency to reduce wage dispersion among workers with different productivities. 

3.2.1 Weakly Efficient Contracts 
If bargaining is not solely about wages, the other variables to be agreed on must, di­
rectly or indirectly, have an influence on the level of employment. For this reason, 
MacDonald and Solow (1981) proposed to represent collective bargaining by a negoti­
ation over employment and wages at the same time. In this case, the bargaining prob-
lem is written: ' 

Max[R(L) - wLJ'-'[v(w) - v(W))'L' 
{w,L) 

subject to: 

05,L,;,N and 

For the interior solutions, differentiating tho Nash criterion with respect to Land 
w, the first-order conditions imply: 

(1-y)~~--w +l'=o 
R(l.)- wL J, 

--(1-y)--L-. -+y----"'.'(w) --- = 0 
R(L) - wL v(w) - v(W) 
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w 

V,= est (y > 0) 

w,. 

L"(w) 

L 

flGURI. 7.6 
The model of bargaining over wages and employment. 

Eliminating parameter y between these two 1·elations, we find the equation of the 
contract curve. It is written: 

w- R'(L) = v(w) - v(W) 
v'(w) 

This curve represents the locus of the tangency points between the curves of 
isoprofit and isoutility. Hence, bargaining over wages and employment arrives at a 
Pareto-optimal contract. Differentiating the equation of the contracts curve gives: 

dw R"(L) 
dL = v"(w)[w - R'(L)] 

We see that the contract curve has a positive slope if workers are risk averse 
(v" < 0). This situation is represented in figure 7.6, where we see that wages and em­
ployment increase with the union's bargaining power, since the union utilizes its 
room for maneuver both to protect workers against the risk of unemployment and to 
increase their remuneration. When y = o, the negotiated wage is equal to the reserva­
tion wage, and employment reaches its "competitive" value as defined by the equality 
between marginal revenue and W (this equality is often called the productive effi­

ciency condition). This solution corresponds to point E0 in figure 7.6. The presence of 
tho union thus entails a level of employment higher than that which would prevail in 
a competitive situation. If workers are risk-neutral (v" = 0), the contracts curve is a 
vertical line in plane (L, w), having the competitive level of employment as its ab-



scissa. Employment decruuojS with the bargaining power of the union only if workers 
are risk lovers. 

The model with bargaining over wages and employment entails a level of em­
ployment that equalizes the marginal revenue and the reservation wage w only when 
workers are risk neutral. If workers arc risk-averse, this type of bargaining yields 
overemployment, since the marginal revenue is less than the reservation wage. In 
other words, bargaining over wages and employment generally does not entail pro­
ductive efficiency. For this reason, bargaining over employment and wages is fre­
quently described as "weakly efficient." 

3.2.2 Strongly Efficient Contracts 
A priori, nothing prevents the union and the firm from coming to an agreement over 
certain variables other than employment and wages, if they have a mutual interest in 
doing so. Hence we will assume that bargaining also extends to unemployment insur­
ance benefits. We then see that the solution to the bargaining always arrives at an 
equalization of the marginal revenue from labor and the reservation wage. 

The Indifference Principle 
Let b be the unemployment benefit paid to each unemployed union member. Assum­
ing that a jobless person can receive income w under all circumstances, he or she then 
attains a level of utility equal to v(w + b). In this static framework, such an unem­
ployment benefit can also be interpreted as a severance payment given to workers 
forced to leave the firm. In this case, the number N of workers bargaining with the 
firm is equal to the number of employees present in the firm at the beginning of 
the period taken into consideration (see Booth, 1995b, for example). Let us consider 
the situation in which bargaining extends directly to wages w end unemployment 
benefit b, with the firm preserving the "right to manage." Let((/= (w, b), w;;,; w + b be 
a contract of this type. We will show that, if workers are risk-averse (v" < 0), this 
contract is Pareto dominated by a contract <i = (w,ii) giving the same utility to the 
jobless and to employees, whatever the level L of employment. "I;o that end, let us de­
fine the components of <i in the following manner: 

w=tw+ (1-t)(w+b) with t=Min(L/N,1) andb= w- w 

By construction, contract <if satisfies v(w) ~ v(b + w). Moreover, risk aversion 
~ntails: 

v(w) = v[tw+ (1-t)(W+ b)) 2': tv(w) + (1 ·-t)v(IH b) 

Lot ·r, and ·f. be the expected utility of a union member with contract ((/ and 
contract <i, respectively. We then have: 

~ '" tv(w) + (1 -t)v(w + b) = v(w);;,; -r, 

Thus the ilnion always prefers contract '8 to contract ({/. As well, it is easy 
to verify that the firm is indifferent. Employment L being the same in both typos of 
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contract, revenue R(L) is thus identical. A simple calculatil,_ Jhows that the total 
wage bill does not change either. It is given by: 

wL+b(N-L) = wL+ (w- W)(N-L) = wL- W(N -L) 

= [Lw+ (N-L)(w- W)]- W(N -L) = wL+b(N-L) 

The passage from contract 'I to contract 'C thus involves an improvement in the 
Pareto sense. In consequence, optimal contracts will respect the "indifference princi­
ple" v(w) = v(W + b). Workers are then perfectly insured. against the risks of un­
employment, without that affecting the value of the firm's profit. Note that this 
conclusion does not depend on the employer's attitude to risk, since revenues and 
total wage bills are strictly identical for the two types of contract '(! and ril. 

The Optimal Contract 

On the basis of the foregoing, when unemployment benefits are included in the nego­
tiated variables, it is enough to study contracts of the form'(/= (b+ W,b). Profit is 
then written: 

Il=R(L)- WL-bN 

We see that, from the point of view of the firm, it is as if it were paying wage b 
to all members of the union, and compensating those who were actually working by 
offering them a supplement W. Profit maximization thus defines a labor demand L • 

independent of the unemployment benefit b. The firm simply makes marginal revenue 
equal to the reservation wage: W = R'(L '). In sum, the negotiation will only concern 
the unemployment benefits b. We will assume that in case of disagreement the firm 
does not pay these benefits. Moreover, its profit is zero in this case, because it is 
assumed that nobody is working. The utility of each worker then being equal to v( W), 
the contribution -Y, - v( W) of the union to the Nash problem is equal to v(b + W) -
v(W). The reader will note that the union's objective is independent of the level of 
employment, since all workers are insured against the risk of unemployment. If we 
assume L • < N, the bargaining problem takes the form: 

Mf'[R(L')- WL' -bN]H[v(W+ b)- v(W)]' 

The optimal level of unemployment benefits is then defined by: 

v(W+b)-v(W) 
v'(w+b) 

y [R(L') - WL' -bN] G ___ N ___ _ with w = W +band R'(L ') = W 

The possibility of bargaining over tl1e amount of the unemployment benefits as 
well thus has the effec:l of making the level of employment equal to its competitive 

value. The union members obtain a portion of the firm's profit, which increases with 
their bargaining power, without that causing reducod production or employment. In 
this context, tlie contrac:t curve, whic:h is the locus of the tangency points between 
the union;s isoutility curves and the firm's isoprofit curves, is a vertical line defined 
by the relation R'(L) _c W. For an optimal contract, tho utility function of the union 



w 

L 

f'l&URI 7.7 

The strongly efficient bargaining model. 

is written 1'; = v(w), and the expression of the firm's profit is II= R(L) - WL­

(w- W)N. We thus get: 

- =O dwl 
dL 't'~=r.st 

and dwl 
dL n=cst 

R'(L)-W 
--N-

The graphic representation of the strongly efficient bargaining model is given in 
figure 7.7. In this model the opportunity to bargain over unemployment benefits 
makes it possible to insure workers against the risk of unemployment. Bargaining of 
this kind, which reconciles productive efficiency and Pareto efficiency betweeo the 
union and the firm, is called strongly efficient, in order to distinguish it from bargain­
ing limited to employment and wages, in which it is impossible to a'rrive at productive 
efficiency when workers ara risk-averse. 

3.2.3 Collective Bargaining and Wage Dispersion 

Collective bargaining generally covers workers whose productive characteristics are 
heterogeneous. Very frequently; workers with different skill levels are represented by 
the same union. We will show that collective bargaining models suggest a tendency to 
reduce the spread of wages, as compared to a situation in which workers are remun­
erated at their marginal productivity. This result is confirmed by empirical studies 
(see section 6.1.2). 

Let us consider a firm with two typlls of workers indexed by i ' • 1, 2, whose rev­
enue is given by R(L1, L,), where .L1 .. designates the number of employed workers of 
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type i, and R is a concave function increasing with respect __ l.ch of its arguments. 
Workers of type 1 have higher productivity than workers of type 2, which leads to a 
higher reservation wage for workers of type 1. By hypothesis, we thus have W1 > W2• 

Assuming that the firm's employment pool comprises N; workers of type i, a utilitar­
ian union representing all the workers has as its objective: 

2 

11; = I;L1v(w1) + (N;-L1)v(W; + b;), L;,;;N; 
,,,.,.1 

In this expression, b; designates the amount of unemployment benefits paid to a 
worker of type i by the firm. We assume that the bargaining is strongly efficiont. That 
means that it covers unemployment benefits as well as employment and wages. As in 
the precediog model with a homogeneous workforce, employees' risk aversion always 
entails the indifference principle. Thus, the optimal contract necessarily satisfies 
w, = W; + b;, i = 1, 2. The Nash problem is then written: 

[ 
2 ],_, [ 2 ]' 

Max R(L,,L,)- L(W1L1+b1N1) I;N1[v(W;+b1)-v(W1)] 
{b,,b:z,L1,Lz} i=l i=t 

subject to: 

O,;;L;,;;N;, i= 1,2 

The first-order conditions are found by setting to zero the derivatives with re­
spect to L; end b1 of the logarithm of the Naah criterion. For the interior solutions, we 
thus get: 

oR(L,,L,) _ ----ar:;- = W;, i = 1, 2 (11) 

v'(-· + b·) _ (1-y)[L.;f_, N;[v(W1 + b1) - v(W;)]] 
w, ' - y[R(L,,L,) - l.:~~1 (W1Li + b1N1)] ' 

i= 1,2 (12) 

Equality (11) is a consequence of the hypothesis of strongly efficient bargaining. 
It indicates that the marginal productivity of each type of worker is equal to his or her 
reservation wage: the condition of productive efficiency is thus satisfied for each skill 
category. The right-hand side of equation (12) is a quantity independent of index i, so 
the wages w; = W1 + b1 of the two types of worker are identical. Collective bargaining 
thus leads to the same wage level for the two types of worker, even though their -pro­
ductivities are different. This result is due to the properties of the utilitarian criterion 
of the union. All the workers being identical in terms of preference, and all having the 
same weight in the union's objective, the concavity of function v(.) entails that the 
union always prefers a contract o~ering identical wages. Formally, this property can 
be proved with inequality: 

N1 -- N, [N' N, l N, +N, v(w,) + N, +-N;"v(wz),;; v N, +Nz w, +N~ +N, w, 



According to this i. • .,.{uality, given a contract offering wage w; to N; workers of 
type i, the union's contribution to the Nash criterion will always be greater with a 
contract offering the same wage, equal to [{N1/{N1 + N2))w1 + {Nz/(N1 + Nz))wz], to all 
the workers. Collective bargaining thus reduces wage dispersion with respect to a 
competitive situation in which each worker would receive his or her reservation wage 
W;. It should be noted that the equalization of the wages of different types of worker is 
obtained under very restrictive hypotheses. In particular, the union has to attribute 
the same importance to the different categories of worker, and the bargaining must be 
strongly or weakly efficient (it can be verified that bargaining over employment and 
wages also ends in equalized wages). Conversely, bargaining over wages alone gener­
ally arrives at a different result, since the wage of each manpower category depends 
on the labor demand elasticity of that particular category. This model nevertheless 
illustrates the fact that collective bargaining potentially has the effect of reducing the 
spread of wages. 

3.3 IS BARGAINING EFFICIENT? 
We have just seen that collective bargaining leads to efficient contracts if unions and 
firms do actually bargain over wages, employment, and perhaps other variables like 
unemployment insurance benefits or severance payments. Manning {1987), Espinosa 
and Rhee (1989), and Strand (1989) have suggested that a contract covering employ­
ment and wages is more difficult to negotiate than a contract simply covering wages, 
inasmuch as an efficient choice of the level of employment of each type of manpower 
requires a thorough knowledge of the firm and must prescribe contingent contracts 
when the environment is uncertain, as the analysis developed in chapter 6 shows. On 
the other hand, bargaining over unemployment benefits or severance payments raises 
incentive problems that may prevent the achievement of efficient contracts. 

3-3.1 Negotiations over Employment 
The model of Manning (1987) starts with the principle that the power of the union 
varies according to which variables are being bargained over. It nonetheless adopts 
the same sequence of decisions as that of the right-to-manage mod~!, i.e., the firm and 
the union agree at the outset on the amount w of wages. Knowing that, they launch a 
bargaining process over the level of employment, tho outcome of which corresporuls 
to the solution of the following Nash problem: 

Max[R(L) - wLJ 1- 1'[v(w) - v(W)]''L'' 
I. 

subject to: 

Os;Ls;N 

Parameter Yi<' [o, lj designat.os the power of the union during tho bargain­
ing over employm•nt. The solution of this problem defines labor demand, or L = 

i.(y1_, W, w), a function of wage w negotiated beforehand, bargaining power Yi. and 
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' reservation wage W. Bargaining over wages takes this l~_ ,/ demand L into account 
and is represented by another Nash problem: 

M~[R(L)- wL]Hjv(w) - v(W)J'(L)' 

subject to: 

L = l(]L, W, w) and w~W 

Parameter ye jO, 1] designates the power of the union during the bargaining over 
wages. The two-stage solution of this bargaining process corresponds to that of the 
right-to-manage model if Yi = 0, and to that of the weakly efficient contract model 
when Yi. = 7. In all other cases, the solution is not found either on labor demand or the 
contract curve. 

Manning (1987) justifies this description of the unfolding of negotiations by 
arguing that wages, in general, are determined before employment is, but that that 
does not mean that unions never play a part in determining the level of employment. 
He also points out that bargaining over wages takes place at a more centralized level 
than bargaining over employment. The latter is often informal in nature and takes 
place primarily at the level of the firm or the plant. These two reasons can indeed 
justify a representation of bargaining by a two-stage process, as well as different bar­
gaining. powers according to whether the bargaining is taking place over wages or 
employment. The model of Manning (1987) offers the advantage of showing that bar­
gaining over employment and wages does not necessarily conclude with an efficient 
contract. It is not, however, completely satisfying, for the two-stage representation, 
strictly separating bargaining over employment from bargaining over wages, has no 
precise theoretical foundation. It is, moreover, difficult to interpret the difference be­
tween bargaining power over employment and bargaining power over wages, on the 
basis of a noncoopcrative game. 

Espinosa and Rhee (1989) and Strand (1989), starting from a different perspec­
tive, arrive at a conclusion close to that of Manning (1987). They consider a repeated 
game with an infinite horizon, in which a union and a firm bargain over wages at pre­
determined dates. In this framework, the decision to bargain over employment corre­
sponds to a cooperative strategy within a strategic structure of the prisoner's dilemma 
type. The firm has an interest in bargaining over employment, and in hiring workers 
whose marginal productivity is lower than their wage, only if the union agrees to 
lower wages. But once wage concessions have been extracted, the firm has an interesl 
in renouncing its implicit undertaking regarding employment by equalizing the mar­
ginal productivity of labor to wages. Espinosa and Rhee (1989) and Strand (1989) 
exploit the properties of repeated games in order to show that bargaining will only 
implicitly cover employment if lhe firm has a sufficiently weak preference for the 
present. They further prove the existence of values of the firm's discount rate for 
which. the solution of the bargaining lies between the labor demand curve and the 
contract curve. 



These contributions suggest, overall, that the right-to-manage model, and the 
modul of bargaining over wages and employment represent limit cases of the same 
model. 

3.3.2 Negotiations over Unemployment Benefits or Severance Payments 

Negotiations over unemployment benefits or severance payments raise incentive 
problems that may constitute a barrier to obtaining efficient contracts. The strongly 
efficient bargaining model just presented does indeed come to the conclusion that the 
jobless, or workers who are fired, have a level of welfare identical to that· of workers 
who are employed. The majority of empirical studios (see, for example, Atkinson and 
Micklewright, 1991, and Clark and Oswald, 1994) find that unemployment benefits 
are far from offering perfect insurance. The situation of those who do have a job is 
preferable to that of the jobless. Imperfect unemployment insurance may come from a 
moral hazard problem (see chapter 6). Kiander (1993) shows that it may be optimal to 
insure workers partially if excessively high unemployment benefits reduce the job 
search effort of the unemployed, and if checking on this effort proves too costly. 
Kiander's analysis applies to a representative union in a position to set unemployment 
benefits at a centralized level, as in Sweden, for example. The moral hazard problem 
is even clearer at the local level. It lets us understand why unions do not generally 
negotiate supplementary unemployment insurance at the level of firms in their labor 
pool. Benefits of this kind would risk attracting a large number of unemployed per­
sons, which would cut back the profits of firms and the wages of workers in that labor 
pool. Layard et al. {1991, p. 95) have in fact observed that, with very few exceptions, 
collective agreements signed at the level of the firm do not make provision fDl' unem­
ployment benefits. 

To this point we have assumed that the union represented all the workers in 
the labor pool of the firm in question. At bargaining time, however, workers do not 
nil have the same status. Some are unemployed, while others have a job. Actually, 
the unemployed are generally excluded from the bargaining process. They are 
"outsiders," with no power to influence the decisions of nrms. Conversely, the 
"insiders"-the employees-can defend their interests and exriloit position advan­
tages without having to worry about the effects on the outsiders. Does this exclusion of 
outsiders from the bargaining explain their exclusion from employment? This is the 
question the following section will try to answer. 

4 INSIDERS ANO OUTSIDERS 

Numerous contributions have explored the consequences of the opposition botween 
insiders and outsiders (sec the survey of Lindbeck and Snower, 2001). following 
Blanchard and Summers (1YH6), Gottfritis and Horn (1987), and Lindbeck ancl Snower 
(1987), we will assume that the insiders bargain over their remuneration collectively. 
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These authors, lo whom musl be added Layard et aL ( 1' /,have maintained that the 
opposition between insiders and outsiders might constitute an important source of 
unemploymcnl, and might al:m explain its persistence. This result is not, however, 
confirmed by empirical observation, and on top of that, it is arrived at by arbitrarily 
limiting the set of variables covered by the bargaining, If we abandon these restric­
tions, we see that the opposition between insiders and outsiders gives us an expla­
nation for the segrnentalion of lhe labor market rather than for the persistence of 
unemployment 

4.1 INSIDERS AND THE PERSISTENCE OF UNEMPLOYMENT 

The specific human capital of insiders and the costs of hiring and firing entail that 
insiders have the chance to exploit a position advantage, for they can obtain a wage 
higher than the wage for which the outsiders would be willing to work, with no dan­
ger to their jobs, as long as the cost of replacing them is sufficiently high. The opposi­
tion between insiders and outsiders should thus make it possible to explain why firms 
refuse to hire persons willing to work for wages lower than those being paid to the 
insiders. 

4.1.1 The Wage-Employment Relationship 

We will work with a model close to that of Lindbeck and Snower (1987, 1988) in 
which the firm cannot hire an outsider unless it keeps all its insiders. It is then possi­
ble to show that there is a decreasing relationship between the negotiated wage and 
the initial stock of insiders. 

A Simple Model 

.In the insiders-outsiders model, it is important to pinpoint how, and after how long, a 
person just hired-an "entrant" -accedes to the status of insider. We will sidestep the 
complications linked to this aspect of the problem by taking the view that the furn and 
the insiders negotiate in a timeframe limited to a single period. That being so, the 
future of entrants plays no part in the choice criteria of the insiders, since at the end of 
this period entrants do not become insiders, More precisely, we will assume that the 
firm disposes of a stock Lo of insiders and that it must decide on the number 11 ~Lo 

that it wants to reiain, as well as the number L,, 2 0 of outsiders that it wants to hire. 
To simplify, we take it that insiders and entrants are perfectly substitutable in pro­
duction. The firm's revenue is then written R(L1 +LE)· Nonetheless, we will assume 
that it is impossible to replace insiders with outsiders, an impossibility explained by, 
among other things, hiring and firing costs (which for simplicity do not appear in the 
model; see Lindbeck and Snower, 1988, for a more complete analysis). We could also 
take into account the productivity differential between insiders and outsiders by, for 
example, adopting the representation R(L1 + aLE) with a< 1. This formulation would 
measurably increase the complexity o[ the exposition without changing the general 
import of the results (see also Lindbeck and Snower, 1988). We assume, too, that all 
employees receive the same wage w. 



The setting for the analysis is the right-to-manage hypothesis. The insiders then 
bargain over wages with the employer, who subsequently adjusts employment so as to 
maximize his or her revenue. The firm's profit is written: 

fl= R(L1 +Ls) - w(L1 +Ls) 

Labor demand is broken down into L1 insiders and LK entrant•. It is found by 
maximizing profit subject to constraints L1 ,;; L0 and L•· ?. 0. Let us define wage w0 by 
R'(L0 ) = w0 and let i be the level of employment such that the marginal revenue 
equals the current wage, or R'(L) = w. Labor demand then takes the following form: 

L1=L and L•·=O ifw?.w0 

L1 = Lo and L5 = i - Lo if w ,;; Wo 

(13) 

(14) 

The marginal revenue being decreasing, relation (13) entails that, if w > Wo, the 
insiders do not keep all their jobs, for we then have L1 = i < L0• 

The Negotiated Wage 

The expeL"ted utility of an insider is written: 

"I"/= tv(w) + (1-t)v(w), t = Min(l, L/Lo) 

In this expression, revenue w again designates the reservation wage. It corre­
sponds to what each employee gets in case no agreement is reached. During the bar­
gaining, the insiders give no consideration to the outsiders and their contribution 
"I"/ - v(w) to the Nash problem is then equal to tlv(w) - v(w)). Let l' e (0, 1) ho the 
bargaining power of the insiders; the wage is the solution of the problem: 

M~lfl(w)]l-f{t[v(w)- v(w))}' with IT(w) "' R(L) - wi (15) 

Let w1 be the solution of this problem when t = l/L0 • The negotiated wage is 
then the same as with a "standard" union having Lo members; it is defined by equa­
tion (10). Let Wz be the wage when ( = 1; this wage is given by an equation identical to 
(10) with~[;= o, since tho insiders are indifferent to employment. Thus, we get: 

v(wz)-v(w) y 
-w,v'(wJ = (1- y)~~ 

Wage w negotiated between the insiders and the firm then takes three different 
values according to the initial number of insiders Lo. and thus according to tho wage 
Wu= R'(Lo): 

(i) If w1 ?. w0 , then w = w1 and f.1 = L1, LE= 0 with R'(L,) = w1 

(ii) If w2 ,;; wo, then w = Wz and L1 =Lo, L, +Ls = Lz with R'(Lz) = Wz 

(iii) If w, ,;; Wo ,;; Wz. ilrnn w = w0 and [4 =Lo; Ls= 0 

In figure 7 .8 we portray the relationship between the initial stock Lo of insiders, 
tho negotiated wage w, and the optimal levels of employment L1 and L = L1 +LE. We 
see that wage w is a decreasing function of L0 whereas L1 and L increase with Lu. 
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Wage and employment in the insiders/outsiders model. 

In case (i), the initial stock of insiders is in a sense too large (Lo;:,: L1 ) and acer­
tain number of them are fired. Conversely, in case (ii), this stock proves too small 
(Lo s; L2) and the firm has to hire outsiders, but since the wage is higher than it is in 
(i), total employment is less. Finally, in the intermediate case (iii), total employment 
is simply equal to the initial stock Lo of insiders. The employer has no interest in get­
ting rid of a portion of his or her insiders, for if they were fewer they would receive a 
higher wage. Neither does he or she have an interest in hiring outsiders whose mar­
ginal revenue would be less than their wage. 

4.1.2 An Explanation for the Persistence of Unemployment 

In many respects, the decreasing relationship between the negotiated wage and the 
initial stock of insiders, as shown in figure 7 .8, constitutes the main characteristic of 
theories of unemployment based on the power of insiders. According to Blanchard 
and Summers (1986), Lindbeck and Snower (1987), and Gottfries and Horn (1987), 
this relationship yields an explanation for the persistence of unemployment. If, at a 
given moment, the number of insiders is diminished, the wage .negotiated for the 
following period will indeed remain constant or increase, and employment will on 
average have a tendency to fall. In other words, when the insiders are few-with con­
sequent high levels of unemployment and temporary employment-those insiders get 
no benefit from negotiating low wages, for they do not risk losing their jobs. Low 
wages would diminish their satisfaction and would make it possible to hire outsiders, 



some of whom would later become insiders-and this would have the effect of bring­

ing down the future wages of those holding a job in the present. Accordingly, unem­

ployment does not lower wages when the power to bargain over remuneration belongs 
solely to insiders. 

Empirical work that tries to estimate a relationship between wages and lagged 

employment generally rejects the predictions of the insiders-outsiders model (Lever, 
1995). Admittedly, Nickell and Wadhwani (1990) have highlighted the existence of 
such an effect, albeit slight, using data from firms in the United Kingdom, but Layard 

et al. {1991, p. 202) point out that this result is not robust for other samples of firms. 
Holmund and Zetterberg {1991) have estimated wage equations on sectoral data for 

Sweden, Norway, Finland, Germany, and the United States, with lagged employment 

included. This variable is significant only in Germany, but with a positive sign, which 
is the reverse of the sign predicted by the model just set out. 

This divergence between facts and theory might derive from a circumscribed 

representation· of bargaining. The explanation for the persistence of unemployment 

assumes in particular that insiders do not negotiate either a severance payment or a 
specific wage for possible entrants. We will show that if we permit the protagonists 

to sign contracts more complex than the one considered in the basic model, the con­

sequences of the opposition between insiders and outsiders change. 

4.2 INSIDERS AND LABOR MARKET SEGMENTATION 
If bargaining over unemployment benefits is rare, bargaining over severance pay­

ments, on the contrary, proves to be frequent (see Layard et al., 1991, p. 95, and Har­

tog and Theeuwes, 1993). Hence it is important to take this item of bargaining into 
account in models in which insiders are explicitly distinguished from outsiders. 

Moreover, we shall reconsider the hypothesis that the wages of outsiders are identical 
to those of insiders. In fact, firms often use temporary workers, whose status is much 

less favored than that of insiders. 

4.2.1 Bargaining Leading to a Competitive Level of Employment 
In order to take these characteristics of the wage relationship into account, we will 

assume that the insiders negotiate their own wage w, severance payments b, and a 

wage we for entrants. An insider who is fired thus obtains a utility equal to v( W + bi;). 
Severance payments constitute a means of insuring workers against. the risk of losing 

'their jobs, and, just as in the case where bargaining covered unemployment insurance 
premiums (see section 3.2.3), the indilforence principle applies. In other words, con­

tracts that insure insiders perfectly against the risk of losing their jobs are dominant 

according to the Pareto criterion. For given (J,E,L1, we) and for every contract 'II,= 
(w, bL), it is indeed possible to associate a contract ih = (w, b,) defined by: 

w=tw-1-(1-t)(W+b,) with 6, = w - W and t = Min(l.ifLn, 1) 

When insiders are risk-averse, the •ame proof as tho one in section 3.2.3 would 
show that contract ~1. is strictly preferred to contract 'CL by the insiders, while the firm 
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is indifferent between these two contracts. This result leads ~• to consider only con­
tracts for which w = w + bt; the insiders are then perfectly insured against the risk of 
job loss. As in the case of a strike, they attain a level of utility v( w), and their contri­
bution 1'j - v( w) to the Nash problem is equal to v( w + bi) - v( w). Symmetrically, 
the contribution of the employer to the Nash problem is equal to his or her profit: 

IT= R(L1 +Ls) - wELE - wL1 - b1.Lo (16) 

Since the wage WE of the entrants has a negative effect on the firm's profit, and 
has no weight in the objective of the insiders, maximization of the Nash criterion dic­
tates that this wage be set at the lowest possible level; so we will always have WE = w. 
When the firm retains the right to manage, the expression (16) of profit shows that 
labor demand necessarily satisfies: 

R'(L1 +LE)= w (17) 

In other words, total employment is equal to its competitive value. All the firm 
does is decide on its composition (hires of outsiders or fires of employees in place) 
according to the value of the initial stock Lo of insiders. More precisely, if Lu desig­
nates the competitive level of employment, defined by R'(Lu) = w, the firm's labor 
demand takes the following form: 

and 

and 

LE=O ifLu::>Lo 

Ls=Lu-Lo ifLu2:Lo 

Bargaining between the insiders and the firm now covers only the amount bi of 
the severance payment. The optimal value of the latter corresponds to the solution of 
the Nash problem: 

NJ_~[II(bL)Jl-r[v{w +bi) - v(w)J' with IT(bL) = R(Lu) - wLu - btLo 

4.2.2 Discrimination or Unemployment? 
This model leads to conclusions very different from those of the simple model of sec­
tion 4.1.1, in which the wages of insiders and outsiders were taken to be identical. 
Hera, employment is always equal to its competitive level, whatever the initial num­
ber of insiders taking 'part in the bargaining. Being perfectly insured against the risk of 
job loss, they use their bargaining power to obtain the highest possible wage (w + bL). 
It is easy to verify that the optimal love! of bt is increasing with y. Moreover, insiders 
who are few in number have an interest in seeing the firm hire workers at the reserva­
tion wage in order to increase profit, and thus indirectly their wages. In this sense, the 
insiders exploit the entrants, profiting from their bargaining power to extract a portion 
of the profits realized through tho labor of the entrants. In other words, the insiders 
have no interest in opposing tha hiring of outsiders as long as that is profitable for the 
firm, since what is profitabla for the firm is profitable for them as well. These observa­
tions show that the opposition between insiders and outsiders, as Fehr (1990) points 
out, induces disc1·imination rather than unemployment. Certain workers capture a 



portion of the rent thanks to the acquisition of specific human capital, for example, or 
the existence of firing costs, or the costs of looking for manpower. These workers have 
an interest in exploiting this situation by tilting the partition of the value added to 
their own advantage. 

Evidently this description of the segmentation of manpower is relevant only if 
the insiders are able to keep the entrants in a situation less favorable than their own 
over the long run. Legal constraints that impede recourse to temporary labor and sub­
contracting, and the power that entrants may gradually acquire, might set limits to the 
discrimination imposed by the insiders. Formally, we could incorporate a limit on the 
possibility of discrimination by supposing that the firm is constrained to pay the same 
wage to all its employees. We then return to a model in which the set of possible con­
tracts has been voluntarily curtailed, and the conclusions lie in the vicinity of those 
obtained when we assumed that all workers received the same wage: the power of 
insiders has a negative effect on the level of employment, and unemployment can 
stubbornly persist. 

The models developed to this point leave out the existence of capital and the 
opportunity to trade off among different values of the number of hours worked. These 
topics are examined in the next section. 

5 INVESTMENT AND HOURS 

In this section, we will enrich our collective bargaining models in two ways. First we 
will focus on the interaction between wage bargaining and investment decisions, 
which can entail inefficiencies caused by the irreversibility of investments. We will 
see that if the union is able to renegotiate agreements already reached, the level of 
investment is generally suboptimal. Second, in examining labor supply and demand 
in chapters 1 and 3, we saw that work schedules constitute an important element in 
the labor relationship. Work schedules can be negotiated collectively, just as wages 
and employment can. · 

5.1 NEGOTIATIONS AND INVESTMENT 
The traditional models of labor demand presented in chapter 4 suggested that unions 
h_ave an ambiguous effect on investment. By raising wages, the union tends to favor 
the substilution of capital for labor, which increases inveslment. But upward pressure 
on wages also exerts scale effects that work in the opposite direction. Bargaining 
influences investment in yet other ways related to the incompleteness of co_ntracts. 
The fact is that, once installed, equipment generally cannot be modified without cost, 
and if it is not utilized, the firm risks suffering substantial losses. This characteristic of 
equipment means that firms have an incentive to invest less if bargaining over wages 
can be begun at any time, for once the investment has been made, employees are 
tempted to demand u new round of bargaining in order to benefit from the improved 
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productivity induced by the increase in capital stock. Cc., .• ~rsely, if renegotiation is 
impossible, firms do invest more, and all agents benefit from the extra investment 
(Grout, 1984). This is the "holdup" problem already encountered in chapter 4, and 
which we will return to in chapter 9. It crops up when collective agreements lead to 
incomplete contracts that can be renegotiated. 

5.1.1 Contracts Without Renegotiation 
In order to highlight the holdup problem, we consider a firm whose revenue function 
R(K,L) is strictly concave and strictly increasing with capital Kand employment L. 
Jn order to concentrate on the choice of level of investment, we will assume that 
employment is given. This hypothesis is no doubt restrictive, but the results derived 
do not differ in substance from those obtained with a labor demand dependent on 
wages (see Anderson and Devereux, 1988). We will assume as well that the firm 
chooses its capital stock unilaterally. In consequence, only wages ware negotiated. If 
r designates the user cost of capital, the firm's profit is written: 

IT= R(K,L)- wL-rK (18) 

Employment L being fixed, we need not consider the possibility of bargaining 
over unemployment insurance or severance payments. Hence an employee obtains a 
level of utility v(w) if he or she works and v(W) in case of disagreement. Since Lis a 
constant, we can neglect this variable in tho union's contribution to the Nash problem, 
which is thus simply equal to v(w)- v(W). The firm's contribution to the Nash prob­
lem depends on the possibility of wages being renegotiated. If the union can under­
take in a credible manner not to demand new wage negotiations once the investment 
has been m~de, the firm takes wages as given in making its decisions about equip­
ment. Formally that amounts to supposing that investment decisions are made after 

wage bargaining. Conversely, if it is not possible for the union to commit itself in a 
credible manner to the wage, then we can regard investment decisions as being made 
before wage bargaining. Wages then become a function of the capital stock, and the 
firm takes this linkage into account when the time comes to choose its volume of 
equipment (see Grout, 1984; van der Ploeg, 1987; Anderson and Devereux, 1988; 
Devereux and Lochvood, 1991). 

If the union can undertake credibly not to reopen wage negotiations, the firm 
does not run the risk of making an investment that could be immobilized by a strike, 
leading to losses. Under those conditions, its losses are zero, and its contribution to 
the Nash problem is identical to the profit given by relation (18). The optimal level of 
capital K' is then obtained by maximizing profit at a given wage; it is defined by 
equation: 

RK(K',L)=r (19) 

The level of employment L being fixed, we observe that K' docs not depend on 
tho value of the negotiated wage. Overall, the bargaining problem is written: 

Jv\~x[v(w) v(W)]'[R(K",L) - wL- rK'(' 



If w• designates the solution of this problem, the pair (w',K') represents a Par­
eto optimum for the firm and the union. K' being independent of wages, the pair 
(w',K') does in fact correspond to the solution of the following Nash problem too: 

Max[v(w) - v(w)]'[R(K,L) - wL - rKJ 1·•7 
{w,K) 

The pair (w',K') is thus indeed a Pareto optimum. 

S.1.2 Contracts with Renegotiation 
Let us now suppose that wages can be renegotiated after the employer has installed 
new equipment. If an investment K is made before wage bargaining and if the union 
cannot credibly undertake to slick to the negotiated wage, the firm will suffer a loss 
equal to -rK if there is a strike. For given K the bargaining problem is then written as 
follows: 

M,!"'[v(w) - v(w)J'[R(K,L)- wL]H (2il) 

Let w(K) be the solution of this problem; the firm takes this relation into account 
in deciding its investment. Tbe optimal level k of capital is then found by maximizing 
the firm's profit, which now takes the form: 

n = R(K, L) - w(K)L - rK 

Settling the first derivative of this expression to zero with respect to K, we get: 

RK(K,L) = w'(k)L + r (21) 

Scrutiny of relations (19) and {21) indicates that comparison of levels of invest­
ment k• and k depends on the sign of the derivative of function w(K). This sign may 
be found easily with the help of the Nash criterion that comes into problem (20). It is 
written in logarithmic form: 

<I>(w,K) = y ln[v(w) - v(w)J + (1 -y) ln[R{K,L) - wL] (22) 

Function w(K) is defined by the first-order condition: 

<I>w[w(K),KJ = 0 (23) 

The second-order condition dictates <l>ww < 0. Now tho derivation of equation 
(23) with respect to K gives w'(K) = -<l>wK/IPww, so w'(K) is of the sign of <l>wK· With 
(22), we find after several simple calculations: 

<I> _ (1- 7)LRK(K,L) > O 
wK - [R(K,L) - wL}z 

Tho negotiated wage w(K) is thus an increasing function of tho level of capital. 
Derivative w'(K) being positive, relations (19) and (21) then entail k: < K·. 

In sum, the irreversible character .of investment gives the firm an incentive to 
underinvest when the union cannot m~ke a credible commitment not to ronegotiato 
wages once the equipment has been inslalled. In this situation, the union knows that 

COLLECTIVE BARGAINING 413 



414 I PART Two I CHAPTER 7 

every strike costs the firm rK, whereas the strike has a cost of zcr~ if it is impossible to 
renegotiate wages. The union can thus demand a larger share of the profits in the first 
case, which provokes a reduction in investment. Although we have taken labor de­
mand as fixed, the consequences of underinvestment in terms of employment can be 
imagined on tho basis of its impact on the marginal productivity of labor. If capital 
and labor are gross substitutes, which means that the demand for one factor increases 
when the cost of the other factor rises (see chapter 4 on labor demand for more detail), 
underinvestment ought to be favorable to employment, to the extent that any fall in 
the level of capital will be compensated for by an increase in employment. Con­
versely, when capital and labor are gross complements, which means that the demand 
for one factor declines when the cost of the other factor rises (see chapter 4), under­
investment ought to be unfavorable for employment. Because capital and low-skilled 
labor are generally highly substitutable, the underinvestment that would result from 
the possibility of wage renegotiations probably does not yield a satisfactory explana­
tion of the massive underemployment of low-skilled workers in continental Europe in 
the 1990s. 

5.2 BARGAINING OVER HOURS 
Introducing hours of work into the collective bargaining model makes it necessary to 
represent the impact of this factor on individual preferences and on technology. It 
then becomes possible to shed light on the response of wages and employment when 
the standard workweek is modi.lied, as well as the determinants of the negotiated 
duration of work. 

s.2.1 A Model of Bargaining over Work Schedules 
Bargaining models offer a highly intuitive explanation of the foregoing observations 
(see Booth and Ravaillon, 1993, and Contensou and Vranceanu, 2000). They show that 
bargaining over hours does not allow jobs to be shared out among all the workers if, 
on the one hand, wage-earners have a strong preference for purchasing power as 
compared to leisure, and, on the other, the gains from the reduction of work schedules 
in terms of productivity are low. In order to show this result, we have to take into ac­
count the disutility of labor in the union's choice criterion and the impact of hours 
worked on production. Hence we will assume that the preferences of workers are rep­
resented by a utility function v(O., T - H), where n, T, and H designate respectively 
income, the time allocation, and actual hours worked. If w represents the hourly 
wage, then we have n = wH. The production of the firm depends on the number L of 
workers hired and the hours of work H. We assume that the productivity e(H) of each 
employee is an increasing function of H. For the sake of simplicity, we will assume 
that the revenue of the firm is described by an isoelastic function taking the form 
R[e(H)L] = [e(H)L]"/0<, with oc e (0, 1). Let 'lk "'He'(H)/e(H) > O be the elasticity of 
the productivity of an employee with respect to hours worked. The hourly productiv­
ity of labor-Le., o(H)/H-increases with the number of hours worked if 'lfr > 1. 
Conversely, if 'lk < 1, hourly productivity decreases with H. Consequently, reducing 



the hours worked increases hourly efficiency if and only if qf, < 1 (see chapter 4, sec­
tion 1.5). 

We will assume that bargaining concerns only the hourly wage and the hours to 
be worked. Unemployment insurance benefits are thus not negotiated (we mentioned 
at the end of section 3 that this can be justified by moral hazard problems). We will 
assume further that a legal constraint imposes an upper limit, denoted by R, on the 
number of hours worked. In reality, the standard duration should be distinguished 
from the upper limit, for the hours worked above the standard duration are remun­
erated at a higher rate. In France, with only a few exceptions, the upper limit cannot 
exceed the standard duration by a volume of more than 130 hours in every year. To 
simplify the exposition, we will neglect the distinction between the standard duration 
and the upper limit. 

The union's objective is always to maximize the expected utility of each of its 
members. In case of failure to conclude an agreement between the union and the firm, 
each member of the union attains a level of utility v(W, T) and the union's contribu­
tion to the Nash problem is written: 

"Y,, - v0 = t[v(O, T-H) - v(W, T)), t = Min(1,L/N) 

In this expression, N again designates the (exogenous) size of the union. When 
employment is equal to Land each employee supplies H hours, the firm's profit takes 
the following form: 

II= ![e(H)L)" -ill 
a 

(24) 

We will again assume that the firm retains the right to manage; here, this hy­
pothesis signifies that the employer decides on the size of his or her workforce after 
bargaining over the hourly wage w and the number H of hours to be worked has heen 
completed. In these conditions, labor .. demand, denoted by L(O,H), is found by max­
imizing profit, with wand H taken as given. Setting the derivative of(24) to zero with 
respect to L, we get: 

L(O,H) = [e(H)Jof<•-•Jgt/Co-tJ (25) 

When this value of labor demand does not exceed the size N of the union, the 
profit of the firm is expressed thus: 

( 1 - a) [e(H)]"/C•-•l 
IT(O,H) = -a- Q 

Assuming that if there is failure to reach agreement the firm obtains zero profit, 
tho bargaining problem takes the following form: 

Max[L(ON,H)]'[v{!l, T- fl)·- v(W, T)j'[II(O,H)]H 
{Il,11} 

subject to: 

I.(O,H):s;N and 
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5.2.2 The Optimal Number of Hours Worked 
For an interior solution, the derivatives of the logarithm of the Nash criterion with 
respect to Q and H yield the first-order conditions. They are written: 

yv1(!l,T-H) 
v(Q, T - H) - v( w, T) 

yv2 (!l, T-H) 
v(Q, T-H) -v(w, T) 

a(l - y) + y 
(1-a)Q 

"' e'(H) 
1-a e(H) 

Dividing these last two relations member to member, we get: 

v1(!l,T-H) Ha(1-y)+y 
v,(n,r-H) =-n a":, 

(26) 

(27) 

(28) 

This equation defines the marginal rate of substitution between income and 
leisure as a function of the wage w = !l/H and the elasticity l'/h of individual produc­
tivity with respect to hours. The general study of the system formed by equations (26) 
and (27) is possible, but we will arrive at the main results more rapidly by assuming 
that the utility of each member of the union is a function of the Cobb-Douglas type 
v(Q, T - H) = (!l)"(T-H)'-•, withµ e (0, 1), and assuming that elasticity 'fl'. is a con­
stant. In particular, equation (28) then immediately gives us the number of hours 
worked: 

H' = 'fiJµa T 
(1 - µ)[y + a(1 - y)j + 'fhµ/X 

(29) 

The parameter µ is interpreted as a measure of the importance of income with 
respect to leisure for each worker. Equation (29) shows that the optimal number of 
hours worked is an increasing function of this parameter, and of elasticity 'II'.· In con­
sequence, constraint H' ,;; fl is less likely to be binding if this elasticity is weaker, or 
if workers attach less importance to income than they do to leisure. The ·number of 
hours worked also decreases with the bargaining power of the union. An increase in 
bargaining power leads workers to opt to increase both their wage and their leisure 
time. We shall see below that empirical studies generally confirm this prediction. 

In other words, bargaining over hours worked makes the hourly constraint 
binding (H' =Fi) even in the presence of underemployment if a diminution in the 
number of hours worked entails a strong diminution in the efficiency of labor (high 
l'/f,), if workers are strongly averse to a reduction in their income, or if their bargaining 
power is week. This result can explain why, despite the rise in unemployment, the 
number of hours worked docs not undergo a downward adjustment. The least skilled 
workers are the ones most directly affected by changes in the number of hours 
worked: having relatively low incomes, they probably have strong reluctance to sec 
them decline even further. Moreover, in developed countries, the number of hours 
worked)s at present sufficiently small that a further reduction does not necessarily 
entail ai{ improvement in hourly productivity. Overall, these results allows us to 
understand why, at the conclusion of collective bargaining, the tendenLJ' is for 



employment to be adjusted rather than hours. Hence it legitimizes, in many cases, the 
use .of bargaining models that neglect the adjustment of hours in order to focus on the 
determination of employment. 

5.2.3 The Consequences of a Reduction in Working Time on Wage and Employment 
Bargaining models explain why employees are likely have an interest in not sharing 
employment by working fewer hours individually. So we may ask whether it is possi­
ble to force workers and employers to share employment more widely by imposing a 
maximum number of hours to be worked. This idea inspires employment policy in 
parts of Europe, especially France, where the workweek was reduced from 40 to 39 
hours in 1982, and from 39 to 35 hours in 2000, with the avowed aim of increasing 
employment. In chapter 4, section 1.5, we pointed out that the impact of reductions in 
the standard workweek on employment is conditioned by the response of wages. In 
this regard, the model of bargaining over the number of hours worked is particularly 
interesting, since it allows us to analyze the reaction of wages. 

We assume that there is a compulsory number of hours, fl, lower than the num­
ber arrived at through bargaining, defined by equation (29). The negotiated wage is 
then given by equation (26) with H =fl. Assuming, as above, that preferences are 
of the Cobb-Douglas type, this equation implicitly defines the negotiated wage as 
follows: 

Q"(T - fl)'-• = y(l - a)+"' v( W, T) 
7(1 - µ)(1 - a)+"' 

Since the right-hand side of this equation does not depend on hours, we deduce 
from it the elasticity qt) of the weekly wage with respect to hours fl. We thus arrive at 
qt)= H(l - µ)/µ(T - fl). This elasticity is positive; hence a reduction in the weekly 
number of hours worked induces a reduction in the weekly wage. Moreover, tlllii 
elasticity increases with fl, which signifies that the reduction in the weekly wage 
entailed by the reduction in the number of hours worked is greater if the number of 
hours worked is high to begin with. This expression of wage elasticity with respect to 
hours allows us to determine the impact of a reduction in hours on employment, 
using equation (25) defining labor demand. To find this impact, we calculate the elas­
ticity of employment with respect to hours, taking wage variations into account. We 
get: 

with H= q'frµa T 
- (1-1i)+q'frµa 

(30) 

The term 11!;11f) + 11h corresponds to the elasticity of labor demand with respect 
lo hours when wago variations are taken into consideration. Condition (30) indicates 
that a reduction in hours worked is favorable to employment if and only if the number 
of hours worked is superior to the threshold value H. Comparison of equations (29) 
and (30) indicates that the threshold value fl is equal to the number of hours nego­
tiated 11· when the union disposes of all the bargaining power (y ,-- 1 ). In this case, it 
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FIGURE 7.9 
The impact of a reduction in the number of hours worti:ed. The graph on the top corresponds to a value y = 0.1 of 
bargaining power and the one on the bottom to y = 0.9. The number of hours worked is given on the horizontal axis 
and stops at the negotiated number, H-, whic.h has a value of 0.463 (on the top} and 0.394 (on the bottom), knowing 
that the lime allocation T = 1. The ratio between actual employment and its value for W Is given on the vertical axis. 

is impossible to increase employment by reducing the number of hours worked, since 
any reduction in Fl for values of fl= H' then induces a fall iu employment. Con­
versely, since the optimal number of hours worked decreases with the bargaining 
power of workers, it is possible to increase employment by reducing hours worked fl 
to tho threshold II< fl' when the power of workers is limited (y < 1). Nonetheless, 
any reduction in hours worked beyond that threshold is unfavorable to employment. 
These properties arc illustrated iu figure 7.9, which presents employment as a func­
tion of hours worked on the assumption that T = 1, 1/¥1 = 0.9, µ = 0.5, and~~ 0.7. We 
observ·e that a reduction in hours worked beyond th<> negotiated level may be sig­
nificantly favorable to employment when the power of the union is slight (left-hand 



graph, where)'= 0.1), since employment can rise by about 6%. Convers.,Jy, the impact 
on employment is insignificant when union power is strong (right-hand graph, where 
)'= 0.9). 

In sum, models of bargaining over the numher of hours to be worked show that 
union power should exert downward pressure on these hours. Mnreover, it is evident 
that forcihle reductions in the number of hours. worked have a more favorable impact 
on employment when union bargaining power is slight. 

6 EMPIRICAL EVIDENCE REGAR!J!NG THE 
CONSEQUENCES OF COllECTlVE SARGAJN!NG 

In all the models of partial equilibrium looked at to this point, an increase in union 
power affects the sharing of income to the advantage of wage-earners. As for its effects 
on employment, they are a priori ambiguous. A number of contributions havo 
assessed the impact of collective bargaining on wages, and certain general lessons 
emerge. The impact of unions on productivity, profits, and the number of hours 
worked is also well documented. Studies on employment are less numerous, and 
knowledge of the effects of unions on employment remains very fragmentary. 

6.1 WAGES 
The great majority of studies on collective bargaining deal with tho United States, and 
focus on its effects on wages. These studies bring out a wage differential between 
unionized workers and others. A further finding is that unions exert an iiifluence on 
wage inequalities. 

6.1.1 The Union/Nonunion Wage Differential 
Empirical studies generally attempt to estimate tho wage difforential between union­
ized and nonunionized workers, known as the union wage gap. Let W0 and Wn be 
respectively the wage of a unionized and a nonunionized worker, This gap is defined 
byJ: 

Wu-Wn l I 6.=-w;- ~ n W,,- n Wn 

In order to interpret this wage gap, it is useful to distinguish lwo types of effect. 
First, there is a dirllct effect, which corresponds lo the intluenc:e of the union on lhe 
wages it negotiates. There 'is also an indirect effect deriving from the fact that the 
union uxerts influence on wages not covered by collective bargaining. So an increase 
in union-negotiated wages may show up as a contraction of production in the union­
ized sector, and thus an increase in the demand for goods and labo1·, from which the 
nonunionized sector profits. In this case, wages in the nonunionized sector should rise 
with union power. Conversely, if wage rises due to union power ant.ail a reduction in 
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labor demand in the unionized sector, a worker who ·~-·· to find a job in lhal sector 
may move into the nonunionized sector. That ought to exert downward pressure on 
the wages of workers not covered by collective agreemenls. These observations sug­
gest that wages as a whole are influenced by collective bargaining, and that the gap 
between wages in the unionized sector end those in the nonunionized sector reflects a 
combination of interactions, the result of which is ambiguous in sign. 

Estimation of the Union Wage Gap by Ordinary Least Squares 

To estimate the impact of unions on wages, the earliest work utilized aggregate data at 
the industry level. It concluded that the rate of unionization had a positive impact on 
wages (Lewis, 1963). The results of these studies are very difficult to interpret, how­
ever, for it is very difficult to assess differences in the characteristics of manpower 
between "unionized" sectors, i.e., sectors where collective agreements prevail, end 
"nonunionized" sectors. The most recent work estimates the impact of collective bar­
gaining utilizing individual data. 

Studies carried out, beginning in the mid-1970s, on individual data generally 
estimate two separate wage equations for the unionized and nonunionized sectors, in 
order to take account of possible differences of return to individual characteristics 
between these two sectors. These two equations are written respectively: 

Wuj = L Ou;X;; + eu; 

i 
and Wnk = L UnjXk; + Cnk 

i 
(31) 

In these equations, index u locates an individual i belonging to the unionized 
sector, and index n en individual k from the nonunionized sector. The dependent 
variable Wu; is thus the wage (expressed as a logarithm) of individual i from the 
unionized sector. The exogenous variables x;; represent the characteristics of individ­
ual i (age, sex, region, education, experience, etc.) end Bu; is a random disturbance 
term. Likewise Wnk designates the logarithm of the wage of an individual k located in 
the nonunionized sector, and variables xk; measure his or her characteristics. The 
term •nk again represents a random disturbance. 

The estimation of equations (31) by ordinary least squares allows us to calculate, 
for each individual, the wage differential due to the existence of a union. Let aui end 
Un; be the estimates of the coefficients appearing in equations (31); the gain of en indi­
vidual i belonging to the unionized sector is measurod by the difference: 

Wu;-~ Wni = L)Ou; - O.n;)X;; 
i 

In summing up 143 different studies covering the period 1967-1979 in the 
United States, Lewis (1986) found that the average markup (wu - Wn)/wn, where Wu 

and Wn represent respectively tho average of the estimates of the Wu; and the w,.;, was 
on the order of 15%. For the United Kingdom, the summary of Booth (1995a) arrives 
at a .. li:>wer average, on the order of 8%. Doll'Aringa end Lucifora {1994) estimate that 



the wage differential is 4.4% for unskilled workers and 7.4% for skilled workers in 
mechanical industry in Italy. Studies of the impact of collective bargaining on wages, 
based on individual data from various countries, conclude that the impact is greatest 
in the United States, followed at a distance by the United Kingdom. Blanchflower and 
Freeman {1992) found that the union markup for the period 1985-1987 was 20% in 
the United St.ates, 10% in the United Kingdom, and between 4% and 8% in Australia, 
Austria, Switzerland, and Cormany. These results are confirmed and complemented 
by Blanchflower and Bryson {2002), who estimate the impact of trade unions in 17 
countries. The markup from the 17 countries averages out at 12%. Unions do not have 
the same impact on wages in all countries. B lanchllower and Bryson ( 2002) find that 
the union differential in the United States is higher on average than that found in the 
United Kingdom, 18% compared with 10%. Unions in other countries, such as Aus­
tralia, Austria, Brazil, Canada, Chile, Denmark, japan, New Zealand, Norway, Portu­
gal, and Spain, also raise wages by significant amounts. Jn France, Germany, Italy, the 
Netherlands, and Sweden, whore union wage settlements spill over into the nonunion 
sector, Blanchf!ower and Bryson find no significant union wage differentials. Blanch­
flower and Bryson also analyze the changes over time in union-relative wage effect in 
the United States and the United Kingdom. It turns out that the union wage premium 
was untrended from the beginning of the 1980s to the mid-1990s in both countries. 
However, the wage premium fell between 1994 and 2001 in both countries. It went 
from 14% to 4% in the United Kingdom and from 18% to 13.5% in the United States 
between these two dates. 

The Limits of Ordinary Least Squares 
Overall, the results given above point to the conclusion that unions exert a positive 
impact on wages. These results must nevertheless be interpreted with care, for the 
method of estimating the wage differential runs up against several difficulties. 

Tn the first place, unionized workers can have unobserved characteristics differ­
ent from those of nonunionized ones, which induces selection bias. We emphasized 
that collective bargaining reduces the wage gaps between workers with different pro­
ductivity. If that is the case, the most efficient workers prefe~ to be employed in 
the nonunionized sector, and the unionized sector is composed of less productive 
workers. This type of selection bias, resulting from workers' choices, is known as Uie 
"worker choice model" (Lee, 1978). The study of Farber and Saks {1980) finds that the 
probability of a worker wishing to have a union in his or her workplace decreases 
with his 01' her position in the distribution of wages in that workplace. It Urns confirms 
the relevance of the hypothesis of the worker choice model. It is also possible that lhe 
presence of a union gives firms an incentive to select a better quality workforce-an 
adaptation to tho high wages of less qualified workers. That assumes lhat all workers 
who wish to be employed in the unionized sector do not necessarily find such em­
ployment. This description of worker allocalion resulting from the joinl choice of 
workers and firms is known as the "queuing model" {Abowd and Farber, 1982; Fru·ber, 
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1983). In this context, workers with lower performance are excluded from the union­
ized sector. The choices of workers and firms thus onght to lead to an allocation of the 
best-performing workers (who refuse to be unionized) and the worst-performing 
workers (who are turned down by firms in the unionized sector) to the nonunionized 
sector. The unionized sector is then composed of workers with an intermediate level 
of productivity (Abowd and Farber, 1982; Farber, 1983). 

In the second place, ordinary least squares estimates are not biased ii the rate of 
unionization is an exogenous variable. But the wage hikes that a union may obtain 
because of high productivity in a firm or sector, for example, may in return increase 
the rate of unionization (Duncan and Stafford, 1980; Checchi and Lucifora, 2002), 
which must then be considered an endogenous variable. 

These two observations lead to the conclusion that ordinary least squares pro­
duces a biased estimator of the wage differential. Numerous contributions have tried 
to overcome selection and endogeneity biases by estimating systems of simultaneous 
equations and utilizing longitudinal data that make it possible to observe the wage 
variations of workers whose unionized status changes (see Hirsch and Addison, 1986; 
Robinson, 1989; and the surveys of Booth, 1995a, and Blanchflower, 1996). The esti­
mation of simultaneous equations, by the method of instrumental variables or by 
the two-stage estimation procedures of Heckman (1979), arrives at results that lack 
robustness and are divergent, being very sensitive to the method of estimation, 
hypotheses concerning the error terms, and the inclusion of supplementary variables. 

Longitudinal data supply information about movement between unionized and 
nonunionized jobs and make it possible to suppress biases due to fixed individual 
effects not observed by the econometrician (this question was discussed in chapter 5, 
section 4.1). Nevertheless, longitudinal data are very sensitive to measurement errors, 
for small measurement errors concerning the status of workers lead to major biases 
if there is low mobility between unionized and nonunionized jobs. From this per­
spective, Card (1996) studied the impact of unions on wages with the help of longitu­
dinal data, taking into account classification errors regarding the status of workers, as 
well as potential correlations between productivity and unionization. Card estimates a 
model with simultaneous equations for workers belonging to five different skill levels, 
utilizing data from the Current Population Survey (United States) for 1987-1988. His 
results suggest that the positive effect of unions on wages is greater, the less skilled the 
workers are. Moreover, he finds that selection biases differ from one group to another. 
Among tho least skilled workers, the most efficient ones are in the unionized sector on 
average (in conformity with the queuing model), while the opposite is true for the 
most highly skilled workers (in conformity with the worker choice model). Lemieux 
(1998) obtains qualitatively similar results on longitudinal data from Canada. 

Despite the problems of interpretation of wage differentials and the problems of 
estimation, the generally .ar.c:epted conclusion is that unions do in fact have a positive 
impact on tho wages they negotiate, and that they reduce the returns to observable and 
unobservable characteristics of workers. 



6.1.2 The Impact of Unions on Wage Dispersion 

We have just stated that workers covered by collective agreements obtain higher 
wages. This effect ought to tend to increase the dispersion of wages throughout the 
economy as a whole. We have also stated, however, that workplaces covered by col­
lective agreements have more compressed wage struLiures than others. These obser­
vations suggest that the impact of collective agreements on wage dispersion is a priori 
ambiguous. 

This impact may be grasped by decomposing the variance v of the logarithm of 
wages in the economy as a whole, as a function of the proportion 11 of unionized 
workers (or ones covered by a collective agreement), the variances Vu and v,. of the 
logarithms of wages in the unionized and nonunionized sectors, and the averagos of 
the logarithms of wages Wu and wn in these two sectors. The result is4 (Freeman, 1980; 
Fortin and Lemieux, 1997): 

v = a(l - a)(wu - w0 )' +av. + (1 - 11)v0 (32) 

This relation shows that the variance may be decomposed as the sum of a 
between-group variance and a within-group variance. The between-group variance, 
•(1 - a)(wu - w0 )2, shows that the wage differential between the unionized and non­
unionized sectors accentuates the inequalities. But unions also exert an influence that 
may work in the opposite direction, to the extent that they alter .the dispersion of the 
wages they negotiate. This affect is represented by the last two terms, which take into 
account the variances of the two sectors weighted by their respective size. Empirical 
studies generally show that wage variance is weaker in the unionized sector, and 
conclude that this second effect tends to play a dominant role, so that the total impact 
of unions on inequalities as a whole is negative (Freeman and Medoff, 1984; Blau and 
Kahn, 1999). 

The experience of each country when it comes to inequality depends on its 
institutions, in particular the union density, the coverage of collective agreements, 
and the degree to which bargaining is coordinated. The studies of Rowthorn (1992), 
Blau and Kahn (1996), and Kahn (1998, 2000), carried out on d9:,ta from OECD coun­
tries, find negative correlations between the union density (or tJ;c coverage of col­
lective agreements) and wage inequalities. They also obtain significant negative 
correlations between the degree to which collective bargaining is centralized and 
wage inequalities. The study of Kahn (2000) in particular, which uses individual data 
for 15 OECD countries for the period 1985-1994, shows thal an increase in the col­
lective bargaining coverage of collective wage bargaining leads to relatively higher 
wages for low-skilled workers. 

These resulls suggest that as institutions change, changes in wage inequalities 
may follow. Figures 7.2 and 7.3 show that union density and collective bargaining 
coverage fell sharply betwoon the end of the 1970s and the beginning of the 1990s in 
cP.rtain OECD countries, in particular the United States and the United Kingdom. It is 
tempting to make a Gonneclion betwoon these changes and the increased inequality of 
wages observed in these two countries (see chapter 10). In this respect, DiNardo ct a.I. 
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(1996) estimate that the fall in the union density contril. . to 10% of the increase in 
the differential of (the logarithms of) wages between the first and last decile and one­
third of the increase between the first and the fifth decile in the United States in the 
1980s. Card (2001) finds that the decline in unionization explains between 15% and 
20% of the growth in wage inequalities (measured by the variance of wage loga­
rithms). For women, on the other hand, wage inequalities are not affected by the 
change in the global rate of unionization. This may be a result of the constancy of the 
rate of unionization for women over the period considered. 

6.2 PROFITABILITY 
The rise in wages achieved by unions ought to entail a fall in profits if the presence 
of unions has no other effect on the organization of work, in particular if it does not 
improve productivity. This point is the focus of numerous debates, which empirical 
studies have not yet succeeded in resolving. 

6.2.1 Productivity and Profits 

In theory, unions and collective agreements have an ambiguous impact on produc­
tivity. For some economists, unions reduce productivity by limiting the powers of 
employers (Robinson, 1989). For others, unions improve productivity by improving 
the circulation of information among workers and their motivation. Following the 
work of Hirschman (1970), Freeman and Medoff (1984) maintain that this second 
characteristic of unions plays an essential role in the United States, in combination 
with the exercise of their monopoly power. They assert that unions, by giving workers 
a voice, profoundly change social relations within the firm. Without them, workers 
adopt a strategy of defection or "exit"; i.e., they disengage from the relationship 
established with a person or an organization when that relationship proves unsat­
isfactory. The efficiency of the union lies in the fact that it favors the choice of a strat­
egy of "voice," by transmitting complaints, grievances, and demands, with the aim of 
correcting and improving the relationship. Freeman and Medoff (1984) estimate that 
the reduction in the turnover rate due to nnions allows American firms, on average, to 
reduce their labor costs by around, 2%. They show as well that the productivity of 
labor is often higher in unionized firms. Examination of the upshot of collective 
agreements in France leads to results of the same type (Cahue and Kramarz, 1997). 

These results are, however, subject to the same biases as the ones encountered 
in the estimation of wage differentials. Productivity gaps and turnover of manpower 
may result from unobserved characteristics of workers and may influence behavior 
when it comes to unionization or the bargaining of collective agreements. The impor­
tance of the problems raised by these biases leads to an absr.nce of consensus as to the 
effects of unions on productivity, inasmuch as many studies also highlight a negative 
effect on productivity (see Hirsch and Addison, 1986, pp. 192-208; llooth, 1995a, 
chapler 7). 

The impact of unions on profits is less subject to debate. Studies of the process 
of setting up a procedure for collective bargaining (through a majority vote of the 



) 
workers in the United States), or of the effect of the announcement of a renegotiation, 
show that the share price of firms falls (Ruback and Zimmerman, 1984, and Abowd, 
1989). Freeman and Medoff (1984) examine the link between unionization and the 
rate of return on capital coming to similar conclusions. Van Reenen {1996) studied 
the movement of wages in firms which had introduced innovations in manufacturing 
industry in the United Kingdom. These firms had also signed collective agreements 
with unions. Van Reenen shows that the innovations had a positive impact on wages 
over at least seven years. This result indicates that workers covered by collective 
agreements obtain a share of the profit of their firms. 

6.2.2 Investment 
We have stated that the capacity to renegotiate wages may lead to a reduced level of 
investment, and that this effect is greater, the more bargaining power the wage-earners 
have. To verify this prediction, empirical studies estimate a relation of the type: 

In this equation, I;r and x;r designate respectively the level of investment and a 
vector of the characteristics of the firm or sector i at date t which influence invest· 
ment. The term u;r is an indicator of the m1ion presence (such as the ra.te of unioniza· 
lion and the number of days lost through strikes), e;r is a random disturbance term, 
and p and o are coefficients to be estimated. 

The results obtained by this method indicate that unions exert a negative effect 
on investment in physical capital in the United States (Connolly et al., 1986; Hirsch, 
1992; Bronars et al., 1994), in Canada (Odgers and Betts, 1997), and in the United 
Kingdom (Denny and Nickell, 1992). The loss of investment attributed to unions is 
generally of significant size. Hirsch finds figures on the order of 20% for the United 
States, while Denny and Nickell obtain, for the United Kingdom, a reduction lying 
between 3% and 16% according to the firm in question. Moreover, the estimates show 
that the effects are not linear. The marginal impact of an increase in union presence 
on inveslment in a sector is greater when the union density is slight (Hirsch, 1992; 

Odgers and Betts, 1997). This phenomenon can be explained• by the effect of the 
spread of incipient unionization in a sector, to which nonunionized firms respond by 
increasing wages in order to make unionization harder in their plants. 

These studies deal with the accumulation of physical capital in firms. Tan et al. 
' (1992) suggest that tho presence of a union is favorable to investment in the human 

capital of firms, since it is generally associated with outlays on training on the part of 
employors; such investment is higher in the United States, the United Kingdom, and 
Australia. 

6.3 EMPLOYMENT 
Models of wage hargaining have shown that the effect of collective agreements on 
employment depends strongly on the hypotheses made about the sequence of deci­
sions and about the set of variables submitted to bargaining. It is helpful to distinguish 
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assessments of the impact of collective bargaining on em~loyment according to 
whether they adopt the efficient contract model or the right-to-manage model. 

6.3.1 Tests of Efficient Contract Models 

Two different approaches have been used to test the efficiency of collective agree­
ment•. Ashenfelter and Brown ( 1986) have estimated the properties of the relationship 
between employment and wages, while Abowd ( 1989) worked directly on the payoff 
functions of firms and unions. 

(i) Ashenfelter and Brown (1986) used data concerning a particular union (the 
International Typographical Union in the United States). The employment-wage re­
lationship corresponds to the equation of the contract curve of the model of bargain­
ing over wages and employment described in section 3.2 above. Applied to workplace 
i, this equation is written in log-linear form: 

(33) 

In this relation, L11 designat"s employment or the number of hours worked, z11 

represents a vector of nonwage variables comprising lagged employment, fixed effects 
for localization, and productivity indicators, w11 is the (minimum) hourly negotiated 
wage, Wait is the outside wage (including, according to specification., the average 
wage in manufacturing industry and unemployment insurance benefits), and finally 
U1t represents a random error term. 

Whatever the value of the negotiated wage, the equation of the contract curve 
described in section 3.2 shows that the outside wage (denoted by W in section 3.2) 
generally has an impact on employment. Conversely, if the solution of the bargain­
ing is situated on labor demand-which is the case in the right-to-manage model­
employment becomes independent of the outside wage, since labor demand, deduced 
from profit maximization behavior, does not depend on this parameter. 

The negotiated wage being an endogenous variable, equation (33) is estimated 
by the method of instrumental variables. The instruments chosen are the lagged wage 
and the levels, actual and lagged, of the consumer price index. It is most often found 
!hat the values of coefficients a2 and a3 are very sensitive to the specification of the 
variables and have· little significance. Thus Ashenfelter and Brown {1986) reject the 
hypothesis that the outside wage has a significant impact on employment, but do not 
go so far as to exclude the hypothesis of the absence of influence of the negotiated 
wage. These results would thus indicate that the contracts negotiated (by the Interna­
tional Typographical Union) are not optimal. It is best, though, to remain cautious, for 
as Pencavel (1991) points out, the absence of a relationship between the level of 
employment and that of the out•ide wage does not necessarily signify that the con­
tract is not optimal. For example, if the utilily function of the union takes the form 
-1'.;(w,I.) = h(L)(w/W)'; C > 0, g'(L) > 0, the contract curve is independent of w. It is 
easy Lo·verify that its expression is R'(L) =- w. · (g'(L)/g(L))/(w/(). In addition, the dif­
ficulties inherent in the definition of the outside wage and the sensitivity of results to 
the specification chosen ronder any conclusion about-the role of this variable fragile. 



(ii) Card (1986, 1990) has also studied the impact of the outside wage in em­
ployment equations of the type (33). He shows, relying on data for the aeronautical 
industry in the United States (Card, 1986) and the manufacturing industry in Canada 
(Card, 1990), that the correlations observed between employment and the outside 
wage are not consistent with the predictions of efficient contraci models. Abowd and 
Kramarz (1993) come to a similar conclusion. They find, for French data on 1097 firms 
in the period 1978-1987; that estimates of labor demand equations incorporating 
solely the outside wage (specified as the minimum wage multiplied by an index of the 
average wage of the decile below the category of manpower under consideration) are 
much less good than estimates that take only the negotiated wage into account. 

(iii) Abowd (1989) adopts a strategy that makes it possihle to overcome the dif­
ficulty linked to the specification of the out•ide wage. He assumes that the union 
maximizes the rent of its members, defined as employment multiplied by the differ­
ence between the negotiated wage and the outside wage: "f/; = L(w- W). In this case, it 
is easy lo verify that the contract curve is a vertical line, the equation of which is 
R'(L) = W. The total revenue R(L) then becomes independent of bargaining power 
(which is not the case if the solution of bargaining is found on labor demand or on 
the contract curve, which is not a vertical). In consequence, the sum of profit IT= 
R(L) - wL and union rent ii; amounts to R(L) - WL which depends only on wage W. 
Any variation in union bargaining power will then entail an= -ail;. In other words, 
any increase in tho wealth arr of shareholders should entail a reduction in union rent 
by the same amount when the power of the union diminishes. For 2228 private sector 
contracts, excluding construction, in the United States for the period 1976-1982, 
Abowd estimates relation: 

(34) 

In this equality, u represents a random error term. Variations in profit are mea­
sured using the difference in the price of shares three months before the date a collec­
tive agreement is signed, and the price observed on that date. A similar approach is 
used to find variations in the. union rent. Abowd calculates·the value of the rent 
L[w-R'(L)] at every date and from that deduces its variations. 'Ilhe estimation of this 
equation does not allow us to reject the hypothesis a1 = O and a2 = -1. In conse· 
quence, we cannot exclude the possibility that collective bargaining may arrive at 
efficient contracts. 

Attempts to ·assess the efficiency of contracts have not achieved clear conclu­
sions. The estimation of an employment-wage relationship leads to rejection of the 
hypothesis that the alternative wage plays a determining role. This makes it possible 
to exclude only the model with a vertical contracts curve. But the study of Abowd 
(1989) ends by accepting this very model,. i.e., the opposite result. 

6.3.2 Tests of the Right-to-Manage Model 
Tests of the right-to-manage modol try to verify whether the solution of the bargainiug 
lies on labor demand. MaCurdy and Pencavol (1986) use the result that, in the right-to-
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manage model, the marginal productivity of labor is equn, ,b its cost. With the same 
data as Ashenfelter and Brown (1986), they first estimate production functions, in 
order to find the marginal productivity of labor. They then show that variations in the 
latter are explained by the current wage, but also by other variables, like the outside 
wage or the level of employment which the union incorporates into its objective. They 
conclude that the solution of bargaining is not situated on labor demand. The validity 
of this approach rests on the quality of the estimate of marginal productivity. Now, 
variables modifying the utility of the union can have an impact on the behavior of 
individuals, which affects their productivity and shifts labor demand. In light of this, 
the results of MaCurdy and Pencavel (1986) are very fragile. 

Nickell and Wadhwani (1990) test the sequential model of Manning (1987), in 
which bargaining power regarding employment differs from bargaining power re­
garding wages. Using data relative to 219 firms in the manufacturing industry in the 
United Kingdom between 1972 and 1982, they estimate the labor demand function 
resulting from bargaining over employment, with an exogenous wage. We have seen 
in section 3. 2 that this function depends on, among other things, the outside wage and 
bargaining power regarding employment (captured in this study by the rate of union­
ization). It appears that neither of these two variables has a significant impact on 
employment. This result may point to the conclusion that firms are on their labor 
demand. Nickell and Wadhwani emphasize, however, that their results are fragile, 
since the reservation wage is very poorly defined, and the rate of unionization is not a 
good measuro of bargaining power regarding employment. 

6.3.3 Direct Estimations 

Boal and Pencavcl (1994) tried to estimate the effects of bargaining on wages and 
employment directly. Their study utilizes data relative to labor in the coal mines of 
Virginia between 1897 and 1938. These data are available for 35 different counties. At 
each date, there are counties in which the unions actually play a part in the bargain­
ing process, and other counties where there are no unions. The authors assume that 
employment and wages are determined competitively in those counties. This division 
of the counties into two groups makes it possible to estimate the wage gap between the 
"unionized" coun\les and the "competitive" counties. Assuming that firms preserve 
the right to manage, un estimate of the gap in terms of employment is then deduced. It 
emerges that, starting in 1921, the wage gap differs significantly from zero. It reaches 
18% over the period 1921-1930 and 23% between 1931 and 1938. On the other hand, 
differences in terms of employment are never significantly diffferent from zero, al­
though the number of days worked is, on average, 17% lower in the counties where 
unions exist. lle,nce, the study of Boal and Pencavel shows that a large wage difforen­
tial does nol necessarily have a negative effect on employment. It is possible that the 
presence of a union leads to a chunge in internal relationships in firms that, in return, 
alters the linkage between employment and wages. 

Changes in legislntion influencing union power constitute interesting oxpori~ 
ments for the assessment of tho impact of unions on employment: they are like exoge-



nous shocks, tho consequences of which the econometrir.ian can identify. The reforms 
introduced by the Thatcher government in the United Kingdom in the 1980s fit 
this category, since they limited union power, notably by abolishing the "closed 
shop" (the obligation for all workers in a firm with a collective agreement to belong to 
the union). The effect of these reforms was to diminish Lhe rate of unionization and 
the collective bargaining coverage of collective agreements, and studies find that tho 
response of wages and employment to variations in demand rose following these 
changes. The reforms did not, however, appear to have had an impact on unemploy­
ment, or on the chances of exiting from unemployment (Blanchflower and Freeman, 
1994). The study of Maloney (1994), which looks at reforms introduced in New Zea­
land in 1991 that substantially reduced union power, comes to different conclusions. 
Maloney finds that the strong reduction in the rate of unionization had a positive 
impact on employment. The contribution of Kahn (2000), on 15 OECD countries for 
the period 1985-1994, brings out a negative correlation between the degree of union 
coverage and the relative employment rate of low-skilled workers. Kahn also shows 
that unions allow these workers to obtain higher relative wages, which suggests that 
unions contribute to the compression of the wage structure at the expanse of the 
employment of less skilled workers. 

All in all, empirical studies arrive at very heterogeneous results, so it is impos­
sible, on the basis of these works, to satisfactorily assess the impact of c:ollective bar­
gaining on employment. Empirical studios appear to converge on only two points. For 
one thing, the hypothesis that the marginal productivity of labor is equal lo the out­
side wage must be rejected, and for another, there are grounds for positing a negative 
correlation between employment and negotiated wages (Hamermesh, 1993). It should 
be noted that the conclusions of the right-to-manage model (see section 3.1) and those 
of the insiders-outsiders model with no discrimination against entrants (see section 
4.1) do not contradict these two stylized facts. 

7 SUMMARY AND CONCLUSION 

In Europe, the area of the economy covered on average by collective bargaining 
lay in the neighborhood of 80% in the middle of the 1990s. It was clearly less in 
the United States and Japan, where the values were respectiyely 18% and 21 %. 

Unions, or more generally institutions representing wage-earners, have as their 
objective to obtain the highest wage and employment levels possible. Trading off 
between employment and wages depends on tho internal organization of the 
union and the preferences of workers. Hence, a union made up solely of insiders 
is indifferent to the level of employment as long as it is sufficiently high for all 
the insiders to remain in employment. Convorsely, a boss-dominated union 
seeking to maximizo the sizo of the organization will have as its objective an 
increase in employment at the expense of wages. 
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Models of bargaining, derived from the theory of no,_ Jperativc games, allow 
us to pinpoint the elements that determine the partition of gains between pro­
tagonists taking part in a bargaining process. This partition depends on the 
preference for the present and the risk aversion of the agent•, and on the gains 
they obtain dw'ing the unfolding of the negotiation, or when negotiations break 
off. 

All analyses of wage bargaining agree on the conclusion that the bargaining 
power of unions increases wages. Their effect on employment, however, is am­
biguous. Employment decreases with the bargaining power of workers if the 
bargaining is exclusively over wages, but employment may rise if it also con­
cerns hires. If bargaining covers wages and unemployment benefits or severance 
payments, the bargaining is strongly efficient, and employment always reaches 
its competitive level. 

The opposition between insiders and outsiders excluded from the bargaining 
does not necessarily entail the exclusion of outsiders from employment. Rather, 
it should lead to a discrimination between insiders possessing bargaining power, 
who can on that account obtain good jobs, and workers lacking this power, who 
are pushed into badly paid jobs. 

Workers' bargaining power has a negative effect on investment if it is impossible 
to negotiate long-term commitments concerning wages. Once an investment has 
been made, workers arc tempted to push for new wage negotiations in order to 
benefit from the improved productivity flowing from the increase in capital 
stock. Without a long-term commitment, the chance that wages will be renego­
tiated diminishes the return on investment. But the e:ffec:t on employment of 
lowered investment is ambiguous: it is positive if labor and capital are gross 
substitutes and negative if they are gross complements. 

A priori, bargaining over hours worked could allow employers and employees to 
share jobs, and so solve the unemployment problem. The increase in unem­
ployment in Europe has not, though, led to a significant diminution in the 
number of hours worked in these countries. Analysis of bargaining shows that 
unions and firms negotiate a reduction in the number of hours to be worked 
if the marginal utility of income is low for workers, if the productivity gains 
induced are strong, and if the bargaining power of unions is high. Moreover, it 
appears that a compulsory reduction (by legal fiat, for example) in the number of 
hours worked incrooses employment only if the bargaining power of unions and 
the marginal utility of income are sufficiently low. 

Empirical studies. suggest that collective bargaining has a positive impact on 
wages while reducing their dispersion. Collective bargaining probably ·has a 
positive effect on productivity and a negative effect on profits, the number of 
hours worked, and investment in physical capital. Tho eliect of collective bar­
gaining on employment proves to be ambiguous. 
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10 APPENDICES 

10.1 APPENDIX 1: UNICITY OF SOLUTION (x*, y*) 
Consider the system of eqnations: 

u1(y) - u1 ='51 [u1(x)- u,] 

u2 (1 -- x) - il2 = o2 [u2 (1 -· y) - u2] 

(35) 

(36) 

Relation (35) defines y as a function of x, i.e. y = y(x) = u;-1 [o1 (u1 (x)-il1 )-1 u1]. 

Let us now defina function H(x) by: 

H(x) - u2(1-x)-il2 -<l2 fu2 (1-y(x))- ii2] (37) 
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Since u2 (0) = iiz, we have H(1) < O when x > O. Like"'·- ./since (35) shows that 
y(O) = 0, (37) entails H(O) = (1-o2)[u2 (1) - ii2) > O. Moreover, differentiating (37), we 
get: 

H'( ) 1 ( ) [c1102u\ (x) uH1 - x) ] 
x = u, l - y{x) u\{y(x)) - u;{1- y(x)) 

Since y{x) < x, for x > 0 (see (36)), the concavity of the utility function entails 
u\ {x)/u\ (y(x)) < 1 and u;(1 - x)ju;(1 - y(x)) > 1. The derivative H'(x) is thus strictly 
negative for x > 0. Therefore, there exists a unique value x• such that H(x•) = 0. 
There is thus a unique solution (x', y'), with y' = y(x·), for the system of equations 
(35) and (36). 

10.2 APPENDIX 2: THE CORRESPONDENCE BETWEEN THE NASH 
AxlOMATIC SOLUTION AND THE 5UBGAME PERFECT EQUILIBRIUM OF 
RUBINSTEIN'S MODEL 
We take up Rubinstein's game, presented in section 2.3.1, with the assumption that 
the players have different preferences for the present. Let t. be the interval between 
successive offers. The discount factor of the agents is denoted by o; = e-'•4 ; r; > 0, 
i = 1, 2; where r; is the discount rate of player i. We will show that the solution of the 
bargaining in Rubinstein's game approaches the Nash axiomatic solution when t. goes 
to zero. 

The solution of the bargaining {x(t.), y{t.)) in Rubinstein's game is defined by 
the system of equations: 

u,[y(t.)] - a,= e-~•ru,(x(t.)) - ilt] 

u2[1- x(t.)] - a,= e-"4 [u2 (1 - y(t.)) - il2] 

In the neighborhood of t. = O, we have e-"• "' 1 - r;t., and these two equations 
then entail: 

[u,(y(t.)) - u1(x(t.))) "'r1t.(u1 (x(t.)) - ii1J 

[u,(1 - x(t.)) - u,(1 - y(t.))] "'r2A[u2(1 - y(t.)) - ilz] 

(38) 

(39) 

These relation~ show that y(t.) and x(t.) converge toward the same value, x, 
when t. goes to zero. They then entail: 

u' (x) =Lim u,[y(t.)) - u,[x(t.)) 
t .._.. y(t.)-x(t.) 

, ( -) L" llz[1 - x(L\)j - u2(1 - y(t.)) 
u2 1 - x = .~';;' y(A) _ x(t.) 

Using these last two relations and taking the ratio between equations (38) and 
(39) fort.-+ 0, we get: 

u;(x) - r1 (u1(x)- a,] 
u;(1- x) = f. [U;(i - x) - a,) 

(40) 



Tho axiomatic solution of the generalized No.sh negotiation, or x G, is defined by: 

xG = ArgM;ix[u1(x) - d1J'[u2(1-x)- d,] 1- 7 

The first-order condition then entails: 

uf(xG) {1- y) u1 (xG)- d1 
u~(1 - xG) = -- ;,(1 - xG) - d2 

(41) 

Comparison of equations (40) and (41) then shows that xG = x if, and only if~ 

d; = ii;, i = 1, 2; and y = r,/(r1 + r,). 
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INTRODUCTION 

The goal of macroeconomic analysis is to explain changes occurring over time in the 
main aggregates that characterize the economic activity of a nation. For labor eco­
nomics, the essential ones are the aggregate values of employment and wages. The 
theory of wages examined in chapters 5, 6, and 7 assign a central role to the behavior 
of agents, who take a direct part in the setting of wages through the bargaining process 
or through putting incentive mechanisms in place. We will see in this chapter that 
recent developments in macroeconomics have been influenced by these advances in 
wage theory. 

The model of perfect competition has also played a very important role in the 
development of macroeconomics, however. According to the classical economist•, 
who adopted the model of perfect competition as the best way to reprosent tho func­
tioning of the economy, real wages achieve ongoing equilibrium between supply and 
demand in the labor market. Keynesians, on the other hand, take the view that mar­
kets, in particular labor markets, can find themselves stuck in situations of disequilib­
rium for long periods. Keynesianism certainly allows that in the long run, real wages 
do align supply and demand, but it insists that in the short and medium run this vari­
able displays a certain rigidity that hinders permanent adjustment in the labor market. 
From this standpoint, the process of wage setting is no longer represented by a com­
petitive model but rather by a "Phillips curve"-tbe expression of a decreasing rela­
tion between the unemployment rate and the growth rate of the average wage. 

This conceptual difference leads to divergent views about how to assess the 
efficiency of policies for managing aggregate demand. For Keynesian economists, 
prolonged disequilibria in different markets lead to periods of more or less durable 
underemployment, which should be countered by stabilization policies that affect the 
volume of aggregate demand. Conversely, classical economists see business cycles as 
movements of a state of equilibrium subjected to shocks. From this standpoint, stabi­
lization policies that aim at stabilizing aggregate demand are not necessary, for the 
equilibrium level of aggregate output is determined by real variables, over which such 
policies have no influence. 

The theory of fixed price equilibria (presented in Benassy, 1993) supplied a 
rigorous framework, enabling a better understanding of the different possible causes of 
unemployment. These analyses do not fall within our purview here, as they are too 
peripheral to the subject of this book and deal only with a very short-run perspective, 
in which prices as a whole remain totally rigid. Instead, our horizon will be the short 
to medium run, over which it is generally taken for granted that markets for goods 
reach equilibrium through price and that the labor market alone is liable to experience 
durable disequilibria. It appears that stabili,,ation of aggregate demand is effective 
only if wages display some nominal rigidity, i.e., a certain delay in the reaction of 
nominal wages to variations in the general level of prices. When such nominal rigidity 
is absent, stabilization policies are ineffective and influence only t)le ipflation i·ate. 
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Unemployment is the result, then, of rigidity in real wages. On that basis, supply side 
policies should bo adopted in order to influence unemployment. 

The aim of this chapter is to present standard macroeconomic analysis of un­
employment. For this purpose, it is important to keep in mind stylized facts regarding 
unemployment, employment, and wages, in different OECD countries (section 1). 
These facts clearly show that countries that faced a high unemployment rate during 
the 1980s and 1990s did so because of low job creation compared with countries with 
low rates of unemployment, and not because of a large increase in the labor supply. 
Standard macroeconomics explains these stylized facts on the basis of a Keynesian 
model, presented in section 2. This type of model has been used for several decades, 
by a number of institutions engaged in economic forecasting, for the purpose of as­
sessing the impact of macroeconomic policies. In this regard a number of critiques, 
particularly concerning the process of wage formation, have been directed at it. Sec­
tion 3 lays out the ones that bear on the origins of nominal rigidities, while section 4 

is devoted to the examination of real rigidities. Finally, ·section 5 presents empirical 
estimates that enable us to assess the relevance of the different explanations for un­
employment proffered by standard macroeconomics. 

1 SOME FACTS 

During the last 30 years, the industrialized countries have evolved in very different 
directions with respect to unemployment. In contradistinction to the United States or 
Japan, most countries of continental Europe have not succeeded in creating enough 
jobs, and at the turn of the millennium, they showed a high proportion of long-term 
unemployed. 

1.1 THE DIFFERENT UNEMPLOYMENT EXPERIENCES 
Table 8.1 shows rates of unemployment, labor market participa\ion, and employment 
in 19 OECD countries for the year 2001. We see that unemployment is a phenomenon 
that touches all OECD countries, but in very different proportlons. Some countries, 
such as the United States, Japan, Norway, Luxembourg, the Netherlands, Switzerland, 
and Portugal, have an unemployment rate below 5%. But other countries, such as 
_France, Italy, and Spain, display an unemployment rate higher than 10%. For the 
European Union as a whole, the average unemployment rate is in the neighborhood 
of10%. 

The third column of table 8.1 reports the employment rates, i.e., the ralio of the 
number of persons employed to the number of persons in the population who are of 
working age (from 15 to 64 years old). This indicator is a useful completuent to the 
data on unemployment, given that the definition of unemployment is necessarily sub­
jective (see chapter 1). All the figures given in this table correspond to the stan­
dardized OECD definition of unemployment, but national specifics are important 
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Table 8.1 

Rates of unemployment, participation, and employment in 19 OECD countries in 2001. 

Unemployment rate Participation rate 

Country (%] (%) 

Australia 6.7 73.8 

Austria 4.0 70.7 

Belgium 6.2 63.6 

Canada 7.3 76.5 

Denmark 4.2 79.2 

Finland 9.2 74.6 

France 8.8 68.0 

Germany 8.0 71.6 

Italy 9.6 60.7 

Japan 5.2 72.6 

Luxembourg 1.9 64.2 

Netherlands 2.1 75,7 

Norway 3.5 80.3 

Portugal 4.3 71.8 

Spain 10.5 65.8 

Sweden 5.1 79.3 

Switzerland 2.5 81.2 

United Kingdom 4.8 74.9 

United States 4.8 76.8 

European Union 7.4 69.2 

Total OECD 6A 69.8 

Source: OECD data. 

Employment rate 

(%) 

68.9 

67.8 

59.7 

70.9 

75.9 

67.7 

62.0 

65.9 

54.9 

68.8 

63.0 

74.l 

77.5 

68.7 

58.8 

75.3 

79.l 

71.3 

73.l 

64.l 

65.3 

sources of heterogeneity. For example, generous unemployment benefits may impel 
individuals to look far a job, or claim to be doing so, in order to gain access to unem­
ployment benefits. In this case, unemployment is in part the result of a high level of 
labor market participation, not of ao insufficient number of jobs. 

Scrutiny of table 8.1 and figure 8.1 indicates, however, that the countries with a 
high unemployment rate are also the ones with low rates of employment. In particu­
lar, figure 8.1 shows that there exists a decreasing relation between the unemployment 
rate and the rate of omployment, and that the dispersion of tho duster of points 
around the regression line is relatively weak. The unemployment rate is thus a rele­
vant indicator of the abundance of jobs in a country. The socond column of table 8.1 
also shows that participation rates are highly dispersed, sinc:e they vary from 60.7% in. 
Italy to 81.2% in Switzerland (readers will recall that the participation rate equals tho 
ratio of the labor force to the working-age population). Moreover, countries that face a 
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The relationship between the unemployment rate and the employment rate in 19 OECD countries in 2001. 

Source: OECD data. 

high unemployment rate generally have a relatively weak rate of participation. This 
observation is illustrated in figure 8.2, which reveals a decreasing relation between 
participation rates and unemployment rates. Thus, high unemployment does not re­
sult from an excessively high participation rate. 

This rapid overview of unemployment, employment, and labor market partici­
pation as experienced in different OECD countries suggests that certain countries face 
a relatively high unemployment rate because of insufficient job creation, not abnor­
mally high participation rates. Examination of changes over time since the beginning 
of tho 1960s in employment, unemployment, and the labor force irl the United States, 
Japan, and three continental European countries-Germany, Franco, and Italy-that 
have experienced high unemployment will th.row further light on the origins of 
underemployment. 

1.2 CHANGES IN EMPLOYMENT, UNEMPLOYMENT, AND LABOR FORCE 
Figure 8.3 shows that the unemployment rate has evolved very differently in Japan, the 
continental European countries of Germany, France, and Italy, and the United States. 
Between 1960 and 1994, Japan was characterized by great stability in this indicator, 
so much so that the two oil shocks of 1974 and 1979 seem not to have had much im­
pact. But between 1994 and 2001, the unemployment rate rose steadily in this coun­
try. Conversely, the American unemployment rate has fluctuated significantly. The 
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The relationship between the unemployment rate and the participation rate in 19 OECD countries in 2001. 

Source: OECD data. 

14 ,------------ --------------

12 -------- ------------------

10,---·-----

I 
4 r-
2~---------------~:.~,~~--~--~~-
oL -~~--~~---~-~-~---~~~---~-~ ,,,,,,,,,,,,,,,,,,,,,, 

FIGURE 8.3 

Change In.. lhe unemployment rate in the United States, Japan, and continental Europe (Germany, France, Italy), 
1960-2001.· 

Source: OECO data. 



UNEMPLOYMENT AND INfLATION 

unemployment rate in the continental European countries stayed relatively low until 
the 1970s, but rose steadily until 1997; from then to the end of the period considered, 
it diminished. 

The Relation Among Unemployment, Employment, and the Labor /<'orce 
We can assess change in the unemployment rate with the help of the following ac­
counting equality: 

Nt<t =Lt+ U, 

In this relation N,, L,, U,, and <t designate respectively the population of working age, 
the level of employment, the number of unemployed, and the participation rate at 
period t. The unemployment rate being defined by u1 = Ut/(L, + U,), we have: 

N,,, = __!":!____ 
1-u1 

Using this equation in logarithms at dates t and t - 1, and using the approximation 
Lim,~1 In x = x - 1, we get (A is the difference operator, AN1 = N, - N.-1): 

AN,+ A<1 =AL,+~ 
Nt-1 't't-1 Lt-1 1 - Ut-1 

With the assumption that u is a small number, which is the case in reality, this rela­
tion allows us to express the variations in the unemployment rate as a function of the 
growth rates of the working-age population, employment, and participation: 

Au, "' AN, + A<1 _ AL, 
Nt-1 '1-1 Lr-1 

This decomposition shows that variations in the unemployment rate come from 
variations in the employment rate, the size of the working-age population, and 
changes in the participation rate. The relationship between the unemployment rate 
and employment is thus not a simple one. It is entirely possible for the unemployment 
rate to fall without employment rising if, for example, the labor .force shrinks. Figure 
8.4 shows that the growth of unemployment in Europe is not the, outcome of this sce­
nario, for Germany, France, and Italy, where the unemployment rates rose steeply 
until 1997, experienced relatively slow rates of expansion of the labor force compared 
with the United States or even Japan (the sudden jump in the labor force in Europe in 
1.990 came from German reunification). 

The Chronic Weakness of Job Creation in Continental Europe 
We observe that, without exception, the expansion of the labor force is weaker in the 
continental European countries than in the United States and Japan. The relatively 
slrong expansion of the labor force in the United States and Japan is the result of a rise· 
in the rates of participation and a more sustained growth in the size of the working­
ago population. It is interesting to note that the rate of participation has risen consid­
erably in the United States, and even in Japan (since 1975), whereas it reached the 

I 4119 
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same level in Germany, France, and Italy (figure 8.5) in 1965 and 1997, and then 
began to rise in 1997 in these three countries, when tbe unemployment rate began to 
decrease. The good performances of the United Stutes and Japan when it comes to 
unemployment are thus not due to less growth of the labor force. We observe further 
that participation rates are higher in the countries where unemployment has not risen 
over the period as a whole. 

All these elements suggest that the United States and Japan clearly have a 
greater capacity to create jobs than do Germany, France, and Italy. This conclusion 
emerges sharply in'figure 8.6, showing that the increase in employment in the United 
States and Japan has been much greater than in the European countries on which 
we have focused (the sudden jump that appears in continental Europe is an effect of 
German reunification, which brought a puroly mechanical increase in employment). 

Figure 8.7 tells us that tho European countries' poor performance in job creation 
leads lo low employment rates. Since 1975, in Germany, France, and Italy, the em­
ployment rate (which equals the ratio of the number of jobs to the size of the working­
age population) has continually been lower than that of the United States and Japan. 
Moreover, the employment rate hus risen constantly in the two latter countries since 
1975. So it is that at tbc beginning of tbe third millennium, the diJierence in employ­
ment rates between the continental European countries, on the one hand, and tho 



UNEMPLOYMENT AND INFLATION I 451 

0.77 ----·-·----

0.75·--·-. ------------· 

0.73 -
.· .. --·--.. ;.-;:: 

' ....... . 
0.71 ·>-------

0.69 -----

0.67 

0.65 

0.63 ;...,.~--~~~~--~~~---~~~---~.,..../ 

,#Ji'.!'.#,#~"",~~"' ,<II-• i" ,~~ ,# ,# ,# ,#' ,#,#'Ji',.#' .if,#'##"' 
FIGURE 8.5 

Changes in the rates of participation in the United States, Japan, and continental Europe (Germany, France, Italy), 
1960-2001. 

Source: DECO data. 

United States and Japan, on the other, is considerable, and clearly larger than the dif­
ference in unemployment rates. 

In sum, the picture is particularly negative for Germany, France, Italy, and other 
European countries, such as Belgium and Spain. It reveals a structural incapacity to 
create enough jobs for more than 30 years. During the 1960s, this lack was offset by a 
significant fall in the overall participation rate. But since 1970 the latter variable has 
remained more or less stable, and the weakness of job creation h"I' been fully reflected 
in unemployment. 

1.3 LONG-TERM UNEMPLOYMENT 
!), very high proportion of long-term unemployed persons-those who have been 
looking for a job for more than a year-clearly distinguishes many countries of conti­
nental Europe from certain other industrialized countries. Figure 8.8 shows that the 
long-term unemployed represent a major share of overAll unemployment in Belgium, 
France, Germany, Italy, the Nethe!'lands, and Spain. The corresponding share in the 
United Slates and Japan is very small. Long-term unemployment is a phenomenon 
proper lo certain countries of continental Europa. It is capable of having dire effects 
on tho "employability" of suppliers of labor, a.nd constitutes an important source of 
degradation in the overall functioning of the labor market (see section 4.1 below). The 
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overall level of unemployment is intimately tied to the level of long-term unemploy­
ment. As we see in figure 8.9, the countries where the unemployment rate is high are 
also the ones with a strong percentage of long-term unemployed. 

1.4 FLUCTUATIONS IN REAL WAGES AND EMPLOYMENT 
Fluctuations in real. wages and employment share common features in all OECD 
countries. In order to spotlight the cyclical properties of a variable, we calculate the 
relative variations of this variable with respect to its trend. The latter is generally 
found using a moving average. The method most frequently employed by economists 
to calculate a moving average is to use the Hodrick and Prescott filter (1997). This 
filter yields the trend x, of a series y1, defined at dates t = 1, ... , T, by minimizing the 
sum of tho variance of y1 around x1 and a term t11at increases with the second differ­
ences of the trend_ x1• The "filtered" series defining trend x1 is thus the solution of the 
following problem: 

T T-1 

Min ~)Y1 - x1) 2 + ,\ L[(x., 1 - x,) - (x, - X1-1)] 2 
{xi} t=l t=2 
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Source: OECD data. 

In this problem, A. > O is a parameter making it possible to control the variability 
of the trend. The greater this parameter, the weaker the variability of the trend. If 
.t-> 0, the trend merges with the series x, and it becomes linear with,\~ co. 

Figures 8.10 and 8.11 present the relative deviations.of the productivity of labor, 
real wages, and employment with respect to their trend (calculated on annual data 
with the Hodrick and Prescott filter for .t = 100) in the United States and France over 
the period 1970-1998. We observe a positive correlation between the productivity of 
labor and employment. A rise in the productivity of labor has a tendency to increase 
hires, and thus to increase aggregate production. Moreover, real wages are also posi­
tively affected by an increase in the productivity of labor. These three variables, which 
a~e in addition positively correlated with the GDP, are therefore procyclical. It is in­
teresting to note that the volatility of these three variables taken together is greater in 
the United States. The standard deviation of the wage (relative to its trend) is equal to 
0.0099 in France and 0.0111 in the United States, whereas the standard deviation of 
employment (relalive to its trend) takes the values 0.0138 in the United States and 
0.0078 in France. The cycle is thus much less pronounced in France, and more gen­
erally in a number of European countries, than In the United States. 

We have highlighted three "stylized facts," whieh tan be summed up as follows: 
i) high unemployment in Europe is not caused by growth in the labor force more 
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rapid than that of the United States or Japan; it is caused by less job oreation; 2) many 
EU muntries are distinguished by a high proportion of long-term unemployed; 3) em­
ployment and real wages are two procydical variables that are positively correlated 
with labor productivity. 

2 FROM THE CLASSICAL MODEL TO 
THE KEYNESIAN VIEW 

The classical model, in which wages perpetually bring about equilibrium between 
labor supply and demand, constitutes the model of reference for macroeconomic 
analysis and the point of departure for all subsequent developments. It does oat, 
however, supply a totally convincing theory of fluctuations in aggregate quantities. 
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Nor does it grant that changes in aggregate demand have any influence on real vari­
ables, even in the short run, and it proves to be incapable of explaining involuntary 
unemployment. These limitations have led to alternative explanations. Jn the Keynes­
ian approach, nominal wages are characterized liy a short-run rigidity. More precisely, 
the progressive adjustment of wages involves a relationship between nominal wage 
changes and the unemployment rate, known as the Phillips cuive. It exhibits a short 
run trade-off between inflation and unemployment, and thus endorses the effective­
ness of policies aimed at stimulating global demand in order lo combat unemploy­
ment ia the short run. In the long run, however, macroeconomic policies aimed at 
stimulating demand have no inlluence on tho level of unemployment, which depends 
on the structural features of the economy. 

2.1 THE CLASSICAL THEORY 
The hypothesis of tho perfect flexibility of prices in the classical theory entails that 
changes in aggregate demand can have no effect, even in the short run. This predic­
tion is not verified. Moreover, for the classical model to agree with observed correla­
tions between employment and productivity, the elasticity of tho aggregate labor 
supply would have to be much greater than it is in reality. 
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A Simple Model 

The microeconomic foundations of the model we will work with are laid out in detail 
in appendbc 1 to this chapter. The economy will comprise three goods: labor, offered 
by households and utilized by firms in production; a good, representing all the 
goods and services produced by firms and consumed by households; and money, 
the numeraire, which is storable and created by the state to serve as a medium of 
exchange. 

Let y1 be the logarithm of the aggregate output, let m1 be the logarithm of the 
money supply, and let p1 be the logarithm of the price index. We show in appendix 1 
that the equality of supply and demand in the market for goods and services entails: 

y,=m,-p, (1) 

Firms produce with a constant-return-to-scale technology which is represented by the 
following production function: 

y, =a1+1i (2) 

where Ii designates the logarithro of employment and a1 is a strictly positive produc­
tivity parameter. The price p1 is set by firms, which are assumed to have some market 
power. It is obtained by multiplying the marginal cost by a markup. Denoting by w1 

the logarithm of the nominal wage, one gets: 

(3) 

Appendix 1 to this chapter presents a simple model showing that parameter x 
increas~s. with the market power of firms. This appendix also explains that in a richer 
model, parameter x must increase with the cost of capital (or energy) and the payroll 
tax. 

The logarithm of the labor supply of households, denoted by t,', is an increasing 
function ofreal wages: 

In this expression, 1 and q are constant parameters. These last four equations have five 
unknowns, Ii, t,•, y1, pi. and w1• Therefore, one equation needed to determine the equi­
librium _values of the unknowns is missing. 

The Labor Market Equilibrium 

The classical theory rests on the idea that the real wage maintains the labor market 
equilibrium. The equation allowing us to close the model is therefore written t, = t,' 
for all !. The price rule (3) and the labor supply (4) then make it possible to find the 
equilibrium level t,' of employment: 

(5) 

For this .value of employment, equilibrium in the market for goods determines the 
price p;. EqualiY.ing demand (1) with supply (2) thus entails p; = m1 -t,• - a1• This 
equilibrium is represented by points E and E' in figure 8.12. In this figure, line Di 
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FIGURE 8.12 

Classical equilibrium. 

represents aggregate demand as a function of employment, or Pt = m1 - t, - a,. It 
illustrates the classical dichotomy: the real fundamentals of the economy-the tastes 
of consumers and the characteristics of production, summarized here by parameters 
a,,x, l, and 17-determine real equilibrium E independently of the quantity of money 
m1• The latter simply gives the equilibrium value of the price (it is the abscissa of 
point E' in figure 8.12). 

In relation (1), a rise in m1 (denoted by <im > O in figure 8.12) is interpreted as 
a positive demand shock. We see that the only effect it has is to increase the price. 
A policy increasing transfers to households, financed by money creation {precisely 
represented in this model by a rise in m1), thus has no real effect, either in the short 
run or the long one. So money is neutral. But a positive productivity shock (<ia > 0) 
increases real wages and employment by reducing the price. In t):iis regard, it is inter­
esting to note that money neutrality requires only that prices equilibrate markets. This 
result holds whether the competition is perfect (x = 0) or i~perfect (x > 0). The 
nature of competition does, however, alter the allocation of resources: the market 
power of firms decreases output and employment. 

The Limits of the Cla.•.•ica/ Model 
The classical model has been tho target of numerous critiques. In the first place, it 
does not permit us to explain involuntary unemployment. More exactly, there are no 
unemployed pursons in· this model, only nonparticipants who choose not to work ~ 
the current wage. In the second place, we saw In chapter 1, section 2, that for most 
couulries, particularly in Europe, tho elasticity of aggregate labor supply is small. That 
means that the line t,' in figure 8.12 is almost horizontal. Scrutiny of this figure shows 
that a productivity shock makes real wages change significantly but has a negligible 
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effect on employment. This prediction contradicts the St) .Jd facts set forth in sec-
tion 1.4 of this chapter, which indicate on the contrary that employment is strongly 
correlated with labor productivity: the coefficient of correlation takes the value 0.73 in 
France and 0.48 in the United States. Generally speaking, the classical model predicts 
too much volatility in real wages. It could be maintained that movements in the level 
of employment are caused by changes in labor supply (in figure 8.12, that corresponds 
to shifts of the whole lino t,"). But we would then observe a total absence of volatility 
in real wages, or, assuming that short-run labor demand decreases with wages-since, 
for a given stock of capital, the marginal productivity .of labor is decreasing, and labor 
demand must decrease with wages (see chapter 4)-countercyclical movements in 
real wages, which would have a tendency to fall off when production rose. Such a 
prediction conflicts with the stylized facts presented in the previous section. 

Finally, according to the classical model, changes in aggregate demand have 
no real effect, even in the very short run. Thus, in figure 8.12, we see that om > o 
increases the price without changing employment. This conclusion does not fit well 
with empirical observations, which reveal that changes in aggregate demand do have 
effects, however transitory (see the survey of Christiano et al., 1999). 

2.2 THE INFLATION-UNEMPLOYMENT TRADE-OFF 
In the Keynesian approach, the nominal wage is rigid in the short run, and there is not 
necessarily equilibrium botween labor supply and demand at every instant. The pro­
cess of wage adjustment is represented by the Phillips relation. 

2.2.1 The Phillips Curve 
To describe the functioning of the labor market, the earliest Keynesian works adopted 
a process of wage formation that depicted a negative relation between the rate of 
growth of the nominal wage and the unemployment rate. This relation is known as the 
Phillips curve, in reference to the work of Phillips (1958), who was the first to empiri­
cally establish the existence of such a negative correlation, using British data for the 
period .1861-1957. Tho simplest interpretation of this curve is to consider that un­
employment exerts downward pressure on nominal wages. So, when there are few 
unemployed, work!'rs are in a position to obtain higher wage increases than they are 
in situations of high unemployment, because competition among employers to attract 
workers is intensified by low unemployment. 

For tho sake of simplicity, we will assume thul labor supply is inelastic. If we set 
1/ ~ 0 in relation (4), labor supply is equal to the constant 1. We will likewise assume 
that a part of this supply is not satisfied at the current wage, whereas firms arc all on 
their labor demand curve. Formally, this hypothesis is set oul in the inequality t, < 1. 
Let u, be the unemployment rate; assuming thal it is sufficiently close to zero, then we 
have u, = (L- L,)/L"' Log(L/L,), and consequently: 

(6) 

In the Keynesian models based on the Phillips curve, unemployment comes 
from lhe fact that nominal wages do not immediately macl in such a way as to dose 
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the gap between supply and demand in the labor market. Yet nominal wages arc not 
totally rigid, because the Phillips curve stipulates a negative relationship between the 
growth rate of this variable and the unemployment rate. The unemployment rate 
is not the only variable capable of guiding the movement of nominal wages. In many 
countries, increases in nominal wages are de facto indexed to inflation. We will 
take this characteristic into account by adding the inflation rate to the Phillips curve, 
or, with I!. denoting the difference operator, l!i.p1 = P• - P•+ We then speak of an 
"augmented" Phillips curve. The initial formulation has been enriched by other ex­
planatory variables for the puxpose of obtaining the best econometric results. In par­
ticular, the growth rate l!i.a1 of productivity is frequently included (for more detail on 
the possible specifications, see OEGD, r994, 1997, and Richardson et al., 2000). Lim­
iting ourselves to a linear form, the equation of the Phillips curve takes the following 
form: 

This equation makes it possible to clarify the notions of nominal and real rigidity. 
The notion of nominal rigidity refers to the degree to which nominal wages are 

sepsitive to movements in the price. Among the causes of this rigidity, we may in­
clude the money illusion of suppliers of labor, and the costs linked to tho negotiation 
of wage contracts, which prevent wages from being perfectly indexed to prices. In 
equation (7), parameter .!,, representing the average length of time wage adjustments 
take, supplies a measure of the degree of nominal rigidity. If it is close to unity, the 
degree of nominal rigidity is high, in the sense that an increase in the current inflation 
rate only entails a slight adjustment of nominal wages in the period. Conversely, if 
this parameter is close to zero, there is little nominal rigidity, for current inflation 
is transmitted almost entirely through an increase in nominal wages in ·the period. In 
practice, the degree of nominal ridigity is evaluated by estimating a distribution of 
lags over past inflation rates, not just the inllation rate in the preceding poriod. Equa­
tion (7) thus represents a simplified form of the Phillips relation used in empirical 
work: The coefficient of the long run indexation of wages to pri£es is equal to the sum 
of the coefficients of lip1 and of l!i.p1_ 1• It is thus equal to 1 in th_e formulation we have 
adopted. A number of studies have in fact shown that Lhis coefficient was not sig­
nificantly different from unity, at least for G5 countries (United States, Japan, Ger­
many, France, and the United Kingdom) and from the beginning of tho 1960s (soc Goe, 

"-1985; Chan-Lee ot al., 1987; Gordon, 1997; OEGD, 1994, 1997). 
In order to grasp the notion of real ridigity, it is helpful to rewrite equation (7) in 

the following form: 

(S) 

Ilea] rigidity portrays the ruaction of the real wages growth rate lo the level of 
unomploymont. We observe that the influence of the unemployment rate on wage 
variations increases·with ).2, which is why we consider that 1/J.2 gives a measure of 
tho degree of real rigidity. Finally, parameter .la, generally lying between 0 and 1, 
represents tho degree to which real wages arn indexed to productivity gains. 

l 461 
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2.2.2 The NAIRU 
The Keynesian model comprises five unknowns, t;, u1, y., w., and p1, of which the 
equilibrium values are the solutions of the system offive equations (1), (2), (3), (6), and 
(7). The price-setting rule (3) and the Phillips curve (7) make it possible to define a 
relationship between the unemployment rate and inflation. In the first place, the dif­
ference operator applied to equation (3) entails t..p1 = t..w1 - t..a1• This equality signi­
fies that firms immediately pass on increases in nominal wages when they set the 
selling price of their products. In a mare complete model, we could conceive of a 
certain lag between wage rises and price rises. Substituting the expression of wage 
growth rate defined by the Phillips curve (7) in this equality, we arrive at a relation­
ship between the variation in the inflation rate and the unemployment rate which we 
shall continue, for simplicity, to describe as the Phillips relation. It is written: 

A1(i3.p, - dp1-1) =Ao -A2u1 - (1- .la)t..a, (9) 

This equation allows us to define the unemployment rate ii1 compatible with a con­
stant inflation rate (t..p1 - t..p1_ 1 = 0). This unemployment rate is commonly called the 
NAIRU (nonaccelerating inflation rate of unemployment). The NAIRU is sometimes 
referred to as the "natural" unemployment rate, or the equilibrium unemployment 
rate, since it also represents, as we will demonstrate below, the long-run equilibrium 
value of the unemployment rate. Setting t..p1 = t..p1_ 1 in (9), we immediately get: 

_ A. - (1 - A,)aa, 
Ut= . (10) 

"' 
In particular, when productivity grows at a constant rate (t..a1 = t..a, Vt), the NAIRU 
takes a stationary value ii defined by: 

ii= A. - (1 - A,)aa 
.<, (11) 

It appears that the NAIRU increases with.the degree of real rigidity (1/J.2) and that it 
depends on the rate of growth-not the level-of productivity. If nominal wages are 
not perfectly indexed to productivity gains (0 ,;; A, < 1), a slowing of productivity 
growth (a diminution of t..ai) will entail a rise in the NAIRU. Bringing the value (10) 
of the latter into the equation of the Phillips curve (9), we obtain a new form of this 
equation linking the current unemployment rate, the NAIRU, and the acceleration of 
inflation. It is written: 

(12) 

In the absence of nominal rigidity (.<1 = 0), the current unemployment rate is always 
equal to the NAIRU. Conversely, when .!1 > O, the current unemployment rate is infe­
rior to the NAIRU if aud only if iuflation increases (t..p1 > t..p1 .. 1). 

Equation (12) shows that the unemployment rate can only be lowered hy an 
increase in the inflation rate. Conversely, it is evident that a reduction in tl10 inflation 
rate must necessarily lead ta a transitory increase in unemploymept. From this per-
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spective, the ratio J.1/J•z. co .... 1ionly called the sacrifice ratio, measures the increase in 
the unemployment rate necesssary to reduce the inflation rate by one percentage 
point. The stronger nominal aod real rigidities are, the greater this ratio is. 

2.3 THE CONSEQUENCES OF MACROECONOMIC POLICY 
Macroeconomic policies that act on aggregate demand ought, in principle, to have 
little effect on long-run employment, but they are liable to have a positive impact in 
the short run. Conversely, policies that act on the supply side have structural effects 
that alter the long-run equilibrium of the labor market. 

2.3.1 Demand Side Policies 
In order to analyze the consequences of changes in aggregate demand, we will begin 
by studying the properties of long-run equilibria and contrasting them with those of 
short-run equilibria. We will then concentrate on studying the dynamics of unem­
ployment and inflation when the money supply increases. 

Short-Run Equilibrium and Long-Run Equilibrium 

To facilitate our study of the relationship between short-run and long-run equilibria, 
we will asswne that productivity and the money supply grow at a constant rate 
(ii.a, =ii.a aod 11.m, = 11.m for all .t). This hypothesis entails that the NAIRU remains 
constant and attains the level ii given by (11). The analysis of equilibrium and the 
passage from the short run to the long run prove to be particularly instructive when 
reasoning in the inflation-unemployment plane. The new form (12) of the Phillips 
relation yields a first relationship between the inflation rate and the unemployment 
rate. Using relations (1) and (2), we find an equation defining employment as a func­
tion of aggregate demand, or t, = m, - a1 - p1• Applying the difference operator to this 
last equality, we get 11.p, = " - ll.t,, where " = 11.m - ii.a designates the stationary value 
of the inflation rate. Assuming that the labor force is constant, relation (6) between the 
unemployment rate and employment entails ll.u1 = -ii.ft. In sum, we get a new version 
of the aggregate demaod function that directly ties the inflation rate to the unemploy: 
men! rate. It is written: 

· ll.p1 = "+ u1 - u,_, with 1'=11.m-ll.a (13) 

At date t, the variables inherited from the past, i.e., u,_1 and !J.p,_,, aru known, and tho 
short-run ·equilibrium values of lho unemployment rate and inflation correspond to 
the intersection of two curves defined by relations {12) and (13) for given u1_ 1 and 
ll.p,_,. The Phillips curve, described by (12), reflects the mode of wage formation. It 

has become customary to designate this type of curve by the abbreviation WS (for 
"wage schedule"). Relation {13), for its part, portrays the mechanism of price forma­
tion. It is often identified by the abbreviation PS (for "price schedule"). For given u,_1 

and 11.p,_,, we thus obtain the curves (WS)1 and (PS), which we havu represented 
in figure 8.13. The shorl-run equilibrium, E1, lies at the intersection of these lwo 
curves. 
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Short-run equilibrium and long·run equilibrium. 

The long-term equilibrium values of the unemployment rate and the inflation 
rate, u and llp, are identified with the stationary values of these variables. Setting 
u, = u,_, = u and llp1 = llp1_ 1 = llp in relations (12) and (13), we immediately find 
u = u and llp = " "' llm - Ila. It should be noted that these last two expressions are 
also the respective equations of the long-term curves (WS), and (PS),. The first is the 
vertical line (WS) and the second the horizontal line (PS) of figure 8.13. Point E, rep­
resenting the long-term equilibrium of the economy, lies at the intersection of these 
two lines (its position with respect to the short-term equilibrium point has been 
chosen arbitrarily). We observe that in the long term, the unemployment rate is equal 
to the NAJRU, which explains why the latter is sometimes described as "natural." 
Line (WS) represents the long-term Phillips curve. The fact that it is vertical signifies 
that there is no longer a dilemma between increasing inflation and lowering unem­
ployment at that horizon. 

The Short-Term Effects of a Permanent Increase in the Growth Rate 
of the Money Supply 
Increasing aggregate demand is ineffective in the long run, since the equilibrium un­
employment rate, here equal to the NAJRU, depends exclusively on the structural 
components of the economy. But what about the short run? By way of illustration, it is 
easy to assHSS the impact of a change in the growth rate of the money supply in the 
first period in which the change takes place. Let us suppose that the economy initially 
(at date zero) is in a steady state corresponding to a growth rate llm in the money 
supply, ·which implies an inflation rate n = llm - Ila. Lel us then imagine that the 
governrnenl decides, starting at date 1, to permanently increase the growth rate of the 
money supply from llm to rollm' > llm. Equations (12) and (13) than allow us to 
calculate the new values of the inflation rate and \he unemployment rate at elate 1, 



respectively denoted by • ~nd u,. Setting x' = llm' - Ila, we get: 

n+~n' 
• .l, 
'-'P1=--,i->" 

1+-2 .:t, 
and 

llm -llm' 
Ut = ll +---).-<ii 

1-L _:! 
'.l, 
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(14) 

We see that the increase in the growth rate of the money supply has a greater 
impact on the inflation rate llp1 in the first period, to the degree that nominal rigidity 
is weak. At the limit, if .\1 --+ O (i.e., no nominal rigidity), the inflation rate of the first 
period is equal to x', i.e., the new statiolll!l'Y value of the inflation rate. Monetary 
policy does, on the contrary, have a significant impact on the unemployment rate 
when there is strong nominal rigidity. We observe as well that the unemployment rate 
declines following an increase in the growth rate of the ·money supply. 

Inflation and Unemployment Dynamics 

In order to determine the consequences of demand side policies over time, it is nec­
essary to study the dynamics of the model. This we can do without too much diffi­
culty, by noting that equations (12) and (13) are equivalent to a linear first-order 
system taking the following form: 

[ tip, - -"] = JJ1 [llPt-1 - -"] 
Ut - U Ut-1 - U 

with [ .:t,] 1 1 --
Jd=---- .i, 

1 + p.,/1.1) 1 1 
(15) 

The general principles of the resolution of systems of difference equations are 
set out in the mathematical appendix at the end of this book. In particular, we show 
there that the stability conditions depend on the eigenvalues of the matrix JJI. In the 
present case, we can easily verify that the discriminant of the characteristic equation, 
equal to -4.:l1.t2/().1 + A.2)2, is negative, and that the determinant of the matrix JJI, equal 
to J.1/(A.1 + J.2), lies between O and 1. The eigenvalues are thus two complex conjugate 
numbers, with modulus inferior to unity. This property is a necessary and sufficient 
condition for the system to converge to its stationary state, showing increasingly 
dantped oscillations. It should be noted that the existence of oscillations arises from 

hypotheses particular to our model, in particular the ones relative to constant returns 
to scale. It is possible to obtain a stable monotonic dynamics in a closed economy 
if the returns to scale are decreasing, which amounts to replacing equation (2) by 
,y, =a,+ <XI,, O <a< 1; the price-setting rule becomes: 

Pt= w, - (atfa) + (1 ... a)yifa+ x-lna 

The phase diagram presented in figure 8.14 allows us to visualize the dynamics of the 
system (15). This diagram indicates how the economy shifts from one short-run equi­
librium to another short-run equilibrium (the method of it• construction is likewise 
explained in the mathematical appendix at the end of this book). Here it is easily 
found if we note that oquations (12) and (13) are written: 

,lz -llp1 - tip,_, = T, (u - u,) and (16) 
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The phase diagram. 
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FIGURE 8.15 

Inflation and unemployment dynamics. 

We see that we will have, on the one hand, IJ.p1 > IJ.p1_ 1 when the short-run 
equilibrium lies to the left of line (WS), defined by u = ii, and, on the other hand, 
IJ.u1 > o when this equilibrium lies above line (PS), defined by IJ.p = '" 

Figure 8.15 illustrates the effects of an expansionary demand side policy when 
the economy is initially in a stationary state E corresponding to a growth rate IJ.m of 
the money supply. Let us now imagine that the governmenl decides to increase this 
growth rate permanently from IJ.m to IJ.m' > IJ.m. The new long-run equilibrium is 
characterized by the same value ii of the unemployment rate, but by an inflation rate 
1c' = IJ.m' - fl.a higher than"= IJ.m - fl.a. It is represented by point E' in figure 8.15. 
With the help of the phase diagram, it is possible to visualize the passage from E to E'. 

1t can be,seen that the monetary policy is effective in the short run-from point Eon, 
unemployment starts to fall-but the cr:onomy progressively reverts to the slationary 
state E', and the long-run unemployment rate always remains equal to the natural 
rate fi. 
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) 
The government can ;8.ke this short-run trade-off into account, for purposes of 

stabilization only, by speeding up or slowing down inflation, according to circum­
stances; but policies for managing aggregate demand have no influence on the long­
rwt equilibrium value of the unemployment rate. Finally, it should be noted that these 
policies have real effects in the short rwt because of nominal rigidities. When the 
latter do not exist (A1 = 0), the wtemployment rate is permanently equal to the natural 
rate. In other words, the short-run efficiency of demand side policies comes from 
nominal rigidities (A1 i' O). When there are no longer such rigidities in the long run­
the long-run coefficient of indexation, corresponding to the sum of the coefficients of 
Ap, and Ap1 .• 1 in the Phillips equation (7), is equal to unity-demand side policies are 
ineffective. This result proves on the contrary that this type of measure would be 
effective in the long run if there existed nominal rigidities at this horizon, i.e., if the 
sum of the coefficients of Apr and of Ap1_ 1 were less than 1. Denoting this sum by 
y < 1, we can easily verify that the long-rwt unemployment rate, u, is given by the 
following expression: 

u =ii_ (1 - y)(Am - Ao) 
A2 

For y < 1, it is possible to txade off in the long run between wtemployment and accel­
erated inflation. An increase in public expenditure shows up as a rise in the long-rwt 
inflation rate and a fall in unemployment. Recall, however, that for a majority of 
cowtb:ies, the hypothesis that y = 1 is not rejected. 

The Effects of a Transitory Increase in the Money Supply 
We can also inquire into the effects of a transitory increase in the money supply. Let 
us imagine that the economy is at stationary equilibrium E in figure 8.15, and that the 
government decides to raise the growth rate of the money supply from Am to Am' 
during a single period. Equation (14) describes the equilibrium of period 1 following 
an increase in the growth rate of the money supply. But when this increase is txansi­
tory, the economy returns to its long-run equilibrium E following a txajectory oscillat­
ing around this point, rather than converging toward point, E' (this trajectory is 
represented in figure 8.15). A transitory demand side policy thus has real effects in the 
short rwt. 

2.3.2 The Phillips Curve in the United States and France 

In Keynesian models, demand side policies are effective in the short run, but are neu­
tral or even deb:imental in the long run. Clearly it is important to know exactly what 
the short run represents. This question can be answered in part by estimating the 
Phillips curve (7) and by using the preceding model to study the dynamic behavior of 
the unemployment rate and the inflation rate when the economy is hit by demand or 
supply shocks. By way of illustratio;,, table 8.2 presents estimates of Phillips curves 
for France and the United States using annual data for the period 1970-1998, by 
ordinary least squares.1 It shows that the degree of real rigidity 1/).2 of wages is of the 
same order of magnitude in tho United States and Franco, but that nominal rigidities 
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Table8.2 

Estimates of the Phillips relation (annual data, 1970-1998). 

Country Ao A, A, 

United States 0.03'** 0.46*** 0.34** 
(2.18] (2.81) (2.11) 

France 0.05*** 0.18* 0.34*** 
(9.67} (t.83) (6.27) 

Source: OECD data. 

A, R' ow 

0.38** 0.81 1.31 
(2.36) 

N.S. 0.97 1.17 

Note: Figures in parentheses designate the t-slatistics. DW stands for Durbin-Watson. The wage is the 

annual wage in the private sector. Asterisks indicate the threshold of significance of the coefficients, re~ 

spectively, 1%, 5%, and 10% for 3, 2, and 1 asterisks. 

(identified by the extent of parameter A.1 ) are greater in the United States. More 
thorough econometric analyses find quaiitatively similar results (see section 5 below). 

Figure 8.16 describes the consequences for the American economy if the growth 
rate of the money supply moves from 3% to 4%, on the assumption that growth rate of 
productivity is equal to 1 %, which corresponds to the average of this variable since 
the beginning of the 1970s. We observe that the unemployment rate fluctuates around 
the NAIRU, here equal to 7%. The adjustment lag of the unemployment rate is rela­
tively rapid, since the unemployment rate begins to grow in the second year, after 
having fallen by 0.6%. The effects of monetary policy gradually fade out, becoming 
very weak from the eighth year on. The consequences for the French economy of 
an expansionary policy are represented in figure 8.17 (the growth rate of labor pro­
ductivity is 2%). It should be noted that, according to our estimates, the NAIRU, 
amounting to 8.8%, is higher in France than it is in the United Stales. Moreover, the 
adjustment lag for wages is shorter. This result, frequently obtained, suggests that 
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FIGURE 8.17 

The impact of an increase in the growth rate (from 3% to 4%) of tile money supply on the French economy. 

expansionary policies are less effective in France than in the United States, for the 
purpose of combating unemployment. An increase of 1 % in the growth rate of the 
money supply leads to a maximum reduction in the unemployment rate of 0.3 per­
centage points (this variable falls from 8.8% to 8.5%), and the impact of expansionary 
policy is practically null from the sovonth year on. 

2.3.3 Supply Side Policies and Supply Shocks 
We have just seen that only the in.tlationary effects of expansionary policies are dura­
ble, since the NAIRU is not affected by policies of this type. On the other hand, shocks 
or policies affecting supply can have an influence on the NAIRU. In particular, the 
reduction of the growth rate of labor productivity at the beginning of the 1970s 
exerted upward pressure on the natural unemployment rate. This pressure was prob­
ably greater in Europe than in the United States. From this point of view, the Keynes­
ian model throws an interesting light on the consequences of cert,ain supply shocks. 

The Slowdown in Labor Productivity Growth 
Figures 8.18 and 8.19 depict the impact of a fall in the growth rate of labor productiv­
ity on the American and French economics. The annual growth rate of labor prnduc­
tivily passed from around 2% between 1960 and 1973 to 1% between 1974 and 1998 
in the United States. According to our model, this change in the economic environ­
ment entails a durable but relatively moderate increase in the American unemploy­
ment rate, since the NAIRU passes from 5.2% to 7.0%. During the same periods, tlie 

French economy-and more generally, the European economy-was confronted by a 
greater productivity shock, since the growth rate of labor productivity fall from 4 % to 
2%. The consequimcos of this shock arc illustrated in figure 8.19. The NAIRU rose. 
considerably, from 2.9% to 8.8%. The French economy is thus clearly more sensitive 

8 10 
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FIGURE 8.18 

The impact of a fall in the growth rate (from 2% to 1 %) of labor productiVity on the American economy. 

to variations in productivity than the American one. This difference arises from the 
fact that wages are not indexed to productivity in France, leading to a coefficient J.3 

not significantly different from zero when the Phillips equations are estimated (see 
table 8.2). The rise in inflation-the annual growth rate of the money supply is 
assumed to be constant at 4%-is due to the falling off in productivity growth, since 
the long-run inflation rate takes the value 6.m - 6.a. 

A simple model based on the Phillips equation thus makes it possible to take 
account of the rise in unemployment consequent upon a fall in the growth rate of 
labor productivity. It suggests that differences in performance between the United 
States and France as regards unemployment could be explained by differences in 
wage setting and the size of the productivity shock. 
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FIGURE 8.19 

The impact of a fall in the growth rate (from 4% to 2%) of labor productivity on the French economy. 



\ 
The Limitations of ti •• )hillips Curve in Analyzing Supply Side Policies 

UNEMPLOYMENT AND INFLATION l 471 

Governments have limited room to maneuver when it comes to the growth rate of 
labor productivity, which depends mainly on the development of technology. On the 
other hand, they can affect supply by influencing the profitability of firms, or altering 
tho way the labor market functions. 

In the Keynesian model, the behaviors of firms as regards supply aro represented 
by the price equation (3). A reduction of the markup x between prices and wages is 
liable to diminish the unemployment rate in the short run, but not the NAIRU, which 
is independent of this parameter. Readers will recall that tho markup x increases with 
the mon.opoly power of firms over the goods market, the user cost of capital, and the 
pressure of payroll deductions on the revenue from labor. An increase in one of those 
three variables ought to lead to a temporary increase in the unemployment rate, which 
subsequently reverts, in oscillating fashion, to its long-run equilibrium value. These 
three parameters thus have no impact on the NAIRU. We shall see below that this 
property oLKeynesian models probably results from an incomplete specification of the 
wage formation equation, and makes them vulnerable to criticism on that account. 

Another way to intervene would be to reduce the degree of real rigidity of 
wages, in order to reduce the natural unemployment rate. The Phillips curve, how­
ever, is an ad hoc relation, the foundation of which in terms of behaviors is not gen­
erally spelled out. Hence it is not possible to interpret the sources of wage ridigity 
using this relation. Policies aimed at altering the functioning of the labor market can­
not, therefore, be elaborated on the basis of this type of model. 

Models representing wage formation by a Phillips curve thus appear ill-suited to 
examining the consequences of supply side policies. We will now see that consider­
ation of the origin of nominal rigidities has also led to a critique of the relevance of 
Keynesian models for assessing the consequences of demand side policies. 

3 NOMINAL RIGIDITIES: THE CRITIQUES Of FRIEDMAN 

AND LUCAS 

Friedman (1968) and Lucas (1972) sought to estahlish that tho Phillips curve was 
compatible with the competitive functioning of a labor market in which agents ob-

• serve prices imperfectly. That being the case, wage-earners are incapable of correctly 
assessing their real wage, and there can be a lag in the adjustment of nominal wages 
when prices change. The essential contribution of this approach was to show that the 
impact of demand side policies is conditionod by the expectations of agents. Assum­
ing that agents have adaptive expectations about the inflation rate, Friedman (1968) 
emphasized that the real wage ought to be perfectly indexed to tho general level of 
prices in.the long run. That makes it possible to account for tho inetl'iciency of macro­
economic policies at that horizon. Friedman's message was stated more radically by 
Lucas (1072): adopling. tho hJ>pothesis of rational expectations, he showed that 
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I 
demand side policies, when systematically applied-and L I'' foreseen" by agents-
have no real effect, even in the short run. Only unexpected demand side policies can 
have real effects in the short run. 

3.1 THE FRIEDMAN VERSION 
Friedman's work has emphasized that the formation of expectations does much to 
determine the properties of macroeconomic equilibrium. In particular, it allows us to 
provide foundations for the Phillips curve. 

A New Form of Labor Supply 

Friedman (1968) and Lucas (1972) put forward the hypothesis that the real wages 
intervening respectively in the decisions of firms and those of suppliers of labor were 
not identical. Friedman and Lucas assume that each worker observes his or her own 
nominal wage w1 perfectly, but is incapable of knowing the price level p1 with the 
same perfection. Let p~ be the expected price for period t. Households then decide 
on the volume of labor they will supply on the basis of a real wage Wt - p~ which is 
expected. Relation ( 4), describing labor supply, should thus be altered as follows: 

(17) 

Firms, unlike households, do not have the problem of acquiring information about 
prices. The price level does not actually come into their decisions about labor de­
mand. As equation (3) shows, each firm simply sets the price of its product, which 
equals the nominal wage paid to employees multiplied by a markup. The functioning 
of the market for goods and the behavior of firms is thus always represented by equa­
tions (1), (2), and (3). In order to simplify, we will assume that labor productivity is 
constant, with a1 = 0, Vt. 

It is possible to determine global equilibrium on the assumption that the nomi­
nal wage equalizes labor supply-defined by equation ( 17)-to labor demand, t,' = t,, 
Vt. Using ( 17) and the price-setting rule p1 = w1 + x, we thus get the following relation: 

(18) 

In the literature, this relation is often called the Lucas supply function, in reference to 
the work of Lucas (l972, 1975). Because the labor market is assumed to be always in 
equilibrium (t1 = t,', Vt), this relation shows that the demand side policies that have an 
impact on employment are the ones that affect expectation errors. 

Adoptative Expectations 

Friedman assumes that agonts form their expectations about the inflation rate in an 
adaptative manner. Let n~ "' Pr - p,_., be the inflation rate expected for date t. This 
hypothesis leads to rolation: 

n~ - n;'._1 ·~ (1 - .l)(LJ.p1_ 1 - "i 1), A.e [0, 1) (19) 

This formula signifies that agents revise their expectations upward if the inflation rate 
in t - 1 excoeds the rate expe<:ted for that date, and downward if the contrary occurs. 
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Parameter ..l measures th~ Inertia of the expectation revision process. The greater ..l is, 
the less past expectation errors provoke revisions of current expectations. Proceeding 
by iteration and noting that Lim,_., ;.•,,g = 0, relation (19) entails: 

+oo 
,,~ = (1-.!J:L..i,_,ap,_, 

-r=l 

In this form, it turns out that adaptive expectations are also extrapolative 
expectations, i.e., that the expected inflation rate is a weighted average of past rates of 
inflation, to which is applied a coefficient that diminishes as they recede into the past. 
In order to make the calculations simpler, we will assume that this extrapolative pro­
cess concerns only the most recent period, which amounts to supposing that the speed 
with which expectations are revised is maximal (..! = 0). That immediately entails, on 
the basis of equation (19), "~ = Ap1_,, or again, using this relation and equation (3): 

(20) 

The Phillips Curve 
If we substitute the value of the price expectation defined by equation (20) in relation 
( 17), we get, with 4• = t,: 

Aw, =x+Ap,_,-.!.(1-ti) ,, (21) 

This equation defines a positive relationship between the wage growth rate and em­
ployment. If we take the view, in a Keynesian perspective, that unemployment varies 
inversely with employment, it can be interpreted as a Phillips curve close to the initial 
formulation described by relation (7). The adaptive character of expectations and the 
hypotheses about the information available to agents entail a nominal wage rigid in 
the short run, since its contemporaneous variations depend only on the past inflation 
rate; this corresponds to the case ..!1 = 1 in equation (7). The degree of real rigidity, 
measured by quantity 1/.!2 in equation (7), is here equal to the inverse of the elasticity 
of the labor supply function. 

The dynamics of employment and real wages in Friednmn's model is thus a 
particular case of the model studied in the previous section. It suffices to set Ao = x, 
A1 = 1, ..!2 = 1/'f, and Aa1 = O in equation (7). Equation (18) shows that in the long run, 
employment converges on its stationary level equal to 1-m. Demand side policies 
hB.ve the same effects as in the preceding model. An inc:rease in the level, or the. 
growth rate, of the money supply has real effects in the short run, which are progres­
sively damped. 

The approach laid out by Friedman makes it possible to deduce a Phillips curve 
on the basis of clearly specified microeconomic behavior. It should be noted, none­
theless, that the labor market is always in equilibrium, since labor supply, defined by 
equation (17), is always equal to demand. Conversely, in a Keynesian model the 
rigidity of nominal wages prevents the realization of equality between labor sul'ply 
and labor demand. 

I 473 
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The work of Friedman, which makes the short-rm. ~iency of demand side 
policies depend on expectation errors by agents, has led to the "revival" of the classi­
cal school, with its grounding in the notion of rational expectation. 

3.2 RATIONAL EXPECTATIONS AND THE "NEW CLASSICAL 
MACROECONOMICS" 
Rational agents ought gradually to learn how the economic system works, and, after a 
certain period of time, no longer make systematic forecasting mistakes. This idea 
underpins what, at the end of the 1970s, was called the "new classical macroeco­
nomics" (see Lucas, 1981, and Blanchard and Fischer, 1989, chapter 2). It maintains 
that, in general, publicly announced demand side policies are ineffective, even in the 
short run, if agents are capable of forming rational expectations. 

Employment in Short-Run Equilibrium 
In order to clarify the notion of rational expectation already encountered in chapter 4, 
we keep the model proposed by Friedman, but henceforth assume that the money 
supply m1 is a random variable, the realization of which is not observed by agents in 
the current period t. The hypothesis of rational expectation signifies that agents do not 
make systematic mistakes in their forecasts, given the information set 11 at their dis­
posal. If E(.) designates the mathematical expectation operator we will thus have 
pf= E(ptll,). Since by definition E(ptllr) = Pt-1 +E(ll.ptll1), if we substitute this 
expression of expected price in labor supply (17) and use equation (3) of price for­
mation, we get a new relationship between the growth rate of nominal wages and 
employment: 

ll.w, =x+E(ll.ptll,)-~(1-t,) ,, 
What we have is an expression similar to relation (21) in the Friedman model, which 
assumed adaptive expectations. The differonce results from the indexa.tion of the 
growth rate of wages to the expectation of current inflation. This new formulation of 
tl\e Phillips curve entails that the growth rate of wages adjusts instantaneously to the 
conditional expectation of the inflation rate. Let us assume that the information set Ir 
available to agents comprises the model describing the economy, the probability dis­
tribution of the random variable m,, all the exogenous variables present and past, 
except for the cmrent price level and the CUirent nominal average wage. This last 
variable is unknown because every agent observes his or her own nominal wage but 
has no way of knowing instantaneously all tho wages in the whole economy. Agents 
are capable of calculating the expected current price from this information set. In the 
first place, equations (1) and (2) make it possible to write the expected domand in 
tho form E(mill,) - E(ptllr) = E(t, II,). Further, under the hypothesis of rational expec­
tations, the Lucas supply function (18) entails E(t,'111) = 1- ~X.· Equalizing tho 
cxpecled supply and the expected demand, we get the expected equilibrium price: 

(Z2) 



UNEMPLOYMENT AND INFLATION 475 

The value of the eqm •. ~/ium price depends on the realization of m1; it is found by 
equalizing the labor supply defined by the Lucas supply equation (18), where pf is 
given by (22), with demand, which may be written t; = m1 - Pt· We obtain: 

P' =~-[mt -l+q(E(p,jlt) +x)] 
1-r 11 

Equations {22) and {23) then entail: 

Pt - p~ = - 1-[mt -E(mi)] 
1+17 

(23) 

Substituting this value of the expectation error in the Lucas supply function (18), we 
get the equilibrium level of employment in tho short run: 

t,' = l +-11 -[mt - E(m1)] - '1X 
1+17 

(24) 

Th.is solution is very close to that of the standard classical model, without 
uncertainty, given by equation (5). It differs only in the term (17/(l + 17))[m1 - E{m1)], 

which expresses the effects of economic policy. 

Expected and Unexpected Components of Demand Side Policies 
The model of the new classical macroeconomics thus proposes a conception of fluc­
tuations in the level of employment based on "surprise." The systematic (or expected) 
component of the money supply, E(mt), is taken into account by agents when form­
ing expectations and has no influence on employment. Equation (24) entails that 
E(t,' I It) = l - 11x. which corresponds to the equilibrium employment level in the clas­
sical model when a1 = 0, Vt-see equation (5). Only the unexpected component of the 
money. supply, [mt - E(mt)J, can affect this level. This vision of the cycle excludes any 
persistence effect. If a shock was permanent, or if shocks were correlated, these sys­
tematic components would be taken into account by expectations, and, as in tho 
model set out here, only unexpected components could have any short-run effect (for 
a more general model, see Blanchard and Fischer, 1989, chapter 11). 

It should be noted that it is not the hypothesis of ratioqal expectation in itself 
that makes any expected monetary policy ineffective. Jn order to arrive at that con­
clusion, it is also necessary that prices and wages should be able permanently to 
equilibrate supplies and demands in the markets, which assumes a total absence of 
•nominal rigidity. Now in reality, many contracts stipulate wages in nominal terms. 
Because of the costs of renegotiation, conlracts of this type are not instantaneously 
revised when the economic environment turns out to be different from what had ini­
tially been expected. Hence it can happen that nominal wages do not instantaneously 
equalize labor supply and demand, even if tho agents have rational expectations and 
know the working of the econ?my perfectly. That being so, demand side policies that 
are expected can have real effects (Fischer, 1977; Taylor, 1979, 1980; and Chari et al., 
2000, have studied tho dynamics of the economy in such a selling. For a clear and 
detailed presentation, see Blanchard and Fischer, 1989, chapter 8, and Taylor, 1999). 
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The result that policy measures which are expecte._ Jave no effect rests as well 
on very bold hypotheses concerning the information available to agents. It assumes in 
particular that the information set contains the true model of the economy, so that 
agents are able to know the true relationship between variations in the money supply 
and the price level. It is no doubt more relevant to assume that knowledge of the eco­
nomic environment is the result of a learning process (see the survey of Evans and 
Honkapohja, 1999). The result that demand side policies that are expected are totally 
without effect is thus a textbook case, grounded in extreme hypotheses. What we 
should learn from the new classical macroeconomics is .that the efficiency of de­
mand side policies is limited. Such policies arc especially inefficient in increasing 
labor market participation durably, for it is impossible in the long run to systemati­
cally deceive the expectations of agents by systematically increasing aggregate de­
mand. Agents do in the end figure out, at least to some extent, the relationship 
between prices and increased demand, and so do expect the consequences of expan­
sionary policies. In sum, in the long run, expansionary demand side policies will have 
only a very limited effect on employment, and will essentially lead to an increase in 
inflation. 

4 REAL RIGIDITIES: HYSTERESIS AND 
THE WAGE CURVE 

The foregoing analyses are based on a very cursory representation of real wage rigid­
ity. The Phillips curve integrates the idea of real rigidity without spellicg out its theo­
retical underpinning, while the approach of Friedman and Lucas, centered on the 
study of nominal rigidities, neglects the analysis of real rigidities. More fundamen­
tally, we may question the necessity of postulating a relationship between the growth 
rate of the nominal wage and the unemployment rate. Much thought has been devoted 
to this question, and has made it possible to spell out the linkage between wage set­
ting and the unemployment rate. Two currents stand out at the present time. The first 
explores tho cons~quences of the heterogeneity of the unemployed for wage forma­
tion, and highlights phenomena of hysteresis. The second calls into question the rele­
vance of the relationship between the growth rate of wages and the unemployment 
rate, concentrating instead on a relationship between the wage level and the unem­
ployment rate. These two currents have made possible much richer explanations of 
unemployment persistence. 

4.1 THE HYSTERESIS OF UNEMPLOYMENT 
The models of unemployment examined to th.is point rest on a stark distinction be­
tween .a long-run equilibrium, on which demand side policies have no effect, and a 
short-run equilibrium, which can, on the contrary, be influenced by such policies. 
Such a conception has the merit of explaining both why demand side policies havo 
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only transitory effects and how the economy moves toward its long-run equilibrium. It 
neglects, however, certain dynamic effects induced by transitory changes in unem-
ployment. It is possible that an increase in current unemployment alters the long-run 
equilibrium unemployment rate. For example, certain unemployed persons may be 
excluded persistently from the labor market because their productivity is too low to 
make it profitable to hire them, even at a much lower wage than tlie current one. If 
there is no regulating mechanism that can reintegrate these unemployed, any increase 
in their number has a durable effect on the unemployment rate. When this phenome-
non is included in the wage-setting process, then what comes to light is a dynamics 
in which the long-run unemployment rate depends on the current oquilibrium unem-
ployment rate. This property is called the hysteresis effect. 

4.1.1 The Sources of Persistent Unemployment 

Three mechanisms have been put forward to explain the irreversibility of certain rises 
in unemploymel).t. The first is built around the bargaining power of insiders, who are 
supposedly able to impede the process of competitive wage adjustment. The other two 
focus on the low employability of some categories of workers. 

The Bargaining Power of Insiders 

The opposition between insiders, who already have a job, and outsiders, who don't, 
can lead to irreversible rises in unemployment (Blanchard and Summers, 19.86; Lind­
beck and Snower, 1966; see also chapter 7, section 4). Let us assume that a transitory 
negative shock to labor demand leads to job losses. When the effects of the shock 
are over, .firms are prepared to rehire workers if the wage remains constant. But the 
insiders, fewer now than they were before the shock, have an interest in demanding 
pay raises, up to the point at which their pay equals their marginal productivity. If the 
insiders have tho wherewithal to make their demand stick (because of the high cost of 
labor turnover, for examplo), they succeed in durably excluding the laid-off workers, 
who could have been rehired if wages had not gone up. In this context, after a transi­
tory negative shock to labor demand, an improvement in the economic climate leads 
to a wage increase for the insiders at the expense of hiring. 

The Depreciation of Specific Human Capital 
Another source of persistent unemployment comes from the fact that certain layoffs 
Q.ave irreversible effects when the workers who lose their jobs have an obsolete skill, 
or find it impossible to make the specific human capital they have accumulated· to 
that point pay off. Topel ( 1990) suggests that this phenomenon was significant in the 
United States in tho 1970s and 1960s. After losing a job, workers suffer, on average, u 
wage reduction of between 15% and 40% whon they do find a new one. These results 
mean that the forfeit of specific human capital when a job is lost is significant. Jacob­
son et al. (1993) obtain similar results, again using American data, in their study of U1e 

career paths of wage-earners who are laid off after they have attained six years or more 
of seniority. They show that the laid-off workers suffer significant and durable wage 
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reductions, since five years out from the time of their ju~ /ass, their wages are still 
25% less than those of workers who do not lose their jobs. 

Ruhm (1991) and Farber (1993) confirm this observation, pointing out that the 
probability of still being unemployed is much higher for workers who have lost a job 
recently. Ruhm (1991) estimates, using American data for 1971-1975, that the unem­
ployment rate for workers who have lost a job within the last year is 17% higher 
than it is for other wage-earners in the year subsequent to the job loss. Four years after 
the job loss, the differential in the unemployment rate remains noticeable, and earn­
ings are 15% less than those of comparable workers who have not lost a job. Thus, 
although the average duration of unemployment was short in the United States in 
1971-1975, on the order of several weeks, the loss of a job left its mark on workers for 
a number of years. This effect of exclusion is heightened by the evolution of the prob­
ability of being hired during the period of unemployment. The same type of result is 
obtained from French data by Margolis (1999), who shows that laid-off workers who 
find a job after a year of unemployment have a wage 25% less, on average, than the 
wage of persons who have kept their job. 

The Low Employability of the Long-Term Unemployed 
A number of empirical studies suggest that the employability of jobless persons dete­
riorates as their joblessness persists. This phenomenon can be grasped by assessing 
the influence of the duration of unemployment on the rate of return to employment. 
Tha probability of exiting from unemployment s( t) is generally estimated as a function 
of the duration t of unemployment, using the Weilbull model (see chapter 3, section 
3.2), which adopts the following functional form: S(f) = P"r1.1-"f"(1/a.)t•-I where ro 
designates the gamma function, 2 p corresponds to the average duration of unemploy­
ment, and a measures the duration dependence. If a.= 1, there is no duration depen­
dence, and the exit rate from unemployment depends solely on p. If a. < 1, the 
probability of exiting from unemployment decreases with the duration of unemploy­
ment; there is then a negative duration dependence. Table 8.3 presents the results of 
estimates of the Weilbull model carried out by Machin and Manning (1999). These 
estimates confirm the existence of a duration depondence in the set of countries 
studied. They also suggest that this phenomenon did not become more acute between 
the 1960s-1970s and the 1980s-1990s, even though the duration of unemployment 
rose over this span of time. Rosults of this type are obtained by other empirical studies 
carried out in this area (see Machin and Manning, 1999). 

It might be objected that the negative correlation between the duration of unem­
ployment and the rate of exit from unemployment is determined by the intrinsic 
characteristics of workers, less efficient persons having a weaker probability of finding 
employment am! thus a longer duration of unemployment. However, the contribu­
tions of van den Berg and van Ours (1994, 1996), dealing with France, the United 
Kingdom, the Netherlands, and the United States, show that the negative relationship 
betweeri unemployment duration and the probability of heing rehired appears to per-

. sist when the problems of selection bias linked to the heterogeneity of workers arc 



Table 8.3 

The structure of unemployment and duration dependence. 

Average duration of 

unemployment (in months) 

Country 1960s-1970s 1980s-1990s 

Belgium 6.2 15.1 
(0.071 (0.06] 

France 3.6 12.7 
(O.Dt) [0.011 

Germany 4.2 5.3 
(0.011 (0.01) 

Netherlands 2.4 13.7 
(0.01) (0.04) 

Spain 2.3 17.7 
(0.31) (0.17) 

United Kingdom 0.8 6.5 
(0.14) (0.36) 

Australia 1.2 6.5 
(0.22] (0.56) 

United States 1.1 1.2 
(O.Oli) (O.DlJ 

Standard errors are in parentheses. 

Source: Machin and Manning (1999, table 4). 
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Duration dependence (a) 

1960s-1970s 1980s-l 990s 

0.39 0.58 
10.0021 {0.0021 

0.54 0.93 
{0.001) 10.0011 

0.86 0.58 
[0.001) (0.0011 

0.68 0.66 
(0.002) (0.002) 

0.58 0.91 
(0.06) {0.01) 

0.35 0.57 
{0.021 (0.02) 

0.72 0.79 
{D.10) (0.10) 

0.61 0.52 
(0.011 (0..01) 

taken into consideration. The depreciation of human capital, the rlemotivation of the 
unemployed, and the fact that a long spell of unemployment may be interpreted as a 
.signal of a worker's quality at hiring time could all explain the bad performance of the 
long-term unemployed. 

The dependency between unemployment duration and employability consti­
tutes a potential source of the persistence of unemployment. Each transitory shock 
that increases unemployment does in fact increase the average duration of unemploy­
mont, and thus can durably reduce the average probability of re-employment. job 
destruction, and temporary increases in unemployment can thus have irreversible 
effects by excluding workers from the labor market. The extent of this phenomenon is 
not yet well known empirically, however. 

4.1.2 The Heterogeneity of the Unemployed and the Hysteresis Effect 

There is a simplo way to take phenomena of exclusion from the labor market into 
account when considering tho process of wage setting: to distinguish the pressure 
exerted on wages by the short-term unemployed from that exerted by the long-term 
unemployed. The Phillips curve then takes .account of variations in the unemploy­
ment rule, and the dynamics of tho model exhibits a hysteresis effect. 
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A New Phillips Curve 
If the long-term unemployed become "unemployable," it is the same as if they were 
no longer participating in the labor market, and only the number of short-term unem­
ployed will have an influence on wage variation. We can grasp this distinction within 
the population in search of a job if we assume that a rise or a fall in wages depends 
both on the level of and the variation in the unemployment rate. The latter constitutes 
a simple indicator of short-term unemployment. The Phillips curve ( 7) then takes the 
following form: 

aw,= .lo+ (1- .l,)ap, + .i,ap,_, - .i,u, - .i;au, +.<,au, (25) 

Since, following (3), we always have ap, =aw, - aa1, we get: 

J.,(ap, -Ap,_,) = .l2(ii1 - u,)- .i;Au, (26) 

In this relation, ii1 = [.lo - (1 - ,1.3 )Aa1]/.!2 , always designates the NAIRU defined by 
(10). The view is sometimes taken that this variant (26) of the Phillips curve, taken in 
isolation, defines a NAIRU, denoted by il1, called short-run or instantaneous, which 
has the property of not increasing inflation in the current period. Setting Ap1 = Ap1_ 1 

in {26), we find: 

,. .12 - A.~ 
Ut = .!, + A~ Ut + .!, +A~ Ut-1 

(27) 

We observe that the short-run NAIRU at date t is an average of the effective unem­
ployment rate at date (t-1) and of the long-run equilibrium NAIRU i11• That being the 
case, a temporary increase in unemployment, due for example to a negative shock to 
aggregate demand, entails an increase in the instantaneous NAIRU. Conversely, there 
is no impact on the long-run NAIRU, which is always equal to ii1, if .!2 .;. O. Appendix 
2 at the end of this chapter offers an analysis of the dynamics of this model, on the 
assumption that the growth rates of the money supply Am and productivity Ao are 
constants. The economy then .converges toward its long-run equilibrium, if .!2 ,,;. O. 
This long-run equilibrium is again characterized by an inflation rate " = Am - Ao­
see equation (13)-and an unemployment rate equal to the natural unemployment 
rate ii defined by (11). 

Dynamics with Hysteresis . 
In the limit case in which the growth rate of nominal wages depends solely on the 
variation in the unemployment rate (,1.2 = o,;.; > 0), the economy does not converge to 
a stationary equilibrium independent of the initial conditions; it then displays a hys­
teresis effect. In order to show this, wr. first note that the Phillips curve (26) is now 
written: 

(28) 

Writing the aggregate demand (13) in differences, we get Ap1 = "+ Au1, which implies 
that Ap1 - Ap,_1 = Au1 -Au1 .. 1 • Substituting this value of the acceleration of prices in 
(28), we arrive at a difference equation that reads: 
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I 
fl J., fl ).,-\1-.<,)fla 

u, = .<, + .<; u,_, + .t, + ~ (29) 

Since J..1/(J.1 + .t;) is comprised between O and 1, it turns out that the variation in the 
unemployment rate goes to a stationary value, which is found by setting flu, = flu, Vt, 
in(29): 

In sum, the series of unemployment rates does not necessarily converge to a 
finite value, but in the Jong run it does nevertheless reach a stationary path, described 
by the difference equation: 

, , lo - (1 - .la)fla 
Ui = Ur-1 + A~ ' u; e (0, 1) Vt 2: 1 

This relation describes a hysteresis phenomenon. By definition, this term sig­
nifies that the long-run equilibrium unemployment rate depends on past levels of 
unemployment. The fact that this definition applies to the long-run equilibrium is 
essential, for the short-run equilibrium always depends on the past values of the 
equilibria actually realized. 

The Permanent Effects of Transitory Shocks 
A corollary of the notion of hysteresis is the idea that a transitory shock has perma­
nent effects. Such is indeed the case here, for the long-run equilibrium unemployment 
rate depends on initial conditions. This emerges clearly if we assume that 10 = 0, and 
13 = 1. That being so, the stationary value of the variation in unemployment flu is 
null, which means that in the long run the system goes to stationary states in which 
the unemployment rate is constant. Let us suppose that the economy is in one of these 
states, and let u_, be the value of the unemployment rate. Let us suppose that a shock 
occurs at date t = O, so that the unemployment rate reaches the Jovel u0 .P u_,. The 
time path of this variable from this date forward is given by equation (29), which 
entails in particular: 

( ;i, )' flu,= .t, + ~ flu0 , Auo = llo - ll-1 

By iterating from the initial date, this relation entails: 

' ( ). )' u1 = u_, +liuoI; :17 
r::::O 1 + 2 

And the economy goos to a new stationary state u• defined by: 

• A1 +A~ 
u '-=u-1 +Au0T-
The long-run unemployment rate is thus dependent on initial conditions. In this sense, 
the transitory shocks that modify the current unemployment rate have permanent 
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effects. Thus, if there is hysteresis, demand side policies havb effects on employment 
in the long run. This conception is opposed to that of the new classical macroeco­
nomics, which assumes that the economy always converges lo a natural unemploy­
ment rate, independent of the current values of employment. 

In empirical studies, a value of the coefficient i.; significantly different from zero 
is often described as a hysteresis effect, whatever the value of ).2 • There is no harm in 
adopting this usage, as long as we remember that in theory we should only speak of 
hysteresis when ,12 = 0. In reality, a nonnegligible coefficient .1; is often associated 
with a small coefficient ,12 ; this is a sign that adjustments take place very slowly, in 
other words, a phenomenon of persistence. From the point of view of applied studies, 
the difference between persistence and hysteresis is probably not highly relevant, for a 
lengthy period of adjustment is surely equivalent to the infinity of theoretical models. 

4.2 THE RELATIONSHIP BETWEEN THE LEVEL OF WAGES 

AND THE UNEMPLOYMENT RATE 

The Phillips curve is also called into question by the observation that theoretical 
models explaining wage formation arrive at a relationship between the level of wages 
and the unemployment rate, rather than the relationship between the wage growth 

rate and the unemployment rate postulated by the Phillips curve. Blanchllower and 
Oswald (1995) have indeed pointed out that efficiency wage and bargaining models 
(set out in chapters 6 and 7, respectively) show that wages are determined by a 
markup on the reservation wage, which itself depends on the exit rate from unem­
ployment, and thus on the unemployment rate. Thus an increase in the unemploy­
ment rate must exert downward pressure on the wage level. These considerations 
naturally lead us to estimate wage equations that take into account a relationship 
between the wage level and the unemployment rate, and to study the consequences of 
this specification on the determinants of unemployment (see Blanchard and Katz, 
1997, 1999). 

4.2.1 A Reexamination of the Wage Equation 

The models of wage setting presented in chapters 6 and 7 indicate that the wage 
depends on characteristics proper to the job held and the outside options of the 
worker concerned. Let b1 be the logarithm of the real value of the reservation wage. A 
very general rule of wage setting can then be written as follows: 

Wt-Pt=Ao+bt (30) 

This relation stipulates that the real wage resulting from the bargaining process, 
or w1 - p1, is found by applying a murkup to the reul value b, of the reservation wage. 
The reservation wage depends on the prospect of gains in case of job loss; it increases 
with the instantaneous gains of unemployed persons and with the probability of exit­
ing from _unemployment. The expression of tho reservation wage is found by making 
the two following hypotheses. The first is that the instantaneous gains of unemployed 
persons depend on unemployment benefits, the value of which is partly indexed to 
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past values of prices and ;,a!es, and on the current level of productivity. The second 
is that the probability of exiting from unemployment decreases with the current 
unemployment rate. We then arrive at: 

Relations (30) and (31) then give, after several calculations: 

t.w, -t.p, =Ao - AzUt + .13 t.a, - .la(w,_, - P1-1 - a,_,) 

(31) 

(32) 

The right-hand side of this equation represents the value of the real wage growth 
rate in the absence of any nominal rigidity. It is possible to introduce such rigidities 
by assuming, as in the framework of the Phillips curve (7), that the adjustment lag 
of the growth rate of nominal wages to variations in the inflation rate is equal to ;,1 • 

Denoting by t.ru1 the right-hand side of equation ( 32), one gets: t.w, - t.p1 = t.ru, -
.11(t.p, - t.p,_i), which entails: 

t.w, =Ao+ (1- l,)t.p, + .l,t.p1-1 - AzUt + .i,t.a, - .l,(w,_, - Pt-t - a, .. ,) (33) 

This equation shows that models of wage formation with microeconomic foun­
dations yield a relationship between the growth rate of wages and the unemployment 
rate identical to that of the Phillips equation (7) only when ).3 = 0. For that, the reser­
vation wage must be indexed only to the past value of the negotiated wage, and not 
labor productivity. Equation (33) then corresponds to a Phillips curve in which the 
degree of indexation of wages to productivity is null. In all other cases, wage forma­
tion defines a relationship different from the one postulated by the Phillips curve. It 
turns out, then, that the nominal wage growth rate is influenced not only by expected 
inflation and the unemployment rate, but also by an error correction term representing 
the difference between real wages and productivity in the past period. We will see 
further that in many countries, estimations of wage equations frequently end by 
rejecting the hypothesis ;., = 0, according to which the error correction term has no 
effect. Hence the consequences of the presence of the error correction term in the 
wage equation must be looked at closely. 

11.2.2 The Phillips Curve and the Error Correction Term 
Taking ·the microeconomic foundations of wage formation into account may r.hange 
the determinants of the NAIRU that have been exhibited previously. 

New Determinants of the NAIBU 
With the help of the price rule (3), relation (33) is rewritten as follows: 

.l1(t.p, - t.p1-1) =Au+ ~,X-AzUt - (1- ;.,)t.a, 

The dynamics of the unemployment rate and the inflation rate is !hon defined by 
the system of equations (13) and (34). We observe that it is analogous to the system (9) 
and (13) defining the evolution of these lwo variables in tho model bosed on the Phil­
lips equation. It thus possesses ·the same property of convergence with damped oscil­
lations. Conversely, the determinants of the NAIRU aro different jn the two models. 
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Placing l!.p1 = l!.p,_1 in equation (34) and assuming that th, ,;rowth rate of productivity 
is a constant equal to !!.a, it turns out that the NAIRU now reads: 

il=.lu+l,x-(1--ia)l!.a 
l, 

(35) 

The NAIRU depends on parameter x representing tho markup of prices on wage. 
This parameter did not come into the definition ( 10) of the NAIRU based on the Phil­
lips curve. Since the markup depends on the market power of firms, the rate of com­
pulsory payroll deductions from wages, and the costs of capital and energy, a number 
of supply side macroeconomic policies, which have no long-run effect in the Keynes­
ian model of the Phillips curve, are now capable of acting dm·ably on unemployment. 

The Wage Curve 

It is also interesting to note that relation (35) defining the NAIRU dictates, if l 3 # 0, 
a negative linkage in the long run between the level of the real wage and the un­
employment rate. Since the price rulo (3) is identical to equality x = a,+ Pr - w1, at 
stationary equilibrium we get: 

(36) 

In the literature, this type of relation between the real wage level and the unem­
ployment rate is known as the wage curve. It has been the subject of numerous empir­
ical tests (see Blanchflower and Oswald, 1995, and section 5.1 below). 

An Empirical Assessment 
According to Blanchard and Katz (1999), a potential explanation of the different per­
formances of Europe and the United States when it comes to unemployment lies in 
the fact that the wage level does not come into the wage equation in the United States, 
whereas it plays an important role in Europe. We can illustrate this argument by esti­
mating the wage equation (33). We find that this equation gives bad results for the 
United States, in any case ones clearly less good than those obtained by estimating a 
simple Phillips equation. Moreover, ,t3 is not significantly different from zero. The 
growth rate of nominal wages would thus not be inlluenced by the error correction 
term in the Unite\! States, and tho Phillips equation would, all in all, give a "good" 
representation of wage setting there. On the other hand, the results obtained from 
annual French data for the period 1970-1998 are noticeably better. Noting that 
!!.a,+ a,_1 =a., the estimation of equation (33) gives3 : 

l!.w, -1!.p, = ~J.~ - P<.~2(1!.p, - llp1-1) - p9~5~u, -g..~~(w, 1 - p1 1 - a1), 

ii' ~ 0.98, DW = 1.54 

This equation indicates that t11e growth rate of nominal wages in France 
depends on tho error correction term, with a relatively slow adjustment speed. That 
being "so, changes in the markup do indeed have a long-run impact on the unemploy­
ment rate, as Blanchard and Katz emphasize. Tho expression (35) of the NAIRU incli-
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cates that the deriva\lve of the latter with respect to logarithm x of the markup v is 
equal to }.3/i.z. Tho value of this ratio is 0.35 in the present case. This result makes 
it possible to grasp the effect of the interest rate on the long-run nnemployment 
rate. Assuming a Cobb-Douglas production function of the form K"(AL) 1-•, if fums 
have no market power, profit maximization, which has the value PK"(AL)'-• - Wl,­

(r + i5)PK, entails P = [(r + ii)/aj</(1->J W/[(1 - a)Aj, where r and /i designate respec­
tively the interest rate arid the rate of depreciation of capital. The markup v can thus 
be written est · (r +ii)</(!··•> and the elasticity of the markup with respect to the user 
cost of capital takes the value ,,;/(1 - a), which entails: 

dii.=-"'-~ d(r+/il 
(1-a)Az (rH) 

Taking the value 1/3 for a, which corresponds to the share of capital in the total 
factors cost, and utilizing the result of the estimation of tho wage equation, we get 
dii. = [0.175/(r+o)j dr. By way of illustration, Jet us suppose that the interest rater 
takes the value of 5% and the depreciation rate of capital ii takes a value of 10%. We 
find in the end that the NAJRU increases by 1.2 percentage points (dii = 0.012) when 
the interest rate climbs by one percentage point ( dr = 0.01 with di5 = 0). This model 
thus predicts that the French NAIRU increases with the interest rate, but only slightly. 
It suggests that the real interest rate, which grew by around five points between the 
1970s and the beginning of the 1980s, may have contributed, to a limited extent, to <he 
climb in unemployment (Fitoussi and Phelps, 1988). We will see in chapter 9, section 
3.5, that models of unemployment endowed with more explicit micr.oeconomic foun­
dations arrive at similar conclusions. 

5 ESTIMATES OF THE NAIRU ANO WAGE EQUATIONS 

The foregoing sections set out several forms of wage equation that can be estimated. 
They also allow us to arrive at a measure of the NAIRU that plays an important role in 
<he decisions of the monetary authorities. 

5.1 ESTIMATES OF WAGE EQUATIONS 
We have reviewed different forms of wage equations that express the growth rate of 
nominal wages as a function of difforent explanatory variables, including the unem­
ployment rate in level and difference, present and past inflation rates, the rate of pro­
ductivity growth, and an error correction term. The practice consists of estimating a 
general form of wage equation, including the set of all the potential explanatory vari­
ables (see, for example OECD, 1997, and Blanchard and Katz, 1997). Table 8.4 pre­
sents, by way of illustration, the results of estimates of wage equations including tho 
different variables mentioned in this chapter for the United States, Japru1, France, 
Germany, Italy, and the United Kingdom. These estimates suggest that the some wage 
equation does not apply to all countries. National specifics lead to different modes of 

I 4ss 
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Table8.I! 

Estimation of the wage equation for six OECD countries (annual data for the period 1970-1998). 

tiw1 -tip1 Germany U.S. France Italy Japan U.K. 

Constant 0.94*** 0.03** 0.47*** 1.11* 0.04*** 0.10*** 
(6Al) (2.291 (5.54) (1.821 (2.901 (3.91) 

tip, -tip,_, -0.46'*** -0.30*** -0.19 -0.14 
(-2.81) (-4.21} (-1.12) (-1.60} 

Ut -0.52*** -0.34** -0.51'*** -0.52*** -1.46*** --0.15 
(-4.29) (-2.11) (··9.95) l-·li.52} (-3.191 (-1.16) 

tia1 0.38** 0.69*** 
(2.35) (4.911 

au, -0.89* 
(-1.83) 

Wt-1 - Pr-1 - ar -0.58*** -0.18*** -0.13* -0.27*** 
(-6.20) (-5.00J (-1.73} (-2.68) 

R' 0.75 0.81 0.98 0.95 0.95 0.89 

ow 1.41 1.31 1.54 1.71 1.62 1.86 

Note: The dependent variable is the growth rate of real wages. The data are taken from the database of 

the OECD. Wage is the earnings per worker in the private sector. Price is the price index of private con­

sumption. Unemployment rate is the standardized rate of unemployment. Productivity of labor is equal 

to the ratio of GDP to employment. Method of estimation: ordinary least squares. t-statistics are given in 

parentheses. 3, 2, and 1 stars means that the coefficient is significant at 1 %, 5%, and 10%, respectively. 

wage formation. The most robust results of a number of studies dedicated to the esti­
mation of wage equations are summed up in what follows. 

(i) On Long-Run Indexation. Jn table B.4, the coefficient of indexation of nomi­
nal wages to prices is taken to be equal to nnity. Many empirical studies corroborate 
this hypothesis. Only Italy and the United Kingdom may be exceptions to this rule, 
but that conclusion is contested by the study of Chan-Lee et al. (1967), who found a 
coefficient close to unity for these two countries. 

(ii). On Nominal Rigidities. Our estimates suggest that there are few nominal 
rigidities, since the adjustment lag of real wage growth rate to variations in inflation 
is not significantly different from zero (at the 10% threshold, for annual data) in 
Germany, Japan, and the United Kingdom. The United States, and to a lesser extent 
France, present the greatest rlegree of nominal rigidity. More generally, the extent 
of nominal rigidities is measured using an average adjustment interval of nominal 
wages to prices. For that purpose, we estimato a Phillips equation slightly different 
from the one prosonted in equations (7) or (25). To ho precise, we replace the term 
(1 - .\1)1!.p, + 111!.p,_, by a distributed lag of past rates of inflation, which reads 
2:;~0 v;l'lp,_;. The mean lag is then equal to L,'(:_ 0 iv;/'L,'(:.0 v, (see, for example, Hendry, 
1995). The mean lug of nominal wages obtained using this mothod on quarterly data is 
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generally short: on the orc."} of one quarter in Japan, France, and Germany and two 
quarters in the United Kingdom. On the other hand, it lies between two and one-half 
and throe quarters in the United States according to estimates (see Bruno and Sachs, 
1985; Drezc and Bean, 1990; and Turner and Seghezza, 1999). This high degree of 
nominal ridigity in the United States is generally explained by the existence of col­
lective agreements lasting three years and including only partial indexation clauses. 
This result can also be explained by the fact that in the United States, tho rate of cov­
erage of collective agreements is much Jess (18% in 1990) than it is in Europe (close to 
80% ). In sum, it is safe to say that the United States and Canada exhibited greater 
nominal rigidity than other OECD countries from the beginning of the 1970s to the 
end of the 1990s. 

(iii) On Real Rigidities. We observe that the unemployment rate exerts signifi­
cant downward pressure on wage growth in all countries except the United Kingdom. 
The degree of real rigidity is of comparable size in the United States and Europe: an 
increase of one point in the unemployment rate reduces the real wage growth rate on 
the order of 0.5%. Japan, on the other hand, is characterized by a degree of real rigid­
ity clearly much smaller than in the other countries. A rise of one point in the unem­
ployment rate reduces the real wage growth rate by 1.5% there-three times more 
than in continental Europe or the United States. We should no doubt see here one of 
the reasons for Japan's good results in terms of employment over this period. The 
estimates of Bean et al. (1986), Alogoskoufis and Manning (1988), Elmeskov and Mac­
Farlan (1993), OECD (1997), and Turner and Seghezza (1999) come to essentially the 
same conclusions. 

(iv) On Hysteresis Effects. Variations in the unemployment rate influence wages 
in Italy alone. Nevertheless, because the unemployment rate also exerts a significant 
influence on wages, there is no pure hysteresis mechanism causing the NAIRU to de­
pend solely on the current unemployment rate in this country (see section 4.1.2 
above). OECD (1997) comes to a.similar result. Hence the short-run NAIRU is distinct 
from the long-run NAIRU in Italy, whereas there is no way to e~tablish such a dis­
tinction in the other countries, according to our results. Yet estimates carried out on 
quarterly data generally bring to light an influence of variation irl the unemployment 
rate on the growth rate of wages in Germany. Elmeskov and MacFarlan (1993) find for 
their part that this effect also exists in the United States. Conversely, France and Jap811 
prQsent no significant hystemsis effect. That means that, for these countries, variations 
in the instantaneous NAil{U are duo to variations in°the long-run NAIRU. Overall, 
these results suggest that hysteresis effects exist, but that their size is too small to en­
tail pure hysteresis phenomena, implying a NAIRU equal to tho current unemploy­
rnont rate. 

(v) On Productivity and the Error Correction Term. The error correction term is 
not significant in the United States and Japan, whereas it does influence wages in the 
other countries. Thus the Phillips equation, which expresses a relationship between 
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the unemployment rate and the growth rate of wages, proveo inappropriate to repre­
sent the setting of wages in the United States and Japan. Conversely, in the other 
countries on which our results bear, the relevant wage equation contains an error cor­
rection term. Readers will recall that this error correction term appears if the wage 
depends on labor productivity and if unemployment benefits depend little on past 
wages. Such characteristics reveal labor markets functioning in such a way that 
employees have a bargaining power that allows them to obtain a share of the surplus, 
and in which the welfare state is relatively generous, leading to gains in case of 
unemployment little dependent on the past incomes of workers. It is thus not surpris­
ing that the error correction term should be significant in the European countries, in 
which labor law and the welfare state possess these characteristics (see chapter 12, 

this book). On the whole, these results are compatible with other empirical work, 
which systematically finds that the e1mr correction term is not significant in the 
United States, but that it does have a certain importance in European countries (Blan­
chard and Katz, 1997, 1999; OECD, 1997). Tho growth rate of labor productivity influ­
ences the growth rate of wages when wage formation is represented by a Phillips 
relation, as in Japan and the United States. From this point of view, the results of table 
8.4 conform to those usually obtained. The coefficient of indexation is higher in Japan, 
where it is generally on the order of 60%, while it lies at around 30% in the United 
States. 

(vi) On Wage Curves. When coefficient ;., is not null, we have seen that there 
exists a long-run negative linkage between the real wage level and the unemployment 
rate described by the wage curve (36). All empirical studies dedicated to the estima­
tion of a linkage of this type confirm its existence. The results concerning five OECD 
countries assembled in table 8.5 show, however, that the elasticity of the real wage 
with respect to the unemployment rate is small, on the order of -0.1 in most coun­
tries. In other words, the unemployment rate must rise by 10% for real wages to fall by 

Table 8.5 

The relationship between the wage level and the unemployment rate. 

Country Period ~: 

United States 1963-1990 -0.10 (I> 25) 

United Kingdom 1973-1990 -0.08 (I = 6.23) 

Italy 1986-1989 ··0.10 (t = 0.63) 

Netherlands 1988-1991 -0.17 (t ~ 2.35) 

Germany 1986-1991 -0.13 (I= 1.75) 

Source: Blanchflower and Oswald (1995, p. 363). 

Note: The.1.ogarithm of wage level is explained by a set of variable including the logarithm of the local 

unemployment rate. The parameter estimated is the elasticity of real wages with respect to the unem­

ployment rate. The variable t designates the t-statistics. 
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1 % (see Bils, 1985; Solon"' !1., 1994; and the survey of Card, 1995, and Blanchflower 
and Oswald, 1995). 

5.2 ESTIMATES OF THE NAIRU 
Estimating the NAIRU is a matter of great importance, because the unemployment rate 
is considered a leading indicator of inflation. For that reason, it is an important 
guideline in monetary policy. A unemployment rate inferior to the NAIRU indicates 
inflationary pressures that should lead the monetary authorities to tighten their con­
trols on the growth of the money supply. Thus, in the United States, the concomitant 
reductions in the inflation rate and the unemployment rale at the end of the 1990s 
suggest that the NAIRU has a tendency to diminish over this period (see the study of 
Richardson et al., 2000). The unemployment rate has indeed fallen below the 5% 
barrier without inducing inflationary pressure. It is important to know how far unem­
ployment can fall without triggering this type of pressure. The NAIRU can be grasped 
very simply using form (34) of the Phillips equation. A first approximation of the 
NAIRU is obtained by using a figure that places the acceleration of inflation on the 
horizontal axis and the unemployment rate on the vertical axis. To that end, it is suf­
ficient to trace the curve linking the actual unemployment rate ur at a determined date 
and the acceleration of prices {Apr - APr-1 ) at that same date. Figure 8.20 depicts the 
curves for France, the United States, Japan, and Germany for the period 1970-1998. 
Since the difference between the current unemployment rate ur and the NAIRU iir 

is always given by the term (-..\1/).2){Apr -Apr-1)-see equation (12), which always 
applies when the wage equation contains an unemployment rate term in differences, 
or an error correction term-the observation of (Apr -APr-1 ) and knowledge of the 
sacrifice ratio (A.1/..\2 ), given by table 8.4, makes it possible to easily assess the 
NAIRU. 

Table 8.4 indicates that the ratio (..\1/..\2) takes the respective values 0.59, 1.35, 
0.10, and 0, for France, the United States, Japan, and Germany. Because variations in 
the inflation rate {Ap, - Ap,_1 ) arc relatively weak since the end of the 1970s, it turns 
out that the observed unemployment rate is always very close to the NAIRU over this 
period. The value of the NAIRU is then always given approximately, for each country, 
by the intersection of the curve linking the different points with the vertical line with 
abscissa zero in the graphs in figure 8.20. As we see, the NAIRU increases in Germany, 
France, and to a lesser extent in Japan. On the other hand, it fluctuates around a value 
lying between 6% and 7% in the United States. The regression lines indicate that 
there does indeed exist a negative relation between the acceleration of inflation and 
the unemployment rate. Moreover, they bring out the variability of the NAIRU over 
certain subperiods. We see that the points corresponding to the 1990s lie above the 
regression line for Germany, Japan, and France, which suggests that the NAIRU is 
above its average value, calculated for the period 1970-1998, in the 1990s. Since the 
wage equations of France and Germany contain an error correction term, Blanchard 
and Katz {1999) explain this phenomenon by variations in the variable x. reprnsenting 
the markup between prices and wages. For the United States, on the contrary, we seo 
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The relationship between increases in the inflation rate and the unemployment rate in four OECD countries. 

that the points for the 1990s are situated beneath the regression line (see Katz and 
Krueger, 1999, for a similar observation regarding the United States). 

The graphs in.figure 8.20 allow us to visualize the time path of the NAIRU, but it 
is also possible to estimate it. Assuming that the adjustment interval for wages can 
take any value, the NAIRU ii is deduced from an equation of the following form 
(Staiger et al., 1997): 

ti. 2p, = p, (u,_1 - u) + ft2 (u1_ 2 - ii)~ p,x, 
In this equality, X1 designates a vector of variables including past inflation rates 

and measurements of supply shocks, for example the difference between labor pro­
ductivity and its trend, or the growth rate of the prices of imports relative to the pro­
ducer price index. This equation can also he written in the following manner: 

ti. 2 Pt = /10 + P1 u,_, + p, u,_, + p,x, 
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J 
The coefficients {J; wdli then be estimated by ordinary least squares, and the 

NAIRU il is simply equal to -{J0/({J1 + {12). This method of estimation, which is ap­
plied in many studies, leads to an estimate of the NAIRU for the United States of 
around 6% for the period 1960-1995 (see the synthesis of Staiger et al., 1997). The 
application of this method to subperiods on quarterly data suggests that the NAIRU 
was effectively falling in the United Slates in the beginning of the 1990s (Gordon, 
1997; Staiger et al., 1997; Brayton et al., 1999; see also the studies of Fair, 2000, and 
Richardson et al., 2000, who develop methods complementary to this approach in 
order to assess the dynamics of the NAIRU). 

6 SUMMARY AND CONCLUSION 

The high degree of unemployment in Europe does not come from a more rapid 
growth in the labor force than in the United States or Japan; it is the upshot of 
particularly weak job creation. Continental Europe is distinguished by a high 
proportion of long-term: unemployed. The roal wage and employment are two 
procyclical variables positively correlated with labor productivity. The business 
cycle is more damped in Europe than in the United States. 

In the classical model, the real fundamentals of the economy determine the 
equilibrium levels of the real variables, and the quantity of money acts only on 
nominal variables. When the elasticity of aggregate labor supply is low, the 
classical model predicts that fluctuations in the real wage will always be ac­
companied by much smaller fluctuations in employment. This is contrary to the 
stylized facts. 

The Phillips curve links the growth rate of nominal wages to the inflation rate 
(present and past) and the unemployment rate. It makes it possible to define the 
NAIRU-the nonaccelerating inflation rate of unemployment. The Phillips curve 
portrays a trade-off in which a fall in the unemployment rate can be achieved, in 
the short run, by an acceleration of inflation. In the long,run, the equilibrium 
unemployment rate is equal to the NAIRU, and this trade-off disappears. 

In a Keynesian perspective, the short-run efficiency of demand side policies 
arises from the existence of nominal rigidities. Jn the long run, these rigidities 
do not exist. Empirical work shows that the degree of nominal rigidity of wages 
is relatively low, but is greater in the United States than in France. In conse­
quence, demand .side policies have a significant impact over a short span of 
lime, on tho order of two to five years. 

The growth rate of labor productivity is one of the determinants of the NAIRU. 
Simulations carried out using the Phillips curve model suggest that the slow­
down in labor productivity growth that occurred between the 1960s and the 
1980s caused a hike in the American NAIRU of around 1.8 percentage points. 
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On the other hand, the slowing of productivity •·· .D.ought to have raised the 
French NAIRU hy almost six percentage points. The reason for this difference is 
the absence of indexation of wages to productivity in France. But it should be 
stressed that models based on a Phillips curve are ill-suited to the analysis of 
supply side policies that change the rules of wage formation. This curve talces 
such rules into account in an ad hoc manner, and therefore does not rest on any 
definite hypothesis regarding the behavior of agents. 

Friedman (1968) and Lucas (1972) gave a "classical" interpretation of the Phil­
lips curve by assuming that the labor market is always in equilibrium. Accord­
ing to these authors, the expectation errors of agents condition the impact of 
demand side policies in the short run. For those who subscribe to the "new 
classical macroeconomics," the short-run efficiency of systematic demand side 
policies vanishes if agents are capable of forming rational expectations. Under 
this hypothesis, only the unexpected component of demand side policies has an 
effect in the short run. 

An economy displays hysteresis effects if the long-run equilibrium unemploy­
ment rate depends on past levels of the current unemployment rate. Related to 
this is the idea that a transitory shock has permanent effects. This will be the 
case if variations in nominal wages depend solely on the short-term unemploy­
ment, and not on the total stock of the unemployed. Demand side policies then 
have a permanent impact on the unemployment rate. 

In certain continental European countries, I.he time path of nominal wages de­
pends significantly on the difference between past real wages and past pro­
ductlvities. This is an error correction mechanism which entails that the NAIRU 
depends on the interest rate, payroll taxes, and the market power of firms. 

In the long run, the indexation coefficient of the nominal wage to inflation is not 
significantly different from unity in most countries. The median adjusbnent lag 
of nominal wages to prices is generally shorter in Europe and Japan. It is clearly 
longer in the United States. 

The unemployment rate exerts significant downward pressure on wage growth, 
except in the United Kindom. The degree of real l'igidity is of the same order of 
magnitude in the United States and Europe, but clearly lower in Japan. In the 
European countries, the wage growth rate is influenced by the gap between wage 
levels and productivity. The NAIRU then depends on the markup of firms, and 
the rise in unemployment in the 1980s and 1990s in Germany, France, and Italy 
might be explained by changes in the elements that influence the markup. Thus 
the increase in payroll taxes, and to a lesser extent the high interest rates that 
prevailod in the 1980s, aro potential causes for the riso in the NAIRU observed 
in these couutdes. 

In the majority of countries, it has been estimated that tho elasticity of the real 
wage level with respect to the unemployment rate is of the order of -:-0.1. 



UNEMPLOYMENT AND INFLATION 

The theories set forth in this chapter do not, however, allow a precise diagnosis 
of the reasons for changes in the NAIRU. Recent analyses of the functioning of 
the labor market, which are based on the behavior of agents, have enriched and 
focused the conclusions of the (standard) macroeconomic approach. These 
analyses are presented in the following chapters. 

7 RELATED TOPICS IN THE BOO!< 

Chapter 1, section 2.2: The elasticity of labor supply 

Chapter 3, section 3.2: The duration of unemployment 

Chapter 7, section 4: Insiders, outsiders, and persistent unemployment 

Chapter 9, section 3.1: job creation and job destruction 

Chapter 9, section 3.2: Labor market equilibrium 

Chapter 11, section 2: Active labor market policies 

Chapter 12, section 5: Macroeconomic assessments of institutions 
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9 APPENDICES 

9.1 APPENDIX 1: THE MICROECONOMIC FOUNDATIONS 
OF THE LINEAR MODEL . 

Models in which firms producing diJierentiated products engage in price competition 
ai'0 now widely used in macroeconomics. By making the way iu which tho prices'* 
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i 
goods are set completely explicit, they supply a coherent IJ.- •• iiwork for the study of 
a great many issues (see Weitzman, 1985, and Blanchard and Kiyotaki, 1987, for the 
basic models, and Benassy, 1991, for a complete review of monopolistic competition). 
Here we consider an economy with a large number n of firms, each producing a dif­
ferent consumer good. The same index i = 1, ... , n designates either a good or the firm 
that makes it. Production makes use of labor supplied by households as the sole input. 
There are many identical households. We further assume that this economy has a 
specific good-money-that serves as the numeraire, i.e., the unit of account and 
store of value. Time is represented by an infinite succession of discrete periods. In 
each period, a two-stage game unfolds. In the first stage, firms set the prices of their 
products simultaneously and without prior consultation. In the second stage, a fixed 
price equilibrium defining the quantities exchanged is achieved. This game is solved 
backward, by first determining the quantities exchanged at fixed prices in the second 
stage, and then seeking the prices chosen by the firms in the first stage, in the knowl­
edge that firms are able to calculate the quantities exchanged in the second stage as a 
function of the vector of prices. We begin by describing the mechanism of exchanges 
proper to one period. 

The Demands for Goods and Aggregate Output 
In order to obtain explicit demand functions for goods, we will assume that in each 
period an individual h makes his or her choices on the basis of the following utility 
function: 

U = (~) ((l ~~)P r-(~)L1, 8E(0,1), • <: 1, d > 0 

with: 

[ 
n ]•/(•-1) 

ch = nl/(1-a) ~ c);-1)/• . 
J=l 

u> 1 

In these relations, C;h and Mh designate respectively the consumption of goods i 
and the money held by individual hat the end of the period. Variable P represents the 
price index in the C)ll"rent period, and Lh designates the quantity of labor supplied 
by the household. We see that the utility function of agents is of the Cobb-Douglas 
form as regards the trade-off between global consumption Ch and money holdings Mh, 

and of the CES form as regards the choice between consumption C;h of different goods. 
When the price of good i is P;, Dixit and Stiglitz (1977) have shown that the price 
index P linked lo a utility function of this type takes the form: 

( 
n )1/(1-•) 

P= ~°L,P,'-r. 
n,=1 

(38) 

Parameter. u rep!'esents the elasticily of substitution among the n consumer goods. Let 
Rh be the wealth of individual h. His or her budget constraint is written: 
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n 

L:P;C;h +Mh = R1i (39) 
;.,,.1 

The maximization of utility ( 37) subject to constraint (39) gives the demands for goods 
C;1i and the demand for money Mh of individual h. After several c:alculations, we 
arrive at: 

and 

By substituting these values for consumption and demand for money in the 
utility function defined by equation (37), it is possible to calculate the indirect utility 
of household h as a function of its wealth and the quantity of labor. We obtain: 
U1i = R1i/P - (d/e)Lt. Let W be the nominal wage in the period. Since the wealth of an 
agent is equal to the sum of his or her initial money holdings Moh, his or her share nh 
of profits, and his or her income from wages WL1i, we arrive at: 

uh= (WLh +~uh+ nh)- (~)L' 

Maximization of Uh with respect to Lh defines the labor supplied by household h: 

'= (w)''(e-•J Lh dP ('IO) 

Designating the global wealth of agents by Jl = I:h R,., the total l:onsumption of goods 

i, Ci= Lh Cu" is written: 

. _OR (P;)-• 
C,-nP P (41) 

Let us define the index Y of aggregate output by PY= L;;P1C;. Relations (38) and (41) 
then entail: 

Y= fJR/P 

And the demand for good i, or Y1 = C1, takes the following form: 

y (p')-· Y1=- -n p 

(42) 

(43) 

Assuming that all profits are redistributed to households, their global wealth R 

c,;rresponds to the total value PY of the output plus the stock M0 = I:h Moh, of initial 
money holdings, R = PY + M0. Using ( 42), we then get a particularly simple expres­
sion of aggregate output. It is writtr.n: 

Y=-fJ_Mo 
(1-8) p 

This expression of aggregate output is reminiscent of that of aggregate demand 
issuing from an IS-LM model. We observe, in particular, that if the price index re­
mains constant, the multiplier associated with an increase in the money supply in the 
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form of transfers to households takes the value 0/(1. - 8). Parameter 8 is thus equiva­
lent to the marginal propensity to consume. 

1'he Price-Setting Rule 

For the sake of simplicity, and with no prejudice to the generality of our results, wo 
will assume that the production function of each firm i is linear, or Y; = AL;, where Y; 

and L; designate respectively output and omploymenl in firm i. A represents a pro­
ductivity parameter common to all firms. We will assume that each production unit 
decides its own variables (Y;,L;,P;) considering that its decision has no influence on 
the aggregate quantities Y and P. Since the latter do in fact depend on decisions taken 
by all firms, this hypothesis signifies that each production unit takes the actions of its 
competitors as given. Equilibrium is thus noncoopora.tive; it is also called Nash equi­
librium. The problem of firm i is written: 

Max (P; Y; - WL;) 
(P1,L,,Y1) 

s.c. OMu (P;)-a 
Y; = (1-U)n P and Y;=AL;. 

After several calculations, we find the optimal price level P; of good i: 

P;=v.!'.!'. 
A 

with 
,,. 

v=--> 1 
cr-1 

It turns out that each producer sets bis or her price by applying a markup v to 
the nominal wage W deflated by the productivity term A. Parameter v measures tho 
monopoly power exerted by oach firm. If v = 1, all goods are perfectly substitutable, 
and we are back in a situation of perfect competition. Readers can verify that, for a 
given wage level, the price of consumer goods increases with the monopoly power of 
producers. 

A linear Version of the Model 

The nominal wage being the same for all firms, the prices of consumer goods all settle 
on the same value vW/A. That being the case, the price index P will also be equal to 
this common value. Relation (43) then shows that we have Y; = Y/n, and aggregate 
labor demand attains the level nL; = nY;/A = Y/A. Let H be the number of house­
holds; equation ( 4.0) makes it possible to define the aggregate labor supply: 

H 

L' = LLZ = Hdlf<1-'l(W/P)'' with q = 1/(c -1) 
/1=1 

Eventually, we have four equations with five unknown variables (P, W, Y, I.', L). 

They are written: 

I'=v~, 
A 

Y~AI., Y=- ~-(Mo) 1-0 p • and 

Let us assume that time is represented by a succession of discrete periods, and 
that at the beginning of period t-or the end of period (t-1)-the stock of money 
is equal to M1• Denoting by a lowercase letter the logarithm of the corresponding vari-
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able (for example, p =Log P), the system (44) can be writton in a linear form as 
follows: 

Yt =mr- Pt 

Yt =li+a, 

p1 = w, - a, + x. x =In v 

4' = 1 + ~(wr - Pr), l =In Hd1fll-<) 

In this system, the parameters with no time index are taken to be constant over time. 
These four equations correspond to the relations from (1) to ( 4) in the text. If II. repre­
sents the difference operator, by definition we have 11.m, = m, - m,_1 = ln(Mr/M1 .• 1 ). 

Assuming that the increase in the money supply is small with respect to the stock of 
money, we also have ln(MrfM,_i) "'(M, -M,_1 )/M, _,, and consequently (M, - M,_1)/ 

M,_1 "' 11.m,. The variable 11.m, is thus approximately equal to the growth rate of the 
money supply between dates t and (t - 1). 

Interest Rate and Markup 
In the foregoing, the markup v does not depend on the interest rate. That changes if we 
cause capital to appear expliciUy. So let us assume that each firm i is endowed with a 
production function F(K;, AL;) with constant returns, using labor in quantity L; and 
capital in quantity K;. Let rand p be respectively the rate of payroll tax and the (nom­
inal) user cost of capital. The problem of firm i is now written: 

Max P; Y; - W(t + r)L; - pK; 
{P;,l.;.K,} 

s.c. 

The reader can verify that the solution of this problem comes to the usual con­
clusion that capital intensity k; = K;/AL; is an increasing function of the relative cost 
W(1 + r)/p of labor with respect to capital. Let k' be the optimal capital intensity 
common to all firms, and let F2 be the partial derivative of funr.tioo F with respect to 
its second argument. It is easy to establish that the price-settil)-g rule is now written: 

with 
a 1 +r 

µ= a-1 F',(k'.1) 

Since F.(k', 1) is increasing with k• (see chapter 4), tho markupµ diminishes 
with the relative cost of labor with respect to capital. Inasmuch as the user cost p is 
positively linked with the interest rate r, tho markup becomes an increasing function 
of the interest rate. Finally, it is possible to show further that the markup increases 
with the rate r of payroll taxes. 

9.2 APPENDIX 2: THE DYNAMICS OF AN ECONOMY WHERE THE 
UNEMPLOYED ARE HETEROGENEOUS 
The dynamics of unemployment and inflation is defined by equations (13) and (26). 
We assume lhat the growth rates of the money supply and productivity are constants, 
defined respectively by 11.m anrl II.a. Tho stalionary values of unemployment and 
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inflation are then equal to ii and "=Arn - da. After rearranging terms, relations (13) 
and (26) allow us to arrive at the following linear system: 

[dp,--_"] =d[dp1-1-::] 
Ut - U Ut-1 ·- U 

where Jr/ is a matrix which has the expression: 

.<t' At+)~,+~ [~: 1,-:21.l 
The trace and the determinant of this matrix take the values: 

T = 211 + l; ' > 0 
l, +;.2+12 

and D=. ~1 )' E[0,1] 
Ai+ 2+ ·2 

The discriminant of the characteristic equation of matrix .<t' is written: 

o,, = (~) 2 - 4l1l2 -
(J., + l, + 1;)2 

It turns out that two cases must be distinguished: 

1. ;.; < 2 ~- The eigenvalues of JI/ are two complex conjugate numbers. Because 
the determinant falls in the interval between o and 1, that means that the mod­
ulus of these eigenvalues is smaller than unity. The system is thus stable, and 
converges to its stationary state, presenting oscillations that are more or less 
damped (see conditions (64) and (65) in mathematical appendix Dal the end of 
this book). 

2. l; > 2.;J.;T,°. The eigenvalues of JI/ are now two real numbers. We then ve11fy 
that D and T are such that 1 > D > ITl-1. Following relation (65) in mathe­
matical appendix D, this last condition ensures that the system is stable. 
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In this chapter, we will: 

Observe the magnitude of job creation, job destruction, and worker flows 

' Discover the meaning and the importance of the Beveridge curve 

Analyze the functioning of the labor market as a matching process between 
employers and employees 

Understand the difference between an aggregate shock and a reallocation shock 

Think about the dliciency of a labor market with trading externalities 

INTRODUCTION 

In all the OECD countries, workers' mobility among the rlifferent possible states 
in the labor market (from one job to c-mother, from a job tu unemployment, from 
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unemployment to nonparticipation, etc.) is a phenomenon of major dimensions. For 
example, in firms with more than ten employees in the United States in 1987, for 
every 100 jobs there were on average 26 hires and 27 quits (Burda and Wyplosz, 
1994). The duration of the transition periods between all possible states results mainly 
from imperfections inherent in the functioning of the labor market. For a worker, the 
search for a job that fits his or her requirements and skills is a process that often takes 
a lot of time. Likewise, when a firm wants to recruit new workers, it often chooses to 
devote substantial resources (with a corresponding cost in time) to the selection of 
suitable individuals. Those imperfections in the information available in the labor 
market entail the simultaneous presence of unemployed persons and vacant jobs. This 
is the origin of frictional unemployment. 

The intensity of the processes of job destruction and creation has en effect on the 
level of frictional unemployment. When the economy is restructured, job rotation 
increases workers' mobility, and thus pushes up frictional unemployment. But the 
latter also depends on more institutional factors, like the amount of unemployment 
benefits, for example, which determines how long the unemployed can wait, or the 
level of hiring and firing costs, which influences the behavior of firms. The first dy­
namic analyses of the labor market date from the 1960s. They were based principally 
on the job search behavior of workers, and explained frictional unemployment by the 
fact that the unemployed reject job offers that pay wages they consider too low, in the 
hope of subsequently receiving more attractive offers. We have seen in chapter 3 that 
the main determinants of unemployment duration are the unemployment benefits, the 
arrival rate of job offers, and the characteristics of tho distribution of possible wages. 

This chapter is devoted to the study of a complementary approach, which brings 
in the behavior of firms when faced with a costly hiring process. This approach envis­
ages the hiring process as phenomenon of matches between employers and workers. 
In this framework, the probability for every unemployed person of receiving a job offer 
suited to his or her abilities depends on the tightness prevailing in the labor market, 
i.e., the ratio of the number of vacant jobs to the number of unemployed persons. If 
this ratio is high, every unemployed person has a high probability of finding a job. 
Symmetrically, the probability of filling a vacant job has to decrease when this ratio 
increases. This representation of the process of matching up jobs and workers, espe­
cially those developed by Hall (1979), Bowden (1980), and Pissarides (1979, 2000), 
makes it possible to analyze the determinants of unemployment in a framework that 
lakes into explicit consideration the transaction costs linked to labor mobility and the 
imperfection of information in the labor market. In particular, it makes it possible to 
grasp the determinants of unemployment in a dynamic environment where jobs are 
created and destroyed continually, and in which there are transaction costs attached 
to reallocating employment. 

The first section lays out the main characteristics of manpower mobility and the 
processes of job creation and destruction as they emerge from empirical studios. Sec­
tion 2 develops the competitive model with perfect information and highligbts its 
limitations. Section 3 presents the basic matching model. This model takes the flow of 
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jobs into consideration and is grounded in an imperfectly competitive mode of wage 
formation. Section 4 introduces capital explicitly, in order to focus on the relationship 
among investment, the interest rate, and unemployment. Section 5 is devoted to ana­
lyzing the dynamics of unemployment. Finally, the problem of the inefficiency of 
market equilibrium is dealt with in section 6. 

1 JOB FLOWS AND WORKER FLOWS 

Two kinds of data allow us to understand the dynamics of the labor market better. The 
first pertains to the processes of job creation and destruction and the second to worker 
flows. Examination of these data reveals that the labor market is characterized by 
intense reallocation of jobs and workers. This reallocation is revealed by, among other 
things, the coexistence of vacant jobs and persons looking for work. 

1.1 Joa CREATION AND DESTRUCTION 
Table 9.1 gives an idea of the magnitude of job creation and destruction in several 
OECD countries. In this table, job creation represents the sum of job gains due to the 
opening of new production units (either firms or plants, according to the studies) and 
the expansion of jobs within existing workplaces. Job destruction represents the sum 
of job losses resulting from the closing of production units and contractions in the 
number of jobs in units that stay open. The net employment growth is equal to the 
difference between job creation and job destruction, whereas job reallocation corre­
sponds to the sum of these two quantities. 

It is evident, in the first place, that for all countries, net employment growth is 
always much smaller than job creation or destruction. In the United States, for exam­
ple, 10:4% of jobs are destroyed every year, while the proportion of jobs created with 

Table 9.1 

Job creation and destruction. Annual average rate as a percentage of total employment. 

Net 

Job Job employment Job 

Country creation destruction growth reallocation 

France [84-91) 12.7 11.8 0.9 24.5 

Germany [83-90) 9.0 7.5 i.5 16.5 

Netherlands (84-91) 8.2 7.2 1.0 15.4 

United Kingdom (85-91) 8.7 6.6 2.1 15.3 

United States [84-91) 13.0 10.4 2.6 23.4 

Source: OECD (1996, iable 5.1, p. 17~). 
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respect to the stock of existing jobs is equal to 13.0%. In the second place, we observe 
that job reallocation belongs to a different order of magnitude than net employment 
growth, being about ten times higher in Germany, the United States, the United King­
dom, and the Netherlands, and practically 30 times higher in France. That means that 
the excess job reallocation, which equals the difference between job reallocation and 
the net employment growth, is considerable. In the United States, it would have suf­
ficed to reallocate 2.6% of jobs in order to transform production units, but a realloca­
tion of 23.4% would have been needed, or an excess job reallocation of 20.8%, in 
order for these reallocations actually to take place. 

It should be noted that the job creation and destruction presented in Table 9.1 
do not include job reallocations that take place within individual firms or plants. 
For example, a firm that gets rid of a worker's job in order to create a managerial job 
is recorded as having job creation and destruction equal to zero. Studies that have 
attempted to assess job reallocations within workplaces suggest that this factor is not 
negligible. Hamermesh et al. (!996) use a survey which indicates whether hires corre­
spond to newly created jobs in the Netherlands. They find that reorganizations within 
firms explain 11 % of overall job reallocations. Using data on the structure of job cre­
ation and destruction in relation to skill within firms in France, Lagarde et al. (1995) 
estimate that job reallocations within firms are much greater than that, representing 
almost half of all job reallocations. 

1.1.1 The Extent of Within-Sector Reallocation 
Contrary to what is sometimes stated as obvious fact, job movements most frequently 
take place within the same sector, not between different sectors. It is possible to assess 
the extent of within-sector reallocation by comparing two indicators (see Davis and 
Haltiwanger, 1992). If S designates the number of sectors, we look at the net employ­
ment growth in a given sector s (V,;') and the net employment growth in the economy 
as a whole (Vn)· An initial indicator assesses the extent of job reallocations due to 
between-sector movements. It is defined by: 

s 
RE = L IV.,'I - IVnl 

B=l 

Let T, be the job reallocation in sector s; the second indicator corresponds to the 
sum of excess job reallocations within each sector. It is defined by: 

s 
R1 = L(T, - IV.,'ll 

S=-1 

The fraction of job reallocations due to between-sector shifts is then moasured 
by tbe ratio Ru/(R1 +Ru). Table 9.2 shows that job movements arc to a large extent 
within sectors. 

It turns out that between-soctor reallocations are never more than a small com­
ponent of overall job reallocations, even when sectors are broken down finely. Since 
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Table 9.2 

Fraction of job reallocation accounted for by employment shifts between sectors. 

Number 

Country Period of sectors REf(R1-i-R,) 

Germany 83-90 

United States 72-88 

France 84-88 

France 84-91 

Italy 86-91 

Sweden 85-91 

Source: Davis and Haltiwanger (1999a, table 5). 

Table 9.3 

The persistence of job creation and destruction. 

Country United States 

Period 1973-1988 

Horizon 1 year 2 years 

Creations 70.2 54.4 

Destructions 82.3 73.6 

Source: Davis and Haltiwanger (1999a, table 6). 

24 

980 

15 

600 

28 

28 

France 

1985-1991 

1 year 

73.4 

82.l 

2 years 

61.5 

68.2 

0.03 

0.14 

0.06 

0.17 

0.02 

0,03 

Netherlands 

1979-1993 

1 year 

77.9 

92.5 

2 years 

58.8 

87.3 

the beginning of the 1980s, the process of job cxeation and destruction has thus been 
essentially within sectors. . 

1.1.2 The Persistence of Job Creation and Destruction 

Job cxeation and destruction can be temporary cir relatively'persistent. In order to 
assess the impact of job creation and destruction in a dynamic perspective, Davis and 
Haltiwanger (1999a} define the indicator of persistence of n periods of job creation as 
the percentage of jobs created in period t that are still in existence at the end of period 
t + n. An indicator of the persistence of job destruction is similarly defined as the 
porcentage of jobs destroyed during period t that have not reappeared at date t + n. 

Table 9.3 shows that job creation and destruction have major persistent effects, 
since more than 70% of jobs created in one year have not been destroyed in the fol­
lowing year in the three countries considered. This result means that business units 
lhat expand in one year have a high probability of expanding in the following year as 
well. In reality, we observe that job destruction and cxeation are clustered in a rela­
tively small segment of business units that are expanding or contracting. Such units 
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generally make large adjustments, often amounting to more than 20% of their total 
workforce. Studies on U.S., Canadian, Danish, and Israeli data (see Davis and Halti­
wanger, 1999a) find that more than two thirds of job destruction is carried out by firms 
that adjust their workforces by more than 20%. Table 9.3 indicates that these adjust­

ments have effects on employment for a number of years. 
The extent of gross job creation and destruction relative to net variations, 

and the preponderance of within-_sector reallocation, are characteristics shared by G5 
countries. But a comparison of movements in employment related to the business 
cycle brings out certain disparities. 

1.1.3 Movements in Employment and Business Cycles 

For the United States, Davis et al. ( 1996) highlight three distinguishing features of the 
dynamics of job creation and destruction. In the first place, job destruction is highly 
countercyclical, hence more frequent in periods of recession. In the second place, job 
creation is weakly procyclical, or even acyclica!. Finally, destruction varies much 
more widely than creation does. So cycles are '!larked by weak variations in the num­
ber of jobs created and strong variations in the number of jobs destroyed. These three 
properties entail that in the United States the rate of job reallocation is countercycli­
cal: there is more job reallocation in phases of recession. This result is not observed 
in all OECD countries, where job destruction is generally countercyclical and job 
creation procyclical; but job destruction does not always vary to a significantly 
greater degree than job creation (see OECD, 1996, chapter 5). 

1.2 WORKER REALLOCATION 
Worker reallocation can be identified by observing the flow of entries into and exits 
from employment and unemployment. The Beveridge curve depicts the extent of 
these movements. 

1.2.1 Employment Inflows and Outflows 

Worker flows are different from job flows, for in addition to entries and exits linked to 
the creation and destruction of jobs, they also include rotations on the same job. A 
number of workers can in fact succeed one another in the same job. With data on 
French firms for 1987-1990, Abowd et al. (1999) estimate that over the course of a 
year, the creation of one job corresponds to the hiring of three persons and the sepa­
ration of two. As a general rule, workers' reallocations are clearly greater than those of 
jobs. They are assessed by observing, for a given period-most often a month or a 
year-the flow of entries into and exits from unemployment, on the one hand, and the 
flow of cnlries into and exits from employment, on the other. An entry into employ­
ment corresponds to a hire, and an oxit from employment corresponds to a separation. 
An exit from employment leads to unemployment, nonparticipation, or a new hire. 
An exit from uneµiploymeot occurs when someone either finds a job or decides not 
to participate any longer. Table 9.4 portrays the flow of entries into and exits from 
employment for the G5 countries during lhe year 1987. 
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Table 9.4 
Annual employment inflows and outflows, in percentages, for the year 1987. 

Country Entry rate Exit rate 

United States 26 27 

France 29 31 

Japan 9· 9 

United Kingdom 11 11 

Germany 22 21 

Source: Burda and Wyplosz (1994, p. 1288). 

The rates of entry and exit are equal respectively to the number of entries into and exits from employ­

ment with respect to the average stock of jobs. 

Table 9.4 highlights the magnitude of entries into and exits from employment 
with respect to the stock of jobs. Worker flows ru:e seen to be systematically greater in 
size than job flows. Thus, the exit rate from employment in table 9.4 is, for most 
countries except the United Kingdom, almost three times greater than the rate of job 
destruction given in the second column of table 9.1. Likewise, except for the United 
Kingdom, the rate of entry into employment is between two and three times greater 
than the rate of job creation set out in the first column of table 9.1. We observe too that 
worker mobility differs from country to country. The rates of entry into and exit from 
employment are relatively high in Germany, the United States, and France, while they 
are between two and three times lower in the United Kingdom and Japan. These two 
countries are thus characterized by low worker rotation. 

1.2.2 On Displacements 
Exits from employment comprise quits, the ending of short-term contracts, retire­
ments, firings for cause, and job loss through no fault of the employee. By definition, 
in what follows we will refer to the latter simply as displacement.·It comes to the sarne 
thing as the permanent separation, at the employer's initiative,, of an employee. It is 
interesting to compare figures for overall workers' movements with those for dis­
placements alone. Tables 9.5 end 9.6 reproduce the values of the displacement rate for 
different industrialized countries. Regrettably, for reasons that have to do with the 
camparison and availability of data, the definitions of a displacement are noticeably 
different in the two tables. Jn table 9.5, all displacements are recorded: individual 
displacements, mass layoffs, and displacements due to the closing of a business unit. 
In table 9.6, however, only displacements of workers caused by the closing of business 
units are reported. In the two tables, the displacement rate is equal to the annual 
number of displacements (according to the definition proper to each table) divided by 
the number of persons employed during the course of the same year. 

In fact, the figures in table 9.6 are not very far from the ones in table 9.5, since, 
for one thing, workers with high seniority have lower displacement rates, and for 
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Table 9.5 

Annual displacement rate (total). 

Country 

United States 

Netherlands 

Canada 

United Kingdom 

Australia 

Source: Kuhn (2002, table 17). 

*Men only. 

Table 9.6 

Period 

1993-1995 

1993-1995 

1995 

1990-1996 

1995 

Annual displacement rate (plant closing only). 

Country Period 

France 1984-1990 

Germany 1984-1990 

Belgium 1983 

Denmark 1988 

Source: Kuhn (2002. table 17). 

*Men only. 

I Tenure at least 4 years. 

Population 

25-SOi 

25-501 

All tenures 

All tenures 

Population 

Age 20-64 

Under 60 

Age 15 and over 

More than 18 

Employed worker 

Annual rate 

0.5* 

1.1* 

2.1 

1.6 

Annual rate 

4.9 

4.1 

4.9 

4.7 

5.2* 

another, Kuhn and Sweetman (1999) have estimated that in the United States, around 
one third of displacements come from the closure of business units. In these circum­
stances, the data in table 9.6 are compatible with global displacement rates of between 
4% and 5%. Displacement rates are thus quite clearly lower than the exit rates from 
employment. For example, table 9.4 indicates Uta! the exit rates amount respectively 
to 31 % and 27% for France and the United States. Hence the great majority of exits 
from employment are not due to displacement•. It is also worth noting the great simi­
larity of displacement rates in all the industrialized countries. 

1.2.3 Unemployment Inflows and Outflows 
Table 9.7 sets out the rate of entry into and exit from unemployment for several 
large industrialized countries. The strong heterogeneity of these rates is striking. The 
United Slates stands out from the other countries. We see that in the United States in 
1993, rriore than 2% of employees enter inlo unemployment every montli, while in 
!'ranee or japan the figures are less than 0.4%. Likewise, more than 37% of the unem-
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Table 9.7 

Monthly unemployment inflows and outflows, in percentage, for 1993. 

Country Entry rate Exit rate 

United States 2.06 37.4 

France 0.34 3.4 

Japan 0.38 17.1 

United Kingdom 0.67 9.3 

Germany 0.57 9.0 

Source: OECD (1995, pp. 28-29). 

The entry rate is the ratio between monthly entries into unemployment and the total number of 

employed persons during the month in question; the exit rate is the ratio between monthly exits from 

unemployment and the total number of unemployed persons during the month in question. 

ployed exit from unemployment overy month in the United States. The corresponding 
figure for japan is 17%, and in France, only 3.4%. So in 1993, the probability of exit­
ing from unemployment was around ten times higher in the United States than in 
France. 

Comparison of tables 9.4 and 9.7 allows us to specify the differences between 
the United States and most of the other OECD countries. We see that the Unilod States 
is much less different from other countries if we look at employment entries and exit. 
than it is if we look at entries into and exits from unemployment. That means that an 
exit from employment is most often followed by an entry into unemployment in the 
United States, while elsewhere, particularly in continental Europe, it is mobility from 

one job to another that predominates. Hence certain European labor markets-France 
is a good example-are well described by dividing them into workers shut out from 
employment, whose probability of exiting from unemployment is low, and workers 
who, in addition to having a job, also have tho possibility of exchanging it for another. 

1.2.l! Worker Reallocation and the Business Cycle 

Entries into and exits from employment arc procyclical in the United States (Ander­
son and Meyer, 1994; Davis et al., 1996) and in European countries (Burda and 
'l17yplosz, 1994). These observations conform to intuition as regards entries: we should 
expect hires to rise in periods of economic upturn and fall during recessions. On thn 
other hand, the result that exits from employment also move up and down with the 
business cycle is more surprising. Since flows between employment and unemploy­
ment are countercyclical, that means that movements bolween jobs are highly pro­
cyclical. Thus, upturns in the business cycle arc marked hy an intensification of the 
reallocation of workers among jobs. 

Entries into and exits from unemployment appear to be equally counlcrcyclical 
(Burda and Wyplosz, 1994). These results may also cause surprise: since there are 
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' I 
fewer hires during periods of recession, there ought to he tcwer eldts from unemploy-
ment. The fact is that cldts from unemployment into employment rise during periods 
of recession, even though the number of hires falls, because the reduction in move­
ments between jobs is even more pronounced than the reduction in hires. Hence 
recessions are characterized by weak reallocation of workers among jobs and more 
numerous hires of the unemployed-probably into temporary positions. 

1.2.S The Beveridge Curve 

The English economist William Beveridge in 1944 proposed using the relationship 
between vacant jobs and the level of unemployment to assess the extent of workers' 
reallocation. Problems of reallocation ought indeed to be greater, the higher the num­
ber of jobs vacant for a given number of unemployed. The "Beveridge curve" illus­
trates this linkage between the unemployment rate u and the vacancy rate v (the ratio 
of the number of vacant jobs to the labor force). It is shown in figure 9.1. When eco­
nomic activity slows, firms open up few vacant jobs, and there are many unemployed. 
During the recovery phase, the point representing equilibrium in the economic system 
shifts along the Beveridge curve, as the number of jobs vacant grows and the number 
of unemployed persons falls. 

The very existence of a Beveridge curve signifies the simultaneous presence of 
unemployed persons and vacant jobs. This simultaneity originates from mobility costs 
associated with location and with skill, and from imperfect information. One of the 
purposes of labor markets is to allow the best possible match-up between the skills 
required by firms and the skills eldsting in the labor force. The search activity 
required costs time and resources, but it is indispensable, given that the information 
necessary to both sides constitutes a rare resource. 

The greater or lesser efficiency of the adjustment process is shown by the posi­
tion of the Beveridge curve with respect to the origin of the axes in figure 9.1. The 
closer this curve lies to the origin of the axes, the more efficient the process of reallo­
cating manpower is, for in these circumstances every vacant job will quickly be filled 

·1 

I L ___ _ (BC) 

FIGURE 9.l 

The Beveridge curve. 
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by an unemployed per.on. For example, in figure 9.1, curve (BC) retlects a more effi­
cient process of allocating manpower resourcos than does curve (BC'). In a labor 
market described by (BC), for the same number of vacant jobs, thore will be fewer 
unemployed persons than thore will in the labor market described by (BC'). 

Figure 9.2 gives examples of empirical relationships between the unemployment 
rate and the vacancy rate over the period 1960-1999 for the United Kingdom, the 
United States, Franco, and Germany. It appears that the efficiency of lhe matching 
process fell off in the United Kingdom, France, and Germany over the entire period 
considered. In the United States, the efficiency of the matching process decreased 
during the sixties and tho seventies and then improved during the eighties and the 
nineties. Moreover, we see that the relationship between the unemployment rate and 
the vacancy rate describes counterclockwise loops-a phenomenon which, as we will 
see, the study of labor market dynamics makes it possible to explain. 

This presentation of the functioning of the labor market reveals intense activity 
as jobs and workers are reallocated. This is why models that explictly integrate labor 

1--
Gannanr 
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go-2.003 

~j .. ~ ____ ,, .. -_. ·~~~-
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FIGURE 9.2 

The Beveridge curves in the United Kingdom, the United States, France, and Germany. 

Source: .DECO dal a. 
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market flows have gradually come to the fore. They are know{, in the literature as 
matching models. The main question these models have to answer is, what is the 
relation hetween unemployment and this reallocation activity? But before examing 
what they have to tell us, we will do well to review the principal lessons to be learned 
.from the traditional approach to the labor market, based on the competitive model. 
This review follows. 

2 THE COMPETITIVE MODEL WITH JOB REALLOCATION 

The competitive model, already discussed in chapters 5 and 8, is a benchmark repre­
sentation of the labor market that makes it possible to analyze the influence of the 
turnover of jobs and workers. Here we extend this representation by taking into 
account the adjustment costs linked to turnover. 

2.1 JOB REALLOCATION AND LABOR MARKET EQUILIBRIUM 
In the competitive model, labor supply and demand result from decisions taken by 
agents who have no power over the setting of prices. Hence wages equalize labor sup­
ply and demand. Let us assume that the labor force is composed of a large number N 
of individuals having different reservation wages z, the distribution of which is given 
by the cumulative distribution function H(.). Readers will recall that in labor supply 
theory, the reservation wage represents the remuneration threshold at which an indi­
vidual will accept to work (see chapter 1). It can also be interpreted as the domes­
tic production achievable by this person outside the labor market. If we assume that 
every individual offers a unit of labor when the current wage w is superior to his or 
her reservation wage z, then labor supply is equal to NH( w). It is an increasing func­
tion of wages, the graph of which is identified by the symbol (LS) in figure 9.3. 

In chapter 4, we saw that labor demand could be deduced from profit max­
imization ·in the presence of employment adjustment costs. Let us assume, in order to 
simplify, that the production function of a representative firm has constant returns to 
scale and that each worker is capable of producing an exogenous quantity y of goods. 
Let L be the level of employment, and let us suppose that an exogenous proportion q 
of jobs is destroyed at every instant. As in chapter 4, we represent adjustment costs by 
a function C(J\) where I\ designates net variations in the level of employment. Func­
tion C(.) is assumed to be increasing and convex; consequently C' > O and C" > o. In 
a stationary state, the stor.k of jobs L is constant, and the firm thus hires qL workers 
per unit of time. Instantaneous profit is then written: 

n =Ly- [wL + C(qL)] 

Instantaneous profit maximization' with respect to employment entails: 

y = qc'(qL) + w (1) 
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The competitive equilibrium. 

This equality shows that at the firm's optimum,. the marginal productivity y of 
labor is equal to the marginal adjustment cost qC' + w of a job. Equation (1) defines 
labor demand. Adjustment cost C(.) being a convex function, labor demand is de­
creasing with respect to wages. Its graph is identified by the symbol (LD) in figure 9.3. 
It should be noted that a rise in the rate q of job destruction increases marginal ad­
justment costs C'(ql) and thus increases the total marginal cost of a job. In those cir­
cumstances, the firm reduces employment. In figuxe 9.3, an increase in q leads to a 
downward shift of curve (LD). An exogenous rise in adjustment costs C(.) has the same 
effect. Conversely, an increase in marginal productivity y shifts curve (LD) upward. 

The competitive equilibrium lies at the intersection of curves (LS) and (LD). As 
labor supply is simply equal to NH(w), wages w• and equilibrium employment L • are 
defined by the following system of equations: 

y = qC'[qNH(w•)) + w', L'=NH(w') (2) 

The hypotheses made about functions H(.) and C(.) entail that. there is a unique com­
petitive equilibrium. Figure 9.3 also indicates that an increase- in the rate q of job 
destruction leads to a fall in employment and the equilibrium wage. An improvement 
in individual productivity y has the opposite effect. 

It is worth noting that although certain individuals are not employed, there is no 
un~mployment in this model, since every person who wants to work at the current 
wage can do so. Individuals who are not employed simply prefer to remain outside 
the labor market and do not look for a job. In sum, tho competitive model makes it 
possible to understand certain determinants of employment. It shows that the process 
of job destrnction is capable of having a negative impact on employment if adjust­
ments in this variable are costly. However, it does not help us in understanding 
unemployment. 
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2.2 THE EFFICIENCY OF THE COMPETITIVE EQUILIBRIUM 
As a general rule, a competitive market arrives at an efficient allocation of resources. 
Within the framework of the model just presented, this result is easily established by 
considering the problem of a benevolent social planner seeking to maximize collective 
welfare. For simplicity, we will assume, on the one hand, that individuals are risk­
neutral-the indirect utility function is linear-and, on the other, that the planner has 
no preference for the present. In these conditions, his or her objective is to maximize 
the sum of instantaneous productions realized inside and outside the market minus 
the labor turnover costs, since these represent a loss for the economy. 

If we assume that the productivity z of an individual outside the market is 
again a random variable with cumulative distribution function H(.), the question of 
the optimal allocation of resources boils down to the search for a threshold !ii of 
productivity-and thus n proportion H(z) of the individuals that must be ell"..ployed in 
the labor market-that makes it possible to maximize net aggregate production. The 
planner's problem is written as follows: 

M;ix{ yNH(z) - C[qNH(z)) + N f"' x dH(x)} 

In this expression, the term in which the integral appears represents total pro­
duction outside the market, whereas the product yNH(z) designates the production of 
goods achieved by the market. In the market, the costs due to employment adjust­
ments amount to C[qNH(z)). The first-order condition entails that the threshold !ii is 
the solution of equation: 

y = qC'[qNH(z)) + z 

This equality defines an optimal value for the productivity threshold identical to 
the equilibrium wage w' given by equation (2). The competitive equilibrium is thus 
indeed a social optimum. The planner actually decides to allocate workers lo the 
technology used in the market as long as the marginal productivity, net of turnover 
costs, of one more individual is greater than what he or she is able to achieve outside 
the market. This result shows that at the competitive equilibrium, the level of em­
ployment is socially optimal, even if some individuals arc not employed. It should 
also be noted that the process of job destruction exerts a negative effect on the stock of 
jobs in tho presence of labor turnover costs, but tbat this process entails no ineffi­
ciency in the allocation of 1·esources. 

2.3 THE LIMITATIONS OF THE COMPETITIVE MODEL 
Tbe competitive model displays significant limitations that make it ill-adapted to tho 
study of problems linked to unemployment a.ild the determinants of employment. 

(i) Most empirical studies show that productivity shocks have much more effect 
on employment than on wages (Hall, 1999). Now, tho competitive model summed up 
in figure 9.3 arrives at predictions that contradict this. With a labor supply close to the 
vertical (which agrees with the small wage elasticity of labor supply found by empiri-
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cal studies; see chapter 1 ), a productivity shock affecting labor demand leads to strong 
variation in wage and weak variation in employment. Many strategies have been pro­
posed to elaborate competitive models predicting small variatioos in the wage when 
the economy undergoes productivity shocks. The dynamic model of labor supply pre­
sented in chapter 1 belongs in this category. However, the various attempts have not 
yet led to a convincing rehabilitation of the competitive model as a representation of 
the labor market (see Hall, 1999). 

(ii) The hypothesis of perfect competition does not allow us to explain ineffi­
ciencies arising from the functioning of the labor market. The allocation of resources 
is optimal in this model, which particularly entails the absence of unemployment. As 
we have seen in section 1.2.4, the existence of the Beveridge curve illustrates the 
simultaneous presence of unemployed persons and vacant jobs. This stems from the 
imperfect information and the mobility costs prevailing in the labor market. Within 
this framework, unemployed workers adopt job search strategies, and firms adopt 
recruitment strategies, that may give rise to externalities that are themselves sources 
of inefficiency in the allocation of resources. 

(iii) The hypothesis of perfect competition also postulates a mode of wage for­
mation that ignores the institutional characteristics of labor markets. Jn chapters 7 and 
6 we emphasized that wage bargaining and manpowel' management policies have a 
preponderant influence on levels of remuneration. Here again, the strategic dimen­
sions of behavior can have consequences very different from those we find in the 
competitive model, in which wages are determined by an abstract process that is 
assumed to equalize supply and demand. 

Thus, in the presence of imperfect information, and when wages do not clear 
markets, it is highly likely that the labor market will operate inefficiently. That makes 
it important to have at our disposal an analytical tool that does not postulate the 
absence of inefficiency a priori, a tool enabling us to identify, understand, and if nec­
essary define remedies for these inefficiencies. To furnish a repres.entation of the labor 
market possessing these qualities has been the aim of a number of studies. Of these, 
the matching model proposed and developed by Pissarides (2000) (see also Mortensen 
and Pissarides, 1999) is, at the present time, the analytical framewmk most often used. 

3 THE MATCHING MODEL 

In this section, we develop a simple model of the labor market in which transaction 
costs explain the simultaneous existence of vacant jobs and unemployed persons. 
Wage fornlation is here described by a bargaining process between employers and 
workers; in other words, the hypothesis of competitive wages is dropped. The model 
is structured aronnd the concept of a mCJtching function, which sums up, at the aggre­
gate level, the outcom•:s of enconntcrs between persons in search of a job and firms 
with positions vacant. 



518 I PARl" THREE I CHAPTER 9 

3.1 TRANSACTION COSTS IN THE LABOR MAIL .t 
At every instant, the number of hires depends on the interface between vacant jobs 
and workers looking for a job. For given levels of supply and demand, and when 
workers are perfectly suited to the jobs offered and there is no imperfection in the 
available information, the number of hires is equal to the minimum of job-seekers and 
job vacancies, and the labor market functions efficiently. But in reality jobs and 
workers are heterogeneous, and information never circulates perfectly. Hence some 
workers risk not finding work at the same time that some firms have positions vacant. 
The existence of these transaction costs in the labor market is usually represented by a 
matching function that determines the number of hires on the basis of the quantity of 
labor being supplied and demanded. This matching function and the equilibrium 
conditions of flows in the labor market make it possible to give an analytical founda­
tion for the Beveridge curve. 

3.1.1 The Matching Function 
In practice, job search procedures are characterized by a large number of "frictions." 
The most important of these concern the mismatch between certain vacant jobs and 
the skills of workers, as well as ignorance of the whereabouts and/or the actual char­
acteristics of the jobs available. Faced with these frictions, employers and job seekers 
adopt search strategies which include reading newspapers, applying to government 
employment offices, using personal networks, sending letters of application, and so 
on. All these actions take time and often have high costs. But at every instant they 
produce a certain number of "successes," which can be measured by the number of 
hires at the date in question. The matching function goes straight to an aggregate level 
(for example, a country, region, or industry) and does not take into account the diver­
sity of individual actions. It summarizes the entire search process in a single relation 
giving the flow M of hires achieved over a given interval of time as a function of the 
stock of vacant jobs V and persons in search of work D. The matching function is 
analogous in nature to other aggregate functions utilized by macroeconomists, like the 
aggregate production function. For it to be a useful instrument, we have to be able to 
give it extremely precise properties that rest, if possible, on microeconomic founda­
tions, and above aH, we need to verify that the empirical estimates of such a function 
arc coherent with these properties. 

On the Microeconomic Foundations 
A simple but not truly realistic way of obtaining an aggregate matching function con­
sists of comparing vacant jobs to "urns," and job applications to "balls" tossed at Lhe 
urns by job-seekers (Pissarides, 1979; Blanchard and Diamond, 1994). A match occurs 
when a ball goes into an urn. The inefficiency of the job search process is reflected in 
the greater or lesser precision with which tho balls are tossed in the direction of the 
urns. We will omit the time index for simplicity, and D am! V will again denote 
respectively the number of job-seekers and the number of vacant jobs at a given dale. 
Let us assume tlmt job-seekers know the locations of all vacant jobs, and that a partic-
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ular job-seeker, who,,_ J,e shall call Mr. i, simultaneously sends e; applications out 
randomly among the V jobs vacant. Parameter e1 ,; V is an indicator of the effort that 
Mr. i puts into his job search. When more than one application is received for the 
same vacant job, a random draw determines who wpl get it, and the other applications 
go into the wastepaper basket. Let us further suppose that there is 110 coordination 
among the job-seekers. That being so, it is possible that one vac:ant job will receive a 
heap of applications while another will not receive any. More precisely, the probabil­
ity that a given vacant job will receive the application of Mr. i is equal to e;/V. Con­
versely, the probability that this job will not receive an application from Mr. i 
amounts to 1 -(e;/V). It results that the probability of n vacant job receiving no appli­
cations takes the value flf:f[1 - (e;/V)]. In consequence, the probability of a vacant 
job receiving at least one application is equal to 1 - fif:;:f[1 - (e;/V)]. As we have 
assumed that, for each vacant job, the firms draw the successful applicant at random 
from among the applications received, the number of hires Mis given by relation: 

M=V[1-g(1-~)] 
If Vis large with respect to e1 (which is a reasonable hypothesis), it is possible to 

approximate 1 - (e;/V) by exp[-(e1/V)]. Let e be the average of the e;; the matching 
function is finally written: 

M = M(V,eD) = v{ 1- exp[-e~)]} 
It can be verified that this function is increasing in V and D, and that it is 

homogeneous of degree 1 with respect to its two arguments. The value;; of the average 
search intensity also appears among the arguments of the matching function. That 
justifies the inclusion, in the estimates of the matching function, of all the variables 
that may affect job search effort, such as the characteristics of the unemployment in­
surance system, the demographic profile of job-seekers, indicators of the ease of geo­
graphic mobility, and so on. Note further that, the total number of applications being 
equal to eD, the probability of Mr. i finding a job is written e1M(V, eD)/eD. He thus has 
a better chance, the greater his level of relative effort e;fe. 

Simple urns-and-balls models thus give us the foundations of the agg .. egate 
matching function. But they leave too much up to chance; strategic, nonrandom ele­
'lnents play a role in the job search, on the part of holh workers and firms. Other 
models attempt to incorporate these aspects. 

Ranking models, like that of Blanchard and Diamond (1994), start from the hy­
pothesis that finns have preferences among the applications they receive. They will, 
for example, prefer skilled employees to unskilled ones, or short-term unemployed 
persons to long--term ones. That being the case, the matching function depends, di­
rectly or indirectly, on the preferences of employers and the characteristics of job­
seekers. So, if firms give priority to the short-term unemployed, it can be shown that 
tho average probability of finding a job diminishes with the incidence of long-term 
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unemployment. This result has been confirmed by the w, ... K· of Mumford and Smith 
(1999) for Australia, and that of Burgess (199:l) for the United Kingdom. Potrongolo 
and Pissarides (2001) do point out, though, that a result of this type does not neces­
sarily reinforce the hypothesis that applicants are ranked. It might also be caused by 
reduced search effort on the part of the long-term unemployed. 

Stock-flow matching models begin with the idea that the existence of stocks of 
vacant jobs and unemployed persons rellects, to some degree at least, an inadequate fit 
between the characteristics of vacant jobs and those of job-seekers that is already per­
fectly well known and dues not need to be discovered. From that it follows that the job 
search process, on the part of both firms and workers, will privilege new inflows of 
applications over stocks already examined. Coles and Smith (1998) construct a model 
of this type, which they estim.ate using British data for 1987-1995. The empirical 
results partially corroborate their hypotheses. They find that only new flows of vacant 
jobs significantly increase the hazard rates of the long-term unemployed, while the 
hazard rates for the short-term unemployed are positively affected both by stocks of 
vacant jobs and by new flows. 

Some Empirical Elements 
The matching function can be estimated on the basis of macroeconomic data. If we 
postulate a Cobb-Douglas form for the funclion M(V, eD), the equation to be estimated 
is linear in logarithms. The dependent variable is represented by the flows of hires, 
and the explanatory variables are the stocks of unemployed persons and vacant jobs. 
(On the problems arising from tho measurement of these variables, and the methods of 
estimating the matching function, see the comprehensive survey of Petrongolo and 
Pissarides, 2001, which also supplies references to a broad range of works in this 
field.) With a few notable exceptions, such as Blanchard and Diamond (1990) on data 
from the manufacturing sector in the United States and Yashiv {2000) on Israeli data, 
most empirical studies based on macroeconomic data accept the hypothesis of con­
stant returns. If the flows of hires are all hires of the unemployed, the elasticity of the 
matching function with respect to the stock U of unemployed persons lies in the range 
[0.5,0.7]. But if the dependent variable comprises all hires (which includes persons 
who move from one job to another, and hires of nonparticipants), this elasticity lies in 
the rauge [0.3, 0.4]. · 

Analysis of the microeconomic foundations of the aggregate matching function 
also suggests that all the elements that might have an influence on the job SBarch effort 
ought to be included among the explanatory variables. Empirical studies do indeed 
add variables of this type to the list of exogenous factors. It turns out that the inci­
dence of long-term unemployment, the geographic dispersion of vacant jobs and 
unemployed persons, and the demographic structure of the labor force all exert 
significant influence on tho matching process. On the other hand, un•mploym•nt 
benefits do not really appear to have an influence on this process. Bul, according to 
Petrongolo and Pissarides (2001), that result might spring from tl10 difficulty of con­
structing relevant macroeconomic indicators for un•mployment benofits. We nole in 
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conclusion that studies using microeconomic data arrive at very heterogeneous 
results, certain of which do tend to confirm the conclusions of studies carried out on 
macroeconomic data (see, for example, Coles and Smith, 1996, and Petrongolo, 2001). 

The PI'Operties of the Matching Function 
WiU1 no loss of generality, we will simply denote the aggregate matching function by 
M(V,D). In a model in continuous time such as the one we will use throughout the 
rest of this book, M( V, D) represents the instantaneous flow of hires at a given date. In 
other words, if V, and D1 designate respectively the stock of vacant jobs and the stock 
of persons looking for work at date t, the number of hires over interval [t, t + dt] is 
equal to M(V,,D1) dt. In order to simplify the notation, we will generally omit the time 
index. Function M(V, D) will be assumed to be strictly increasing with respect to each 
of its arguments and such that M(V, 0) = M(O, D) ~ 0. These hypotheses signify, on 
one hand, that hires increase when the number of job applicants, or the number of 
vacant jobs, increases, and, on the other, that no him can occur without at least one 
vacant job and one job applicant. A frequently used formulation of the matching 
function adds two supplementary hypotheses (Pissarides, 2000). First, only unem-. 
ployed persons arc assumed to be job applicants. If U designates the number of un­
employed persons, then we will have U = D. This hypothesis amounts to setting aside 
the job search activities of wage-earners who are already employed (see Mortensen, 
1994, and Pissarides, 2000, who present models that include this possibility). Finally, 
we will assume that the matching function has constant returns to scale. The proba­
bility of filling a vacant job per unit of time is then expressed as follows: 

M( i U) = M(l, U/V) ""m(O), o,. V/U (3) 

Parameter 0, which equals the ratio of the number of vacant jobs to the number 
of unemployed persons, is an indicator of the "tightness" prevailing in the· labor mar­
ket. Differentiating the expression (3) with respect to U, we gel: 

m'(O) = - ~: M~(l, U/V) < O 

Hence vacant jobs are filled at a rate that diminishes with the labor market 
tightness. The reason for this is as follows: for a given number U of unemployed 
persons, each firm has greater difficulty in filling its vacant positions when the 
iota! number of vacant jobs rises. For an unemployed person, the exit rate from 
unemployment-·-also called the hazard rate (see chapter 3, section 3.1.1)-also 
depends on the labor market tightness. It is defined by: 

M(V, i,1 _. ~ M(V, !!). = Om(O) 
u u v 

Differentiating this relation with respect to V, we find: 

[Om(ll)]'"' m(O) + llm'(O) = Mv(V, U) > 0 

(•) 
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In consequence, the exit rate from unemployme1. _j an increasing function of 

the labor market tightness. That means that for a given number of unemployed per­
sons, each of them has a greater chance of finding a job when the number of vacant 
jobs increases. It can also be verified that the absolute value of the elasticity of func­
tion m{ll), rt(O) = -Om'(O)/m(O), is less than 1. Scrutiny of the exit rate from unem­
ployment and employment shows that there are trading externalities. The increase in 
the number of vacant jobs diminishes the rate at which vacant jobs are filled and 
increases the exit rate from unemployment. So it is in the interest of unemployed 
persons for firms to create jobs, but in the interest of each firm for the number of 
vacancies to be as low as possible, so as to have the benefit of numerous applications 
for the jobs it needs to fill. It is also in the interest of each unemployed individual for 
other job-seekers to withdraw from the labor market, so as to reduce the competition. 
Between-group externalities are positive, therefore, but within-group externalities are 
negative, corresponding to congestion effects. 

3.1.2 Equilibrium of Flows and the Beveridge Curve 

Labor market tightness and the rate of job destruction, along with the matching tech­
nology, condition the dynamics of tlows of jobs and workers. To show this, we desig­
nate the stock of unemployed persons by U, employment by L, and the size of the 
labor force at a given date by N. At every instant, the labor force grows by quantity N. 
Assuming that all the new entrants into Lhe labor force begin by looking for a job, the 
number of unemployed persons is incraased by the total of these new entrants, to 
whom must be added the qL workers who have just lost their jobs. Unemployment 
thus increases by N + qL. Conversely, at every instant there are Om(O)U unemployed 
persons who find a job. The variation U in the stock of unemployed persons is then 
written: 

[f= N-':-qL-Om(O)U (5) 

Let n = N/N be Lhe rate of growth of the labor force and u = U/N the rate of 
unemployment. As we have N ~ l + U and also U ~ riN + uN, tho law of motion of 
the rate of unemployment is found by dividing the two sides of relation (5) by N. The 
result is: 

ri = q+n - [q+ n+ Om(O))u (6) 

The stationary value of the unemployment rate, tho only thing that interests us 
here, corresponds to ri = 0. It is thus given by: 

uo---q~­
q+n+Om(O) 

(7) 

If we define the vacancy rate by v ~ V/N, Lhe labor market tightness B is also 
equal to the ratio v/u. Equation (7) then describes a relationship between the unem­
ployment rate u and the vacancy rate v. This linkage expresses the equilibrium of 
worker tlows between employment and unemployment, given the properties of the 
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matching function. 1 •• ,&e plane (v, u), this relationship yields the Beveridge curve. It 
is possible to show, using tho hypotheses made about the matching function, that the 
Beveridge curve is decreasing and convex. In figures 9.1 and 9.5, it is identified by 
(BC). Moreover, tho position of the Beveridge curve reflects the efficiency of the 
matching technology, for this curve lies farther out from the origin, the more ineffi-
cient this technology is. 

In what follows, we will develop a model of labor market equilibrium based on 
the matching process just described, and will confine ourselves to the stationary state 
(the dynamics is presented in section 5.1). We begin by studying the behaviors that 
firms and workers adopt when· faced with the matching process. 

3.2 THE BEHAVIOR OF FIRMS 
There are only two goods in the economy: a good produced by the firms and con­
sumed by all individuals, and labor, assumed to be homogeneous, which is the sole 
factor of production. The good produced by the firms is the numeraire. Each firm has 
one job that can be either vacant or filled; when this job is filled, it makes possible the 
production of an exogenous quantity y of the good per unit of time. Section 4.2 reverts 
to the traditional representation of the firm using a production function, and brings in 
capital as another input. This more general model does not produce very different 
conclusions, but it does supply the foundations of the simplified model we use here, 
and allows us to specify the impact of variations in the cost of capital on investment 
and employment. We begin by defining the expected profit from a job in order to 
determine the labor demand of firms. 

3.2.1 Expected Profits 
At every instant, a job can either be filled or vacant. When it is filled, it yields an 
expected profit II, which is different from the profit expected II, when the job falls 
vacant. 

The Profit Expected from a Filled Job 
In each small interval of time dt, a filled job is liable to fall vacant with an exogenous 
probability q dt. This probability covers all exits from e~ployment, whether their 
cause is layoffs, 01· the destruction of jobs, or whatever. It must be remembered, 
though, that letting an employee go or destroying a job are by nature endogenous 
decisions, made on the basis of an analysis of the present and future prospects of the 
firm. So to choose an exogenous probability q to describe these phenomena is not a 
satisfactory solution. Chapters 10 and 12 will show how it is possible to mako this 
probability endogenous (see also Mortensen and Pissarides, 1994, and Pissaridcs, 
2000). A large number of results (but not all) still stand with the hypothesis of an 
exogenous probability of exiting from employment. 

We will also assume that tho real interest rate r is exogenous. Implicitly, then, 
wo place ourselves in the framework of a small open economy with perfect mobility of 
financial assets. The existence of a financial market onlails that a dollar invested at 
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date t brings in 1 + r dt dollars in t + dt, or, in other words, ,nat the discounted value 
of a dollar at date t that will be available at date t + dt is 1/(1 + rdt). So the term 
1/(1 + r dt) represents the discount factor for each small interval of time dt. In the 
stationary state, if we denote by w the real wage received at every instant by an 
employee, the profit expected from a filled job takes this form: 

1 
Ile= 1 + rdt[(y- w) dt+ qdtilv + (1-qdt)TI.] (B) 

This relation indicates that the expected profit from a job is equal to the dis­
counted sum of the flow of instantaneous profit (y - w) dt in the interval of time dt 
and of the discounted expected future profits. With a probability q dt, these future 
profits coincide with the expected profit Ilv from a vacant job, and with the comple­
mentary probability (1 - qdt) they coincide with the expected profit Ile from a filled 
job. It is particularly interesting to note that relation (6) can be rewritten in simpler 
form: 

rn. = y - w + q(Ilv - n.) (9) 

It is worth noting that this equation portrays the equality of the returns of differ­
ent assets in a perfect financial market. In the present case, an asset worth n. invested 
in the financial market brings in rn. at evury instant. This same asset, invested in the 
labor market, offers an instantaneous profit (y - w) to which is added the average gain 
q(Ilv - Ile) associated with the job possibly changing state. For a filled job, this gain is 
in fact a loss resulting from the employee's leaving. Several times before-see chap­
ters 3 and 4 in particular-we have encountered formulas analogous to relation (9). 
Mathematical appendix D at the end of the book supplies a rigorous proof of these 
formulas, showing that they do indeed correspond to the stationary state of a model in 
which a particular event (here, the destruction of jobs) follows a Poisson process. 

The. Profit Expected from a Vacant fob 

The costs of a vacant job por unit of time are denoted by h. These costs represent the 
expenses incurred in holding the position open and looking for an employee with the 
right skills to fill it (advertising, agency fees, the services of a consultant, etc.). Since 
vacant jobs are filled· at rate rn(O), the profit expected from a vacant job is written: 

1 
Ilv = 1 + r dt { -h dt + rn{O) dtn, + [1 - rn(ll) dt]Ilv} 

Or again, rearranging the terms of this relation: 

rnv = -h + rn.(11)(110 - n.) (10) 

This relation equates the instantaneous return rilv of the "unfilled job" asset in 
the financial market to its return in the labor market. Its return in the labor market 
comprises the instantaneous cost -h and the average gain m(l1)(TI, - TI.) associated 
with a change of state (in this case, the passage from the vacant state to the filled state). 
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3.2.2 Labor Demand 
As long as the profit expected from a vacant job remains strictly positive, new entre­
preneurs enter the maxket to create jobs. This inflow ends when the profit expected 
from a vacant job goes to zero. We thus have the free entry condition; it is written 
simply n. = 0. When this condition is satisfied, relation (10) then entails n. = hfm(8). 

On the other hand, equation (9) defining the profit expected from a filled job also gives 
Ile = (y - w)/(r + q). Equalizing these two values of n. we arrive at the following 
equation: 

(11) 

The left-hand side of this equation represents the average cost of a vacant job. 
At every instant a vacant job brings an expense equal to h and is filled at rate m(O). 
We know' that, on average, this vacant job remains unfilled for an interval of time 
1/m(O). So the average cost of a vacant job is indeed equal to quantity h/m(O). If we 
recall that the right-hand side of relation (11) is equated to the profit expected from a 
filled job, the interpretation of this relation becomes very simple: at free entry equi­
librium, the average cost of a vacant job must be equal to the profit expected from a 
filled job. 

Since the rate m(O) at which vacant jobs axe filled decreases with the labor mar­
ket tightness fJ, equation ( 11} defines a decreasing relation between the wage and the 
labor market tightness. This negative relation is analogous to labor demand in the 
neoclassical theory of the firm (see chapter 4). It reveals the fact that an increase in 
wage w degrades the profit outlook of a filled job. Since at free entry equilibrium the 
expected profit of a filled job equals the average cost of a vacant job, entrepreneurs 
react to a decrease in the expected pro.lit of filled .jobs by creating fewer vacant jobs, 
which lowers the expected duration and then the expected cost of vacant jobs. 

Since we have shown that the unemployment rate can be deduced from labor 
maxket tightness using the Beveridge curve (7), it is possible to define the equilibrium 
values of the unemployment rate u and of labor market tightness () using the system of 
equations (7) and (11) when wages axe exogenous. Readers axe ii{vited to perform this 
exercise for themselves. 

In matching models, wages are usually bargained over between each employer 
and each employee. This is a very natural approach, for as relation (11) shows, the fact 
that there is a cost attached to creating jobs induces a strictly positive profit for 
employers with filled jobs. A strictly positive pro.lit from filled jobs is indeed required, 
if employers axe to have an interest in posting vacant slots. In these circumstances, 
paxt of the profit will flow to the employees if they have bargaining power. In order 
to grasp the way a labor maxket with transaction costs functions, it is therefore impor­
tant to represent the procc:ss of sharing the gains produced by filled jobs, and analyze 
its influence. For that, it is necessary in the first place to specify the way in which 
workers derive benefit from being employees, and from being unemployed. 
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3.3 THE BEHAVIOR OF WORKERS 
The labor force is composed of N individuals, whose life span is infinite. Any worker 
can be either employed, with an expected utility v;,, or unemployed, with an expected 
utility Vu ~ V.. When a worker is employ<Jd, he or she produces a quantity y and gets 
a real wage w per unit of time. He or she also risks losing his or her job at rato q. 
Assuming that workers are risk-neutral (which amounts to assuming that the indirect 
instantaneous utility function is linear), the expected utility of ah employee at sta­
tionary equilibrium is found by repeating the procedure used to calculate the value of 
a job, so that: 

rV, = w+ q(V,, - V,) (12) 

An unemployed worker is always in search of a job. At each instant, this search 
procures him or her a net gain denoted by z. We have seen in chapter 3, in studying 
the theory of the job search, that this net gain comprises benefits linked to being 
unemployed (unemployment insurance, social welfare transfers, and also whatever 
utility comes from not having to work) minus the various costs attached to searching 
for a job (transportation, postage, perhaps extra training, etc.). Since the exit rate from 
unemployment is IJm(ll), the expected utility of an unemployed person satisfies: 

rv. = z + Om(IJ)(V. - V0 ) (13) 

3.4 WAGE BARGAINING 
When a worker and a vacant job come together, the employer and the potential 
employee bargain over the wage. Theory suggests that this bargaining yields a wage 
that increases with labor market tightness. Empirical studies confirm the existence of 
a relation of this type. 

3.4.1 Surplus Sharing 
Under suitable assumptions, the wage bargaining outcome is a simple surplus sharing 
rule, i.e., a rule for the sharing of the surplus yielded by a filled job between employer 
and employee. Moreover, it turns out that very simple noncooperative games make it 
possible to explain this sharing rule. 

Surplus and the Nash Criterion 
In dealing with the prohlem of bargaining, it is often helpful to work with the surplus 

S that derives from the match between an employee and an employer. This surplus is 
defined by tho sum of the rents that a filled job paying negotiated wage w procures. 
Rent represents the difference between what individuals obtain through the contrac­
tual relationship and what tho best opportunity outside the contract would bring them 
(see chapters 5 and 6). In the present context, for the employee the rent amounts to 
(V.- V0 ), while for tho employer it is equal to (11, - Ilv). The surplus is thus defined 
by: 

s = v, - v;, + rr. - nv (14) 
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Bargaining gives each participant a share of the surplus proportional to his or 
her relative power. Let ye [O, 1] be the relative power of the worker; the result of the 
negotiation is written: 

and fl, - flv = (1 - y)S (15) 

Thero are several ways of explaining such a division of the surplus. In chapter 7, 

we learned that the outcome of bargaining between two players could, under certain 
conditions, equal the maximum of the generalized Nash critedon. In this case, the 
value of the wage negotiated at each date is the solution of the following problem: 

(16) 

Using equations (9) and (12), which define respectively the expected gain of an 
employee and an entrepreneur, we can easily verify that the first-order condition of 
this problem gives the sharing rule (15). 

A Bargaining Game 
We can also explain the surplus sharing rule (15) with the help of a noncooperative 
bargaining game. Let us assume, for example, that the bargaining unfolds, at each 
instant, as a two-stage game with the following characteristics: 

Stage 1: The two players propose a contract that stipulates a wage to be paid in 
the future small interval of time dt. 

Stage 2: If one of the two players has refused to sign the contract proposed in 
stage 1, the worker makes a new, take-it-or-leave-it offer with probability ;>, and the 
employer in turn makes an offer of the same kind, with the complementary probability 
(1 - y). If there is again no agreement, the job is destroyed. 

It is not hard to show that the surplus sharing rule (15) emerges as the subgame 
perfect equilibrium in this bargaining .game (see chapter 7 for a definition of this 
equilibrium). If it is the worker who makos the offer in stage 2, the employer obtains a 
gain of n., and the worker takes the whole sw-plus, which' means that his or her 
expected utility amounts to (S +Vu)· If, on the other hand,' it is tho employer who 
makes the second-stage offer, the worker obtains Vu, the employer takes the whole 
surplus, and his or her expected profit amounts"to (S+ n.). So in the first stage, tho 
worker knows that at the outcome of stage 2, his or hor expected utility will amount to 

'"(1 ·- y)Vu + y(S ~Vu), which is equal to Vu+ yS. Symmetrically, the employer knows 
that his or her expected profit will be equal to (1 - y)(S + llv) + 7n., which amounts 
to n. + (1 - y)S. In consequence, it makes no difference to either player whether they 
sign a contract at stage 1 stipulating an expected utility V. equal to Vu + 18 for the 
employee, and an expected profit fl, equal to n. + (1 -· y)S, for the employer, or wait 
until stage 2 to make the offers already defined. In the first stage, then, to sign a con­
tract conforming to sharing rule (15) constitutes a subgamo perfect equilibrium of 
the bargaining game. If we assume that there is a cost attached to going lo stage 2, 
even a small cost, tho bargaining game possesses a single equilibrium, corresponding 
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i 
to the immediate agreement of a surplus sharing contract as described by condition 
(15). 

To this point, we have set out a very simple and excessively artificial game that 
leads to the surplus sharing rule usually adopted in matching models. Actually, it is 
possible to construct a large number of bargaining games that all lead to this sharing 
rule. These different games yield different interpretations of parameter 7, which can, 
in particular, depend on the preference of the players for the present, and their degree 
of risk aversion (see chapter 7 for a fuller exposition of this type of problem, and the 
work of Osborne and Rubinstein, 1990). At present, we will concentrate on the con­
sequences of the surplus sharing rule. 

The Negotiated Wage 
Jn the first place, we get a simple expression of the surplus by adding up relations ( 9) 
and {12), which define respectively the expected utility and profit associated with a 
filled job for which the wage negotiated amounts to w. We thus have: 

S=y-r(V.+IIv) 
r+q 

(17) 

Moreover, definitions (9) and (12) of the profit and utility expected from a filled 
job can be written as follows: 

and II II _ y - w - rIIv 
e- v- r+q (18) 

Combining the two first equalities of relations (15) and (18) with the expression 
(17) of the surplus taken at free entry equilibrium, where flv = O, we arrive at a for­
mula characterizing the negotiated wage. It is written: 

w= rV. +y(y- rV.) (19) 

This expression has a very intuitive interpretation. When the employee bas all 
the bargaining power (y = 1), then he or she garners all of production y at every date. 
If, on the contrary, it is the employer who possesses all the bargaining power (y = o), 
the wage w is then equal to rV. and relation (18) shows that V. = v.; the employee 
then obtains no rent. In the intermediate cases, (0 < y < 1), the wage negotiated is a 
linear combination of the value y of the production and of the reservation wage, rV., 
weighted by the respective power of the employee and Lhe employer. 

3.4.2 The Wage Curve 
The wage curve synthesizes the linkages between the wage and the labor market 
tightness, as they emerge out of the bargaining process. Estimates of numerous wage 
equations allow us to specify the properties of this curve. 

Wage Curve and Labor Supply 
It is pos~ible to obtain a relationship between the wage w and the tightness IJ of the 
labor markel using equation (19), which gives us the value of tho negotiated wage. To 
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that end, it is enough to note that definition (13) of Vu and surplus sharing rule (15) 
entail rVu = z + yOm(ll)S, and, taking into account form (17) of the value of surplus S 

at free entry equilibrium, we arrive at: 

rli'. =z(r+q)+yyllm(O) 
" r+q+y8m(8) 

Substituting this expression of rVu in wage equation (19), we get: 

w=z+(y-z)r(O) with r(O) = y[r+q+llm{ll)] 
r + q + y8m(O) 

(20) 

Since the exit rate Om(O) from unemployment increases with labor market tight­
ness 0, function r(ll) likewise increases with 0. This function represents the actual 
weight of the employee in the bargaining. Hence, the balance of power shifts in favor 
of the employee when 8 increases, for in this case the probability of exiting from 
unemployment, and thus the value Vu of the outside opportunity, climb in tandem. 
The employee then fears the prospect of unemployment less, which pushes the 
negotiated wage up. A similar line of reasoning will show us why function r(O) is 
decreasing with the exit rate q from employment. Of course, this function increases 
with the intrinsic weight y of the employee in the bargaining. In sum, if y > z, equa­
tion (20) defines a rising monotone curve between the negotiated wage w and the 
labor market tightness 0. In the literature, it has become habitual to use the abbrevia­
tion (WC), for wage curve, to denote the curve that' precisely encapsulates the out­
come of this bargaining. It is worth noting that the wage curve replaces the labor 
supply curve from the competitive model. For a given number of vacant jobs, it 
defines a decreasing relation between wages and the .•tock of unemployed persons, 
which is equivalent to a rising relation between wages and employment. Now, this 
property also characterizes the labor supply function in certain circumstances. But 
this formal analogy should nol conceal the profound differences that distinguish the 
wage curve from the labor supply curve when workers have bargaining power greater 
than zero. The wage curve is the upshot of a bargaining process over wages nnd takes 
into account characteristics of the labor market such as the job· destruction rate q and 
the form rn(.) of the matching function. All these parameters are absent in the stan­
dard labor supply function, which is the upshot of a limit case in which workers havo 
no bargaining power. In that situation, the gains of unemployed persons z are inter­
.preted as the reservation wage (see chapter 1 for a definition of this notion) below 
which workers turn down jobs offered to them. That makes the wage offered hy em­
ployers independent of labor market tightness. 

Empirical Elements Relating to Bargaining Power 
Much empirical work has been devoted to estimating wage equations similar in form 
to the one given by relation (20) (see Blanchflower and Oswald, 1995, and chapter 8, 
section 5). Some of these works aim to estimate the bargaining power of workers by 
trying lo establish that they do in fact obtain a portion of the rent of firms. Abow<l and 
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Lemieux (1993) have shown that wages are higher in L.~ .... ,dian firms with little expo­
sure to international competition. They estimate that workers capture 30% of the rent 
obtained by firms protected from competition. Van Reenen (1996) has, for his part, 
studied the partition ofrents created by innnovation, using British data for the period 
1945-1983. He obtains a result similar to that of Abowd and Lemieux, since he esti­
mates that 29% of rent is captured by employees. Blanchflower et al. (1996) carried 
out the same sort of exercise, attempting to estimate the relationship between wages 
and profit per capita in the United States for the period 1964-1985. The elasticity of 
wages with respect to profit per capita amounts to 8%. On the whole, these results 
suggest that workers do in fact capture a portion of the rent of jobs. The representation 
of the mode of wage formation as a process of rent-sharing is therefore not invalidated 
empirically. 

3.5 LABOR MARKET EQUILIBRIUM 
In the matching model, three relations make it possible to characterize completely the 
equilibrium values of the unemployment rate, wages, and labor market tightness. 
They ai·e labor demand, the wage curve, and the Beveridge curve. 

3.5. t The Determination of Wages, Tightness, and the Unemployment Rate 
In the competitive model, summed up by figure 9.3, the intersection of the labor sup­
ply and demand curves determines the equilibrium values of wages and employment. 
In the matching model, the wage curve takes the place of the supply curve. Hence, in 
plane (8, w), the equilibrium values O' and w' of the labor market tightness and the 
wage correspond to the coordinates of the intersection of the wage curve with labor 
demand respectively defined by relations (20) and (11). In figure 9.4, we have identi­
fied the labor demand curve and the wage c.urve by the abbreviations (LD) and (WC), 
respectively. 

w 

w· 

o· 0 

flGlJIU:9.4 

The negotiated wage and labor market tighlness. 
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For some of what follows, it will ba useful to have a relation that completely 

defines the equilibrium value of labor market tightness. We obtain this relation by 
eliminating the wage w between equations (11) and (20). Taking into uccount the 
definition of function r(O)-see (20) again-we finally get: 

(1-y)(y-z) h 
,. + q +J'Om(O) = m(O)· 

(21) 

Most often the impact of exogenous parametel's on labor market equilibrium can 
easily be deduced by looking at the shifts of tho (WC) and (W) curves which they 
cause. But certain ambiguities sometimes persist, and it is then useful to refer to rela­
tion (21). It is interesting to note that the left-hand side of this relation represents the 
value of the profit expected from a filled job when the value of the negotiated wage is 
taken into account; it is a decreasing function of 8. Readers are reminded that the 
right-hand side represents the average cost of a vacant job; it is an increasing function 
of 0. 

We can easily deduce the equilibrium unemployment rate from that of labor 
market tightness, taking into account entries into and exits from unemployment. More 
generally, figure 9.5 repres0nts labor market equilibrium in the plane (v, u). Knowing 
the equilibrium value IJ' of labor market tightness, the equilibrium value u' of the 
unemployment rate is equal to the abscissa of the intersection of the Beveridge curve, 
labeled BC, and the line Lhat starts from the origin with slope (}'. This line is usually 
labeled VS, for supply of job vacancies. It shows the supply of jobs that maximizes 
profits when wages and employment are in equilibrium. 

3.5.2 Comparative Statics 
The comparative statics properties of labor market equilibrium can be deduced by 
examining figures 9.4 and 9.5, and using equation (21), which defines the equilibrium 
value of the labor market tightness, in case of ambiguity. Table 9.8 assembles tho 

(BC) 

u' u 

fHiURI 9.5 

Vacant jobs and unemployment. 
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Table 9.8 

Comparative stat~cs of stationary equilibrium. 

y h 

w + + 
e 
u + + + 

m 

+ 

y 

+ 
+ 

\ 

0 

+ + 

results obtained. We limit ourselves here to presenting succinctly the impact of each 
parameter, in order to illustrate the functioning of the model. The empirical dimen­
sion will be addressed in detail later. 

The Growth of the Labor Force 

The size N of the labor force has no influence on the equilibrium of the model. On the 
other hand, a rise in the growth rate n of the labor force shifts the Beveridge curve 
upward without changing the (WC) and (LD) curves. The wage remains constant, but 
unemployment mounts. This result is an offshoot of the hypothesis that all new 
entrants into the labor market are unemployed. For the same number of vacant jobs, 
each person in search of work sees his or her probability of being hired diminish if the 
number of new entrants is increased, which is equivalent to a deterioration of the 
matching process. 

Bargaining Power 

Parameter y measuring the bargaining power of the employee appears only in expres­
sion (20) of the wage curve. For a given value of fJ, an increase in the employee's 
power pushes the negotiated wage upward. Since labor demand is unchanged, figure 
9.4 shows that the rise in y involves a shift upward of the wage curve, which in the 
end provokes a rise in the negotiated wage. This wage rise lowers the profit expected 
from a filled job, which at free entry equilibrium ought to be equal to the average cost 
of a vacant job. There will thus be a fall in the number of vacant jobs, which is equiv­
alent to a diminution of 0. The Beveridge curve being independent of y, unemploy­
ment is, in sum1 going to increase. 

Unemployment Insurance Benefits 

The effect of an increase in unemployment insurance benefits z is exactly the same as 
that of an increase in the bargaining power y of tho employee. By improving the 
expected utility of an unemployed person, it increases wage pressme. In figure 9.4, we 
see that the wage curve shifts toward the NB, which pushes the wage up. In total, 
unemployment increases. Yet, as we saw in chapter 3, section 1.2.1, unemployment 
benefits .are also attended by an eligibility effect that runs counter to the effects at 
work in. this simple model. We will return to this aspect of employment policy in 
chapter 11. 
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Productivity 
Figure 9.4 shows that a rise in individual productivity y increases the negotiated 
wage, but has an effect that is a priori ambiguous on the equilibrium value of labor 
market tightness fl. This ambiguity arises from two effects that have the same origin 
but work in opposite directions. A rise in y mechanically increases tho "size of the 
pie" that the worker and the entrepreneur have to divide up. Consequently, with bar­
gaining power held constant; the two protagonists obtain more wages for the one and 
more profit for the other. The first movement drives firms to diminish the number of 
vacant jobs, the second gives them an opposing incentive to increase it. This ambigu­
ity as regards the final outcome is illustrated by a simultaneous shift upward of the 
(WC) and (LD) curves in figure 9.4. Nonetheless, this ambiguity disappears if we go 
back to equation (21), characterizing the equilibrium value of II. It then becomes evi­
dent that an increase in y has a positive effect on 0 overall, and reduces the unem­
ployment rate. This result is due to the fact that the profit expected from a filled job, 
taking account of the negotiated value of the wage-which corresponds to the left­
hand side of equation (21)-always increases with labor productivity. 

It is important to note that these individual productivity effects depend strongly 
on the hypotheses that the gains of unemployed persons z and recruitment costs h do 
not hinge on labor productivity. Now, there are good reasons to think that these two 
parameters are not independent of productivity in the long run: unemployment bene­
fits are most often defined as a fraction of past wages-which is the same as linking 
them to labor productivity-and search costs certainly rise with the cost of labor. If z 
and h were perfectly indexed to wages (i.e., z = z'w and h = h'w, whern z' and h' are 
constants), it is easy to verify, by referring to the mErin equations, that the level of 
productivity would no longer have any influence on labor market equilibrium. This 
result signifies that the unemployment rate is likely affected by the level of productiv­
ity in the short to medium run, but is independent of it Jn the very long term. As we 
will see in chapter 10, however, the rate of growth of productivity affects the unem­
ployment rate even when the gains of unemployed persons and the costs of vacant 
jobs are perfectly indexed to productivity. 

The Efficiency of the Matching Process 
Formally, improved efficiency in the matching process comes to the same thing as 
multiplying the matching function m(.) by a positive coefficient greater than unity. In 

figures 9.4 and 9.5, we have identified this operation by the letler m. Improved effi­
ciency in the matching process increases the probability of individuals returning lo 
work. The expected utility of an unemployed person increases, which likewise 
increases the actual power 1(0) of workers in wage bargaining. Upward pressure on 
wages follows; it is revealed in figure 9.4 by an upward shift of the wage curve. In 
parallel fashion, greater efficiency in the matching process increases the probability uf 
filling vacant jobs, which lowers their average cost. For a given wage, then, firms offer 
more vacant jobs and II increases. In figure 9.4, the (I.D) curve shifts to the right. ln 
total, wages rise, but the effect on II is ambiguous, since, on the one hand, this "1'18e 
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rise reduces the number of vacant jobs that are opened up, .,,j on the other, the re­
duction in the average cost of vacant jobs provides an opposing incentive to open up 
more of them. Relation (21), defining the equilibrium value of the labor market tight­
ness, allows us t.o solve this indeterminacy. We verify that 8 increases when the 
matching process improves. Once again, therefore, the effect on labor demand (LD) 
proves to be dominant. Finally, figure 9.5 indicates that the unemployment rate falls, 
since improved efficiency in matching shifts tho Beveridge curve downward. 

The fob Destruction Rate 
Figures 9.4 and 9.5 describing labor market equilibrium show that a rise in the job 
destruction rate q is strictly equivalent to lowering the efficiency of the matching 
process m. This is indeed a perfectly logical result, for in this simple model the job 
destruction rate q and the rate at which vacant jobs are filled, identified by m, repre­
sent two facets of the same phenomenon: the reallocation of jobs and workers. The 
variable m reflects the "job creation" facet, while parameter q reflects, by hypothesis, 
the "job destruction" facet. Chapters 10 and 12 will focus on making the job destruc­
tion rate endogenous. This enrichment of the basic model will shed valuable light on 
the consequences of job protection and technological innovation. 

The Interest Rate 
A rise in the interest rate decreases the surplus of filled jobs (as shown by equation 
(21)). Relation (21) indicates that a rise in the interest rate, by depreciating the dis­
counted value of future profits, reduces the incentive to post vacant jobs, and in con­
sequence increases the unemployment rate. It is important to point out that the 
interest rate can also affect employment by altering capital investment and thus labor 
productivity. This problem will be dealt with in section 4.1. 

3.5.3 Some Quantitative Elements 
The results obtained to this point have enabled us to highlight tho elements that 
influence unemployment in purely qualitative terms. The next step will be to quantify 
the respective weight of each element. 

Calibrating the Model 
An .approach frequently taken is to "calibrate" the model, i.e., to assign plausible 
orders of magnitude to the parameters in order to find out what it quantitatively pre­
dicts (Mortensen, 1994; Merz, 1995; Andolfatto, 1996; Millard and Mortensen, 1997; 

Mortensen and Pissarides, 1999). The results of these exercises must obviously be 
interpreted with caution, inasmuch as they can be highly sensitive to the values 
selected for the parameters and the functional forms chosen. Nevertheless, certain 
results prove to be robust for broad ranges of the parameters. Moreover, these calibra­
tion exercises have useful things to teach us about tl1e properties of the models we 
utilize .... 

Parameter values are presented in table 9.9. The unit of time corresponds to one 
year. Annual production y has been normalized to 1. Jn line with the vast majority of 
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Parameter values for the matching model. 

y h n 

0.5 0.3 0.15 0.05 0.01 

studies, we assume that the matching process is represented by a Cobb-Douglas fi.mc­
tion, written M(V, U) = v0·5 U0·5• The job destruction rate is slightly higher than the 
annual rate of gross job losses reported in table 9.1 so as to take into account the fact 
that these gross losses neglect internal job movements within firms or plants (see the 
comments on table 9.1). The annual interest rate of 5% corresponds an average ta the 
real interest rates recorded in the 1990s. 

We do not have at our disposal a reliable order of magnitude for the parameters 
representing the bargaining power of workers y and the cost h of vacant jobs. The 
usual procedure is ta assume that y is equal to the elasticity of the matching function 
with respect to the unemployment rate. We will see in section 6 that this hypothesis 
ensures the efficiency of decentralized equilibrium. Finallly, the value of h is chosen 
in such a way as to obtain unemployment rates compatible with the data. 

Strengths and Weaknesses of the Basic Model 
The graph situated in the NE quadrant of figure 9.6 represents the effect of a variation 
in the replacement ratio b = z/w, taken to be exogenous, an the unemployment rate. 
The three other graphs in figure 9.6 trace the impact an this variable of a reduction in 
productivity y, of a hike in the interest rate r, and of a rise in the growth rate n of the 
labor force. For these three graphs, we have considered two values of the replacement 
ratio. The first, b = 0.1, illustrates the U.S. and Canadian case, and the second, b = 0.4, 
characterizes the countries of western Europe, where the replacement ratio is clearly 
greater than it is in Canada and the United States (according to OECD, 1996). This 
exercise allows us ta shaw in a very crude way haw the basic matching model could 
highlight the impact of macroeconomic shacks on Canada and the United States, and 
European labor markets aver the 1980s and the beginning of the 1990s. 

Ta begin, the graph in the NE quadrant of figure 9.6 shows that the difference 
b~\ween the levels of the replacement ratio in Canada and the United States and con­
tinental Europe entails a differential of less than two points in the unemployment rate, 
clearly below that observable in the data for the period considered here (see chapter 
B). The three other graphs in figure 9.6 show that shocks have impacts of the same size 
for the two levels of replacement ratio considered. Moreover, variations in the interest 
rate and in the growth rate of the labor fOl'ce affect the unemployment rate only 
slightly. An increase of eight paints in tho interest rate increusc>S the unemployment 
rate by less than 0.5 points, and.a rise of one percentage point in the growth rate of the 
labor force exerts a downward pressure of 0.5 points on the unemployment rate. Thns 
our simple calibration of the basic matching model docs not succeed in reproducing 
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quantitatively the upswinb J European unemployment on the basis of variations in 
the interest rate, productivity, or the growth rate of the labor force. The unemploy-
ment differential between continental Europe and the United States cannot be attrib-
uted solely to the gap between the replacement ratios. Other factors, which will be 
examined in chapters 10, 11, and 12, are affecting unemployment. 

4 INVESTMENT AND EMPLOYMENT 

In the preceding section, the problem of choosing capital, and the consequences of 
this for employment, were set aside completely. This is an important limitation of the 
model, inasmuch as labor productivity, which influences employment, is itself condi­
tioned by capital. We will see that it is possible to represent investment decisions 
quite simply in the matching model (Pissarides, 2000, and Cahue and Wasmer, 2001). 
Doing so will make it possible to analyze the impact of interest rate variations on em­
ployment in a more satisfactory manner, and will lead us to emphasize that the way 
wage barglrining is conducted influences investment choices in many circumstances. 

4.1 INTEREST RATE, INVESTMENT, AND UNEMPLOYMENT 
We study the determinants of investment within the traditional framework, in which 
the technology of firms is represented by a production function with two substitutable 
factors, labor and capital. This approach allows us to specify the impact of interest 
rates on employment by taking into account their influence on capital. 

4.1.1 The Investment Decision 
We henceforth assume that the production sector of the economy is composed of a 
large nwnber of identical firms bearing the index i. At every instant, firm i utilizes 
quantities K1 of capital and L1 of labor to produce a quantity F(K1,L1) of the numeraire 
good. This last expression represents the production function of firm i; it is taken to be 
strictly increasing with respect to each of its argwnents, strictly concave, and with 
constant returns to scale. The behavior of workers is identical, to the one described in 
the basic model; in particular, all individuals arc asswned to be risk-neutral. It should 
be kept in mind that all the variables in the model depend on time, but in what fol­
Jp.ws we omit the time index for tho sake of simplicity. 

The Problem of the Firm 
In every firm, at every instant, decisions unfold in the following order: 

1. The 6rm decides on its hires. Tho employers thorcforo proservo the "right to 
manago," the principal consequences of which were discussed in chapter 7. 

2. The employer negotiates over wages with each worker, one to ono, so there is 
no collective bargaining between tho employer and a union representing the 
interests of the employees. Capital is chosen simultaneously with the wage 

I s31 
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bargaining. This hypothesis signifies that the el.. . Jyer cannot commit him- or 
herself to a stock of capital in order to manipulate the wage being negotiated, 

which depends on productivity. We assume that there exists a capital market in 
which the firm can buy and sell without delay (see Cahue and Wasmer, 2001). 

Hence, at every date, firm i opens up V; vacant jobs, each of which is filled at 
rate m(ll). The number of hires per unit of time is then equal to m(O) V;. It should be 

noted that the rate m(O) is given for the firm: because labor market tightness is a 

macroeconomic variable (formally, 0 is not indexed by il Let I; be the instantaneous 
investment of firm i, and o the rate of depreciation of capital. If w1 designates the pre­
vailing wage in firm i, then the problem of this firm is written: 

J+a> 
Max TI;= [F(K1,L1) - w1L1 -hV;-I;Je'" dt 
V.,lj 0 

subject to: 

i; = m(ll)V;- qL1 

K; = l;-OK; 

(22) 

(23) 

(24) 

In these expressions, h, q, and r are exogenous parameters representing, as in 
the basic model, the cost of a vacant job, the exit rate from employment, and the real 

interest rate. Constraint (24) expresses the law of motion of capital, and constraint (23) 
signifies that in firm i the variation of employment i 1 is equal to hires m(O) V; minus 
quits qL1• 

1'he Optimal Salutions 
Problem (22), the maximization of the firm's intertemporal profit, is a dynamic opti­

mization problem in which the state variables are employment L; and capital K;. The 

solution of this type of problem is explained in detail in mathematical appendix B at 
the end of the book. Let 11 and J. be the multipliers associated respectively with con­

straints (23) and (24). The Hamiltonian of this problem is written: 

H = [F(K;,L;) - w;L; -hV; -I;]c_,., + µ[m(O)V; - qL;] + l(I; -oK1) (25) 

The first-order conditions read: 

aH =O and 
aH · 
-=-1 ar, aK; 

(26) 

aH 
and 

iJH 
av;= o -·-= -µ 

iJL; 
(27) 

To these equations must be added tho transversality conditions: 

Lim µL; =0 ,_.,, and (28) 

·Equalities (26) entail e ' 1 = ;, •nd .<o- FK(K;,L;)e··rt = i. The first nquation 

entails that i = -r.l. Substituting this expression of i into the second equation, we 



arrive at: 
) 
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(29) 

Relation (29) expresses the usual equality b~tween the marginal productivity 
of capital and its user cost (r +o). Conditions (27) in tum entail he·"= µm(O) and 
qµ - ~FL(K;, Li) - w1Je-•1 = 1i. At stationary equilibrium, where ii= 0, after several sim­
ple calculations we get: 

h(r+q) 
FL(K;,L;) = w1 + m(tJ) (30) 

Relation {30) conveys that the marginal productivity of labor must be equal to 
the wage plus the employment adjustment costs at the optimum. Relations (29) and 
{30) show that capital and employmenl depend on parameters such as wages and job 
destruction rates that are, in principle, specific to each firm, but also on macroeco­
nomic variables such as the labor market tightness and the interest rate. 

4.1.2 Wage Bargaining 
If we follow the decision sequence set out at the beginning of this section, in stage 
2 each employee bargains over his or her wage individually with the employer. Ac­
cordingly, bargaining concerns the marginal surplus created by each job-i.e., by def­
inition, the expected supplementary gains produced by this job. Tbe value of a 
marginal job is easily defined in a stationary situation. Tho marginal job brings in a 
flow of gains Fi(K;,L1)-- w;; as well, it is destroyed with a probability q per unit of 
time. Since every job destroyed brings in zero profit, the value "' of a marginal job in 
firm i is written as follows: 

( 1 ){[ jd . di} FL(K;,L;)-w; 
1';= l+rdt FL(K;,L;)-w; t+[1-q t,n; *"'=--;:+-q--

This definition of the value of the marginal job is identical to that giving the 
value of a filled job in the basic model-see (8)-on condition of having n. = O and 
identifying individual production y with marginal productivity FL(K1,L1). 

From this point of view, it is important to note fuat the hypothesis of con­
stant returns to scale entails that the marginal productivity of labor docs not depend 
on employment when capital roaches its optimal level. Let us set k; = K;/L; and 
f(k1) = F(K1L1)/L1; differentiating this last equation with respect to K; and L; we find 
the marginal productivities of capital and labor, i.e., FK(K;, J,1) = f'(k1) and FL(K1, L1) ,, 

f(k;) - k;f'(k;). Equality (29) b"tween the marginal productivity of capital and its user 
cost shows that the capital-labor ratio k; is the same in all firms; we simply denote it 
by k. In this case, the negotiated wage is also the same in all firms; we denote it by w. 
More precisely, the first-order conditions {29) and (30) entail; 

f'(k) =r+o 

f(k) --kf'(k) = w+~(r+ q) 
m(O) 

(31) 

(32) 
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As the capital-labor ratio k is completely defined by the user cost of capital 
(r + 0), the marginal productivity of labor f(k) - kf'(k) is also completely cjetermined 
by knowledge of r and o. This result allows us to justify the hypothesis of constant 
individual production yin the basic model, since in reality it represents the marginal 
productivity of labor, which, with the hypotheses of constant returns of the produc­
tion function and an exogenous interest rate, does not depend on employment. It 
should be noted that this marginal productivity is a decreasing function of the interest 
rate. With this new definition of y, equation (32) is identical to relation (11) defining 
labor demand in the basic model. 

. A further task is to verify the transversality conditions (28). When computing 
the first-order conditions, we saw that multipliers .< and µ were proportional to e-" at 
stationary equilibrium. Since K; = kL; and since, in the stationary state, L; grows at 
rate n in all firms, we observe that the transversality conditions are satisfied if and 
only if r > n. 

Finally, the Beveridge curve derives directly from condition (23) describing the 
ovolution of employment in the representative firm. Since, by definition, L = N + U 
with N/N = n, we come back exactly to equation (7) characterizing the Beveridge 
curve. In sum, this analysis of the matching model with large firms both justifies and 
clarifies the use of the simplified model in section 3. In particular, it enables us to 
study the impact of variations in the interest rate on unemployment in greater depth. 

4.1.3 The Impact of the Interest Rate on Unemployment 
Table 9.10 traces the real interest rates in a handful of OECD countries from the 1960s 
to the 1990s. In the period from 1981 to 1993, interest rates rose sharply, and this pe­
riod was also marked by a strong rise in the unemployment rate in certain countries. 
The explanation most often put forward is that the large size of budget deficits from 
the end of the 1970s, and restrictive monetary policies in the decade that followed, 
pushed interest rates upward and were in large part responsible for the climb in 
unemployment (Fitoussi and Phelps, 1988). This explanation is not, however, com­
pletely convincing, for several reasons. 

Table 9.10 

Long·term interest rates. 

Country 

United States 

Japan 

Germany 

France 

United Kingdom 

1956-1973 

1.1 

0.3 

3.0 

1.0 

1.8 

Source: Rowthorn (1995, table 3, p. 36). 

1974-1980 

-0.3 

0.5 

3.0 

0.4 

--'3.3 

1981-1993 

5.6 

4.4 

4.5 

5.7 

4.5 
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In the first place, th" ,~atching model suggests that the interest rate has only a 
limited impact on the unemployment rate. Figure 9. 7 gives the results of a simulation 
of the large firm model, with the parameter values given in table 9.9, and assumes as 
well a Cobb-Douglas production function Y = AK'.a L'.7. The value of A has been 
chosen in such a way as to obtain a labor productivity y equal to 1 when tho interest 
rate is 5%. The replacement ratio, b = 0.4, corresponds to that found on average in 
continental Europe, and the rate of capital depreciation is fixed at 5%. We observe 
that the interest rate differentials among the G5 countries, which rarely exceed 1 %, 
can only explain small differences among the unemployment rates in these countries, 
since a ten-point increase in the interest rate induces a rise on the order of only three 
points in the unemployment rate. 

Moreover, the climb in interest rates that occurred at the beginning of the 1980s 
does not give us aily insight into either the rise in unemployment at the beginning of 

0.115 f 

0.11 ~· 
f 

0.105 

0.06 0.08 0.1 

0.095 

0.09 

Y. 

1.3 

1.2 

1.1 

0.02 0.08 0.1 

0.9 

FIGURE 9.7 

The impact of the interest rate on unemployment. 
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the 1970s or national differences in this regard. The fact lat the rise in unemploy­
ment preceded the rise in interest rates, and international capital mobility entails that 
in the long run, real interest rates follow approximately the same path in the various 
national markets. 

So it is likely that the rise in the real interest rate did contribute to increased 
unemployment in certain countries, but interest rate differentials can account for only 
a very limited portion of the differences among rates of unemployment. 

4.2 INVESTMENT IN SPECIFIC CAPITAL, "HOLDUP," AND 
UNEMPLOYMENT 
The investment decisions analyzed to this point in the present chapter concern gen­
eral capital, which the furn can utilize in any job at all and resell at will. Becker 
(1964) pointed out, though, that certain investments go into specific capital, commit­
ting the firm to irreversible expenditures that only have value in the context of the 
relationship between the employer and the employee, wbo share the benefits of this 
investment. Training costs for highly specialized tasks, which endow the employee 
with a skill that can only be applied in the firm in which he or she works, are a typical 
example of investment in specific capital. Actually, every investment is to some de­
gree specific. As Williamson (1975) and Grout {1984) emphasized, the incentives to 
invest in specific capital may be drastically reduced when contracts are incomplete, 
i.e., when they do not specify, in advance and irreversibly, all the possible situations 
that may arise and the corresponding wage in each case. In order to grasp this prob­
lem, let us suppose that one of the two parties-the employer, for example-decides 
to invest in a specific capital that improves the productivity of a worker. The latter 
then has an interest in declaring to the employer that he or she will not demand a 
wage rise when his or her productivity will have been raised because of the invest­
ment. But after the investment has been made and his or her productivity actually has 
risen, the employee then has an interest in going back on his or her word and trying to 
renegotiate the wage so as to capture a share of the productivity gains. This configu­
ration is known in the literature as the "holdup" problem. The absence of a contract 
specifying the path of future wages and blocking any possibility of renegotiation leads 
to underinvestment on the part of the employer, which may be detrimental to both 
parties to the contract. This problem may be illustrated formally with the help of our 
basic model from section 3 above. Let us suppose that the individual productivity of a 
worker depends on an investment in training, the entire cost of which, denoted by i, is 
paid by the employer at the time of hiring. Formally, production per capila is an 
increasing and concave function, denoted by y{i), of the initial investment in training. 
It is interesting to note that the "large firm" model also arrives at this description; all 
we have to do is represent the production function by FIK, e(i)Lj, whore individual 
productivity e{i) is an increasing, concave function of the investment in training. Let 
k = K/e(i)L be capital per unit of efficient work; il is easy to vel"ify that pmfit maxi­
mi~atiim with respect to capital K and employment L entails that relation (31) is 
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always satisfied and .lequation (32) now takes the form: 

[f(k) - kf'(k)je(i) = w + h~~)q) 

This equality shows that the basic model is equivalent to tho "large firm" model 
on condition that we set y(i) = lf(k) - kf'(k)Je(i). The holdup problem can be ana­
lyzed by distinguishing·two situations. The first corresponds to the case in which the 
protagonists sign a contract stipulating a nonrenegotiablc wage. Wa then have a com­
plete contract defining the wage for as long as the employer-employee relationship 
lasts. In the second, long-term commitments are impossible, which means that con­
tracts are renegotiable and Lhe holdup problem arises. 

4.2.1 Investment with a Complete Contract 
The situation in which renegotiation is excluded is represented by a two-stage 
game. In the first stage, bargaining determines a wage for the whole duration of the 
employer-employee relationship. In the second stage, the employer decides how 
much to invest. The solution of this game is obtained by backward induction, in order 
to ensure that all decisions are optimal at the instant they are taken. In the second 
stage, the employer maximizes his or her expected profit, taking the wage negotiated 
w(i) as given, which makes it a function of investment i. Utili,,ing the definition of 
expected profit (8), the employer's optimization problem is written: 

M!IX(fl. - i) = Mµ y(i) - w(i) + qflv - i '* y'(i) - w'(i) = r + q 
, : r 1-q 

(33) 

Thus the employer selects an investment that equalizes marginal return and 
marginal cost. In the first stage, the mnployer and the employee bargain over the wage. 
Note that the employer obtains (fle - i), and so the surplus, net of the investment cost, 
denoted by s.(i), now takes the form: 

S,,(i) = V. - Vu+ n, - i - flv = S(i) -· i 

where S(i) corresponds to the definition (17) of the surplus, RO that here: 

S(i) = y(i) - r(flv + V,) 
r+q 

Since the bargaining always gives a share (1 - 1•) of the net surplus to the employer, 
We have: 

n. - ; - n, = (1 - y)S.(i) 

Utilizing expressions (18) am! (17), the negotiated wage is written, with flv = 0: 

w(i) = y[y(i) - (r + q)i] + (1 - y)rV. (34) 

This equality entails w'(i) = riy'(i) - (r + q)], and tho first-order condition (33) thon 
allows us to characterize completely the investment chosen by the employer. We thus 
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have: 

y'(i') = ,. + q (35) 

Note that the investment defined by this last relation maximizes the net surplus 
Sn(i). In this sense, a complete, nonrenegotiable contract ensures efficient investment 
in specific capital. 

4.2.2 Investment with an Incomplete Contract 
The situation in which a complete contract is impossible can also be represented by a 
two-stage game in which the employer decides on the investment in tho first stage, 
knowing that the wage will be negotiated afterward. All before, this game is solved by 
backward induction. In the second stage, the wage is bargained over. The employer's 
gains amount to (Ile - i) if the bargaining is successful and to (Il. - i) if it fails. His or 
her net gains are thus (Ile - ITv), and the definition of the surplus corresponds to that 
given by equation (14). So the bargaining arrives at a wage analogous to that defined 
by relation (19), which we will write in the following manner: 

w(i) = yy(i) + (1 -y)rVu (36) 

It is interesting to note that, for the same productivity level y(i), the renegotiated 
wage is higher than the wage set by a complete nonrenegotiable contract. This differ­
ence is due to the fact that renegotiation allows the employee to appropriate a share of 
the return on the investment made by the employer. In the first stage of the game, the 
employer decides on the amount I of investment knowing the renegotiated wage. His 
or her problem is then written: 

Max(Il. - i) =Max y(i) - w(i) - i '9 y'(I) = r + q 
; ; r+q 1-y 

(37) 

As function y(i) is increasing and concave, equations (35) and (37) entail that the 
possibility of renegotiating contracts leads to an investment in specific capital inferior 
to the efficient level i'. The inefficiency induced by the incompleteness of the labor 
contract increases with y, the bargaining power of workers. The effect on equilibrium 
employment is immediate. When the contract is incomplete, productivity is lower and 
firms have a lower' level of profit for given productivity. In consequence, expected 
profit is smaller when labor contracts are incomplete, and free entry equilibrium 
entails thal the equilibrium labor tightness is lower, which in the end means a higher 
level of unemployment. To the extent that the parties to a contract are able to define 
clauses that protect them against the consequences of the holdup, it is not certain that 
lhe incompleteness of labor contracts necessarily leads to underinvestment in specific 
capital. Agents may decide to allocate property rights before investing (Williamson, 
1975; Grossman and Hart, 1086; Hart and Moore, 1990). For example, giving the 
employer the right to determine wages unilaterally, in exchange for a payment to the 
worker.at the oul•et, makes it possible to ensure that the employer will be the residual 
claimant of his or her investment and will thus be given an incentive to invest cffi-
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ciently. Another means ol oufving the holdup problem is to make provision for trans-
fers should the contract be broken (MacLeod and Malcomson, 1993), which makes it 
possible to avoid renegotiation. Only through close analysis of labor contracts is it 
possible to assess the extent of the holdup problem. There does not, to our knowledge, 
exist any empirical study allowing us to assess the real extent of this problem within 
the framework of the employer-employee relationship. 

5 OUT-OF-STATIONARY-STATE DYNAMICS 

To this point, we have limited ourselves to the study of stationary equilibrium. The 
study of out-of-stationary-state dynamics allows us to exhibit a significant contrast 
between the movement over time of vacant jobs and that of unemployment. Dy­
namic analysis also sheds light on the propagation mechanisms of shocks affecting the 
economy. 

5.1 BARGAINING AND THE DYNAMICS OF TKE SURPLUS 
Analysis of the dynamics of the basic model requires that we reconsider the equations 
defining the expected utilities and profits. Hence, when the economy moves away 
from its stationary state, relations {12) and (13), defining the expected utility of an 
employee and an unemployed person, respectively, are now written3 : 

rV. = w+ q(Vu -V.) + V, 

rVu = z + Om(O)(V.- V0 ) +Vu 

(38) 

(39) 

The terms V. and Vu, which represent the time derivatives of V. and V.,, are 
interpreted as expected capital gains from changes in the valuation of the assets V, 

and v •. As there is no source of regular growth in the basic model, these terms are 
null at stationary equilibrium. Symmetrically, profits expected from a filled job and a 
vacant one, defined by equations (9) and (10), now take the form: 

rn, = y - w + q(Ilv - n,) + rr. 
rn. = -h + m(O)(U, - l1v) + r'I. 

(40) 

(41) 

The matching of an unemployed person to a vacant job occasions a surplus S, 

the.time derivative of which is denoted by S. By definition, we will thus have: 

s =· v. - v. + n, - n. and (42) 

Just as in the basic model, we assume that the free entry condition n. =" O is 
satisfied at every date, so it likewise comes to iiv = 0. With the help of definilions 
(42), adding up equations {38) and {40), which characterize respectively an em­
ployee's expec:ted utility and the profit expected from a filled job, entails: 

(r+ q)S = s+ y+ Vu -rVu (43) 
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This differential equation describes the time path ol me surplus. The surplus is 
independent of the wage. Accordingly, just as in the basic model, the wage bargaining 
outcome is similar to a surplus sharing rule conditioned by the respective powers of 
the participants. So we will again have: 

V.-Vu=yS and n. - ITv = (1 - y)S (44) 

The Dynamics of Vacancies and Unemployment 

The free entry condition (IIv = liv = 0) and definition (41) of the profit expected 
from a vacant job yield the usual equality between expected profit and average cost 
II,= h/m(O). The second of the sharing rules (44) then entails: 

h . 
S= ~S= 

(1.-y)m(/J) 
hm'(/J) Ii 

(1 -y)m2 (8) 
(45) 

This equation, relation (39) characterizing the expected utility of an unem­
ployed person, and the first of the sharing rules (44) again entail: 

rVu - Vu= z+ Om(O)yS = z +1'.!!!!... 
1-7 

("6) 

Bringing the values of S, S, and (rV, - Vu) given by relations (45) and (46) into 
differential equation (43) describing the time path of the surplus, and rearranging 
terms, we arrive at: 

hm'(O) O+h[r+q+yOm(ll)[ y+z=O 
(1 - y)m'(O) (1 - J•)m(/J) 

(47) 

This differential equation completely characlerizos the path of labor market 
tightness. In the stationary state (Ii= 0), this equation is of course identical to relation 
(21) giving the stationary value()' of labor market tightriess. Equation (47) is a .6.rst­
order, nonlinear differential equation of the form rp(O, 0) = 0. The convergence of 8 in 
the neighborhood of stationary equilibrium can nevertheless be studied very easily 
by linearizing function rp around point (Ii= 0, (J = O'). After several calculations, we 
arrive at the following linear differential equation: 

t!+ali=ali' with 
m2 (0') 

a = y m'(O') - (r + q) < O 

The general solution of this equation is of the form 0 = Be-"' + O', where B is a 
constant. Parameter a being negative, the unique stable path of 0 corresponds to B = 0. 
We then have, at every instant,()= II'. This result signifies that variable 0 immediately 
"jumps" to· the stationary value. It arises from the fact that opening up a vacant job is a 
"forward-looking" decision that takes into account only expectations of future profit 
and contains no inertia factor. The number of vacant jobs can thus adapt immediately 
to any change in the envimnment. More generally, all decisions of agents are directnd 
toward tho future, so it is easy to verify that the wage negotiated is also a variable that 
jumps ·instantaneously to ils stationary value. 
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When labor market tightness has roached its stationary value rr, the differential 
equation (6) describing the evolution of the unemployment rate takes the following 
form: 

ii+ [q+ n + O'm(ll.))u ~, q+ n 

This is a first-order linear differential equation in which the coefficient of u is 
positive. The unemployment rate thus exhibits a monotonic convergence to its sta­
tionary value given by relation (7). Note that the unemployment rate is thus not a 
purely forward-looking variable. The average duration of a job search being a positive 
quantity, there exists at every instant a stock of unemployed persons who represent an 
element of inertia for the dynamics of the economy. Following a shock, the unem­
ployment rate only gradually reaches its new stationary value. 

5.2 AGGREGATE SHOCK AND REALLOCATION SHOCK 
An important and ever controversial question is that of the origin of the perturbations 
that affect movements in employment. Empirical analysis most often strives to distin­
guish between the effects of an aggregate shock and those of a reallocation shock. An 

aggregate shock refers to a change in aggregate demand or supply of goods, and would 
not shift the Beveridge curve. In our basic model, it can be likened to a change in the 
levels of individual production y, the interest rate r, unemployment benefits z, or the 
balance of power y. A reallocation shock, on the other hand, refers to a restructuring of 
production units, which would shift the Beveridge curve without noticeably affecting 
the components of aggregate supply or demaod. In our model, a reallocation shock is 
akin to changes in the matching function m(.) or in tho job destruction rate q. It is 
important to diagnose the origin of shocks with precision, for the remedies adopted to 
reduce underemployment will vary with this diagnosis. An aggregate shock may in 
certain circumstances require policies to support aggregate demand, while a realloca­
tion shock is an incentive to undertake structural reforms. The dynamic clements set 
out immediately above, combined with the comparative statics results set out in sec­
tion 3.5.2, allow us to pinpoint the origin of shocks. 

Figure 9.8 illustrates the effects of an aggregate shock, identified with a perma­
nent hike in the interest rater (a fall in production y would b~ equivalent). Points E' 
and 8' represent respectively the stationary equilibria before and after the time at 
which the aggregate shock occurred. From E', the labor market tightness "jumps" 
instantaneously from its initial level o• to its final level O'. 1'his movement is accom­
panied by a jump in the vacancy rate, which goes from v• to v,, while the unemploy­
ment rate stays at its initial value u•. Thon, starting at point E,, the economy gradually 
attains its final state E' by moving along the segment E1H'. Figure 9.9 illustrates the 
impact of a reallocation shock, identified with a permanent hike in the job destruction 
rate q. The Beveridge curve now shifts, and the new stationary equilibrium E' lies on 
the (CR') curve. From point E' on, the dynamics of the economy is analogous to what 
we described in relation to an aggregate.shock and docs nol need to be repeated. 
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., 

FIGURE 9.8 

Aggregate shock. 

., 

.,. 
FIGURE 9.9 

Reallocation shock. 
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Readers can observe, in figures 9.8 and 9.9, that the relationship between the 
unemployment rate and the vacancy rate describes counterclockwise loops. This 
characteristic is also to ho seen in figure 9.2, which represents the Beveridge curves 
for the United Kingdom, the United States, France, and Germany; more generally, it is 
to be found in all the OECD countries. Its source is the strong volatility of the vacancy 
rate with respect to the unemployment rate. 

5.2.1 Diagnosing the Nature of Shocks 
Scrutiny of figures 9.8 and 9.9 tells us that, if we look only at long-run stationary 
cquilibl'ia, aggregate shocks are characterized by opposite movements in unemploy­
ment and vacancies, but reallocation shocks are, on the contrary, marked by move­
ments of these two variables in the same direction. These observations change 
somewhat if we Lake the transitory dynamics into account: figure 9.8 shows that path 
E1E' also displays movements in the same direction as unemployment a11d vacant jobs 
following an aggregate shock. This result is caused by the absence of inertia in the 
adjustment of vacant jobs and has little chance of being verified in practice. Blanchard 
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and Diamond (1989, 1992) have remarked that taking adjustment costs for vacant jobs 
into account would attenuate the initial leap, and that an aggregate shock ought rather 
to be characterized by opposite movements of unemployment and vacant jobs. On the 
other hand, figure 9.9 suggests, if we look at both path E1E' and the shifts in long-run 
equilibrium from E' to E', that a reallocation shock should be marked rather by 
movements of unemployment and vacant jobs in the same direction. 

Most empirical studies rely on this contrast in trying to assess the natilre of the 
shocks affecting the economy. For tho United States, Abraham and Katz (1986) and 
Blanchard and Diamond (1989) attribute the major portion of fluctuations in the 
unemployment rate over the cycle to aggregate shocks. Over the long run, though, the 
impact of aggregate shocks dwindles away, whereas the consequences of reallocation 
shocks persist. The most recent work of Davis and Haltiwanger (1999b) on American 
data for the period 1940-1990 comes to a more nuanced conclusion. They find that 
the elfocts of reallocation shocks on cyclical movements of employment arc very sen­
sitive to the hypotheses adopted in treating the data. The study of Jackman ct al. 
(1991) on the United Kingdom suggests a preponderant ihfluencc of reallocation 
shocks, both over the cycle and in the long run. 

~.2.2 The Propagation of Shocks 
Analysis of the out-of-stationary-state dynamics allows us to shed some fresh light 
on the adjustment lag that follows a shock. Since all adjustment lags are provoked 
solely by the time necessary to effect hires, the law of motion of the unemployment 
rate entirely determines Lhe dynamics of employment. Figure 9.10 represents the 
impact of an increase of 2% in the rate of growth of the labor force on the dynamics of 
the unemployment rate in the basic model, for the parameter values set out in table 
9.9 and a replacement ratio b equal to 0.4. The stationary unemployment rate goes 
from 10.9% to 12.2%. We see that- adjustment take.• place very swiftly, since the 
unemployment rale rises from 10.9% to 11.7% in one yoar. 
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This rapidity likely underestimates the adjustment iags of the rates of unem­
ployment and employment, because in the basic model that serves as the support for 
our analysis, the only mechanism through which shocks are propagated is the delay 
necessary to effect hires. The contributions of Merz (1995) and Andolfatto (1996) bear 
witness to this insufficiency. Their results suggest that such a model, even in a general 
equilibrium framework with an endogenous interest rate, does not make it possible to 
reproduce satisfactorily the movement of employment over time on American data. 
That makes it necessary to bring in other mechanisms by which shocks are propagated 
in order to represent the dynamics of employment satisfactorily. Den Haan et al. 
(2000) have constructed a matching model that takes the adjustment costs of capital 
into account and renders decisions about job destruction explicit (a subject studied in 
detail in chapter 12, section 2). Their model exhibits persistence effects that clearly fit 
better with reality. Hence it would seem important to take into account the interac­
tions a.mong job destruction decisions and the delays necessary to effect hires, and to 
adjust capital to its desired value, in order to represent the dynamics of employment 
more adequately. Hall (1995, 1999) nevertheless maintains that such mechanisms are 
still quite clearly insufficient. He suggests that the fragility of newly created jobs con­
stitutes a potentially important source of propagation of shocks to unemployment and 
employment (see also Cole and Rogerson, 1999). Hall (1995) does indeed point out 
that negative shocks to employment are followed by an increase in the exit rate from 
employment for several years. A possible interpretation of this phenomenon is that 
the creation of durable jobs is the upshot of a long process of trial and error, during 
which numerous job• are created and destroyed, since employers and workers are 
unable correctly to assess the return on jobs until periods of variable length have 
passed. Stochastic matching models (Jovanovic, 1979; Pissarides, 2000; and chapter 
11, section 4.3, this book) in which the expected productivity of jobs is random, but 
a priori identical for all matches, allow us to formalize this type of phenomenon, and 
to include another source of unemployment inertia (for a critical appraisal of the ca­
pacity of the matching model to generate the observed business cycle, see Shimer, 
2003). 

6 THE EFFICIENCY OF MARKET EQUILIBRIUM 

The matching process guiding the allocation of labor resources in the market is 
characterized by the presence of positive between-group externalities, and negative 
within-group congestion effects. An efficient state or the economy will combine these 
two types of externalities in an adequate fashion. 

6.1 TRADING EXTERNALITIES 
If the· number of vacant jobs risos, each vacant job has a smaller probability of being 
matched with a worker, but each unemployed person has a higher probability of find-
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ing a job. Firms prefer to have as few vacant jobs as possible, so that they will be 
filled as rapidly as possible, but unomployed persons prefer tho inverse: that there 
should be many vacant jobs, so as to increase their likelihood of being hired. Sym­
metrically, if the number of unemployed persons rises, each of them has fewer 
chances of finding a job, while firms soe their chances of being able to fill their vacant 
positions increase. To put it in summary fashion: every unemployed person would 
like to be the only member of that category, and would like the category of vacant 
jobs facing him or her to be as full as possiblo, while every employer would like to 
be the only one with positions vacant, and to be facing a broad array of job-seekers. 
There are congestion effects within each category and positive externalities between 
the categories. 

An omniscient planner who wished to maximize efficiency would internalize 
these externalities and would arrive al a social optimum in which the congestion 
effects and tho positive externalities would bo "blended" in the manner that best met 
his or her choice criterion. Now, wage negotiations taking place after the match-up 
between a vacant job and an unemployed person has occurred will not internalize 
these externalities, and the decentralized equilibrium of the labor market is not re­
quired a priori to correspond to a social optimum. Still, given that the partners to 
wage bargaining evidently havo opposing interests, it is possible that in certain cir­
cumstances the optimal "blend" of positive externalities and congestion effects may 
occur at labor market equilibrium. 

In what follows, to simplify the calculations, we will proceed within the frame­
work of the basic model, but our conclusions would he exactly the same in the model 
with large firms (see Pissarides, 2000, chapter 7, and Hosios, 1990, for an exhaustive 
analysis of the effects of the job search process 011 global efficiency). 

6.2 THE SOCIAL OPTIMUM 

We begin hy defining tl1e social optimum when agents have no preference for the 
present (the interest rate r goes to zero). That allows us to characterize efficient allo­
cation simply, setting aside the problem of dynami.c optimization. The general case is 
addressed subsequently. 

6.2-1 A Usefu 1 Particular Case 
Assuming that individuals are risk-neutral, tho planner's criterion corresponds tu tbu 
tliscounted value of production per capita, since the marginal utility of a unit of 
output is independent of tho level of income, and so is identical for employers, 
employees, and the unemployed. Reverting to the notations already utilized, total 
instantaneous production, denoted hy 0, is defined in the following manner: 

0= yL-1 zU-hV 

Note that in this definition of aggregate production, search costs hV linked to 
the existence of vacant jobs are counted negatively, as they correspond to a loss. Note 
further that, strictly speaking, the gain z of m1 unemployed person does not include 
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any transfors like unemployment benefits. In this formulati •.. k represents an indica­
tor of the return on leisure or of domestic production. Finally, aggregate production 
evidently takes positive account of production yL of employees. Dividing by the size 
N of the labor force and recalling that, by definition, v = !Ju, we arrive at the expres­
sion of ouput per capita: 

w = y(l - u) + zu - h!Ju (411) 

With a constant labor force (n = 0), it is possible to characterize the properties of 
the social optimum ver:y simply when the interest rate r goes to zero. In this case, the 
planner attempts to ~~iza output per capita, given the equilibrium of flows in the 
labor market described by equation (7) of the Beveridge curve. The planner's problem 
is then written: 

W.%' w = y(l - u) + zu - hllu 

subject to constraint: 

u=--q __ 
q+Om(O) 

Substituting the value of u given by the Beveridge curve equation in w, the 
planner's problem takes the form: 

Max[ + q(z- hO- y)] 
o y q+Om(O) 

The first-order condition of this problem yields an equation implicitly defining 
the optimal value of labor market tightness: 

[1 - q(O)](y - z) 
q + Om(IJ)Tf(O) 

h 
m(IJ)' 

(IJ)=-IJm'(IJ) 
T/ m(IJ) (49) 

This equation highlights the elasticity Tf(IJ) of the matching function with re­
spect to the unemployment rate-readers will easily verify that rt(IJ) = UMu(V, U)/ 
M(V, U)-although this quantity played no role in decentralized equilibrium. It ac­
quires great importance here, for it is the sensitivity of the matching function that 
defines the blend of- congestion effects and positive externalities in the matching pro­
cess. When r = 0, comparison of relation (49) with equation (21) giving the value of 
tightness at decentralized labor market equilibrium shows that this equilibrium coin­
cides with the social optimum if and only if y = 11(1J). This condition, known as the 
"Hosios condition," indicates that only a value of employee bargaining power equal to 
the elasticity of the matching function with respect to the unemployment rate gives 
the right blend of congestion effects and positive externalities. As a general rule, there 
is no reason for this equality to be satisfied, so market equilibrium is inefficient when 
wages are negotiated in a decentralized fashion. The following, more strictly techni­
cal, subsection shows that the Hosios condition remains true with a strictly positive 
interest rate. 
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6.2.2 The General Cas• 
When the interest rater is greater than zero, welfare analysis no longer comes down to 
the maximization of the criterion ro in the stationazy state of the economy, for the 
social planner must now take into account the losses tied to the inertia present in the 
evolution of certain variables-here, the evolution of the unemployment rate described 
by equation (6). Again assuming that the labor force remains constant (n = O), the 
planner's problem takes the following fonn•: 

J
+«> 

Max roe-"dt 
8 0 

(50) 

subject to constraint: 

iz = q(l - u) - Om(8)u 

Let µ be the multiplier associated with this constraint. The Hamiltonian of the 
planner's problem is written: 

H = [y(l - u) + zu - hOu]e-" + µ(q(l - u) - llm(ll)u] 

The first-order conditions are given by equations: 

and 
oH . a.;=-µ (51) 

Differentiating the Hamiltonian with respect to 0, the first of conditions (51) entail, 
after rearranging tenns: 

he-rt= -µm(ll)[1- 17(0)] (52) 

And the transversality condition is written: 

J'...~µ-u=O 

If we now derive the Hamiltonian with respect to u, the second of the first-order con­
ditions (51) yields: 

(z - y -hll)e-" - µ(q + Om(ll)] = -fl (53) 

From this point on we only consider the stationary equilibrium (Ii= 0), and 
derivation of relation (52) with respect tot entailsµ= -rµ. Substituting this value ofµ 
in (53) and taking into account the expression ofµ extracted from the first-order con­
dificin (52), it is possible after several rearrangements to write the equation giving the 
optimal value of labor market tightness in the following fmm: 

(1 - 17(0)](y- z) h 
r+q+llm(ll)'1(11) = m(O) 

(54) 

Comparison of this relation with equation (21) giving the value of labor market 
tightness at decentralized labor market equilibrium shows that this equilibrium coin­
cides with the soc:ial optimum if and only if y = q(ll). So, with a strictly positive inter­
ost rate, we again find ourselves at the Hosios condition. 
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6.3 Is LABOR MARKET EQUILIBRIUM NECESS._ iLv INEFFICIENT? 
In the matching model utilized to this point, the inefficiency of decentralized equilib­
rium comes from the absence of mechanisms giving agents an incentive to take the 
externalities linked to their decisions into account. However, in a great many situa­
tions, these mechanisms do exist, thanks to wage-setting rules or wage contracts more 
elaborate than those encompassed by our basic model. 

A Model with Wage Posting 

In the basic model wages are bargained over in such a way as to share the rent deriv­
ing from job-worker matches. But there exist other modes of wage setting. Employers 
often onnounce the remunerations attached to their vacant jobs, for example. In order 
to show that a mode of wage setting different from that of the basic model is capable of 
restoring efficiency to decentralized equilibrium, we will consider a model close to 
that proposed by Moene ( 1997). He assumes that wages are no longer bargained over 
but arc fixed hy employors at tho time they open up vacant jobs. 

The economy comprises a large number of labor pools or "islands" indexed by i. 
The mobility of workers between labor pools is perfect, and a vacant job can be cre­
ated in any labor pool whatsoever. At every instant,. the number of hires in each labor 
pool is determined by a matching function identical to the one considered hitherto. In 
consequence, if there are U; unemployed persons and Vi vacant jobs, the exit rate from 
unemployment and the rate at which vacancies are filled in labor pool i are respec­
tively equal to O;m(O;) and m{O;). In each labor pool, the employers with vacant jobs 
decide to announce a hiring wage, denoted hy w;. We shall assume that all employers 
offer the same wage in each labor pool. 5 This wage is not renegotiable, and applies 
throughout the employer-employee relationship. 

The hypothesis of workers' perfect mobility implies that the expected utility of 
an unemployed person is the same in all the labor pools, so it will simply be denoted 
by v •. Assuming further that the job destruction rate q is identical in each labor pool, 
the expected utility V.,; of a person employed in labor pool i satisfies: 

rV.; = W1 + q(Vu - Ve;) (55) 

If the instantaneous gain z of an unemployed person is the same everywhere, the 
expected utility v;; of a person in search of work satisfies: 

rv. = z + 9;m(ll;)(V.; - v.) Vi (56) 

Eliminating Ve; between these last two equations, we get, for given Vu, a de­
creasing relation between w; and 81 taking the form: 

ll;m(O;) = (r+ q) (rVu_~-..=L 
W;-rVu 

(57) 

This last equation reveals the implications of tho competition among entrepre­
neurs .to attract workers into their respective labor pools. Each ontrepronour must offer 
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!he same expected uti1 •• / v. to those in search of work, but this objective may be 
attained in several different ways. An entrepreneur may open up few jobs, which 
entails a low exit rate from unemployment IJ;m(O;), balanced against a high wage. Or 
he or she might open up many jobs, which entails a high exit rate from unemploy-
ment, balanced against a low wage. Mobility of the unemployed among the different 
labor pools thus entails that each entrepreneur must trade off between opening up a 
large number of jobs and offering high wages in order to attract enough workers. 

The Efficiency of Decentralized Equilibrium 

For a given number U1 of unemployed persons in pool i, the optimal strategy for the 
entrepreneurs present in this pool consists of offering a wage w1 so as to maximize the 
expected gain from vacant jobs, subject to constraint (57). Now the expected gain n,1 

from an unfilled job, and the expected profit n.1 from a filled one in pool i, are defined 
by: 

rn.,; = -h + m(91)(n., - Il.,;) 

rrr., = y - w, + q(Il.,; - rr.1) 

(58) 

(59) 

Eliminating n.1 between these last two equations, we get the expression of the 
profit expected from a vacant job as a function of the wage w1 and the labor market 
tightness 91: 

rr . _ -h(r + q) + m(91)(y - w1) 
" - r+q+m(IJ1) 

(60) 

We can consider that relation (57) defines 91 as a function of w;; setting to zero 
the derivative of Il.,; with respect to w1 then gives us the first-order condition of the 
entrepreneurs' problem in labor pool i. It comes to: 

[(y- w;)m'(9,) :~1 -m(9;))[r+q+ m(01)] 

-m'(O;) ao9; [m(Oi)(y - w;) - h(r + q)] = o 
Wf 

with, following (57): 

a91 -e, 
a'!''.- [1- q(IJ,)](w, - rVu)' 

q(IJ;) = _ 8;m'(!!!J. 
m(IJ;) 

(61) 

(62) 

The free entry condition entails that the entrepreneurs open up jobs as long as 
the opportunities for profit linked to the opening· up of a vacant job are positive. This 
comes to a stop when rr., =Cl. The definition {60) of the profit expected from a vacant 
job entails, then, that at equilibrium the last term between brackets in the first-order 
condition (61) is null. Substituting the value of o!J1/ow1 specified by {62) in (61) and 
rearranging terms, we Hl'rive at: 

w1 = rV0 + q(IJ1)(y - rV0 ) 
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Comparison of this equation with equality (19), which characterizes the nego­
tiated wage in the basic model, shows that the mode of wage setting we have just set 
out arrives systematically at the Hosios condition y = 1'/(IJ;) and so ensures the effi­
ciency of decentralized equilibrium. This example suggests that competition among 
firms to attract workers is capable of restoring the efficiency of market equilibrium. 
It is worth noting, however, that this result arises from the hypothesis that labor 
contracts are not renegotiated, since they specify a fixed wage. Actually, if y #- 1'/(8;), 
either party has an interest in proposing a new round of wage bargaining once the 
hires have been made. So the equilibrium efficiency of the market rests on the hy­
pothesis that employers can make very firm commitments-and this is not necessarily 
satisfied. 

When Union Power Leads to Efficient Allocation 
It is interesting to note that other ways of organizing the labor market also make it 
possible to arrive at an efficient allocation. In particular, a union setting wages for the 
economy as a whole chooses an efficient allocation if its objective is to maximize the 
expected utility of the unemployed. This is easily seen if we note that the expected 
utility Vu of an unemployed person, eliminating V. from equations (12) and (13), is 
written: 

rVu = z(r + q) + w0m(8) 
r+q+8m(8) 

Maximization of Vu subject to the labor demand constraint {11) gives the solu­
tion (54) corresponding to the social optimum. 

Efficiency and the Incompleteness of Markets 
In the presence of externalities, the inefficiency of decentralized equilibrium is caused 
by the fact that the economy does not comprise enough markets capable of giving 
individuals the incentive to take all the consequences of their decisions into account. 
But in that situation, there are incentives to create supplementary markets, and thus 
the possibility of offering mutually advantageous contracts. In the matching model, as 
in every configuration, it is necessary to specify the origin of the incompleteness of 
markets. From this standpoint, Greenwald and Stiglitz (1988) and Mortensen and Pis­
saridos (1999) have proposed models in which intermediaries intervene in the labor 
market, offering contracts to both unemployed persons and employers with vacancies, 
in which the wages that will apply to future hires are specified as a fwlction of the 
amount of time that passes before tho hires take place. In that setting, competition 
among the intermediaries leads to a social optimum. 

These examples show that it is possible to imagine institutions compatible with 
the efficiency of decentralized equilibrium. Dut it is far from certain that the actual 
functioning of the different labor markets comes close to these theoretical construc­
tions. At, the prnscnt time, the efficiency of decentrali~ed equilibrium remains an open 
queslion. 
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SUMMARY AND CONCLUSION 

In most industrialized countries, job crealion and destruction are large-scale 
phenomena. The combined total of these two flows amounts to between 15% 
and 30% of to Lal employment every year. Movements in employment most often 
take place within the same sector. There is no tendency for the between-sector 
reallocation of jobs to increase. 

Workers' reallocation is just as intense in the United States as it is in Europe. 
But in Europe, job-to-job mobility predominates, while in the United States (and 
Japan), it is much more common to pass through unemployment. The result is 
that in Europe, the exit rate from unemployment is much weaker than it is in the 
United States. 

In the presence of transaction costs, reallocation of jobs and workers can lead to 
the simultaneous existence of unfilled jobs and unemployed persons. The pro­
cess through which unemployed persons and vacant jobs are brought together is 
usually represented by a matching function, indicating the number of hires as a 
function of the number of vacant jobs and unemployed persons. This function is 
characterized by positive between-group externalities (the unemployed have an 
interest in job creati01;1 by firms) and congestion effects (each job-seeker has an 
interest in the number of job-seekers being as low as possible). The matching 
process and the equilibrium of workers' !lows entail a Beveridge curve that links 
the unemployment rate to the vacancy rate. 

The simultaneous presence of labor reallocation and transaction costs gives a 
competitive advantage to those who hold jobs. Empirical work suggest• that 
rents are shared between employers and wage-earners. This rent sharing takes 
concrete form in wage bargaining, and entails a negative relationship between 
the unemployment rate and the wage negotiated. The "wage curve" that results 
takes the place of the labor supply function found in models of perfect competi­
tion. Empirical studies estimate that the elasticity of the r~al wage with respect 
to the unemployment rate is slight, on the order of -0.1. 

The wage curve, together with labor demand, determines wages and the equi­
librium unemployment rate. The matching model allows us to specify the im­
pact of different parameters, such as the gains of the unemployed, the interest 
rate, the growth rate of the labor force, labor productivity, and the job destruc­
tion rate, on labor market equilibrium. Simulations based on the calibration of a 
simple matching model suggest that the unemployment differential between 
continental Europe and the United States cannot be attributed solely to the gap 
between replacement ratios. They also indicate that, in this model, the effects of 
interest rates, labor productivity, and labor force growth on the unemployment 
rate are too slight to explain the large differences in unemployment rates across 
these countries iu the 19BOs and the 1990s. 
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Study of the out-of-stationary-state dynamics of the matching model makes it 
possible to distinguish between the effects of an aggregate shock (one affecting 
aggregate supply or aggregate demand) and those of a reallocation shock (one 
relating to the restructuring of production units). It turns out that we can attri­
bute a shift along the Beveridge curve to an aggregate shock, whereas a realloca­
tion shock is characterized by a shift of this curve as a whole. In tbe first case, 
there is an inverse relationship between the unemployment rate and the vacancy 
rate; in the second case, they vary in the same direction. 

Transaction costs in the labor market lie at the source of exchange external­
ities which entail that decentralized equilibrium is generally inefficient when 
wages are bargained over between employers and workers. Thero do, neverthe­
less, exist modes of wage determination such as, for example, competition 
among entrepreneurs who post wages to attract workers that make it possible to 
restore the efficiency of decentralized equilibrium. Overall, the inefficiency of 
decentralized equilibrium is an open question. 

8 RELATED TOPICS IN THE BOOK 
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Chapter 3, section 2.1: Equilibrium search model 

Chapter 4, section 3: Labor demand and adjustment costs 

Chapter 5, section 2.2: Specific irreversible investroent and rent sharing 

Chapter 7, section 2: Bargaining theory 

Chapter 10, section 1: The capitalization effect versus creative destmction 

Chapter 11, section 2: Active labor market policies 

Chapter 12, section 2: The effects of employment protection 

Chapter 12, section 3: Taxes and labor market equilibrium 
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In this chapter, we will: 

Observe the impact of technological progress on job creation and job destruction 

Analyze the effects of globalization and biased techn~logical progress on wage 
inequality and unemployment 

Learn what the economic consequences of immigration are 

Compare th" American and European experience with respect to wage inequal­
ity and unemployment 

INTRODUCTION 

Are inequality and unemployment the consequences of technological progress and 
globalization? This question has provoked many disputes, which . the media have 
blown up, with the most far-fotchod answers often getting the greatest attention. The 
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specter of machines devouring jobs is repeatedly conjured up whenever technologi­
cal innovation makes it possible to replace men with mechanical equipment for the 
accomplishment of certain tasks. Multinational firms wiping out jobs in rich countries 
in order to exploit workers in poor countries is another image frequently invoked to 
explain the rising tide of unemployment, or increasing inequality. 

The notion that technological progress destroys jobs, taken to the limit, gives 
rise to the most fantastic predictions. At the beginning of the nineteenth century, Sis­
mondi foresaw a world "where the King sits alone on his island, endlessly turning 
cranks to produce, with automatons, all that England now manufactures" (Sismondi, 
1991, p. 563). More recently, in a book that quickly became a worldwide be•tseller 
and was greeted by reviewers as a prophecy, J. Rifkin predicted the "end of work" as 
the West moves toward an information economy practically devoid of workers (Rifkin, 
1995, p. 93). Fortunately a number of economists have criticized this view. In partic­
ular 0. J. Blanchard, a macroeconomist and currently a member of the faculty at MIT, 
took strong exception to Rifkin's work, noting in an interview with the French maga­
zine Capital that tl1ere has not been a robust statistical relationship between growth 
due to technological progress and unemployment for more than a century. 

Ritlcin's mode of argument is to cite examples and situations-numerous, but 
always one-sided-which, taken together, can give the impression that technological 
progress actually does destroy jobs and push up unemployment. The fact is that we 
need to take into account all reallocations of jobs and manpower. On average more 
than 10% of jobs are destroyed every year in the rich countries, but this phenomenon 
is largely offset by job creation, and we observe no systematic rise in unemployment 
over the long term (see chapters 8 and 9). So, in order to assess the impact of techno­
logical progress on employment, we have to use a conceptual framework that com­
bines the interactions among technological progress, job destruction, and job creation. 
Conclusions based on accumulated examples neglect the fact that technological prog­
ress sets off the process of creative destruction highlighted by Schumpeter (1934), the 
impact of which on unemployment is a priori ambiguous, since it both favors job 
creation and engenders job destruction. Analysis, both theoretical and empirical, of 
the impact of technological progress on the level of employment has to be carried out 
on the macroeco110mic scale, not that of particular firms or sectors. 

This chapter is devoted to the relationships among what happens in the labor 
market, technological progress, and the creation and destruction of jobs. Technologi­
cal progress is an important component of growth and contributes to tho endless 
restructuring of production unit•. As we shall sec, it has opposing effects on employ­
ment, which it favors by creating opportunities for profit, but which it also destroys 
through restructuring. Empirical research confirms these theoretical results, suggest­
ing that technological progress has an ambiguous effect on employment. In section 2, 

we study the effects of technological progress and international competition on wage 
inequalities among workers with different skill levels. Jn this regard, the experience of 
the industrialized countries of the OECD over the last two decades of the twentieth 
century is particularly interesting. These countries have indeed faced rising wage in-
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equality, or increased risk of unemployment among those with the fewest skills. With 
the help of this documented experience, we will show how technological progress, 
international trade, international migration, changes in labor market institutions, and 
organizational change all affect wages and job opportunities according to skill level. 
For this purpose it is instructive, as we will see, to contrast a "European" model, 
characterized by significant compression of wages, thanks to a minimum wage and 
higher minimum social 'standards, and an "Anglo-Saxon" model in which the state 
intervenes in the labor market to a much less marked extent. 

1 DOES TECHNOLOGiCAL PROGRESS DESUOY MORE 
jOBS THAN lT CREATES? 

Technological progress contributes significantly to output growth, but its effect on 
employment is a priori ambiguous. On the one hand, by improving labor productivity, 
it increases profits and stimulates more job creation. But on the other, it destroys jobs 
the technology of which is too outdated to be profitable. Hence technological progress 
drives a procoss of job creation and destruction, the outcome of which uo one knows 
beforehand. 

1.1 TECHNOLOGICAL PROGRESS AND PRODUCTIVITY 
Technological progress is not applied in identical fashion Lo all the inputs, but what­
ever form it takes, it allows us to explain a large part of productivity growth. 

1.1.1 Different Forms of Technological Progress 

Technological progress improves inputs efficiency. Thus, in the seventeenth and 
eighteenth centuries, the introduction of new crops and the abandonment of the prac­
tice of fallowing land led to a strong increase in agricultural production per hectare 
and per worker. In the nineteenth and twentieth centuries, m"8tery of the powers of 
steam, electricity, and internal combustion made it possible greatly to increase the 
ratio of industrial production to the quantities of inputs used. At the end of the twen­
tieth century, innovatio-ns in tho areas of computerization and telecommunications 
improved productivity in the service sector. Over a span of centuries, history has been 
'marked by technological inm10vations that have strongly increased the efficiency of 
tho inputs in the rich countries. 

Technological progress does not alter the efficiency of the different inputs uni­
formly. It generally arrives as an abrupt change in the way the factors are combined, 
and even the disappearance of some of them. The internal combustion engine, for 
example, rendered the horse superfluous as a provider of traction. Still, at the aggre­
gate level the number of inputs is necessarily limited, and it is reasonable to think that 
technological progress is constantly altering their proportions. In the simplest case, 
we identify only two inputs, capital K and labor L; the quantity Y produced is then 
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defined by relation Y = F(K, L, t), where F designates the _p iction function and t 
represents the time index. It is this last argument that allows us to take into account 
the reshaping of the production function due to technological progress, of which three 
different forms are normally distinguished. 

Let us suppose that the production function is homogeneous of degree 1 with 
respect to K and L. If technological progress increases the efficiency of each input 
in strictly proportional fashion, the production function can be written F(K,L, t) = 
A(t)F(K,L), where A(t) designates an indicator of the state of technology. This form 
of technological progress has been described as neutral by Hicks, since for a given 
capital-labor ratio, it leaves the ratio of marginal productivities unchanged. Another 
term often used for this type of technological progress is "nonbiased." When techno­
logical progress increases the productivities of the inputs in nonproportional fashion, 
then we describe it as "biased" in favor of labor or capital, as the case may be. If 
innovations make it possible to obtain the same production with less labor, we say 
they are labor saving or (since they increase the efficiency of this factor) labor aug­

menting. We then write F(K,L, t) = F[K,AL(t)L], where Ai(t) is an indicator of labor 
efficiency. Finally, if technological progress is capital saving (i.e., spares capital, or 
increases its efficiency), then the formal notation is F(K, L, t) = F[AK(t)K, LJ, where 
AK(t) is an indicator of capital efficiency. Note that, whatever its form, technological 
progress increases overall production for given quantities of the inputs. 

In attempting to assess the contribution of each input to rising production, we 
need to remember that three kinds of technological progress are liable to appear 
simultaneously. 

1.1.2 Technological Progress and Growth 
In order to take the different aspects of technological progress into account, we write 
the aggregate production function as Y = AF(AKK,AiL), leaving out the limo index 
for simplicity. Technological progress is represented by an increase in the coefficients 
A, AK, or At. Let ti be the difference operator (for example, at date t, M.<, =Kt - K,_,), 
and F;(AKK, Ail), i = 1, 2, the partial derivative of function F with respect to its ith 
argument. An expansion of this function limited to the first order gives: 

l!Y = (l!A)F + [(M.<)AK + (l!AK)K]AF, + [(l!L)Ai + (l!AL)LjAF2 (1) 

In competitive markets, profit maximization entails that the marginal produc­
tivity of each input, AAKF1 and AAiF2 , equals the costs of these inputs. Let a= 

L(AAiF2)/Y be the share of labor in total income. Assuming constant returns to scale, 
the share of capital is then equal to (1 - a). Let us further agree to denote the growth 
rate of a variable x by g,. Dividing both members of equation (1) by Y, we arrive at the 
celobrated decomposition of Solow (1957): 

(2) 

According to this decomposition, output growth comes from three different 
sources: technological progress (which can itself take three distinct fmms), capital ac-
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cumulation, and the gr< J of the labor force (most often measured by the number of 
hours worked); the contribution of these last two sources is proportional to their share 
of total income. Using series that describe the time path of the inputs and their 
respective share in GDP, formula (2) allows us to estimate the term gA + (1 - <t)gA, + 
ag,,, linked to technological progress and commonly called the "Solow residual." In 
all the research carried out using this approach, the significance of the technological 
progress term is invariably ·emphasized. 

Much effort has been expended on explaining the determinants of the Solow re­
sidual. Denison (1967) and Jorgenson (1980) attempted to take into account improve­
ment in the quality of inputs. In particular, the prolongation of schooling and better 
htiman health both help to raise the quality of labor, independently of technological 
progress. In order to take improvement in the quality of labor into account, Denison 
(1967) and Jorgenson (1980) measure aggregate labor Las follows: 

q 

8lnL= LQ;MnL;, 
i=l 

( wL; ) whe1·eQ;= ~ 
L...j-.:1 w1L1 

In this expression, L; and w; designate respectively the number of hours and the 
hourly wage of labor of quality i = 1, ... , q, and 8 represents the difference operator. 
This formulation entails that as the proportion of workers receiving high wages 
increases, aggregate labor grows more quickly. Application of this method shows that 
improvement in the quality of labor is an important source of growth: in the United 
States between 1948 and 1968, according to Jorgenson (1980), the labor factor grew by 
1.73% per annum, of which o. 72% was assignable to tho quality of labor and 1.01 % to 
hours worked. The same study shows that educational level plays an essential role, 
explaining about half the growth in the quality of labor. 

Assessing the evolution of the quality of capital also poses specific problems. 
Growth may arise from the improved quality of new, more efficient equipment as 
it replaces older installations. Hence we make a distinction between embodied tech­
nological progress, which increases the productivity of new equipment only, and 
disembodied progress, which increases the productivity of ca[lital as a whole. This 
distinction is important in pinpointing the sources of growth, since disembodied 
technological progress af!'.ects growth independently of capital accumulation, whereas 
investment must take place in order for embodied technological progrllss to have an 
e,ffect on production (Solow, 1960; Jorgenson, 1966). Moreover, taking the embodied 
character of technological progress into account affects 011r assessment of the stock of 
capital. This is easy to grasp once we note that it is possiblu to represent embodied 
technological progress by assuming that tho officiency of investment varies over tho 
course of time. In the economy with two goods (labor, and a good consumed and 
invosted) envisaged by the simplest models of growth, this idea is formalized by 
asstm1ing that one unit of investment at date t produces q1 units of capital. Thr. vari-· 
able q, thus represents the productivity of new eqnipment, which can evolve over 
time. From this perspective, the capital stuck at date l depends on the past values of 

I s61 
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q1• Denoting the rate of capital depreciation by Ii e (0, lj and investment by 11, the law 
of motion of capital is written K1 = (1-o)K,_1 + q,_,J,_1 , and by successive iterations 
we get: 

.,. 
K, = (1-o)TK,_r + ~)1-0); '1q,_;J,_; 

i=I 

This expression demonstrates that the evolution of the efficiency of investment 
has to be taken into account in order correctly to assess the stock of capital. Some of 
the work in this domain suggests that this problem is significant. For example, Green­
wood et al. ( 1997) estimate that technological progress embodied in capital explains 
60% of the growth of production per hour worked in the United States in the period 
1954-1990 (see the survey of Hercowitz, 1998, and Scarpetta et al., 2000). 

Table 10.1 shows that the Solow residual (denoted by rs) contributed a very sig­
nificant portion of GDP per capita growth in the G7 countries during the last three 
decades of the twentieth century. This result signifies that technological progress pro­
foundly influences growth in the industrialized countries. 

On this basis, the absence of significant increase in the Solow residual in the 
1980s in the United States (see columns 2 and 4 of table 10.1), and its low value there 
in comparison to that in other countries, has raised a number of questions, because 
new information technologies were spreading throughout this period, especially in 
this country. In the celebrated phrase of Robert Solow, during the 1980s computers 
were everywhere except in the statistics. There are probably several reasons for this 
apparent paradox, ranging from the effect of the oil shocks on investment to the time it 
took for the new technology to spread, as new jobs that were not highly sensitive to 
technological progress developed in the services sector. The good performance of the 

Table 10.1 

Growth rates (in percentage) of GDP per capita (g,) and total factor productivity in the private sector (rs) 

between 1970 and 1998. 

1970-1980 1980-1990 1990-1998 

Country g, rs g, rs g, rs 

Germany 2.6 1.2 2.0 1.1 1.0 1.0 

United States 2.1 0.7 2.3 0.8 2.0 1.1 

France 2.7 1.5 1.8 1.5 0.9 0.9 

Japan 3.3 1.6 3.4 1.6 1.1 0.8 

Italy 3.1 1.4 2.2 1.2 1.2 1.2 

Canada 2.8 0.6 1.6 0.3 1.1 0.7 

United Kingdom 1.8 1.7 2.5 2.0 1.7 1.2 

Source: Scarpetta et al. (2000, tables 1 and 6). 
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U.S. economy in the 1990s and the higher value of the Solow residual for this period 
suggest that the effect of the new technologies did in the end show up in the statistics, 
following a period of adaptation during which productivity gains were slight (Aghion, 
2002). The conjunction of a relatively high Solow residual with a low unemployment 
rate in the United States during the 1990s might suggest that technological progress is 
favorable to employment. 

Economic analysis does not come to such a stark conclusion. It prefers to isolate 
certain mechanisms that allow us to explain why the growth in overall factor produc· 
tivity leads either to a fall in unemployment or to a rise, as the case may be. 

1.2 THE CAPITALIZATION EFFECT 
Technological progress improves labor productivity and therefore increases the profit 
due to job creation. This so-called capitalization effect changes the behavior of agents 
and influences labor market equilibrium. The basic model from chapter 9, slightly 
modified, allows us to study the consequences of the capitalization effect. Technolog· 
ical progress can easily be brought into the basic model by assuming that an individ· 
ual employee's (exogenous) production y grows at a constant rate denoted by g. We 
may note that there exists a relationship between the components of the Solow resid· 
ual and the growth rate of labor productivity. Individual production y"' Y/L grows 
at rate g = gy - 81.. aod if we denote the Solow residual by rs= g,.. + (1 - a)gK + ag,,,,, 

equation (2) entails g =rs+ (1 - ~)(gK - gL). Individual productivity growth rate is 
equal to the Solow residual if the capital-labor ratio, K/L, and the share ~ of labor in 
total income remain constant. On the other hand, a reduction in the growth rate of the 
capital stock, which might for example occur as certain firms relocate to low-wage 
countries, leads to a reduction in the growth rate of labor productivity. 

1.2.1 The Discount Rate and the Capitalization Effect 
It turns out that productivity growth changes act like changes in the discount rate and 
thus play a part in intertemporal choices. 

The "Effective" Discount Rate and Growth 

If production grows at rate g, the incomes of agents increase at this rate as well along a 
balanced growth path (w!Hch we cao also refer to as stationary equilibrium; in what 
follows we will use both expressions indifferently). Consequently we need to modify 
tho expressions of expected profit and utility, returning to chapter 9, section 3.2, aod 
considering a short interval of time lying between dates t and t + dt. If n. designates 
tho profit expected from a job occupied at date t, RI stationary equilibrium this profit 
will have increased by g dt % between dates t and t + dt. Let w be the real wage and 
let n. be the profit expected from a vacant job at date t. Relation (B) from chapter 9, 
giving the value of the pl'Ofit expected from a filled job in the stationary state, will now 
he written: 

n. ·~ _!___d [(y- w) dt+ qdt(1 + gdt)ll. + (1- qdt)(l +gdt)TI.] 
1 +r I 

(3) 

I s69 
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This equation indicates that the discounted P.xpe )profit from a job is equal 
to the discounted sum of the flow of instantaneous profit (y - w) dt over interval of 
time dt and of the discounted expected future profit•. With a probability q dt these 
future profits will coincide with the expected profit (1 + g dt)IIv from a vacant job, 
and with the complementary probability (1 - q dt) they will equal the expected profit 
(1 + gdt)IIe from a filled job. After several rearrangements of terms, relation (3) takes 
this form: 

(r - g)II, = (y -· w) + q(l + g dt)(IIv - II,) 

Making dt go to zero, one gets: 

(r - g)IIe ~ y - w + q(Ilv - II,) (4) 

This equation' expresses the equality of the returns of different assets on a 
perfect financial market. An asset worth Il, at date t "invested" in the labor market 
procures an instantaneous profit of (y- w), to which is added the average gain 
q(flv - II,) resulting from a possible change of state (a filled job can fall vacant at rate 
q). During this same interval of time, the value of this asset has risen by gII. dt. In 
other words, the possessor of the asset can make a capital gain of gII, dt by selling his 
or her good at date t + dt. Let us now suppose that this same asset is "invested" in a 
financial market offering a fixed interest rate r between dates t and t + dt. It then earns 
rII, dt for its possessor. It turns out that there is an opportunity cost, precisely equal 
to gII. dt, when the asset is invested in a financial market offering a fixed interest rate 
r in an environment characterized by regular growth at rate g. The effective return 
on the investment in the financial market is thus equal to (r - g)II, dt. In sum, in 
an economy growing regularly at rate g, the effective rate of interest-i.e., the dis­
count rate actually used by agents to calculate the present discounted value of their 
income-is equal to (r - g). So the growth of the economy is simply accompanied by a 
capitalization effect equivalent to a reduction in the interest rate by an amount equal 
to the growth rate of productivity. 

Labor Demand 

On a balanced growth path, the exogenous parameters of the model all have to in­
crease at the same rate. With no loss of generality, we may take the view that the costs 
arising from a vacant job are indexed to production y and can thus be written hy, 
where h is a constant exogenous parameter. The expected profit from a vacant joh is 
then written: 

(r - g)llv = -hy + m(O)(fI, -· IIv) 

When the free entry condition n. = o is satisfied, the expected profit from a 
filled job rr. should be equal to the average cost of a vacant job hy/m(O), and relation 
(4) then gives labor demand: 

y-w hy 
r-g+q=m(Oj' (5) 
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(WC) 

(LD) 

FIGURE 10,1 

The effect of an increase in productivity. 

For given wage w, the expected profit from an occupied job, represented by 
the left-hand side of (5), increases with g. Since the latter must exactly cover the 
average cost of an unfilled job, the average duration of a job remaining unfilled 1/m(O) 
increases, and consequently the labor market tightness 0 rises too. In other words, for 
a given stock of unemployed parsons and a given wage, firms open up more vacant 
jobs when g increases. Thanks to the capitalization effect, the growth in productivity 
exerts a positive effect on labor demand. In the (8, w) plane, a rise in g shows up as a 
shift upward of the (LD) curve. This shift is shown in figure 10.1. 

1.2.2 When Technological Progress Reduces Unemployment 
The capitalization effect alters the negotiated wage and through this channel in­
fluences the properties of the wage curve exhibited in the basic matching model 
(chapter 9, section 3.4). 

Bargaining and the Wage Curve 
With a line of reasoning analogous to that which brought us to condition ( 4) describ­
ing' the expected profit of an occupied job, we find that the expected utility v. of an 
employee.receiving wage w satisfies: · 

(r-g)V. = w+q(Vu -V.) (6) 

In this relation, V, and Vu designate respectively the expected utility of an em­
ployee and an unemployed person at date t. The existence of a balanced growth path 
entails that the gains of unemployed persons also increase at rate g. With no loss of 
generality, we will assume that these gains are indexed to individual prorluctivity 
and will denote them by zy, where 7. • IO, 1) is a constant exogenous parameter. The 
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expected utility Vu of an unemployed person then solves: 

{r- g)Vu = zy-1- Om(O)(V0 - Vu) en 
As regards wage bargaining, we note that this model is identical to the basic 

model of chapter 9, provided we simply change z to zy and r to (r - g). If we make 
these substitutions in relation {20) from chapter 9, we get the equation of the wage 
curve describing the bargaining outcome in an economy growing regularly at rate g: 

w = Yiz + {1 - z)r-(0)) with l{ll) = y[r - g + q + 9m(ll)j 
r-g+ q+ y8m(ll) 

(8) 

We soe that the capitalization effect entails that the strength r of an employee in 
bargaining increases with g. The reason for this result is that a rise in g corresponds to 
a reduction in the effective interest rate, which reduces the "capital" losses that ensue 
when a job is destroyed. So the employee has less fear of the prospect of unemploy­
ment, his or her bargaining position is strengthened, and in figure 10.1 the wage 
curve, denoted by (WC), shifts upward. All other things being equal, productivity 
growth thus has a tendency to increase the negotiated wage. 

Labor Market Equilibrium 

The equilibrium values of II and w correspond to the coordinates of the intersection 
of the (WC) and (W) curves in figure 10.1. Knowing IJ, the unemployment rate u on 
a balanced growth path can be deduced with the help of the relationship between 0 

and u compatible with equilibrium of flows in the labor market, expressed by the 
Beveridge curve: u = (q + n)/[q + n + llm(ll)j, where n designates the growth rate of 
the labor force (see chapter 9, section 3.1). Note that the growth rate g of productivity 
does not come into the equation of this curve. 

Figure 10.1 shows, first of all, that a rise in g has a positive effect on the equilib­
rium real wage. This result signifies that stronger productivity growth raises the level 
of the real wage. On the other hand, the effect of g on the equilibrium value of the 
labor market tightness 9 turns out to be ambiguous a priori. By combining relations ( 5) 
and (8), which define the (LD) and (WC) curves, however, we get an implicit equation 
that brings in II alone: 

{l-7)(1-z) 
r-g+q+yOm(O) 

(9) 

It is easy to verify that II rises with g. Hence, stronger productivity growth in­
creases the exit rate from unemployment llm(O). The Beveridge curve being indepen­
dent of g, wo can deduce that stronger growth also reduces the unemployment rate. 
This conclusion springs from the fact that the profit from a filled job taking account of 
the negotiated wage-this profit is represented by the left-hand side of equation {9)­
rises with g. 

This model describes a linkage between growth and unemployment. It has (at 
least) one major drawback, though: the source of job destruction is exogenous. Yet one 
of the strong tenets of the theory of growth is that technological innovations favor 
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the creation, temporarily at least, of jobs that incorporate the most recent innovations 
and render certain existing jobs obsolete. This is the process of creative destruction 

described by Schumpeter {1934) and formalized by Aghion and Howitt {1992, 1998) 
and Mortensen and Pissarides (1998). Let us suppose that stronger productivity 
growth accelerates the destruction of jobs; we will then have q = q(g) with q'(g) > o. 
Relation (9) then shows that it is far from certain that the expected profit from a 
filled job increases with g. ·The acceleration of job destruction runs counter to the 
capitalization effect, and it is possible that a rise in unemployment will occur. The 
model developed in the next subsection throws light on these chains of causality 
and suggests that productivity growth could be positively linked to the level of 
unemployment. 

1.3 CREATIVE DESTRUCTION 
In the previous model, the productivity of any job whatsoever increased regularly at 
rate g. To some extent, this hypothesis means that all jobs benefit uniformly, and at no 
cost, from the latest technological innovations. But in reality it is nol, as a general 
rule, possible to apply the latest innovations to existing jobs without significant 
expense. For example, the study carried out by Foster et al. {2001) on the automobile 
repair sector in the United States between 1987 and 1992 estimates that the contribu­
tion of new firms to the growth of labor productivity in this sector was greater than the 
total growth of this variable. This result means that the "older" firms still in business 
contribute negatively to the growth of labor productivity in that sector. In many areas, 
individual jobs continue to use more or lass the same technology they began with, for 
as long as they last, and are finally destroyed precisely when the evolution of tech­
nology makes it unprofitable to keep them going. They are then "replaced," but not 
necessarily in the same firm, by a new job that incorporates the most recent techno­
logical innovations. In this process, the life span of each job, and thus the job de­
struction rate, are endogenous variables determined by, among other things, the rate 
of innovations. 

1.3.1 A Model with Endogenous Job Destruction 
In an economy that is growing regularly and that suffers no exogenous shocks, jolis 
disappear when the technology they employ no longer yields a positive surplus. This 
condition allows us to characterize the life span or a job, and therefore Lhe rate at 
wltich jobs are destroyed. 

The Life Span of a fob 

In order to give the simplest possible notion of the mechanism of job destruction and 
creation, we will assume that the productivity of each new job increases at a constant 
exogenous rato g, but that all jobs keep their original productivity over the whole span 
of their existence. In other words, if y designates the productivity of a job created at 
date t = o, lhal job keeps its productivity y perman<mtly, whereas a job created at date 
t;,,; o is assigned a productivity of y(t) = yeg< over its life span. In this model, the 

I sn 



574 I PART THREE I CHAPTER 10 

definition of job creation needs to be specified. By definitiu •• , ~ job is created when 
an unemployed person and a vacant job are matched up. We will assume that the 
productivity of a job incorporates the most recent innovations available when it is 
created, and not at the moment a vacant job is opened up. 

In order better to contrast the lessons of this model with those of the preceding 
models, we will assume further that there is no exogenous source of job destruction. A 
job disappears when the cost of keeping it going is greater than what it brings in, so 
the life span T of a job is an endogenous variable. The rate of job destruction, which 
we shall again denote by q, is thus also an endogenous variable, the stationary value of 
which is easily deduced from knowledge of T. If IJ and U designate respectively the 
stationary values of the labor market tightness and the stock of unemployed persons 
present at every instant in the labor market, the number of jobs created per unit of 
time is equal to Om(IJ)U. Because every job has a life span T, there are L = IJm(IJ)UT 
jobs occupied at every instant. If we assume, for simplicity, that the growth rate of 
the population is null, then at stationary equilibrium we have qL = Om(O)U, and so 

q = 1/T. 

Expected Utilities and Profits 
Let us consider a job created at date x the life span of which is equal to T, and let us 
denote by w(x, s, T) the wage attached to this job after it has lasted for a period 
s e [O, T]. Let us denote by V,(x, s, T) the expected utility of a worker at date x + s who 
occupies a job created at date x with a life span equal to T. We can then define 
V.(x, O, T) as follows: 

V,(x,O, T) = r w(x,s, T)e-"' ds+ e-'TV.(x+ T) (10) 

where V.(x + T) designates the expected utility of an unemployed person whose job 
is destroyed at date (x + T). The existence of a balanced growth path dictates that the 
gains of unemployed persons increase at rate g. For simplicity, we will assume that 
these gains are indexed to productivity, and we will denote them by zy( t), where 
z e [o, 1) is an exogenous parameter. Jn these conditions, the equation describing the 
time path of the expected utility of an unemployed person on a balanced growth path 
takes the form: 

(r - g) V.(t) = zy(t) + IJm(IJ)[V,(t, o, T) - Vu(t)] (11) 

In order to lighten the notations from this point forward, we will reason on the 
basis of a match-up occurring at date x = 0. Because there is no exogenous source 
of job destruction and because the level of productivity is always equal to y, the 
expected profit at a date t e [O, T] thanks to a hire made at date 0, i.e., n.(o, t, T), is 
written as follows: 

n.(O, t, .. T) = r[y- w(O, s, T)]e-<t•-t) ds + e-<tT-<>n.(T) (12) 
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where Ilv(I) designates L Jxpected profit from a job that falls vacant at date t. Sym­
metrically, a person employed in a job created at date 0 attains at date t E [O, T] an 
expected utility V,(O, t, T) given by: 

V,(O, t, T) = r w(O,s, T)e-'(H) ds + e-•·(T-IJV,(T) (13) 

The Surplus 
By definition, the surplus S(O, t, T) yielded at date t E [O, T] by a match at date O is 
equal to: 

S(O, t, T) = V,(O, t, T) - V,(t) + Il,(O, t, T) - Ilv(I) 

When the free entry condition Ilv(t) = 0 is satisfied at every date t, relations (12) and 
(13) allow us to write the surplus S(O, t, T) in the following form: 

S(O, t, T) =yr e-'(•-t) dt + e-•(T-t) V,(T) - V,(t), Vt E iO, TJ (14) 

Recalling that at stationary equilibrium V.,(T) = V,(t)eglT-<J, after several simple cal­
culations, we get: 

1 - e-r(T.-t) 
S(O, t, T) = r y- [1 - e-1>-g)("f ·<l]V,(t) (15) 

The Optimal Life Span of a fob 
Let y E [O, 1) again be the relative bargaining power of an employee. At each date 
t E [O, Tj the outcome ef bargaining corrosponds to a share-out of the surplus S(O, t, T) 

according to the usual formulas: 

V,(O, t, T) - V.,(t) ~ yS(O, t, T) and 

II,(O, t, T) - Ilv(t) = (1 - y)S(O, t, T), \ft E [O, Tj (16) 

This sharing rule shows that the employer and the employee both have an in­
terest in staying together as long as the job yields a positive surplus. In other words, 
the job should be destroyed on the date the marginal surplus yielded by extending its 
life span becomes negative. Let S,(o, t, T) be the partial derivative of the surplus with 
respect to its third argument; the optimal life span of a job must then satisfy con­
ditions S3 (0, T, T) ~ 0, and S33 (0, T, T) < o. Using definition (15) of the surplus, we 
arrive at S,(o, T, T) = y- (r - g)Vu(T). In consequence, the optimal life span of jobs is 
defined by the equality': 

-(17) 

This condition simply means that the employer and his or her employee have 
an interest in ending their relationship from the date at which, by looking for a new 
job, the worker will obtain a flow of gain (r -- g)V,,(T) greater than the flow of pro­
duction y generated by tho current job. Individual production y being an exogenous 
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constant, and Vu(T) being equal to e&1'Vu(O), there exists a single value of T satisfying 
equation (17). Moreover, for this value of T, we find after several calculations that 
S33{0, T, T) = -gy < O. The marginal surplus due to an increase in the life span of the 
job at date T is thus indeed negative when this limit is extended. 

1.3.2 The Balanced Growth Path 
It is possible to determine the equilibrium values of labor market tightness 0 and the 
life span T of a job with the help of two relations that portray the conditions of job 
creation and job destruction. 

Job Creation 
The job creation equation results from free entry equilibrium, which indicates that 
the expected cost of a vacant job is equal to the expected gain of a filled one. Let us 
assume that the search costs arising from a vacant job increase at rate g, taking the 
form hy(t) where h is a positive exogenous constant. At date I, the value Ilv(t) of a 
vacant job will then be expressed as: 

(r - g)Ilv(t) = hy(t) + m(ll)[TI.(t, 0, T) - Il,(t)] 

We obtain a relationship between T and 11, noting that in the context proper to 
this model, the free entry condition at t = o, Il,(O) = o, entails that the expected profit 
n.(o, O, T) from a job created at date O must exactly cover the average cost hy/m(ll) of 
a vacant job posted at the same date t = o. With the help of sharing rule (16), we 
will thus have (1 - y)S(O, 0, T) = hy/m(8). If we consider relation {15) at t = 0, and 
note that condition (17) characterizing the optimal life span of a job entails Vu(O) = 

ye-aT /(r - g), we arrive, after rearranging terms, at the following relation: 

h {1 - y) [ ge-.r - re-aT] 
m(O) =-r- l+ r-g (18) 

When r > g, it is easy to verify that the expected profit from a job at the time of 
its creation, represented by the right-hand side of equation (16), rises with the life 
span of this job. As the average unit cost h/m(ll) is an increasing function of II, equa­
tion (18) in sum defines an increasing relation between labor market tightness 8 and 
the life span T of a job which we can assimilate to a labor demand. We have identified 
it by the abbreviation (C) in figure 10.2. We can also verify that, for a given life span 
T, the expected profit from a new job increases with the rate of growth of productiv­
ity.' In figure 10.2, a rise in g shifts the (C) curve to the right. 

For given T, i.e., for a given job destruction rate q = 1/T, relation (18) is in fact 
analogous to relation ( 9) defining the equilibrium value of the labor market tightness II 
in the previous model, where the rate of destruction q was exogenous. In the latter 
case, the capitalization effect entails that the profit expected from a filled job increases 
with g,. and it is thus not surprising to find that II rises with g for given T. In this 
model, however, tho life span of jobs is an endogenous variable that, as we will prove 
below, diminishes with the growth rate g of productivity. In consequence, accelerated 
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FIGURE 10.2 

The equilibrium values of T and 8. 

growth increases the destruction of jobs, running counter to the capitalization effect. 
The direction in which 8 varies with g becomes a priori ambiguous. In order to get rid 
of this ambiguity, we have to define the relationship between T and 8 that corresponds 
to decisions to destroy jobs. 

Jab Destruction 
We obtain a second relationship between 8 and T using 1·elation ( 11 ), which defines 
the expected utility of an unemployed person at instant t = 0, and applying the shar­
ing rules (16). We thus get: 

(r-g)Vu{O) = zy+ 11m(O)-Y-rr.(o,o, T) 
1-y 

Following (17), (r-g)V.{O) = ye-sr, and since the expected profit 110 (0, o, T) is 
equal to the average cost h/m(O), we finally get: 

e-sT = z+ yh8 
1-y 

(19) 

This equation defines a decreasing relation between labor market tigthness 8 and 
th\! life span of a job T. It is represented by the {D) curve in figuro 10.2. Relation {19) 

indicates that high labor market tightness entails a strong exit rate from unemploy­
ment and a high expected utility for unemployed persons, which entails a weak sur­
plus and consequently a shorter life span for jobs. We also see that an increase of g 
shifts this curve downward. 

Equilibrium 
Figure 10.2 shows that the lifo span of a job diminishes when growth accelerates. 
Rut the effect on 8 is a priori ambiguous. In the appendix at the end of this chapter, 
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\ 
however, we show that 0 diminishes with the growth rat< f productivity, so an in-
crease in g here lowers the exit rate Om(IJ) from unemployment. When the labor force 
is constant, the unemployment rate is given by the formula: 

U=--q __ 
q+Om(IJ) 

with q= 1/T (20) 

Since an increase in g lowers the exit rate from unemployment and increases the 
rate q of job destruction, a stronger rise in productivity unambiguously increases 
unemployment. 

In sum, technological progress increases the unemployment rate in this model 
with endogenous job destruction. But it must be understood that this result is not 
general. It follows from the fact that older jobs derive no benefit from technological 
progress and must necessarily be destroyed when they reach a certain age. This case 
is directly opposed to the one envisaged in the previous model, with exogenous de­
struction, in which all jobs benefit from technological progress independently of the 
date at which they were created. Clearly an intermediate model incorporating the two 
forms of technological progress would show that technological progress is favorable to 
employment if and only if a sufficiently large share of technological progress is auto­
matically incorporated into all jobs. The capitalization effect would then dominate the 
job destruction effect. From this perspective, Mortensen and Pissarides (1998) have 
built a model in which firms can overhaul jobs when their surplus becomes negative, 
at a certain cost. They then show that technological progress is favorable to employ­
ment if the costs of overhaul are slight, and unfavorable if they are not. Aghion and 
Howitt (1998, p. 129) present a model, similarly inspired, that yield• similar results. 

These analyses indicate that the impact of technological progress depends on 
the form it take• and the opportunities to reorganize available to firms. In this respect, 
it i• important to know whether the market mechanisms at work in the previous 
model lead to an optimal reallocation of jobs. 

1.3.3 The Efficiency of Creative Destrudion 
In what circumstances is the restructuring cau•ed by technological progre•s too rapid, 
or, on the contrary, too slow? In a perfectly competitive economy, the answer to this 
question is evident: since the free play of competition leads to efficient allocations, the 
pace of technological progress is necessarily efficient too. In the presence of transac­
tion costs in the labor market, the problem becomes thornier. job destruction gives 
rise to reallocation unemployment, which may be thought to be socially inefficient. In 
order to answer this question, which has been studied by Caballero and Hammour 
(1996), it is neco•sary to characterize the social optimum, i.e., the values of labor 
market tightness, the unemployment rate, and the job destruction rate, which maxi­
mize discounted aggregate production. For the sake of simplicity, we will proceed as 
we did in chapter 9, leaving out preference for the present. In this model with growth, 
this hypothesis amount• to setting r = g. Moreover, we will consider only stationary 
states. 
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At date t, total output is equal to the sum of all the production achioved by all the 
jobs created between dates I - T and t. As there are Om(8)u jobs created at each 
date, and since a job created at date x produces y(x) = ye•X, total production at date 
t is equal to fLr yullm(ll)eB• dx. At this same date, unemployed persons produce 
uzy(t) = uzye&', and the cost of vacant jobs comes to Ouhy(t) = OuhyeB'. Noting that 
fLr egx dx = [e'1' - eB<•-·nyg, aggregate production w(t) at date t, equal by definition to 
the sum of all production minus the cost of vacant jobs, is therefore expressed as: 

w(t) = ye•7 u [om(O) 1 - ;-•T + z - hll] 

Following definition (20) of the stationary unemployment rate, we have u = 

1/[1 + Tllm(ll)], and the planner's problem can be written as: 

)1~ 1 + T~m(IJ) [11m(IJ) 1-;-•'' + z - hll] 
Let us again denote by q(O) = -llm'(O)/m(O) the elasticity of the matching func­

tion with respect to the unemployment rate. After several calculations, we verify that 
the optimal values of labor market tightness, O', and of the life span of jobs, T', are 
defined by the two following equations: 

--= [1- q(IJ')] ~ - T'e-sr· h [-gT' l 
m(8') g 

(21) 

-gT' _ q(IJ')ll"h 
e - z + 1 - q(O') (22) 

We can compare the optimal values of labor market tightness and life span of 
jobs with those obtained at decentralized equilibrium by making r go to g in equation 
(18). In this configuration of the parameters, equation (18) is written•: 

h [1 -e-•" r] m(ll) = (1 - y) - 8- - Te-• (23) 

Comparison of the two systems of equations (19)-(23), on the one hand, and 
(21)-(22), on the other, respectively defining decentralized equilibrium and the social 
optimum, shows that these two states coincide if and only if the Hosios condition 
y = q(ll:J is satisfied (see chapter 9, section 6, for more detail on this condition). Dif­
fer~ntiating equations (19) and (23), we easily verify that the labor market tightness at 
decentralized equilibrium decreases with the bargaining power of workers, y, and that 
the life span T of jobs reaches a minimum when y = q(O'). The linkage between the 
life span of jobs and bargaining power is represented in figure 10.3. 

Inefficiency and the Hosios Condition 

We see that labor market tightness lies below its efficient level if and only if workers 
have bargaining· power greater than q(O"). On the other hand, labor market equilib­
rium is always characterized by an ins1.1fficient reallocation of jobs when the Hosios 
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FIGURE 10.3 

Tt:ie relation between the life span of jobs and the bargaining power of wcirkers. 

condition is not met. This result, obtained by Caballero and Hammour ( 1996), suggests 
that the market imperfections resulting from an inefficient sharing of rents lead sys­
tematically to sclerosis of the process of job reorganization. We can understand this 
by going back to relation (17), which defines the optimal life span of jobs as a function 
of the expected utility of unemployed persons. As in the basic model of chapter 9, 
it is easy to verify here that the expected utility of unemployed persons reaches a 
maximum when the Hosios condition is satisfied. Relation (17) does indeed entail 
(r - g) Vu(t) = e-g(T-<iy on a balanced growth path, and since T reaches a minimum 
when y = 1/(8•), the expected utility of unemployed persons is indeed maximal for 
y = 1/(0.). Now, the greater the expected utility of unemployed persons is, the less 
surplus a job generates (see relation (14)), and therefore the higher the gains of unem­
ployed persons are, the shorter the life spans of jobs. In sum, the insufficient realloca­
tion of jobs in decentralized markets results from a very simple logic: when the labor 
market is inefficient, the gains from searching for a job are relatively slight, which 
tends to increase the rent of individuals holding jobs and thus gives them an incentive 
to keep their jobs as long as possible. In other words, labor market efficiency ensures a 
maximal return to job search and produces a maximum of incentive to reorganize 
production units. 

These results are obviously pertineul to economic policy. They suggest that 
measures to protect employment are ill-suited to conntering the effects of technologi­
cal progress on unemployment. Tho model with endogenous job destruc:tion, as we 
have studied it in this section, represents a situation where technological progress is 
emboaied only in new jobs and indicates that more rapid growth increases unem­
ployment. It also allows us to show that this source of unemployment ought not to bo 
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The relationship between t~e Solow residual and the unemployment rate in 17 OECD countries over the period 
1960-1999. The 17 countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Ireland, 
Italy, Japan, Netherlands, Norway, Spain, Sweden, the United Kingdom, and the United States. 

Source: OECD and Blanchard and Wolfers, 2000. 

combated by putting in place measures to protect jobs. Caballero and Hammour (1996) 

suggest instead using subsidies to create employment. With this type of measure, 
market equilibrium can indeed. be made to coincide with the social optimum. In our 
model, the values of labor market tightness and the job destrnction rate defined by 
the systems (19)-(23) and (21)-(22) are identical if entrepreneurs receive a subsidy 
amounting to h[y- 17(0'))/[1 - 17(11')) per unit of time for each vacant job. The subsidy 
is thus positive if the bargaining power of workers is greater than the elasticity of the 
matching function with respect to tbe unemployment rate, and negative if not. 

1.4 EMPIRICAL ILLUSTRATIONS 
There are a limited number of empirical studies dedicated to the relationship between 
the unemployment rate and the growth rate of productivity. They genorally conclude 
that tliere is not a systematic and robust correlation between the different measures of 
the growth rate of productivity and the unemployment rate (see Bean and Pissaridos, 
1993, and Caballero, 1993, for example). In order to illustrate tbese results we have 
looked at the correlation between the Solow residual and the unemployment rate over 
the poriod 1960-1999 for 17 OECD countries. These two variables are presented as 
five-year averages (1960--64, 1965-69 ... ) for each country. Figure 10.4 brings out a 
positive linkage between the unemployment rate and technological progress measured 
by the Solow residual, the coefficient of determination being equal to 1.02 with a 
standard error of U.21. But this correlation is deceptive and has no causal significance, 
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because technological progress and unemployment are influc __ Jd by common vari­
ables. This emerges clearly if we regress the unemployment rate onto the Solow 
residual by introducing fixed effects for each country and for each period. We then 
obtain a negative coefficient of determination, equal to -0.24 with a standard error of 
0.18, which entails that this coefficient is not significantly different from zero (at the 
10% threshold). At the aggregate level, technological progress does not seom to exert 
any effect of well-determined sign on unemployment. It is necessary to resort to a 
finer-grained analysis, taking special notice of the characteristics of the innovations 
that give rise to technological progress (see Acemoglu, 2002; Aghion, 2002) and labor 
market institutions (see chapter 12, this book) in order better to understand the impact 
of technological progress on unemployment. 

2 GLOBALIZATION, INEQUALITY, AND 
UNEMPLOYMENT 

Changes in the economic environment, such as technological progress, international 
competition, the organization of production, and labor market institutions, do not just 
affect the rate of global unemployment and the average wage. They also influence the 
distribution of employment opportunities offered to different types of individual. So, 
technological progress alters the return on certain kinds of educational investment. 
Competition with low-wage countries producing goods highly substitutable for those 
made by low-skilled workers in industrialized countries may prove unfavorable to 
the latter. We can discover the determinants of the evolution of wage inequalities 
and employment opportunities among workers of different skill levels by studying the 
evolution of the supply and demand for each category of worker. An increase in the 
demand for a give_n type of labor is favorable to the opportunities of individuals who 
can supply this type of labor, while an increase in supply is unfavorable to them. The 
supply and the demand for each type of labor are themselves influenced by techno­
logical progress, international competition, demographic phenomena, and labor 
market institutions as a whole. 

The last two decades of the twentieth century constitute a particularly interest­
ing period for the analysis of inequality. Over this period the situation of skilled 
workers as compared to that of persons with few skills changed a great deal in the 
industrialized countries of the OECD. In different cases, this change led to a widened 
spread of earnings, or a widened spread of unemployment rates across categories. 
This trend was caused by the conjunction of interdependent olements. Technological 
progress and competition from low-wage countries contributed, in varying and much­
debated degrees, to this increase of inequality. International migration, tho evolution 
of labor market institutions, and cortain organizational changes have also played a 
role, although probably a more marginal ono. 
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·We will first lay out tne salient facts regarding the evolution of inequality during 

the last two decades of the twentieth century, then present the main explanations 
for them. We will see in particular that shifts in the structure of labor demand induced 
by biased technological progress and competition from low-wage countries have 
undoubtedly played a major role. The different OllCD countries have reacted in 
sharply different ways to this alteration in the structure of labor demand. Certain 
countries of continental Europe have preserved rigid wage structures that have had 
the effect of increasing the unemployment of less skilled workers, while other coun­
tries, such as the United States, have opted for wage flexibility. The conclusion of this 
section examines the upshot of these choices for income and welfare inequality. 

2.1 THE FACTS 
The 1980s and 1990s were marked by an increase in the inequalities between workers 
of different skills in the industrialized countries of the OECD, a phenomenon that took 
different forms in different countrieB. In some countries it was mainly wage inequality 
that deepened, while in others it was inequality of access to employment. Before pre­
senting the evolution of these inequalities, we must emphasize that there is no single 
measure of inequality. In empirical studies, inequality is generally assessed by indi­
cators such as the standard deviation, or interdecile or intercentile differentials. Each 
measure describes one characteristic of the dispersion of the indicator under study. It 
is generally necessary to use several measures in order to describe the •volution of 
inequality (for more information, see Gottschalk and Smeeding, 1997; Katz and Autor, 
1999; Bortola et al., 2001; and Card and DiNardo, 2002). 

The Increase in Wage Inequality in the United States at the End 
of the Twentieth Century 
The increase in wage inequality in the United States in the 1980s and 1990s has been 
widely documented. According to Katz and Au tor ( 1999) and Card and DiNardo 
(2002), its main characteristics are as follows: 

The time path of wage inequality can be divided into three subperiods. This 
point is illustrated by figure 10.5, which reproduces the time path of several 
different measures otU.S. aggregate wage inequality between 1967 and 2000. 
Between 1967 and 1980, aggregate wage inequality is virtually constant. Aggre­
gate wage inequality then rises strongly during the 1980s, especially betwoen 
1980 and 1985. The available data suggest that this phenomenon bulks even 
larger if we consider not just wages but also the other elements uf wage remu­
neration like retirement, and various aspects of social security (Pierce, 2001). 
From tho end of the 1980s until 2000, aggregate wage inequality holds steady. 

Wage differences among different levels uf education and experience, and dif­
ferent professions, have grown. 

I su 
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- Slandard deviation log annual earnings, 
FTFY men (March) 

- Standard deviation log hourty wages, 
all workers (March) 

-- Normalized 90-1 o wage gap, all workers 
(OGR) 

1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 

FIGURE 10.5 

Alternative measures of aggregate wage inequality in the United States. 
Legend: FTFY = full-time, full-year. OGR data come from the CPS. They refer to individuals in the "outgoing rotation 
group" of every monthly CPS. The normalized 90-10 wage gap is the log of the ratio of the 9Dth percentile or wages to 
the 10th percentile. For convenience. this ratio Is divided by 2.56. 

Source: card and DiNardo (2002, figure 2). 

The spread of wages within the same levels of education and experience, and 
the same professions, has also grown. 

Increasing inequality led to significant shrinkage of the real wage of workers 
situated at the low end of the wage distribution. As figure 10.6 shows, the real 
weekly wage of white men in tbe tenth percentile of the distribution was weaker 
(by around 10%) at the end of the 1990s than at the beginning of the 1960s. 

The Evolution of Inequality in Other OECD Countries 
Wage inequality did not increase in the OECD countries as a whole during the last two 
decades of the twentieth century. It did increase in the United States and the United 
Kingdom especially (Gosling and Lemieux, 2001, show that between 1979 and 1998, 
the British labor' market underwent reforms that caused it to converge with its Ameri­
can counterpart). Wage inequality remained stable in France, Italy, and Germany, and. 
grew to a lesser degree in Australia, Canada, japan, and Sweden (see Katz and Autor, 
1999). 

Table 10.2 portrays the evolution of the D5/D1 ratio for wages between the end 
of the 1970s and the middle of the 1990s in several large OECD countries. Let us recall 
that the distribution of wages is ranked by deciles in ascending order, and that the 
term D5 refers to the average of the fifth decile, while D1 refers to the average of the 
first decile. So the D5/D1 ratio is a measure of the extent of inequality in the bottom 
half of the wage distribution. The data in table 10.2 indir.ate, in the first plar.e, that 
the spread of wages is noticeably more compressed in F.urope and Japan than in 
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FIGURE 10.6 

BO 
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The evolution of the weekly wages of white men in the United States over the period 1963-1997 (base 100 In 1963). 

Source: Acemoglu {2002, figure 2). 

Table 10.2 

Evolution of the 05/01 ratio among men in the 1980s and 1990s. 

Country 1975-79 

Australia 

Canadci* 
France 

Germanyt 

Japan 

Sweden 

United Kingdom 

United States 

Source: Bertola et al. (2001, table 3). 

*Periods 1980-1984 and 1990-1994. 

1The first period is 1980-1984. 

1.57 

2.07 

1.68 

1.52 

1.58 

1.32 

1.58 

1.93 

1995-96 

1.68 

2.22 

1.60 

1.46 

1.60 

1.40 

1.80 

2.20 

1975-79 to 1995-96 

0.11 

0.15 

... o.08 

-0.06 

0.02 

0.08 

0.22 

0.27 
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Table 10.3 

Evolution of unemployment rates per skill level between 1981 and 1996. 

U1 u, 
-----

Country 1981 1996 ti.u, 1981 

Canada 7.3 13.4 6.1 i.o 
France 5.4 13.0 7.6 3.0 

Sweden 3.0 10.5 7.5 0.6 

United Kingdom 13.7 15.l 1.4 2.7 

United States 10.3 11.0 0.7 2.2 

Source: OECD data and personal calculations. 

1996 ti.u, Au,-· fl.uh 

6.6 4.6 1.5 

5.9 2.9 4.7 

5.4 4.8 2.7 

4.1 1.4 0 

2.6 0.4 0.3 

Note: u1 designates the unemployment rate of individuals with low educational levels {secondary school 

education not completed). u, designates the unemployment rate of individuals with high educational 

levels (college or university training). Ii designates the difference between 1996 and 1981. 

Canada and the United States. They also show Lhat wage inequalities grew signifi­
cantly between the end of the 1970s and the middle of the 1990s in the United King­

dom and the United States, and to a lesser extent in Canada, Australia, and Sweden. 
Conversely, the D5/Dl ratio shrank in France and Germany over this period, and re­
mained practically stable in Japan. These observations have to be set alongside the 
evolution of unemployment in relation to skill level. 

The Evolution of Unemployment in Relation to Skill Level 
The evolution of unemployment rates in relation to education (which largely follows 
that of skill level) reveals a worsening of the situation of workers with low levels of 
education in many countries. Table 10.3 shows that their unemployment rate, denoted 
by u,, rose significantly during the 1980s and 1990s. This table also indicates that the 
unemployment rate of workers with high levels of education, denoted by uh, advanced 
considorably, although remaining lower than that of less skilled workers. These par­
allel evolutions in unemployment rates signify that the 1980s were probably marked 
by a negative shock to the entire labor force. 

Were some workers more affected than others? Table 10.3 indicates that the 
unemployment rate of low-skilled men rose much more than that of skilled men in 
France, Sweden, and to a lessor extent in Canada. Conversely, the movements in the 
unemployment rate for these two manpower categories are similar in the United 
States and the United Kingdom. Table 10.4 shows that employment rates for men (i.e., 
the ratio of tho number of jobs to the size of the working-age population) fell more for 
low-skilled men than for skilled ones. These differences in the movement of employ­
ment rates are less marked in tho United States than in continental Europe. 

This descriptive account suggests that the majority of industrialized countries 
were faced with the samn changes to their environment during the 1980s (and in whal 
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Table 10.11 

The evolutio.n of employment rates per skill level between 1981 and 1996 . . , •• 
Country 1981 1996 l!.e, 1981 1996 l;eh lle1-lleh 

Canada 79.6 .64.3 -15.3 74.6 84.7 -9.9 -5.4 

France 80.3 67.2 -12.8 92.5 87.4 -5.1 -7.7 

Sweden 85.3 73.5 -12.2 95.2 93.1 -2.1 -10.1 

United Kingdom 71.7 61.7 -·10 91.3 88.8 ·-2.5 -7.5 

United States 69.8 66.1 -3.7 91.8 90.5 -1.3 -·2.4 

Source: OECD data and personal calculations. 

Note: e, designates the employment rate of individuals with low educational levels (secondary school 

education not completed). •• designates the employment rate of Individuals with high educational levels 

(college or university training). t; designates the difference between 1996 and 1981. 

follows we examine the reasons for this), but took different steps in response. Some 
countries, such as France and Italy, succeeded in maintaining stable pay scales, at 
the cost of a rise in the relative unemployment rate for less-skilled workers. And it 
would be tempting to contrast this with an "Anglo-Saxon" model, in which the reln­
tive employment situation of the less skilled was upheld, et the cost of a steep rise in 
wage inequality. The description we have given here is clearly no more than illustra­
tive, inasmuch as the relationship between employment and wages is influenced by 
many factors, such as economic policy, the macroeconomic environment, and the de­
mographic profile of the population. Nevertheless, econometric research on the evo­
lution of unemployment and wage inequality does confirm this line of interpretation 
(see Bertola et al., 2001). 

To sum up, the 1980s and 1990s probably underwent a lal)or demand shift that 
favored skilled workers, and the consequence of this has been an apparent trade-olf 
between keeping wages up, with rising unemployment among the low-skilled, or 
keeping employment amoog the low-skilled up, to the detriment of their remunera­
tion. It will now be our task to understand the reasons for this shift, and the mecha­
nisms that have led to such different responses lo it in different countries. 

2.2 BIASED TECHNOLOGICAL PROGRESS 
What is tho impact of technological progress on wage inequalily and employment op­
portunity? The new computer-based information technologies have probably favored 
the most highly skilled workers at the expense of those with the fewest skills. So 
technological progress may be said to have been biased in favor of those with skills. 
This explanation of the evolution of wage inequality provided the impetus for a large 
body of research in the 1990s, summarized especially in Katz and Autor (1999), Card 
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and DiNardo (2002), Aghion (2002), and Acemoglu (2002), from which the following 
synthesis derives at many points. We will start by showing how technological prog­
ress influences wage inequality between workers with different skill levels. We will 
then see how empirical work suggests that technological progress played an important 
part in the development of inequality in the main OECD countries during the last two 
decades of the twentieth century. And finally, we will highlight the fact that the form 
taken by technological progress is not independent of the incentives within which 
agents act over time, and that it might in part be determined by the composition of the 
labor force. 

2.2.1 Exogenous Technological Progress 
The effects of technological progress on demand for skilled and unskilled labor are 
not difficult to analyze: we consider an aggregate production function that defines 
aggregate production Y as a function of employment and technology, i.e., Y = 
F(AhLh,AtLt ). In this expression, the production function F has constant return to 
scale. The variables Lh and L, designate respectively skilled and unskilled labor. The 
coefficients A;, i = h, t are parameters representing technological progress that im­
prove the efficiency of the two types of labor. Technological progress is said to be 
biased if it alters the re/otive productivity of the inputs, i.e., if it changes the Ah/At 

ratio. It is neutral (or unbiased) when this ratio remains unchanged. Many technolog­
ical innovations lead to non-neutral technological progress. Robotization, for example, 
could have a tendency to increase the productivity of the least-skilled and middle­
skilled workers. Computerization could increase the productivity of certain categories 
of employee occupying the middle portion of the skill spectrum (consensus has not 
yet been achieved about the effects of the use of computers; see Card and DiNardo, 
2002). 

This aggregate production function can be interpreted in several ways (see 
Acemoglu, 2002). 

It might represent a situation in which there is a final good, produced by a rep­
resentative firm using skilled and unskilled labor. 

Alternatively, we may assume that the economy produces quantity Y of a final 
good, using a technology represented by the production function F(Yh, Y1 ), 

where Yh and Y1 are two intermediate goods, respectively produced by skilled 
and unskilled labor using a technology with constant returns: Y; = A;L;, i = h,t. 

It is also possible to assume that the economy comprises two consumption 
goods, Y;, i ~7. h.t, with a representative consumer whose preferences are rcpre· 
sented by a utility function, U(Yh, Yt), homogeneous of degree 1, and that each 
good is produced by a technology with constant. returns: Y; = A;L;, i = h, t. In 
this selling the utility index CJ( Yh, Yt) = Y is a measure of the aggregate pro­
duction of the economy. 
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These different interpretations prove to be useful for analyzing a wide range of 
problems within a unified analytical context. 

An Economy with Two Categories of Worker 

If w; designates the real wage of a worker of type i and if the exogenous parameter Y 

represents the desired level of production, the cost minimization problem of the firm 
is written: 

(24) 

subject to constraint: 

F(AhL11,A1/:t) ~ Y 

This way of representing the behavior of the firm differs from that set out in 
chapter 4, which focused on the theory of labor demand, because we now include 
parameters of technological progress, Ah and A 1• Formally, we can return to the stan­
dard problem of total cost minimization, if we consider the "intensive" quantities 
of labor, Lh = AhLh and L, = A,Lt, to which tbe wages wh = wh/Ah and w1 ;= wtfA1 

respectively apply. Having adopted these conventions, the elasticity of substitution 
between L11 and L, defined by equation (10) in chapter 4 reads a= d ln(Lh/L,)/ 

d ln(wtfwh)· Let us denote by ro = w,,/w1 the relative wage of skilled workers, by 
a= Ah/At the ratio between the technological progress parameters, and by ,! =Li.flt 
the labor demand ratio. Wo then get a= d ln(a.!)/d ln(a/w). This last equality can also 
be written•: 

(25) 

This equation shows !bat, for a given wage structure, i.e., when the ratio w = 

w,,/w1 remains constant, the proportion of skilled labor increases in two cases: 

1. If "= Ah/A1 increases and the two types of labor are sufficiently substitutable 
(u > 1). The increased relative productivity of skilled la~or gives firms an in­
centive to substitute this input for unskilled labor. 

2. If oc =Ah/At decreases and the two types of labor are weakly substitutable 
.(u < 1). Now it is the relative productivity of unskilled workers that increases, 
but firms have an incentive to economize on this type of personnel because of 
the low substitutability between these two inputs. 

Note that in the case of a Cobb-Douglas technology, the elasticity of substitution 
u is equal to 1 and technological progress has no effect on rotative input demand. Note 
as well that the effects of technological progress on the struc:tures of labor demand 
and/or wages depend on the degree of substitutability between these inputs. Tho be­
lief that mechanization and robotization, by greatly increasing the productivity of the 

I ss9 
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least skilled persons, also destroy their jobs has to be put in pc ltive. Robotization 
or mechanization reshape the structure of labor demand to the profit of the unskilled 
if the elasticity of substitution between skilled and unskilled labor is greater than 
unity. In that case, firms have an interest in substantially reorganizing their produc­
tion process by shifting demand onto the factor whose efficiency rises the most. On 
the other hand, if the elasticity of substitution is less than unity, the available tech­
nology makes it hard to substitute between these two kinds of manpower. Finns then 
have an interest in economizing on the factor whose efficiency has risen, without pro­
foundly reorganizing production, and this in the end entails a reduction in the pro­
portion of unskilled workers. Note as well that everything we have said to this point 
concerns exclusively the substitution effect, i.e., the proportion of skilled employees 
to unskilled ones for a given level of production. Technological progress, with bias 
or without, may also have a scale effect capable of increasing the employment of all 
categories of workers (see chapter 4, on labor demand, for more on these notions). 

Technological Progress and Wage Inequality: First Steps Towa1'Ci an Assessment 

The foregoing line of reasoning considers the effects of technological progress while 
taking wages as given. But from a macroeconomic perspective, it is important to ex­
plain how wages react. To assess this reaction, let us suppose that the labor markets 
are perfectly competitive. If the composition of the labor force is a given, technologi­
cal progress changes the wage structure only, since the economy is always at full 
employment. Let Nh be the supply of skilled labor, and Nr the supply of unskilled 
labor; ratio ). between the labor demands is then equal to the ratio, assumed to be 
given, v = Nh/N,. Then, equation (25), which implies that dro/ro = [(u - 1)/a] da./a., 
shows that the forms of biased technological progress, which have a tendency to alter 
labor demand at the expense of the unskilled when wages are given, have the effect of 
cutting back their relative earnings when wages are endogenous and relative labor 
supply is exogenous. In other words, wage adjustments can absorb the impact of the 
changes to the structure of labor demand caused by technological progress. This 
result, which has been obtained from a very rudimentary model, nonetheless suggests 
that there is a trade-off between employment and wage for the unskilled when the 
evolution of technological progress is unfavorable to them. 

2.2.2 What Empirical Research Tells Us 

A number of studies have attempted to estimate the technologic:Hl progress bias. They 
suggest that there has been a bias in favor of skilled workers in the industrialized 
countries throughout the second half of the twentieth century. 

Estimating the Technological Progress Bias 
On tho assumplion that the production function is of the CES type and is expressed as: 

F(AhLh, A,Lt) = [(AhLh)(•· l)/• -1- (A,Ld•-l)/•J"/(•· t) (26) 

one line of research estimates the evolution of the technological progress bias using 
the relation which defines the ratio of the demands for labor. With this CES produc-
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lion function, it is easy to ' } that the relative demand ). for skilled labor is given by 
the formula: 

;_ = w-·a~a-1 (27) 

This simple relationship between the relative demand for skilled labor, the wage 
differenti_al, and the technological progress bias has been exploited using two different 
methods. 

The first consists simply of estimating equation (27), written in logarithm, using 
aggregate data on a national scale (Freeman, 1995) or longitudinal data by region 
(Topel, 1993). Tho dependent variable is the relative wage w of skilled workers. Pa­
rameter ). is equal to the relative supply of skilled workers, Nh/Nr = v, since equality 
of labor supply and demand entails, assuming a competitive labor market, Lh/Lr = 

Ni./N1. More precisely, tho following equation is estimated: 

lnw=~ Inv+~ Ina (28) 

" " 
With data for v and for w at our disposal, we can then estimate the elasticity of 

substitution u and the technological progress bias a. Katz and Murphy (1992) estimate 
such a relation for the United States over the period 1963-1987. The dependent vari­
able w represents tho ratio between the average wage of workers with, at minimum, 
a college degree (at least 16 years of schooling) and that of high school graduates 
(12 years of schooling). They obtain the following result: 

In w = -0.709 In v + 0.33 t + c, 
(ll.150) (0.007) 

R2 = o.52 

In this equation, t designates a trend, c is a constant, R2 is the coefficient of 
determination, and the figures in parentheses designate the standard errors of the 
coefficients. These results allow us, first of all, to give an- estimate of the elasticity of · 
substitution, a= 1/0.709"' 1.4, which is greater than unity. The positive coellkient 
associated with tho trend signifies, moreover, that there exists a technological bias 
which increases the relative wage of the most highly skilled workers. Since the elas­
ticity of substitution betwoen the two categories of worker consiaered is greater than 
one, this bias can be interpreted, in line with equation (28), as an increase in the rela­
tive productivity of skilled workers (a= A1,/A1 ). A number of studies carried out on 
variOUJ! OEGD countries using similar methodology obtain results closely similar, with 
an 'elasticity of substitution lying between 1 and 3 (see Katz and Autor, 1999, p. 1551). 
This appproach yields precious insight, but it should he treated with caution, inas­
much as the estimate of the elasticity of substitution relies on the hypothesis that the 
relative labor supply is exogenous. 

A second method consists of using equation (27) and external information 
giving the value of the elasticity of substitution a directly. If t. designates the differ-
ence operator, we can write equation (27) in the form: 

t.u. a Aw 1 t.v 
-;- ~·-a"=!·;;;-+ <J-1 -v (29) 
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7<-,> ,n of the technological bias in the United States (annual variation, in percent) . 
..... 
/,s, 

d?.. 

.:189 

J89-1993 

/:J.w/w 

-1.3 

0.6 

0.8 

-0.7 

1.3 

1.1 

Source: Johnson (1997, table 2, p. 43). 

/:J.v/v /:J.a/a 

2.6 1.3 

2.4 6.6 

2.3 7.0 

4.8 7.5 

2.7 9.3 

3.3 9.9 

Once a plausible a priori value for elasticity of substitution "has been set, the 
estimation strategy consists of inferring the variation /'J.11./11. of the technological bias 
from the variations Am/ro and Av/v of the relative wage and relative employment of 
skilled workers. For example, Johnson (1997) considers that vis represented by the 
ratio of college graduates to high school graduates. Most of the studies on American 
data that adopt this split (with similar, but not always exactly the same, definitions) 
opt for a value of " lying between 1 and 2 (Bound and Johnson, 1992; according to 
Johnson, 1997, and Autor et al., 1998, the value of" to be used in the calibrations 
ought to lie between 1.4 and 1.5). The average wages of these two categories are like­
wise known, so it is possible as well to quantify ratio ro. The first two columns of table 
10.5 trace the movement of v and of ro in the United States between 1940 and 1993. 
Setting "= 1.5, we calculate the. variations in the technological bias with the help of 
formula (29). The latter appear in the last column of table 10.5. We observe an accel­
eration of technological progress in favor of those with skills since 1980. This period 
is exactly the one that saw the strongest rise in wage inequality. Autor et al. (1998) 
have carried out the same type of exercise, and obtain similar results, for the 1980s, 
though they do observe a slowdown in biased technological progress between 1990 
and 1996. This divergence appears to be due essentially to differences in the defini­
tion of the two categories of worker. That underlines the fact that the results are highly 
sensitive to the type of split adopted. 

It is worth noting that the relative supply of skilled workers, represented by the 
variable v, has also risen strongly since 1980 (around 3% annually). But since the rel­
ative wages of skilled workers have nevertheless risen, we obviously must conclude 
that the increase in the relative supply of skilled labor was not enough to offset the 
bias of technological progress in favor of skilled labOl'. With the data in toble 10.5, we 
can calculate that, for the period 1979-1989, the relative supply of skilled labor 
would have had to increase at an annual rate of 4.6% instead of 2.7% for the ratio of 
skilled to unskilled wages to remain stable. 

All these elements point to the conclusion that technological bias has played an 
important role in reshaping the demand for labor from workers with different skill 
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levels. They also suggest that the bias of technological progress accelerated during 
the 1980s and the 1990s. According to Card and DiNardo (2002), this acceleration 
was greater during the 1990s. Yet wage inequalities leveled off during this period (see 
figure 10.5). Card and DiNardo conclude from this that the bias of technological prog­
ress was not the main cause of the rise in inequality in the United States during the 
1980s. The decline in the real value of the minimum wage during this period likely 
played a large part, a subject to which we will return in section 2.5.1 below. 

From another point of view, it is important to note that technological bias in 
favor of the most skilled workers obviously depends on the type of innovation that 
underlies technological progress, and that the intensity of the bias of technological 
progress during the 1980s was not, in all probability, greater than at certain periods in 
the more distant past. Goldin and Katz (1998) show that in the United States, the 
adoption of electrical energy during the years 1910-1930 profoundly altered produc­
tion processes and led to a reshaping of labor demand in favor of those with skills at 
least as powerful as that of the contemporary period. Conversely, the trend to mecha­
nization in tho nineteenth century, which entailed the replacement of handicraft 
production (employing skilled labor intensively) by mechanized mass production 
(employing low-skilled labor intensively) was likely biased in favor of low-skilled 
labor (Goldin and Katz, 1998). 

Sectoral Studies 
Sectoral studies shed further, and more qualitative, light on the nature of technologi­
cal bias. They show that it Is linked to the utilization of new technologies and more 
capital-intensive means of production, which spread throughout the whole economy. 

Re.search on U.S. data generally finds that the introduction of new technologies 
(investment in computerization, expenditures in research and development, changes 
to the capital-labor ratio, employment of scientists and engineers ... ) is accompanied 
by alterations to the structure of employment at the expense of unskilled manpower. 
For example, Berman et al. (1994) estimate, on sectoral U.S. data, that the relative 
growth of skilled labor is positively correlated with investment Jn computer equip­
ment and research and development. Auter et al. (1998) show that, in every sector, the 
bias of technological progress is linked to the utilization of co~puters. This relation­
ship turns up in the principal industrialized countries of the OECD (Machin and Van 
Reenen, 1998). This research emphasizes, in addition, that the reshaping of label' de­
mand has spread through all sectors of the American economy. According to Berman 
et al. (1994), intrasectoral reallocation explains 70% of the rise in the proportion of 
nonmanual workers in manufacturing jobs. No more than 30% of this rise is attrih11ted 
to between-sector reallocation. 

The spread of computer technology has spurred much research. Krueger {1U93) 
observes that more intensive uso of computer technology goes hand in hand witb 
rising earnings inequality. He claims that the increasing use of computers in the 
1980s was essentially restricted to more skilled workers, and con.tributecl to widening 
the wage gap in their favor. The wage bonus associated with the use of computers is 
thought to be on the ardor of 20% in 1989. Research by Entorf and Kramarz (1997) and 
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Entorf et al. (1999) on French data indicate, however, that too much may be read into 
estimates of this type. These authors emphasize the possibility of a selection bias: 
firms may have chosen the most productive employees to work with th!l new equip­
ment. For that matter, their estimates suggest that this selection bias explains the 
largest part of the wage bonus. When this selection bias is corrected for, it turns out 
that the wage bonus linked to the use of the computer amounts to only 2%. This result 
is confirmed by a study on German data by DiNardo and Pischke (1997), which shows 
that pens, pencils, and even the sitting position exert positive effects on wages similar 
to those induced by computers. Users of computers, pens, and pencils, or even per­
sons who work in a sitting position, likely possess unobservable characteristics that 
favor high productivity. Therefore, individuals receiving relatively high wages would 
have been the first to be provided with computers. Whatever the reasons for the influ­
ence of computers on wage inequality may be, all the research suggests that comput­
erization changes the way firms function by reshaping labor demand to the advantage 
of workers whose relative productivity is high. 

2.2.3 Technological Progress and Labor Supply 
To this point, technological progress has been considered as exogenous. But the fact is 
that the form an innovation takes is not independent of the capacities of those who 
will be assigned to make use of it. It is likely that a relative abundance of manpower 
with low skills will spur the invention of technologies that complement this input. 
This seems to have been the case at the end of the eighteenth century and early in 

the nineteenth century, when the rural exodus of low-skilled manpower was accom­
panied by new kinds of machinery that workers of that sort could operate to carry out 
repetitive manufacturing tasks (see Acemoglu, 2002). So it is entirely possible, on that 
basis, that the increase in the supply of skilled labor in the second half of the twenti­
eth century (shown in table 10.5) spurred innovations of the kind that complement 
skilled labor. 

Endogenous Technological Progress 
We can illustrate the determinants of technological progress by assuming that firms 
choose not only quan~ities of skilled and unskilled labor, but also technology, repre­
sented .by parameters Ah and A, in the model with two categories of workers utilized 
to this point. Let us consider a simplified limit case, in which one unit of output is 
required to produce one unit of technological factor h or (. The problem of the repre­
sentative firm is then written: 

The production function G(AhLJ,, A,L,) has to have constant returns to scale 
with respect to all inputs, Ah, L1,, A1 , and L1• Assuming, for the sake of simplicity, that 
the produetion function is of the CES type, it reads: 

G(A1,I.,,,A,L,) = [(Ahlh)(" ·1l/• + (A1l.r)(a-1l/•'J"/2(a-1} 
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It can easily be verilied that the first-order conditions entail that the relative 
demand for skilled labor satisfies equation (27), and that the choices of technological 
factors must satisfy: 

a:=).a-l (30) 

If we assume competitive labor markets, the relative employment of skilled 
workers is equal to the relative supply of skilled labor, i.e., ..1. = v. Equation (30) then 
shows that the relative productivity "=Ah/Ar of skilled workers increases with the 
supply of skilled workers if and only if the elasticity of substitution is greater than 
unity. We can also eliminate the technological bias a from equations (27) and (30) to 
find a relationship between the structure of the labor supply and the wage structure; 
what we get is: 

(J) = ,((1-a)'-l)/• (31) 

This relation shows that the increase in the relative supply of skilled labor, v, 
leads to a reduction in the relative wage of skilled workers if a < 2, and to an increase 
if not. So the endogenous response of technological progress can lead to an increasing 
relation between the relative supply of skilled labor and the relative wage of skilled 
workers, for a sufficiently high value of the elasticity of substitution; and such a value 
is plausible according to the empirical studies presented above. This rising relation, 
which does not exist when technological progress is exogenous, arises from the choice 
by firms of technologies complementary to skilled labor when the quantity of this 
input grows. Note, however, that the model presented here is very simple, and leaves 
out the dynamic aspects of the adoption of new technologies. In reality, the installa­
tion of new technology is generally accompanied by adjustment costs that can reduce 
the incomes of the individuals· least adaptable to change (on the dynamics of inequal­
ity and its links with technological progress, see Aghion, 2002, and Caselli, 1999). 

This rudimentary model does nevertheless allow us to understand why an in­
crease in the proportion of highly skilled workers may, on its own, support techno­
logical bias and steep wage inequalities. It also highlights the potential ambiguity of 
the impact of government aid for education on inequality: the general rise in educa­
tional level achieved by prolonging compulsory schooling does not always lead to a 
reduction in inequality. '!:he response of innovators affects the direction of technical 
progr~ss, and may on the contrary help to increase the inequality between those who 
succeed in accumulating enough knowledge and know-how to master the new tech­
nologies, and the rest. In these circumstances, a rise in supply of skilled labor may 
increase inequality and have the opposite effect to the one intended. 

Overall, theoretical and empirical studies suggest that technological bias has 
contributed significantly to dcopcming the inequality between workers with different 
skill levels. These studies also suggest that the interactions between education and 
inequality are complex: in order to reduce wage inequality, it is not enough just to 
increase the proportion of skilled workers, for the direction of technological progress 
itself depends on the economic environment. But on this point, empirical knowledge 
is still very slight. 

I s9s 
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2.3 INTERNATIONAL TRADE 
For several decades now, international trade has been on the rise, and the poor coun­
tries with a large volume of low-skilled labor ready to accept low pay are playing 
a larger part. The theory of iµt~rnational trade teaches us that this expanded partici­
pation by low-wage countries can lead, in certain circumstances illustrated by the 
Stolper and Samuelson theorem (1947), to a fall in the demand for low-skilled labor in 
the rich countries. This result does not, however, hold true in all circumstances. 
There are situations where we may plausibly argue that stronger competition from 
low-wage countries benefits low-skilled workers in the rich countries. Empirical re­
search reveals that competition from low-wage countries does have a negative impact, 
but probably a limited one, on the demand for low-skilled labor. 

2.3.1 The Facts 
The integration of the world economy, designated by the term "globalization," 
advanced at some perioq~ and retreated at others during the twentieth century (see 
Temin, 1999). During recent years, however, the volume of trade between the indus­
trialized countries and the emerging economies has risen, both in terms of exports and 
imports. The gap in the cost of low-skilled manpower between the rich and the poor 
countries suggests that the latter have an advantage in the export of goods produced 
by this type oflabor. 

The Evolution of Trade Between Industrialized Countries and Develaping Countries 
Since the end of the 1970s, the fall in dernanrl for unskilled labor in the developed 
countries has gone along with a strong advance in international trade, and in particu­
lar, ~ommercial exchange between rich countries and poor ones. Figure 10.7 presents 
the openness rate (calculated as the average share of GDP of imports plus exports of 
goods and services) of several OECD countries. It shows that on average these rates 
have grown since 1970, notably for the United States, where tho openness rate has 
gone from 10.3% in 1970 to 26.7% in 1999. 

Over the same period, the importation of manufactured goods coming from 
emerging economies has regularly risen. It came to 0.3% of GDP in the OECD zone in 
1967, and reached 1.7% in 1998. But this advance has differed noticeably from one 
country to another. ln°1998, the European Union and Canada imported respectively 
7 .8% and 8. 7% of their manufactured products from emerging economies, while 
imports from this source represented respectively about 25% and 36% of the total 
imports of manufactured goods for the llniled States and Japan. Table 10.6 shows that 
the developing countries have a very modest share of imports into the EU countries at 
the beginning of the millennium. The sharo held by the United States is larger, but 
that country doos the largest part of its trading with the industrialized countries of the 
OECD, and has a lower trade openness than the EU countries. 

The growth in imports by rich countries has been more than offset by the growth 
in their exports. Except for the end of the 1980s, the OECD zone has remained a not 
exporter of goods and services to emerging economies. Herc again, the global data 
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FIGURE 10.7 

The openness rate of several OECD countries from 1970 to 2000. The openness rate is defined by (exports ..;... imports)/ 
GDP. 

Source: OECD data. 

Table 10.6 

The imports of the European Union countries and the United States in 2001. 

European .union (15) United States 

European Union (15) 60.9 European Union (15) 

USA 7.4 Canada 

Japan 2.9 Mexico 

China 2.9 Japan 

Switzerland 2.3 China 

Russian Fed. 1.5 Korea, Rep. of 

Poland 1.0 Taipei, Chinese 

Czech Rep. 1.0 Malaysia 

Hungary 0.9 Venezuela 

Taipei, Chinese 0.9 Thailand 

Source: World Trade Organization, http://www.wto,org, 

19.2 

18.7 

11.3 

11.0 

9.3 

3.1 

2.9 

2.0 

1.4 

· 1,3 

legend: Eleven percent of the goods and services imported into the United States come from Japan. 
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mask important disparities. Since the end of the 1980s, Canada ~d the United States 
have been net importers (net imports from emerging economies represented about 1 % 
of the GDP of each of these countries in 1998). Japan, on the other hand, has been a 
net exporter for more than 30 years (with 2% of its GDP going to developing countries 
in 1998). Except for the end of the 1980s, the EU is in the same situation as Japan. In 
1998, the net exports of the 15 EU countries to emerging economies came to approxi­
mately 0.2% of their GDP (the Netherlands, the United Kingdom, and Norway are 
exceptions to this rule). 

The Skills and lhe Costs of Labor in the Developing Countries 
If we examine the structure of employment in the developing countries, we find that 
they do indeed have large resources of unskilled labor. Skilled labor, in contrast, is 
relatively rare there. The level of education is much lower in the emerging economies 
than in the industrialized countries. At the end of the 1980s, almost half the popula­
tion had no education, and the proportion of individuals with secondary or postsec­
ondary schooling was less than 20%, whereas it was close to 60% in the OECD zone. 
Of the latter, more than 18% had postsecondary training, whereas the comparable 
figure in the emerging economies was only around 4% (OECD, 1994, vol. 1, p. 102). 

Table 10.7 compares the cost per hour per blue-collar worker in industry in the 
United States with that of certain developing countries in 1980 and 2000. We see that 
the differences are considerable. The cost of labor is about three times lower in Hong 
Kong and Taiwan, and 50 times lower in Sri Lanka. Note, however, that cost differ­
ences expressed in dollars do nol rellect purchasing power differences. In reality, the 
currencies of developing countries are generally undervalued. Since workers in poor 
countries primarily consume products produced locally, the differences in p~chasing 
power are less than the differences in cost. Still, even if the developing countries have 
a technological lag in many areas, the size of the cost difference for low-skilled labor 
gives them an advantage in the production of goods requiring intensive utilization of 
this type of labor. 

Table 10.7 

Cost of labor of blue-collar workers in the manufacturing industry, in U.S. dollars (100 =United States). 

Country 1980 2000 

Mexico 22 12 

Hong Kong 15 28 

Korea 10 41 

Sri Lanka 2 

Taiwan 10 30 

Source: Bureau of Labor Statistics, http://www.bls.gov/fts/. 
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2.3.2 An Illustration of the Stolper and Samuelson Theorem 
In international trade theory, each country should export goods the production of 
which demands the relatively intensive use of the factors of which it has a relatively 
abundant supply (see Obstfeld and Rogoff, 1996). So increased participation by poor 
countries in international trade should entail an increased supply of the kind of goods 
that use unskilled labor intensively and a fall in the price of those goods. International 
trade theory also establishes that movements in the price of the traded goods have 
an impact on the price of the inputs needed to produce these goods. The Stolper 
and Samuelson theorem (1947) establishes that, in every country, trade liberalization 
entails that the real remuneration of the scarce factor is liable to decline, and that of 
the abundant factor to rise. So, according to this theorem the wages of the unskilled 
should decline in the developed countries and rise in the poor countries, whereas the 
wages of the skilled should rise in the rich countries and decline in the less developed 
ones. Yet, after reviewing the Stolper and Samuelson theorem, we shall see that it 
only bolds good in particular circumstances. We shall also see that empirical work 
suggests that these ~ircumstances may not actually come about. 

The Closed Economy 
In order to examine the impact of international competition on the price of the inputs, 
let us begin by considering a closed economy, and then open its borders. Three goods 
are produced: a final good, consumed by agents, and two intermediate ones used in 
making the final one. The final good is the numeraire, and the price of a unit of inter­
mediate good of type i is denoted by p;, i = h, t. Intermediate good h is produced 
using skilled labor alone, whereas intermediate good t is produced using unskilled 
labor alone .. One unit of labor is needed to produce one unit of intermediate good in 
every sector. The supply of each kind of labor, denoted by N1, i = h, (, is assumed to 
be given. Production of the final good is represented by a concave function with con­
stant returns F(Ah Yh, A1 Y1 ), where Yi. and Y1 designate the quantities of intermediate 
goods produced respectively by the skilled and the unskilled workers. Parameters Ah 
and A1 are measures of technological progress that increases the efficiency of, respec-
tively, skilled and unskilled labor.· · 

Assuming that the market for the final good is pe1fectly competitive, the de­
mands for the intermediate goods are found using the maximization problem of the 
representative firm in this sector: 

(32) 

The solutions to this problem are: 

j ~·h,t (33) 

In this expression, F1, i = h,t, designates respectively the partial derivative of 
function F with respect to its first and second arguments. Assuming that the markets 
are perfectly competitive, we have Y1 ~ N1, for i = h, t, and in every sector, the wage 
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w; equals the price p;. Using the equilibrium conditions, Y; = N; and W; = p;, together 
with the homogeneity of degree zero of the partial derivatives of function F, we arrive, 
with the help of {33), at: 

w; = p; = A;F;(av, 1), i ~ h,t with (34) 

This relation entails that any increase in the relative supply of skilled labor v 

reduces the price Ph and the wage wh in the skilled sector, and has an effect of the 
opposite sign in the other sector.• The result is that the relative price Ph/Pt of the good 
produced by the skilled workers and the relative wage of these workers diminish with 
the relative supply of skilled labor. So in countries richly endowed with skilled labor, 
skilled workers should get a lower relative wage than in countries poorly endowed 
with this type of labor. 

The Open Economy 
Let us now open up the economy, and assume that the rest of the world produces the 
same goods with the same technologies and is endowed with skilled and unskilled 
labor in quantities Nh and N,. Since all the technologies yield constant returns, pro­
duction of the final good and the demand for the intermediate goods can always be 
obtained from the behavior of a representative firm as formalized by the optimization 
problem (32). Relation (33) thus continues to hold. But equilibrium in each labor 
market entails that the total supply of intermediate good i now equals N; + N;. The 
equilibrium conditions in the markets for goods are thus written Y; = N; + N;, which, 
with the help of rnlation (33), gives us the equilibrium value• of wages, W1, and prices, 
p,: 

W; = p1 =A;F;(aii,1), i = h, t with (35) 

Comparison of p1, and p; tells us that the price of good h is higher after the 
opening of the economy if ii < '" i.e., if the rest of the world is less intensively 
endowed with skilled labor. The relative price of good h does indeed rise with the 
ratio of unskilled to skilled labor. If the relative supply of skilled labor in the world 
market is inferior to that in the closed economy, then opening it up leads to an 
increase in the relative price of the good produced using skilled labor. Relation ( 35) 
illustrates the Stolper and Samuelson theorem (1947). It indicates that the increase 
in trade reduces the remuneration of the factors that ai·e scarce (relative to other 
countries) uud increases that of the factors that arc abundaut. According to this theo­
rem, liberalizing trade with low-wage countries ought to increase the wage of skilled 
workers and reduce that of low-skilled workers in the rich countries that are well 
endowed with skilled labor. 

Tho Limitations of /lie Stolper and Samuelson Theorem 
The validity of tho Stolper and Samuelson theorem is grounded in quite specific 
assumptions. This lhoorem assumes that all goods are traded, that the markets are 
perfectly competitive, and thal countries have access to the same technologies. If 
these hypotheses are not fulfilletl, the results may turn out differently. To confirm this, 
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; 
let us assume that countries do not use tho same technologies to produce the final 
good: for example, let the rest of the world make use of a production function 
F(th Yh,At'Y1). In that case, the same line of reasoning as the one followed above 
entails that the equilibrium values of the price and the. wage are now defined by: 

_ _ (AhNh + AhNh ) 
w; = P; = A;F; A,N, +ArN(, 1 , i = h,t (36) 

As we see, the wage of skilled workers (which decreases with respect to the first 
argument of function Fi.) no longer depends exclusively on the relative proportions of 
skilled and unskilled workers, but also on the technologies of the two countries. If 
the rest of the world has a relative abundance of low-skilled labor (ii< v), but if this 
labor is relatively less efficient than in the domestic economy (At/Ah > Ar/Ah), then 
it is possible to aITive at situations in which liberalization of trade with countries 
that abound in low-skilled manpower will lead to a rise in the wages of low-skilled 
workers in the domestic economy and a fall in the wages of skilled ones (if IIV <.Xii). 

This example illustrates a situation in which the developed countries complement 
low-skilled labor with technologies more capital-intensive than the ones used in the 
developing countries. In this case, trade liberalization may be favorable to low-skilled 
workers in the industrialized countries and may help to reduce wage inequality in 
these countries. 

These points suggest that the impact of international trade on the welfare of 
unskilled workers is strongly dependent on the structure of the economies in which 
they live and work. So it is not an ascertained fact that the shift in labor demand at the 
expense of workers with fewer skills observed in the industrialized countries is the 
consequence of increased participation by low-wage countries in international trade. 
To find out more, we must turn our attention to empirical research. 

2.3.3 Empirical Results 
Four different methods are used to assess the impact of competition from low-wage 
countries on employment. The first, launched by Leontief (1953), is pure accounting. 
It consists of assessing the employment content of exports and imports, and then, with 
reference to the country's balance of trade, calculating the gains (or losses) in em­
ployment connected with 'international trade. The second method tries to quantify the 
effect of imports from developing countries on the price of products intensive in low­
skilled labor. The third method assesses the impact of imports from low-wage coun­
tries on the evolution of employment, using longitudinal country data. The last 
method focuses on the impact of imports on the structure of employmenl in different 
sectors of the same economy. 

Assessing the Employment Content of Exports and Imports 
The assessment of the employment content of exports and imports is based 011 simple 
principles, which it is, however, a delicate matter to apply. We calculate tho content 
of type j employment in one dollar of exports and one dollar of imports in sector i, 
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. . } 
denoted by ef and mf respectively. Let EXP, be the exports and let IM1 be the imports 
of good i, both expressed in dollars; the balance B; of type j jobs is then defined by: 

B;= z)efEXP,-mflM;) 
; 

The problems posed by the calculation of this balance arise from the assessment of the 
coefficients mf. The statistics that let us obtain such coefficients for low-wage coun­
tries are often of dm1htful quality. Moreover, the goods imported are often different 
from the goods that would be produced locally, and even if they were identical, they 
could be produced locally with different technologies, generally ones more intensive 
in skilled labor. 

We may distinguish two methods of calculating coefficients m/. First, it is pos­
sible to take the view that the employment content of one dollar of imports in sector i 
is equal to the employment content of one dollar of exports in the same sector. If that 
is so, it suffices to estimate e{, and to set m{ = ef (method 1 in table 10.8). Another 
way to proceed is to assume that the job losses arising from imports should be calcu­
lated on the basis of the coefficients of the developing countries, to the extent that 
imported goods are not identical to the goods produced in the developed countries. It 
would then be necessary to correct these coefficients in ordor to take into account the 
higher cost of unskilled labor in the developed countries, which should give firms an 
incentive to utilize technologies more intensive in skilled labor. It is also important to 
take into account the fact that products would cost mor~ if they were not imported, 
and so would be purchased in smaller quantities (method 2 in table 10.S). 

These two kinds of calculation can yield very different results when the tech­
nologies in the countries considered are themselves different. Poor countries use 
technologies that are much more intensive in uoskilled labor than ones used in 
developed couotries. Table 10.8 shows that the balances in employment vary consid­
erably according to the kind of calculation chosen. 

Table 10.8 

The employment balance of trade in manufactured products in 1990. 

Employment Method 1 

Total -5.7 

Skilled -4.3 

Unskilled -6.2 

Source: Wood (1995, p. 66). 

Method 2 

-10.8 

0.3 

-21.8 

legend: Methods 1 and 2 are deRned in the text. Method 1 applies to the United States and method 2 to 

the OECD countries. The figures for method 1 come from Sachs and Schatz (1994), and those for method 

2 come from Wood (1994). According to method 1, the employment balance of trade in manufactured 

products with the emerging countries is in deficit by 5.7% with respect to a scenario with no inter­

national trade. 
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Although the ·data presented in table 10.8 do not concern exactly the same 
countries, they do highlight the fact that these assessments are highly sensitive to the 
choice of the coefficients defining the employment content of imported goods. The 
figure obtained by Wood (1994) for the industrialized countries as a whole is three 
times greater than that obtained by Sachs and Shatz (1994) for the United States. 
Method 1 probably underestimates the losses of unskilled jobs, inasmuch as competi­
tion from low-wage countries entails the disappearance of technologies intensive in 
unskilled labor in the developed countries, and studies that adopt this method do 
generally conclude that trade with low-wage countries has a low incidence, reducing 
the demand for unskilled industrial labor by around 2% in the United States and 
Europe (Freeman, 1995). Conversely, method 2, the one used by Wood (1994), might 
overestimate job losses, for it assumes that the developed countries would utilize the 
same technology as that used in the low-wage countries if they were to produce the 
goods themselves instead of importing them. But we may suppose that technology in 
the developed countries is more efficient than it is in developing ones, and given that, 
the job losses would be smaller than the ones calculated by Wood (see OECD, 1997, 
chapter 4, and Borjas et al., 1997, for more detail). 

The assessment of the employment content of exports and imports supplies a 
first evaluation of the effect of international trade on employment. But it leaves out 
many factors. In particular, Wood (1994, 1998) maintains that globalization stimulates 
"defensive" innovations in the developed countries that let employers economize on 
low-skilled labor. This type of argument highlights the fact that technological bias and 
international competition are interdependent factors. Models with endogenous tech­
nological progress allow us to study these phenomena (Acemoglu, 1999; Thoenig and 
Verdier, 1999). 

Wood estimates, on the basis of very simple methods that need to be refined, 
that these effects, which are left out of the strict analysis of employment content, are 
significant, ·and explain around 10% of the shift of labor demand in favor of those 
with skills. More generally, globalization exerts pressure on the economy as a whole. 
It alters the price system and provokes chain reactions that ha1Lll to be comprehended 
within a general equilibrium framework explaining price formation. Neverlheless, 
Krugman (1995) shows, within such a framework, that the method of employment 
content does give good ~pproximations as long as the share of imports from the low­
wage·countries in the GDP remains slight. 

Changes ifl Relative Price 

International trade theory teaches us that the effect of competition from low-wage 
countries should be estimated by observing the fall in the price of goods intensive in 
low-skilled labor. In the two-sector model presented above, the fall in the price of 
goods intensive in unskilled labor can load to a strong decline in unskilled employ­
ment when the purchasing power of unskilled workers in the developed countries is 
downwardly rigid. Conversely, if wages are perfectly f!CJxible, the fall in the price of 
the good intensive in unskilled labor has no effect on employment as long as the 
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Table 10.9 

Evolution of import and export prices between 1980 and 1990 (in%). 

Country Import prices Export prices 

France 20.9 38.0 

Germany 20.2 40.4 

United States 0.7 30.3 

OECD average 18.0 29.5 

Source: OECD (1997, chapter 4, table 4.6, p. 120). 

Legend: The prices of imports rose by an average of 18% in OECD countries between 1980 and 1990. 

Import prices are the average unit prices of imports in sectors exposed to competition from foreign 

products. Ex.port prices are average unit prices in the exporting sectors. 

supply of unskilled labor remains constant. Then it is the wage of the unskilled that 
falls. 

So the first thing we must do is to verify that the prices of internationally traded 
products that are highly intensive in low-skilled labor have actually fallen with re­
spect to other prices. This does indeed appear to have b~en the case according to the 
data in table 10.9. Between 1980 and 1990, the import prices of products in sectors 
exposed to foreign competition rose by an unweighted average of 18% over the whole 
OECD zone (the rise was less than 1 % in the United States). But at the same time the 
export prices of products in exporting sectors saw a much stronger rise, on the order 
of 30% both in the United States and in the OECD countries as a whole. Consequently 
the fall in the relative price of goods exposed to foreign competition was significant in 
practically all the industrialized countries (this fall was on the order of 12% for the 
whole OECD zone). 

It is possible, using (among other things) estimates of the elasticities of labor 
supply and demand, to quantify the impact of movements in the relativ.e price of 
products exposed to competition from emerging economies on employment in the 
industrialized countries. The results are not all uniform, but at the time of writing the 
prevalent conclusion iS' that trade with the developing countries has played a small 
part in worsening the situation of low-skilled workers. For example the OECD study 
(1997, chapter 4) finds that the fall in the relative price of exposed goods explains less 
than 10% of the increase in the wage gaps observed in the United Kingdom and the 
United States. Similarly, this fall explains no more than a small part, between 1 % and 
7% according to the country examined, of the relative deterioration in the employ­
ment of low-skilled workers. 

What Longitudinal Countiy Data Tell Us 
Another way to grasp the impact of competition from low-wage countries is to see 
whether the countries most exposed to this competition are the ones where employ­
ment has fallen off the most, all other things being equal. The econometric studies 
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carried out by Wood (19. )saeger (1997), and Rowthorn and Ramaswamy (1998) 
show that there exists a relationship between increased imports from low-wage coun­
tries and the decline in industrial employment. The results of these estimates are sen­
sitive to the specifications chosen, but these three studies obtain significant results 
which point to the conclusion that international trade does have an offect. Rowthoru 
and Ramaswamy estimate that the emergence of the poor countries explains 20% of 
the fall in industrial employment between 1970 and 1994, while for Saeger this figure 
amounts to 25%-30%, and Wood puts it as high as 70%. This last figure is clearly 
larger because it takes into account the defensive innovations induced by the compe­
tition from iow-wage countries. 

On the whole, research suggests that competition from low-wage countries has 
helped to alter the structure of labor demand at the expense of low-skilled workers in 
the rich countries. Nevertheless, the growth of international trade probably explains 
no more than a limited portion of the change that labor demand has undergone. 

2.4 MIGRATIONS 
The immigration of workers with few skills is sometimes denounced as a factor in 
both the decline of wages and the rise of unemployment for this category of worker. 
The putative consequence is a diminution in the well-being of native workers with 
few skills and an increase in inequality. Scrutiny of migratory .flows does reveal 
that the rich countries do have immigrant populations less skilled, on average, than 
natives. We will nevertheless see that the immigration of low-skilled workers has, in 
theory, an ambiguous impoct ·on inequality. Emph'ical research confirms this point of 
view, suggesting that the immigration of low-skilled workers has little effect on earn­
ings and employment among the least skilled native workers. 

2.4.1 The Characteristics of Migrations 
As table 10.10 bears witness, the foreign-born represent widely varying percentages 
of the populations of the different OECD countries. Among the 15 countries present 
in tabla 10.10, in 1998, Australia leads with 21.1% and Spain-brings up the rear 
with 1.5%. The United States occupies a middle position. These differences reflect 
different degrees of attraciivaness, as well as differences in immigration policy, which 
itself varies over time in ea~h country. The characteristics of migration have evolved 
markedly for the last several decades in the OECD countries. Historically the United 
States is an·important destination, and receives the largest number of immigrants of 
all the OECD countries. It took in 650,000 persons in 1998, but the rate of immigration 
there at present is two or three times lower than it was in tho middle of the nineteenth 
century and the enrly part of the twentieth century. Thus, in 1998 there were two 
arrivals for every thousand inhabitants (see Coppel ct al., 2001). On the other hand, 
many European countries have gone from being sending. countries to receiving coun­
tries. This emerges from figure 10.8, which shows that the net flow of migrants become 
largely positive in the European countries after the 1980s, and reached a peak al the 
beginning of the 1990s in the wake of the collapse of the Soviet bloc. 
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Table 10.10 

Immigrants as a percentage of the total population. 

Country 1981 1991 1998 

Australia 20.6 22.7 21.1 

Austria 3.9 6.6 9.1 

Belgium 9.0 9.2 8.7 

canada 16.1 15.6 17.4 

Denmark 2.0 3.3 4.8 

Finland 0.3 0.7 1.6 

France 6.8 6.3 6.3 

Germany 7.5 8.2 8.9 

Italy 0.6 1.5 2.1 

Netherlands 3.8 4.8 4.4 

Norway 2.1 3.5 3.7 

Spain 0.5 0.9 1.5 

Sweden 5.0 5.7 5.6 

United Kingdom 2.8 3.1 3.8 

United States 6.2 7.9 9.8 

Source: OECD. 

Legend: Immigrants are defined as persons of foreign nationality in the European countries, and persons 

born abroad in Australia, Canada, and the United States. 

Global orders of magnitude aside, it is important to emphasize that the migrants 
arriving in the rich countries of the OECD have socioeconomic characteristics that 
generally differ from those of natives. The migrants are younger, the proportion of 
men is larger, they arc concentrated in the major cities, their educational level is 
lower, they hold less skilled jobs for comparable levels of education and experi­
ence, and they are more frequently unemployed. These average differences may con­
~eal differences among nationalities, inasmuch as socioeconomic characteristics are· 
strongly influenced by the country of origin. What is more, differences between the 
performance of migrants and that of natives appear to dwindle, the longer immigrants 
are present in the receiving country. Chiswick (1978) initially identified this phenom­
enon in the United States from U.S. census data for 1970. He shows that immi­
grants arriving in the United States earn, on average, an income 17% lower than that 
of natives with comparable characteristics (educational level, experience, sex, region). 
This difference dwindles by a.round 1 % per year. The earnings of migrants who arrived 
more than 15 yea.rs ago even overtake those of natives. This phenomenon, which also 
seems to be discernible in other OECD countries, has drawn much attention. It might 
rpsult from the progressive integration of immigrants into the receiving economy, 
which would explain the shrinkage of the gap in relative earnings between migrants 
and natives, but nol the fact that the migrants end up with higher earnings than 
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FIGURE 10.8 

Net migration In three regions of the OECD. 
Legend: Net migration Is measured as the difference between the total population on Jariuary 1 and December 31 for a 
given calendar year, minus the difference between births and deaths. 

Source: Coppet et al (2001, figure 2). Original data from OECD labour Force Statistics; Eurostat (1999), Demographic Statistics. 

natives. Selection biases might be at the origin of this finding: migrants whose unob­
servable characteristics (appetite for work, efficiency, ... ) are above average should 
end up with higher average earnings once the integration phase is over. Finally, it is 
not out of the question that the cross-section estimate of Chiswick (1978) is sensitive 
to a cohort effect if the average quality of migrants falls off over time. If this is the case, 
the observation of an improvement in the relative earnings of immigrants with time 
passed in the United States may simply result from the fact tliat the migrants who 
have been there longest belong to cohorts the average quality of which was higher. In 
sum, it does seem that th" relative earnings of migrants are influenced by how long 
they h~ve been in the receiving country, but it is still very difficult to identify the 
exact influence that length of residence, age, cohort, and selcctimi biases havo on the 
earnings profile of migrants (see the survey of Borjas, 1999). 

This rapid review of the facts suggests that immigration may potentially increase 
inequality in tho rich countries of the OECD, sinco these take in workers whose 
performance in the labor market is on average less good than that of natives. Let us 
now examine what theory has to tell us on this point. 

2.4.2 Theory 
Tho impact of migrations on the 1abor market is usually studied using an elementary 
model of labor demand. The procedure is to analyze tho consequences of migration for 
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wages, which are assumed to be determined in perfectly petitive markets. Labor 
supply is equal to the size of the labor force, including natives and immigrants, and it 
is the properties of labor demand that play a determining role (see Borjas, 1999). 

What the Elementary Model of Short-Run Labor Demand Tells Us 

Let us begin by considering an economy in which labor is a homogeneous factor. 
Production is described using a function with constant rcturns F(K,L), of which the 
two arguments are the quantity of labor L and the quantity of cap!tal K .. Let us assume 
that the labor market is competitive, and let N be the size of the labor force. The 
wage w is then given by the marginal productivity of labor at full employment, i.e., 
w = FL(K, N). In the short run, the stock of capital does not vary, and an increase in 
the labor force (through a wave of immigration, for example) necessarily leads to a 
wage reduction due to the decrease in the marginal productivity of labor. This rea­
soning shows that the immigration of a population whose productive characteristics 
are identical to those of the residents entails a reduction in all wages in the short run, 
and an increase in the remuneration of capital, r = FK(K, N), inasmuch as capital is 
less quickly adjustable than employment. It is possible to assess the wage reduction 
from knowledge of wage elasticity with respect to employment, qf, which is equal to 
the inverse of the wage elasticity of labor demand, q~ = FL/LFLL· For a given stock of 
capital,7 we can estimate that q~ takes the approximate value -3. An immigration 
corresponding to 1% of the labor force then reduces the wage by (1/3)% "'0.3%. So 
tho short-run effects are potentially slight. 

Despite the wage reduction, immigration entails an overall gain for the natives 
as a whole if they are owners of capital. This we can show by calculating the varia­
tions in their wages and the variations in the remuneration of capital due to immigra­
tion. Figure 10.9 represents the impact of immigration when the labor force comprises 
N natives and M migrants, and the labor market is assumed to be perfectly competi­
tive. Let w0 be the wage in the absence of immigration; in this hypothesis, we have 
wo = FL(K, N) and the GDP, equal to F(K, N), is represented by the surface of the 
quadrilateral OABE. 8 With the presence of immigrants, the GDP is higher, since it 
corresponds to the surface of tho quadrilateral OACG, of which an amount Mw1 is 
obtained by the immigrants in the form of labor remuneration. Immigration thus pro­
duces a surplus lo ihe profit of natives equal to the surface of the triangle BCD. This 
surplus represents the sum of the variations in the labor and capital earnings. We can 
approximate it by tho term (M/2)(w0 - w1). Since w1 - w0 = FL(K, N + M) - Ft(K, N), 
assuming that M is small with respect to N, a first-order expansion gives w1 - w0 = 

MFLL(K,N), and the surplus Sis equal to -(M2/2)Fi1.(K,N). In practice, it is more 
instructive to focus on the relationship between the surplus and production Y. Since 
the wage elasticity of labor demand is q; = FL/LFu., we get: 

S _ 1 (M)'NhL FLN _ m 2 sL 
¥--2 N ~--y- - 211~ 

In this expression, sL ',_ wN /Y dHsignates the share of labor earnings in the GDP 
and m = M/N represents the ratio of the number of migrants to the number of natives. 
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FIGURE 10.9 

The consequences of Immigration in a model with homogeneous labor and fixed capital. 

This expression of the surplus allows us to make quantitative evaluations, inasmuch 
as the labor share in the GDP is of the order of 2/3, and the wage elasticity of labor 
demand takos the value, in the framework chosen with fixed capital, of around -3. 
With these orders of magnitude, form= 10%, we get S/Y = 0.1%. A population of 
immigrant• representing 10% of the native population thus gives the natives a surplus 
of around 0.1 % of GDP (evaluated before immigration). 

This line of reasoning, pursued with tho hypothesis of homogeneous labor, 
clarifies only one part of the impact of immigration on the remuneration of labor and 
capital earnings. If we distinguish between skilled and unskilled labor, using a func­
tion of the type F(K,Lh,L,), it turns out that the immigration of a population less 
qualified on average than the native population loads to a reduction in wages for the 
unskilled-since w, = F,(K,Lh,L,) and Fu< 0-and to an increase in the remunera­
tion of capital. The impact on the wages of skilled workers is a priori ambiguous, for 
skilled labor is complementary to capital, itself substitutable for low-skilled labor (see 
chapter 4 on this point). Simulations carried out for reasonable values of the elastic­
ities of the factor demands show that the wages of skilled workers are reduced by the 
immigration of workers with few skills, but in a smaller proportion than is the case 
with the unskilled. In the short run, the immigration of workers with few skills thus 
entails an increase in inequality, since it increases the remuneration of capital and 
reduces wages, with the latter effect being more pronounced for those earning low 
wages. 

What the 8lernentary Model of fobor Demand Tells Us ill the Long Run 
Let us come back to the case of homogeneous labor. In tho long run, Lhe marginal pro­
ductivity of capital equals the interest rate, i.e., r = FK(K, N). This condition deter­
mines the capital-labor ratio, k = K/N, which satisfies I'~ FK(k, 1), and entails, with 
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labor demand, that wages are finally independent of the size of the labor force, since 
w = Fi(k, 1). Variations in the stock of capital, financed by domestic or foreign sav­
ings, ensure that in the long run, wages and population size are independent of each 
other. In figure 10.9, the graph of the labor demand function becomes a horizontal line 
w=FL(k,1). 

Obviously, if labor is heterogeneous, the composition of the population affects 
the relative incomes from different types of labor. To illustrate this phenomenon, let 
us return to the labor demand model used in the previous section, leaving capital 
aside (the mechanisms are generalizable to the case with capital; see Borjas, 1999). In 
a closed economy, the wage level of each category of labor is given by relation (34), 
i.e., w; = A;F;(av, 1), i = h, (, with. a= Ah/A, and v = Nh/N,. It turns out that immigra­
tion has an impact on the structure of wages if and only if it alters the proportion of 
skilled workers. On the contrary, if the immigrants have, on average, levels of skill 
identical to those of the natives, immigration has the effect of increasing production 
while leaving wage inequality untouched. When the immigrants are less skilled than 
the natives, immigration helps to reduce the relative number of skilled workers, v, 

which increases their wage and reduces that of the unskilled. So the immigration 
of !ow-skilled workers does have the effect of deepening the inequality between the 
skilled and the unskilled. 

Overall, the picture painted by the labor demand model indicates that the im­
migration of low-skilled workers increases inequality. This prediction is not, however, 
ironclad. 

The Influence of Technological Progress and International Trade 
A number of arguments undermine the generality of the notion that the immigration of 
low-skilled workers increases inequality. These include the endogeneity of the tech­
nological bias, the influence of intemational trade, and access to social assistance. 

The very simple model of labor demand used to study the impact of immigration 
on factor remuneration leaves out the response of technological progress to changes 
in labor supply. We have pointed out, applying relation (31), that the interactions 
between technological progress and .labor demand might lead to an increasing relation 
between the relative sµpply of skilled labor and the relative wage of this type of labor. 
It is indeed possible for firms to promote innovation using techniques that comple­
ment the type of labor that is most abundant. In consequence, an increase in the rela­
tive supply of low-skilled labor may bend the technological bias in their favor, and 
entail, in the end, if strong enough, an increase in their relative wage. 

Another limitation of the labor demand model lies in its failure to take interna­
tional trade into account. Actually, it turns out that in an open economy, immigration 
may have no impact on inequality whatever its composition (Johnson and Stafford, 
1999). If we go back to the model from the preceding section, the wage level of 
each category of labor is given by relation (35), or W; = A1F;(av, 1), i = h,t, with v = 

(N11 +Nh)/(N1+N1). In an economy facing international competition in the goods 
market, wages depend on the global structure of labor supply, indepundently of where 
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) 
it is located. By equalizing the prices of inputs, international trade has the effect of 
neutralizing the impact of migrations on wages. Here again, this textbook case illus­
trates a very stylized situation, in which the only source of heterogeneity among 
countries lies in their factor endowments. If we take a situation in which countries 
utilize different technologies, equation (36) shows that equilibrium wages depend on 
the ratio (AhNh + AhNh)/(A,N, + A1N1 ), and are thus influenced by where the inputs 
are located. For example, if low-skilled migrants are less productive than in their 
country of origin, immigration leads to a reduction in the global productivity of low­
skilled labor-represented by quantity (AtNt + A1N1)-and thus an increase in ratio 
(AhNh + AhNh)/(AtN1 + A,Jil, ), which entails a wage reduction for all low-skilled 
workers (see equation (36)). It should be noted that immigrants may be attracted to 
a country where they are less productive than they are in their countries of origin 
because of differences between, for example, collective goods or amenities. 

Finally, immigrants, because they are generally unskilled, resort more frequently 
to social assistance and unemployment insurance than natives (see Borjas and Hilton, 
1996, for the United States and Brucker et al., 2001, for Europe). From this perspec­
tive, if the fiscal system is progressive, immigration, by increasing the amount of 
payroll deductions, may compress the magnitude of take-home pay and so reduce 
inequality. The corollary of this reduction in inequality is evidently a transfer from 
natives to immigrants, which reduces the surplus the natives derive from immigra­
tion. If these transfers are large, this surplus can even become negative. 

These different lines of reasoning show that the immigration of low-skilled 
workers has, in theory, ambiguous effects on inequality. Empirical research has much 
to tell us about this matter. 

2.4.3 Empirical Results 
In essence, three methods are used to study the impact of migration on the labor mar­
ket. The first consists of carrying out simulations using the elementary model of labor 
demand presented above. The second analyzes correlations between spatial move­
ments of workers and earnings. Finally, the third method relies on natural experi­
ments. The results of empirical research converge to suggest thai migrations have a 
very feeble impact on inequality. 

The Simulations 
The elementary model of labor demand allows us to calculate the impact of variations 
in the quantities of the different inputs on their prices from our knowledge of the 
elasticities of substitution and of the shares of the factor remunerations in the total 
cost (see chapter 4). Borjas (1999) presents the results of simulations for the American 
economy, using a production function comprising three arguments: capital K, skilled 
labor Lh, and unskilled labor Lt. In the United States in 1995, if we take a high school 
diploma as marking the boundary between the unskilled and the skilled, the skilled 
represented 91 % of the labor force but only 68% of the migrant population. Assuming 
that this proportion continued to hold, Borjas studies the impact of a 10% increase in 
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Table 10.11 

Impact of an inflow of immigrants equal to 10% of the labor force. 

Variation (%) Capital (fixed) Price of capital (fixed) 

Earnings of capital 6.49 

Earnings of skilled workers -2.29 0.46 

Earnings of unskilled workers -3.72 -4.27 

Dollar gain to natives over GDP 0.27 0.14 

Source: Simulations made by Borjas (see Borjas, 1999, table 1). 

Note: In the first column, the stock of capital is fixed. In the second column, the price of capital is fixed. 

The boundary between the unskilled and the skilled corresponds to a high school diploma. 

the labor force as a result of immigration. He considers several plausible values of the 
elasticities of labor demand and capital demand. Table 10.11 presents the results for 
intermediate values of these elasticities. Overall, the simulations carried out point to 
the conclusion that immigration has a limited impact on wages. These orders of mag­
nitude imply that immigration explains no more than a very small part of the evolu­
tion of wage inequality in the United States. 

The Spatial Correlations 
The elementary model of labor demand concludes that wages, or the probability of 
employment, for workers who are highly substitutable by immigrants ought to be 
reduced by immigration. The method of spatial correlations aims to test this type of 
prediction, and assess the influence of immigration on the opportunities of natives. It 
consists of estimating tho effect of variation in the number of migrants dm;;1 of skill 
level i, in region j between dates t -1 and t, on the variations in the employment 
opportunities (wages or probability of employment), IJ.y;;1, of similarly skilled native 
workers present in region j at dates t and t - 1. Let x;i be a vector of the character­
istics of the natives and of the labor market of type i at date t (age, sex, size of the 
market, ... ) and r.;;t a disturbance term; wo then seek to estimate an equation of this 
form: 

(37) 

Estimation of parameter a1 by qrdinai·y least squares generally leads to results 
not significantly different from zero, with average values. that change erratically 
according to periods (see Borjas et al., 1997; Borjas, 1999; and Friedberg and Hunt, 
1995). This approach raises delicate problems, however. The firsl arises from the 
endogeneity of the number of new migrants, inasmuch as the latter are attracted by 
regions where wages are rising. That being so, the observation of a positive correlation 
between employment opportunities and variations in the number of migrants may 
simply retlect migrants' choice of where to settle. It is possible to solve this problem 
by using Lhu instrumental variables method: attempts to do so assume thafthe immi-
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grants are attracted by the sence of compatriots, end take the foreign-born propor· 
lion of the labor force at t - 1 as an instrument for the variation in the number of 
migrants between dates t - 1 and t. The results obtained using these methods still 
pose the same problems as those obtained by ordinary least squares, inasmuch as they 
are not generally significantly different from zero, with average values that change 
erratically according to periods. The second problem arises from the mobility of 
natives, who may themselves leave regions that receive an inflow of immigrants. Quite 
clearly, if every immigrant drives out a native, it is not surprising to find that immi· 
gration has no impact on wages, in the model of spatial correlation represented by 
equation (37). Card and DiNardo {2000) suggest, however, that this problem is not 
statistically significant in the United States. 

Natural Experiments 
In order to solve the difficulties encountered by research based on spatial correlations, 
other studies have looked at certain exceptional flows of migration-most often due to 
political event•, such as the Cuban immigration to Miami in May 1980 (Card, 1990), or 
immigration to France in the wake of Algerian independence in 1962 (Hunt, 1992)­
as "natural experiments." 

The study of Card (1990) deals with the Cuban immigration, which swelled the 
labor force of Miami by around 7% between May and September 1980, following the 
opening of Cuba's borders. Card's strategy was to compare the evolution of unem· 
ployment rates and wages in Miami with those of cities presenting characteristics 
taken to be similar for this purpose. Examination of the evolution of these variables 
b"fore 1980 led Card to select Atlanta, Los Angeles, Houston, and Tampa-St. Peters· 
burg, cities which, like Miami, have large black and Hispanic populations. The impact 
of the immigration was assessed with the help of a difference-in-differences estimator, 
which consists of comparing the changes in the variables pertaining to the group 
studied in Miami and those pertaining to the "control" group in the other cities be­
tween 1979 and subsequent years (see chapter 11 for a more detailed presentation of 
this approach). More precisely: let 11.u,. be the variation in Miami's unemployment 
rate between 1979 and a subsequent year (1981, for example), and'let 11.u. be the aver­
age variation in the unemployment rate in the other cities over the same span of time. 
The estimated impact of the ,immigration on the unemploytrient rate is simply equal to 
II.um -11.u,. Table 10.12 shows that the immigration haci 110 significant impact on the 
differences in tho evolution of unemployment rates of black workers between 1979 
and 1981, since the difference-in-differences estimator takes a value of -1 (moaning 
that the unemployment rate rose less in Miami than in the other cities during this 
period), with a standard error of 2.8. The results for wages are of the samo order. 

The study by Hunt (1992), which deals with a flow of migration that swelled 
tho labor force in France by 1.6% in 1962 in tb.e wake of Algerian independence, 
also finds that migration had a very small, even insignificant, impact on unemploy· 
menJ: and wages. Overall, research dedicated to immigration suggests that it has littlo 
impact on inequality as regards wages and access lo employment. 
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Table 10.12 
) 

Difference-in-differences estimates of the impact of immigration on the unemployment rate in Miami in 

1980. 

Unemployment rate (%) 1979 

Miami 8.3 
(1.7) 

Other cities 10.3 
(0.8) 

Miami-other cities -2 
{1.91 

Figures In parentheses are standard deviations. 

Source: Angrist and Krueger (1999, table 4). 

1981 1981-1979 

9.6 1.3 
(l.8) (2.5) 

12.6 2.3 
fo.9) (1.2) 

-3 -1.0 
(2.0) (2.8) 

2.5 REORGANIZATIONS, INSTITUTIONAL CHANGES, AND INEQUALITY 
Changes in labor market institutions and the organization of the production process 
can also affect wage inequality and the employment opportunities of the various types 
of workers. Atkinson {2001) highlighted the fact that the steep rise in the wage gap 
within the top decile contributed significantly to the overall increase in the spread of 
wages in the United States during the 1980s. According to Atkinson, it is possible that 
a modification of "social norms" came about during the 1980s, with a shift from a 
redistributive pay norm to one where market forces dominate. Institutional change 
would thus explain a portion of t}1e incraasc in inequalitiJ in t..lie United StatP.~ during 

the 1980s. In this section, we examine certain aspects of institutional change, begin­
ning with a brief discussion of the impact of unionization and the minimum wage, 
then focusing on the role played by reorganizations. 

2.5.1 Unions and the Minimum Wage 
We saw in chapter 7 that the decline in the unionization rate has helped to increase 
wage inequality in certain OECD countries. In particular, DiNardo et al. (1996) esti­
mate that the decline in the unionization rate contributed to 10% of the increase in 
the differential of the (logarithms of) wages between the first and last deciles of the 
distribution, and to one-third of the increase between the first and the fifth decile in 
the United States in the 1980s. Card (2001) finds that the decline of unionization 
explains between 15% and 20% of wage inequality (measured by the variance of the 
wage logarithms) for the same period. 

We will also see, in chapter 12, that the evolution of the minimum wage pro­
foundly influences wage inequality, especially at the low end of the distribution. In 
the United States, tho nominal hourly minimum wage remained constant at $3.35 
throughout the 1980s. This constant nominal wage led to a strortg reduction in the 
real wage and an increased bulk at the bottom of the wage distribution. Figure 10.10 
shows that the real value of the minimum wage fell sharply during the 1980s, but then 
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The real minimum wage in the U.S., 1973-2000. 

Source: card and D!Nardo (2002, fig. 22). 

leveled off and climbed slightly during the 1990s. The shrinkage of the real minimum 
wage went along with the increase in inequality observed during this period. 

DiNardo et al. (1996) and Lee (1999) estimate that the essential part of the in­
crease in the difference between the first and fifth deciles of the distribution of the 
wage logarithm is explainable by the decline in the real value of the minimum wage 
between 1979 and 1988 in the United States. These results contrast with those 
observed in other OECD countries, such as France, Luxembourg, and japan, where the 
ratio between the minimum wage and the average wage remained approximately con­
stant and where wage inequality did not increase significantly over tho same period. 

Overall, these works suggest that de-unionization and the minimum wage re­
duction played an essential role in the development of inequality. below tho median 
wage in the United States. Although their impact on inequality above the median 
wage is much less clear, the fact remains that changes to labor market institutions sig­
nificantly influence wage in~quality. That makes it important to understand the evo­
lution, of institutions and the choices countries make, if we are to grasp the dynamics 
of inequality clearly. But this domain remains largely unexplored by economics, inas­
much as the determinants of de-unionization and minimum wages are ill-understood. 
For this reason, the contribution of Acmnoglu et al. (2001) is particularly interesting. 
They maintain that de-unionization may be the consequence of technological bia.• if it 
induces an increase in the rnlative productivity of skilled workers that defeats the 
compression of wages exerted by unions. In this context, the technological bias gives 
the most skilled workers an incentive to go it alone, and breaks off the cooperation 
with those less skilled that led to the founding of trade unions in the first plar:e. 

2000 
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2.5.2 Organizational and Institutional Changes ) 

Technological change generally goes along with profound change in the organization 
of production. The first industrial revolution, based on the exploitation of thermal 
energy, marked the passage from handicraft production to manufacturing. The second 
industrial revolution, based on mastery of electric power and the combustion engine, 
led to mass production. It favored the emergence of Taylorism in the factory, with 
workers being assigned precisely described and scheduled tasks. More recently, 
information technology and the production of differentiated goods in small batches 
appear to have favored the development of more flexible work methods. Since the 
middle of the 1970s products have had shorter life spans, and the niches to be 
exploited have been smaller and less stable; organizational change has tried to in­
crease the adaptability and the reaction time of the production process through 
decentralizod decision-making and the development of teamwork (Osterm.an, 1994; 
Ichinovsky et al., 1997; OECD, 1999). These organizational changes have had the 
effect of modifying the hiring practices of firms, which today have a tendency to be 
more selective, particularly those employing new technologies and requiring workers 
endowed with significant ability to adapt (Murnane and Levy, 1996). Such phenom­
ena are not without effect on inequality. In particular, the new forms of organization 
have a tendency to accentuate segmentation among workers with different skill levels, 
which tends to increase inequality. Kremer (1993) gives a good illustration of these 
chains of cause and effect. He starts with the observation that the explosion of the 
space shuttle Challenger was caused by the failure of an 0-ring costing 25 cents, 
which was incapable of withstanding high temperatures. Kremer goes on to suggest 
that the quality of many products, especially ones with high technology content, de­
pends on that of all their components. A product may fail if just one of its components 
proves defective. The most efficient workers risk seeing their efforts wasted on ac­
count of mistakes made by workers less able than they are. Efforts at innovation may 
then become focused on reducing the interdependence of the tasks performed by 
workers of different skill levels, which will favor the segmentation of labor. 

It is possible to illustrate this phenomenon by considering an economy with a 
final good produced using two different technologies. The "old" technology employs 
both skilled and unskilled workers. It is represented by a production function F(Lh, L,) 
with constant returns, necessarily satisfying• Fht > 0. The "new" technology employs 
only skilled workers and is represented by the linear function A 1,Lh· In this frame­
work, an innovation or a technological bias in favor of those with skills cmTesponds 
to an increase in productivity in the sector with the new technology, i.e., an increase 
in Ah. 

The wage of skilled workers, whose mobility between tho two sectors is 
assumed to be perfect, necessarily satisfies wh '~ Fh(A., 1) =Ah with A.= Lh/l,,. The 
wage of low-skilled workers is equal to marginal productivity in the sector utiliz­
ing the old t<lchnology,. i.e., w, = 1'((1,, 1). Since equality Fh(J., 1) = Ah entails that 
A. decreases with Ah (differentiating with respect to }. and Ah, we get dA./dA1, = 

1/Fhh(A., 1) < 0), re1"tion Wt = F1(A., 1) then entails that the wage of low-skilled workers 
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falls when Ah increases prentiating with respect to l and Wt, we get dwtfdl = 

F,h(.<, 1) > 0). In this model, the new technologies attract the most efficient workers 
into the sector where productivity is rising. Less skilled workers then lose part of the 
benefit of interacting with more skilled workers, which reduces their productivity and 
thus their wage. This example shows that labor market segmentation, and the reorga­
nization of the production process that is an inherent part of it, may have a tendency 
to increase the impact of technological progress on wage inequality. It may even lead 
to a fall in the lowest wages, which corresponds to the situation in which the United 
States found itself between the middle of the 1970s and the end of the 1990s, as figure 
10.6 shows. 

It is important to note that labor market segmentation illustrates just one dimen­
sion of the relationship between new technology, reorganization, and inequality. Two 
other dimensions, highlighted by Thesmar and Thoenig (2000) and by Saint-Paul 
(2001), deserve mention. Thesmar and Thocnig (2000) studied the impact of the in­
stability of product markets on organizational choices and wage inequality. They 
show that the reduced life span of products caused by the increased pace of innova­
tion impels firms to choose more flexible modes of production, which are linked to 
greater wage inequality. Saint-Paul (2001) analyzes the consequences of the increased 
communication capacity that comes with the new technologies. More precisely, Saint­
Paul distinguishes two types of labor input: ideas, which are goods reproducible at 
low or zero marginal cost, and the physical effort of labor. He shows that the increased 
dimensions of communications networks have ambiguous effects on wage inequality 
between the producers of ideas and the producers of physical effort. The increased 
size of networks benefits not just the producers of ideas, who can make their discov­
eries pay off more easily, but also the producers of physical effort, who benefit from 
ideas. Saint-Paul's contribution is particularly interesting because it undermines the 
often-heard notion that progress in communications technology leads to a society in 
which a few "superstars" capture most of the productivity gains linked to the new 
technologies (see Frank and Cook, 1995). 

These works throw precious light on the ways that technological progress 
spreads and the macroeconomic effects it has, emphasizing that technological innova­
tions are accompanied by organizational changes that we must take into consideration 
if we are to understand the relationship between technological progress and inequal­
ity. Bui in the present state of knowledge they are still very fragmentary. 

2.6 THE ANGLO-SAXON MODEL VERSUS THE EUROPEAN MODEL 
We have already suggested that the fall in demand for low-skilled labor during the last 
two decades of the twentieth century Jed to an increase in wage inequality in the 
Anglo-Saxon economies and to a heightened incidence of unemployment in conti­
nental Europe. To simplify somewhat, we can distinguish two typos of behavior in re­
sponse to the reshaping of labor demand. On the one hand there is the "Anglo-Saxon" 
model, characterized by wage flexibility and resulting in an increase in wage inequal­
ity. Katz and Autor (1999, p. 1502) emphasize that the increase in the wage spread 
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between workers with different skill levels in tho 1980s was mdeed greatest in the 
United States and the United Kingdom. On the other hand, the "European" model 
(especially in Germany, France, Italy, and to a lesser extent Sweden), marked by re­
fusal to accept increasing wage inequality, saw heightened disparity in the incidence 
of unemployment. In order to understand the impact of the reshaping of labor demand 
on unemployment and wage inequality, we will introduce two types of skill into the 
basic matching model from chapter 9. It then becomes possible to assess the evolution 
of a global inequality index-discounted average gains-for the two types of workers 
in the Anglo-Saxon and European models. It will be shown that controlling the spread 
of remunerations by means of a minimum wage can lead, in the end, to an increase in 
inequality in terms of discounted average gains. 

2.6.1 A Matching Model with Two Types of Workers 

In the presence of more than one category of worker, labor market equilibrium 
depends on the possibilities of substitution between the different types of labor. This 
substitution depends principally on the technology specific to each firm, usually rep­
resented by a production function. In reality, the replacement of one employee by 
another with different skills is imperfectly described by the usual properties of pro­
duction functions with several substitutable factors. For example, in certain sectors, 
skilled workers are capable of performing tasks ordinarily assigned to unskilled ones, 
while the converse does not hold. If there is unemployment, skilled workers can 
accept performing the tasks of unskilled workers rather than staying unemployed. In 
these circumstances, skilled_ labor offsets unskilled labor (Alhrecht and Vroman, 
2002). We will exclude this possibility for tho sake of simplicity. 

The Characteristics of the Economy 
We will thus assume that there are two labor markets, perfectly sealed off from each 
other, and corresponding to skilled labor (i = h) and unskilled labor (i = t). In each of 
these labor markets, there is a matching function M;(V;, U1) where V1 and U; designate 
respectively vacant jobs and unemployed persons belonging to category i. 

The productive sector of the economy is identical to that considered above in 
section 2.3. This sector produces three goods: a final good, consumed by agents, and 
two intermediate goods that serve to produce the final good. The final good is the 
numeraire, and the price of a unit of intermediate good of type i is denoted by Ph· 
i = h, t. Intermediate good h is produced using skilled labor alone, while intermediate 
good tis produced using unskilled labor alone. llach employee is capable of making 
one unit of intermediate good per un.it of time. Production of the final good is repre­
sented by a function with constant returns F(AhL1,,A1L,), where Lh and Lr can desig­
nate either the quantities of intermediate goods produced by the skilled and the 
unskilled respectively, or the number of skilled and unskilled jobs respectively. 
Parameters Ah and A1 then measure technological progress that increases the effi­

. ciency of skilled and unskilled labor. 
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The Demands for Intermediate Goods 
Assuming that the market for the final good is perfectly competitive, the demands for 
the intermediate goods are found using the first-order conditions (33) of the maxi­
mization problem (32). The result is: 

and so £!>. ~ AhFh(AhLh,A,L,) 
p, A,F,(AhLh,AtL,) 

(38) 

At equilibrium, the ratio of the prices of the intermediate goods will thus 
depend on technological progress and the number of jobs in each of the two worker 
categories. 

The Labor Demands 
Let w; (i = h, t) be the real wage applying to an employee of type i. In the stationary 
state, the expected marginal profit fl; of a job filled by an employee of type i satisfies: 

rfl; = p; - W; + q;(fl.; - fl;) (39) 

In this relation, the exogenous parameter q; designates the rate at which jobs of 
type i are destroyed, and fl,; represents the expected profit froin a vacant job reserved 
for a worker of category i. Leth;, O; "' V;/U;, and m;(O;) = M1(V;, U1)/V1 be respectively 
search costs, the labor market tightness, and the rate at which vacant jobs are filled in 
the labor market for type i workers. Then fl,,; solves: 

ril.; = -h; + m;(O;)(Il; - TI.;) (40) 

When the free entry condition Il.; = O is satisfied, we can eliminate fl; be­
tween relations (39) and (40), in order to obtail'l the demand for type i labor. It has the 
expression: 

hi Pi-Wj 

m;(O;) = r+q;- (41) 

Wage Negotiations 
Let z1 again be the instantaneous gain of a type i unemployed person; the expected 
utilities v., and V0 ; of, respectively, an employed worker and an unemployed one of 
type i are given by the same relations as those in the basic model of chapter 9, i.e.: 

\ 

rVe; = w; + q;(Vu; - Vei) and rV0 ; = z; + O;m(O;)(Ve; - V0 ;) 

' Formally, we come back exactly to the simple matching model applied to each 
labor market separately. In consequence, the wage negotiated is given by equation (20) 
from chapter 9 defining the wage curve. Let y1 be the bargaining power of a supplier of 
type i labor. We will thus have: 

W; = Z; + (p; - Z;)l;(O;) with r;(O;) =]';{r+ q; +ll;m(O;)]; i = h,t 
r + q; + y;fJ;m(O;) 

(42) 

The effects of the technological bias emerge with particular sharpness if we 
assume that unemployment benefits are written z; = b;w;, where the replacement ratio 
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b1 is an exogenous parameter, and also that search costs h1 are . lct1y proportional to 
the sale price of good p1, i.e., h1 = hp1, where h is an exogenous parameter (it would 
be equivalent to assume that search costs are proportional to the wage for each cate­
gory of worker). With these hypotheses, relation ( 42) shows that the wage is directly 
proportional to the selling price in the sector. The equation of the wage curve is then 
written w1 = p1<1>(81) where <1>1 is a function defined from r 1 by the equality <1>1 = 

r;/(1 - b; + b;r1). In consequence, at equilibrium in the labor markets the wage of 
each category of worker takes the form: 

i = 1,2 (43) 

2.6.2 An "Anglo-Saxon" Labor Market 
The Anglo-Saxon model is characterized by flexible wages, freely negotiated at the 
level of the firm. This flexibility ensures, within the framework of our hypotheses, the 
independence of unemployment rates with respect to the reshaping of labor demand, 
but entails the corollary that wage inequalities increase. 

Unemployment and the Technological Bias 
When wages are freely bargained over in each labor market, the equilibrium value of 
labor market tightness 8; is found by setting w1 = p1<1>(0;) in equality (41) defining 
labor demand. Il is thus implicitly determined by the equation: 

h 1-<l>;(ll;) 
111;(0;) = r+q;- (44) 

In consequence, at equilibrium, labor market tightness is independent of tile sale 
prices of the intermediate goods, and so does not depend on the technological bias 
eitller. Thus, knowing the equilibrium value of 81, the unemployment rate u1 for sup­
pliers of type i labor is found with the help of the Beveridge curve described by rela­
tion (7) in chapter 9. Denoting by n; the labor force growth rate of type i, we get: 

Uj= q;+n; 
q1+n1 +y1m1(111) 

The equilibrium unemployment rate thus does not depend on the technological 
bias either. Converseiy, relation ( 43) indicates that tile relative wage wh/w, is propor­
tional to the ratio of relative prices Ph/ p1, and so does depend on the technological 
bias. 

The Ratio of Wages 
ln order to make the results more explicit, we will assume that the production func­
tion of the final good is of tho CES type, defined by equation (26), but in reality our 
results do not depend on a particular form of tho production function. Equation (38) 
then entails tllat the ratio pi,/ p1 is written: 

El!= (~l!)·ca-1)/•(~~-)-1/a 
p1 At L, <46> 
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where u > O designates tu)elasticity of substitution between skilled and unskilled 
labor. If N; represents the (exogenous) size of the labor force of category i, we have 
L; = N;(l - u;) and equation (43) gives the relative wage of a skilled person, or: 

~ = (Ah){•-ll/• [Nh(l - uh)]-'1"1f>h(Oh) 
w, A, Nr(1 - ur) Cf>,(Or) <47J 

This model well reproduces the characteristics of the American and British 
labor markets mentioned in section 2.1 above. The technological bias, represented by 
the ratio Ah/A,, does not affect the equilibrium levels of unemployment (see relations 
(44) and (45)). In particular, the relative unemployment rate of the unskilled u,/uh 
remains unvaried when te.chnological evolution is unfavorable to them. But equation 
(47) shows that wage inequalities will then increase. In this equation, the values of (11 

and of u; do not depend on the ratio Ah/Ar, and the ratio wh/Wr increases in both con­
figurations, corresponding to a reshaping of technological progress in favor of skilled 
workers, i.e., an increase in Ah/Ar when the two types of manpower are highly sub­
stitutable (O' > 1) or a fall in Ah/Ar when the two categories of personnel have low 
substitutability (u < 1). Note that an aggregate shock common to all labor markets 
would change the equilibrium level of the rates of unemployment in all those markets 
without necessarily modifying the relative unemployment rate. 

The result that the relative unemployment rate does not depend on the techno­
logical bias arises principally from the indexation of unemployment benefits and the 
cost of vacant jobs to individual productivity. Each labor market is thus isolated from 
the shocks affecting the other one, and the wage for a given category of worker adjusts 
only in reaction to a specific shock to that category. Any element likely to rupture the 
hermetic seal between the different labor markets would make the relative unemploy­
ment rate dependent on the evolution of the technological bias and would bring us 
closer to the European model which we arc contrasting to the Anglo-Saxon model. 
There are a number of ways in which the hermetic seal between the different labor 
markets could be broken, and our model does not take them into account. For exam­
ple, in many European countries the system of social transfers ~ntails that the gain z, 
of the least skilled job-seekers is linked to the evolution of the average wage, or to that 
of the total factor productivity. The existence of a minimum wage, the variations of 
which follow those of the 'average wage, constitutes another potential charutel through 
which the reshaping of technological progress could be transmittod. Wo will now 
foe~ on this eventuality, which well illustrates the situation of the labor markets of 
continental Europe. 

2.6.3 A "European" Labor Market 
When the wage of unskilled workers is no longer bargained over, tho technological 
bias affects unemployment for this category of worker. Let us suppose that unskilled 
workers are paid the minimum wage, and that the minimum wage is indexed to the 
wage of skilled personnol. With tho help of wage equation (43), we will thus havo 
w, = µwi. = µphlPh(Bh), whereµ is an oxogenons parameter lying between zero and 1. 

I 621 
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Taking into account the value of ratio Ph/Pt given by relat. }(46) and again making 
use of identity L; = N1(1- u1), equation (41) of demand for unskilled labor takes the 
form: 

h(r+ qr) (Ah)(a-l)/• [Nn(l - Un)]-t/• 
m,(8,) = l -µ A, N,(1-- u,) <I>n(Bn) (48) 

In this new form of the demand for unskilled labor, Bn and uh are determined by 
equations (44) and (45) for i = h. In consequence, they do not depend on the techno­
logical bias. Since by definition 8, = v,fu,, equation (48) defines a relation between 
the vacancy rate v, and the unemployment rate u1 of unskilled workers. Function 
m,(Ot) being decreasing with O,, it is easy to verify that this relation between vr and 
u, is increasing. In figure 10.11, it is identified by the symbol (LD),. Labor market 
equilibrium for unskilled labor lies at the intersection of this curve (W), and the 
Beveridge curve (CB)1 proper to this category, the equation of which is given by 
equality ( 45) with i = t. 

A technological bias unfavorable to unskilled workers (for example in figure 
10.11 we have considered a rise of x = A1,/A1withu>1, but a fall of x with u < 1 
would have the same effect) shifts the (W)1 curve downward without changing the 
Beveridge curve. The unemployment rate of unskilled labor increases, and in conse­
quence the relative unemployment rate ut/uh likewise increases. This model well 
describes the situation of a country like France, where the minimum wage is de facto 
indexed to the average wage. If wages could be adjusted through bargaining, the tech­
nological bias would actually lead to an •djustment of remunerations without chang­
ing the unemployment rate. But the indexation of the minimum wage to the wage of 
skilled workers prevents these adjustments from taking place, and in sum, the tech­
nological bias entails a rise in unemployment among the unskilled. 

'] 

------•u1 

FIGURE 10.11 
The unskilled labor market equilibrium. 
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) 
2.6.4 Does the Minimum Wage Help to Make the European Model More Egalitarian 

Than the Anglo-Saxon Model? 

One of the purposes of the minimum wage is to reduce inequality of income. How­
ever, in the preceding model, the minimum wage increases inequality of exposure 
to the risk of unemployment when the economy is affected by a reshaping of labor 
demand. So the minimum wage has an ambiguous effect on the average gains of 
unskilled workers. This effect must be grasped through an equilibrium model, taking 
into account the interactions between the productivities and the wages of the different 
types of worker. The matching model developed immediately above possesses these 
characteristics and so allows us to compare the evolution of the inequality of average 
gains provoked by a reshaping of labor demand in the "European" and "Anglo­
Saxon" labor markets. The average gains of a type i, i = h,t, worker, denoted by G;, 
are defined by: 

G; = U;Vu; + (1- u1)V.1 

The model is calibrated by choosing parameter values similar lo those from 
chapter 9, section 3.5.3. They are presented in table 10.13. The matching function 
continues to be expressed as M(V, U) = v1t2u1t2 • For the sake of simplicity, the labor 
markets of the two categories of worker are assumed to be identical, except for the 
replacement ratio, which is higher for the low-skilled workers. Moreover, and again 
for simplicity, the size of the labor force of each type of worker is assumed to be 
identical, and has a zero growth rate. For elasticity of substitution, we retain the 
value a= 1.5 chosen by Johnson (1997). Tho value of A1 is arbitrarily normalized to 
unity. 

Figure 10.12 reproduces the effects of an increase in the labor productivity of 
skilled workers (A1o rises from 1.5 to 2). In an Anglo-Saxon labor market, the gains of 
skilled workers improve with an increase in their relative productivity, as their wage 
rises. Unskilled workers also benefit from the improvement in the productivity of 
skilled workers, but to a lesser extent, which entails that inequality, measured by 
the ratio Gh/Gr, increases. The unemployment rates of the two manpower categories 
remain unchanged, taking the values uh= 5.8%, and ur ~ 7.6%). 

For a labor market of the European type, we assume that the wage of the un­
skilled is indexed to the'wage of the skilled in such a way as to preserve a constant 
rati~."between the wages, identical to tha! obtained when Ah = 1.5. We observe Lhat 
te~hnological bias always increases the average gains of skilled workers, but less 

Table 10.13 

Calibration of the matching model with two categories of worker. 

Y; h; q; (J b, A, 

0.5 0.1 0.15 0.05 1.5 0.3 0.6 

l 623 
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fl&URE 10.12 

The evolution of average gains 
in the presence of technological 
bias in the European model 
(dashed lines) and the Anglo· 
Saxon model (solid lines). 
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markedly, for increased unemployment among the unskilled diminishes the marginal 
productivity of skilled labor. On the other hand, it turns out that the average gains of 
unskilled workers diminish globally. This result is the upshot of the increased unem­
ployment of this category of worker, and of the relatively high value of the elasticity of 
substitulion between the two types of labor. When this elasticity is less (between 1 
and 1.2), the gains of the unskilled mount, but always more weakly than they do in tho 
Anglo-Saxon model. 

This simulation also shows that the European model inducos greater inequality 
in terms of average gains than the Anglo-Saxon model. It is worth noting that Flinn 
(2002) has shown that comparison of the Italian with the U.S. experience provides an 
illustration of this type of result. Using a job search model and individual-level data 
for Italy and the United States, he shows that while the cross-sectional wage distribu­
tions of young Italian males are much more compressed than are the comparable dis-
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tributions for young wh ... -b.s. males, it turns out that the distribution of lifetime 
welfare is no more dispersed in the United States than in Italy. 

Overall, these results suggests that the minimum wage may be a very poor 
instrument for the redistribution of income. We will see in chapter 12 that fiscal 
measures are probably a better way to neutralize the effects of the reshaping of labor 
demand, but that certain categories of the population may be opposed to using the 
fiscal system as an instrument of income redistribution. 

3 SUMMARY AND CONCLUSION 

Growth in labor productivity improves the profit outlook. This capitalization 
effect is favorable to employment. 

As a general rule, technological progress does not apply to all jobs in a uniform 
manner. Jobs based on obsolete technologies are destroyed, and only those 
capable of integrating the latest innovations survive. This process of creative 
destruction can be unfavorable to employment. 

Empirical studies suggest that, overall, technological progress has an ambiguous 
effect on employment. The impact of technological progress on employment 
depends on the type of innovation that underpins it, and on labor market insti­
tutions. 

During the last two decades of the twentieth century, most industrialized coun­
tries were faced with increased competition from low-wage countries, and tech­
nological bias that altered labor demand in favor of skilled workers. Jn certain 
countries the scale of wages remained more or less stable while the relative 
unemployment rate of the unskilled rose (the "European" model). Conversely, 
in other countries the relative employment situation of the low-skilled did not 
change, but wage inequality grew much steeper (the "Anglo-Saxon" model). 
Empirical work tends to favor the bias of technological pro'gress as the factor that 
explains the shift in relative labor demand; the part played by trade with low­
wage countries in tllis shift is likely limited. 

Examination of migratory flows shows that the rich countries do indeed have an 
immigrant population less well qualified, on average, than natives. From a theo­
retical standpoint, the immigration of low-skilled workers has an ambiguous 
effect on inequality. Empirical work confirms this conclusion, suggesting that 
the immigration of low-skilled workers has little effect on wages and employ­
ment among workers with the fewest skills. 

The Anglo-Saxon model is characterized by high wage flexibility. Conversely, in 
the European modcl wages are most often downwardly rigid, and a large portion 
of adjustment occurs through variation in employment. The existence of a high 
minimum wage is a major element in this type of regulation. Simulations based 
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on a calibration of the matching model show that more severe technological bias 
may entail more inequality in terms of average gains (that is, over the whole of 
the life cycle) in the presence of a minimum wage. 

4 RELATED TOPICS IN THE BOOK 

Chapter 4, section 1: Labor demand with (at least) two inputs 

Chapter 7, section 6.1: Unionization and wage inequality 

Chapter 9, section 3: The matching model 

Chapter 12, section 1: The effects of the minimum wage 

Chapter 12, section 5: Institutions and unemployment 
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6 APPENDIX 

Differentiating the two sides of relation ( 19) defining the wage curve comes to: 

oT = -(r+!.het.,. ~!!.)jg 
og 1-y ag 

Equation ( 18) defining labor demand can be wriltcm in tho following manner: 

h 1-y 
m(fJ) - -· ;.-H(g, T) with 

go-rT -- re-g·r . 
H(g, T) = 1 +---­

r-.g 

(4~) 
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J 
Differentiating this equation with respect tog, we get: 

_ hm'(li) i}E_ = .!..=1 (H +Hr 81"\ 
m 2(1i) ag r g ag) 

Bringing the value of aT/og that issues from (49) into this last inequality, we 
find: 

[yhIJ,eBr - hm'(li)] ~ = 1-y (H _ '!.l!I.) 
rg m2 (1i) ag r g g 

with: 

Hr= ~(e-cT - e-rT) > o 
r-g 

Hg= --1- 2 [(r- g)(e-.-T + rTe-gr) + ge·-rT - re-gr] 
(r-g) 

(50) 

After several rearrangements, we see that Hg - THrfg is of the same sign as 
e-'T - e-cT + T(r- g)e-rT, and a second-order expansion of e-fl - e-gr then shows 

that this expression is negative. Equation (50) then entails oli/8g < o. 
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In this chapter, we will: 

Survey the variety of labor market policies that have boon tried in the OECD 
countries 

Consider the efficiency of active labor market policies in an equilibrium 
framework 

Learn the methodological principles that guide the evaluation of labor market 
policies 

Find out what assessments of labor market policies reveal 

Learn what the macroeconomic effects of unemployment benefits are 

INTRODUCTION 

Intervention by the slate in the labor market is generally viewed as taldng two 
forms: active policies and passive policies. The goal of active policies is to increase 
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employment and wages among persons who find insertion .~Jo the labor market diffi­
cult. Job search assistance, upgrades to professional training, employment subsidies, 
and even public sector job creation are the commonest forms. Passive policies aim 
rather to increase the material welfare of disadvantaged populations without a priori 
attempting to improve their labor market performance. Unemployment insurance and 
provisions for early retirement fall under this heading. 

Naively, it might be thought that putting in place active policies to improve 
labor market performances was enough, and that the role of passive policies aught to 
be limited, so as not to create too many disincentives to taking a job. In reality, active 
policies, while they are generally justified by the many sources of inefficiency in the 
functioning of the labor markets, do not make it possible systematically to improve 
the performances of these markets. Theoretical study and empirical evaluation both 
show that they can even turn out to be counterproductive. For example, the creation 
of temporary public sector jobs intended to facilitate the entry of youth into the labor 
market can, because of cost and low efficiency, lead to a decline in the total number of 
jobs held by this category of the population. Similarly, subsidies to promote certain 
types of employment run the risk of displacing workers whose jobs do not benefit 
from these subsidies. So-<:alled passive policies can, moreover, have beneficial effects 
on labor market performance in certain circumstances. For instance, we will see that 
an increase in unemployment insurance benefits is capable of reducing the numbers 
of the unemployed when not all workers are eligible for them. Financial compensa­
tion for unemployment, by helping the recipients bear the cost of looking for work, 
allows them to choose jobs with greater care, which improves the quality of the resuli­
ing matches and may increase overall production in the economy. These observations 
show that it is misleading to prejudge the effect of public interventions without en­
gaging in closer scrutiny and evaluating all of their effects quantitatively. The purpose 
of this chapter is to set forth the state of theoretical and empirical knowledge. in this 
area. 

The first section supplies the main facts regarding employment policies in the 
OECD countries, highlighting the fact that different countries have had different expe­
riences in this regard. Section 2 is dedicated to theoretical analysis of active labor 
markat policies, and makes abnndant use of the matching model set out in chapter 
9. Section 3 presents the methods of evaluation and the main empirical results that 
have been obtained in the domain of active policy. Finally, tho last section looks at the 
consequences of unemployment insurance on labor market equilibrium. 

1 LABOR MARKET POLICIES: AN INTERNATIONAL 
PERSPECTIVE 

We soc great diversity in the policies adopted and the amount of financing cha!meled 
into them from one country to another. Active labor market policies aim to imprnve 



I 
the situation, in ter.. jf employment and wages, of the unemployed, and of dis-
advantaged populations generally. They are to be distinguished from passive policies, 
which aim to increase the well-being of these groups without automatically pursuing a 
particular outcome in terms of placement in the labor market. They are also to be dis­
tinguished from more general policies like those intended to protect employment or 
guarantee a minimum wage, for the latter affect all the labor force, not just narrowly 
targeted groups. 

1.1 WHAT ARE LABOR MARKET POLICIES? 
The OECD employs a typology of labor market policies, distinguishing active mea­
sures from passive ones. This typology has the advantage of being universally 
adopted, and thus allowing us to make international comparisons. 

1.1.1 The OECD Classificatlon 

In the OECD's nomenclature, active employment policy embraces the five following 
categories: 

1. Public employment services 

2. Labor market training 
a. Training for unemployed adults and workers threatened with job loss 
b. Training for employed adults 

3. Youth employment and training measures 
a. For the unemployed and the disadvantaged 
b. Aid for apprenticeship and other general kinds of youth training 

4. Subsidized employment 
a. Subsidies for private sector employment 
b. Help for unemployed persons in launching new enterprises 
c. Direct job creation in the public sector or in nonprofit organizations 

5. Employment programs for the disabled 
a. Professional rehabilitation 
b. Jobs specificillly for the disabled 

The OECD includes just two items under the heading of passive policy: 

6. Unemployment insurance 

7. Early retirement for reasons connected to the labor market 

1.1.2 The Purposes of Active Labor Market ·Policies 

Active labor market policies may affect employment in different ways. Public em­
ployment services have the goal of reducing job search costs. Training programs, and 
many of the moasures in favor of youth, aim to increase the "employability" of the 
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persons concerned, and ought to lead to a rise in individual productivity. Other poli­
cies have the objective of reducing the cost of labor or creating public sector jobs 
directly. Unemployment insurance is viewed as a passive policy when it is regarded 
as pure insurance against risk, and is quantified as all the transfers that go to eligible 
unemployed persons. However, we must carefully distinguish between this strictly 
financial aspect of the unemployment insurance system and the other things it does, 
such as checking on search effort and sanctioning those who search half-heartedly; 
these ought instead to be considered as belonging to active policy. Analysis of the 
macroeconomic effects of unemployment insurance is reserved for section 4 below. In 
what follows, we merely set out the specific purposes of the various active policies. 

Public Employment Services 
One of the aims of public employment services is to promote matches between firms 
with vacant jobs and persons looking for work. In all industrialized countries, spe­
cialized public agencies like the U.S. Employment Service or the Agence Nationale 
Pour l'Emploi in France supply services of this kind. But certain countries, such as 
Japan, the United Kingdom, and the United Stales, have authorized private organiza­
tions to compete with the public agencies in the job placement "market" (see section 
2.1 below for a theoretical analysis). Among the activities of these public agencies or 
private organizations, it is job search assistance (JSA) that falls into the category of 
active labor market policy. This assistance takes various forms according to cases. 
Sometimes it simply comes down to offering a certain number of free telephone calls 
for jobs listed by the agency. But unemployed persons may also be given help in 
drafting their resumes, in defining personalized search strategies and then putting 
them into operation, or in finding appropriate training. Checking on the effort being 
made by the unemployed, and applying sanctions if necessary, are also part of the role 
of public employment services (see OECD, 2001, for a complete. description of this 
role). 

Labol' Market Training 
In many countries-Denmark and Germany, for example-labor market training rep­
resents the bulk of active policy. It is often endorsed by politicians as the best weapon 
against unemployment. The prevalent form of labor market training is classroom 
training (CT). It takes place not in firms but in courses or temporary placements 
created by specialized establishments. The duration is generally brief, on the order of 
throe or four weeks in Denmark, and three months on average in the United States. 
The training may be general, or specific to an industry or a firm. It may serve to make 
up for a gap in the basic education of some individuals (those, for example, who failed 
to finish, or even to start, secondary school), or to bring the knowledge of skilled 
employees up to d,ate. 

Youth Employment and Training Measures 
Apprenticeship represents a large part of training measures aimed specifically at the 
young in most countries. Apprenticeship typically includes classroom instruction and 
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on-the-job training. There are also programs to help disadvantaged or unemployed 
youth addressed primarily to young people who leave school with no job to go to, and 
those who drop out of high school prematurely. The Job Corps program in the United 
States is an example. It is aimed at young people from difficult urban neighborhoods 
who must take training that gets them out of their normal environment. Many pro­
grams to help youth are not so precisely targeted, and there is little that really dis­
tinguishes them from general training pmgrams. Some other training measures are 
not, for the most part, aimed specifically at the young. Rather, they represent an altur­
native to traditional classroom instruction. The goal of such on-the-job training (OJT) 
programs is to give employers an incentive, by means of a subsidy, to give training to 
disadvantaged categories of workers. An on-the-job training placement generally lasts 
from three to 12 months, and at the end of that period the employer has the opportu­
nity to hire the trainee on a permanent basis. According to Heckman et al. (1999), in 
the United States these programs make it possible primarily to insert, or reinsert, cer­
tain persons into a work environment; and there may be no real distinction between 
them and programs that simply subsidize hiring. 

Subsidized Employment 
Subsidized employment covers a wide gamut of measures. Subsidies for employment 
in the private sector generally take the form of transfers to firms that hire members of 
particular groups. The transfer may be temporary or permanent, such as the reduced 
payroll taxes for low-wage jobs in France, for example. Public service employment as 
an active policy measure is addressed in principle to the young and to the long-lerm 
unemployed. The purpose is to allow persons who find themselves in this situation to 
hold a temporary job in the public sector so that they can acquire minimal skills or 
seniority as a step toward finding a regular job (or simply to make them eligible for 
unemployment insurance). Programs of this kind form a large part of the spectrum of 
active policy measures in Europe but are practically nonexistent in the United States 
(see Brodsky, 2000, for a comparative study of several OECD countries). It is impor­
tant, however, to distinguish temporary public jobs created as pap: of an active labor 
market policy from general public sector policy, which consists of creating permanent 
civil service jobs. The overall breadth of employment in the public sector is an "insti­
tution" specific to each cml.ntry. The creation of temporary jobs in the public sector 
or in nob.profit organizations is intended to give a semblance of training and work 
habits' to persons with little or no work experience and belonging to economically 
disadvantaged groups. Finally, unemployed persons are given holp in launching new 
enterprises in a number of countries (including tho United States). Most often this 
involves using unemployment benefits to subsidize unemployed persons willing to 
have a go at becoming self-employed. Observation tells us that in general, this mea­
sure applies only to a limitud number of unemployed persons. 

Another thing to point out is that the same individual may benefit from several of 
these measures at the same time, for public policy is often structured around programs 
with several facets. For example, tho Job Corps program in tho United States combines 
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job search assistance, classroom training, and apprenticeshi, fany programs are 
similar, which makes it morn difficult to assess the effects specific to oach measure. 
Wo also neod to be aware that the distinction between active and passive measures is 
useful for analysis, but that in practice the line between them is not always easy to 
draw. In the Netherlands, for example, the proportion of those benefiting from em­
ployment programs for the disabled is much higher than in most other countries. In 
this specific case what we really have is more a disguised form of assistance for cer­
tain categories of the unemployed, or preretirement support, than a measure specifi­
cally intended to get disabled people back into the labor force, and the costs, at least 
in part, ought to fall under the rubric of passive policy. (The same phenomenon is not 
unknown in the United States: Autor and Duggan, 2001, estimate that if access to dis­
ability insurance had not been made easier there in the middle of the 1980s, the cur­
rent unemployment rate would be two thirds of a percentage point higher.) Similarly, 
certain youth training placements serve only to "park" the participants without really 
improving their productive capacities. 

1.2 DIFFERENCES BETWEEN COUNTRIES 
Public employment policies vary widely both as regards tho amount of money ear­
marked for thorn, and the way that money is divided up among the various policy 
options. 

1.2.1 The Amount of Public Expenditure on Labor Market Policy 
The amount of public funding for labor market policy varies widely from one country 
to another. Tab!O 11.1 gives an overview of this diversity. Japan and tho United States 
are the countries that spend the least in this area (respectively 0.42% and 0.61 % of 
GDP). The other Anglo-Saxon countries (Australia, Canada, the United Kingdom) 
spend a larger share of their resources (between 1 % and 2% of GDP). In contrast, other 
countries-mainly northern European ones-spend much more. In Denmark, for 
example, total public expenditure on labor market policy represents almost 5% of 
GDP; in tho Netherlands, this figure comes to around 4.61 %, and in Sweden, 3.56%. 
Norway stands out among the Nordic countries on account of its relatively low outlay 
on labor market policy: the ordel' of magnitude is the same as in the United Kingdom. 
Germany and France occupy an intermediate position, spending a little more than 3% 
of GDP. The last column of table 11.1 gives the ratios of passive to active expenditure. 
As a general rule, the amount spent on passive policies clearly outstrips that spent on 
active ones. Tho Swedish and Norwegian exceptions deserve notice. In Sweden, ex­
penditure on labor market policy is divided in approximately equal parts between 
active measures and passive ones. Norway spends twice as much on active policy 
measures as it does on passive onos. 

1.2.2 How Public Expenditure on Active Employment Policy Is Divided Up 
Ta bl" 11.2 breaks down expenditure on active policy according to the five OECD head­
ings mentioned at the start of this section for the 11 countries listed above. Independent 
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Table 11.1 

Public expenditure on labor market policy in some OECD countries as a percentage of GOP. 

Total Passive Active Passive/ 

Country Year expenditure expenditure expenditure Active 

Australia 2000-01 1.43 0.98 0.46 2.13 

Canada 2000-01 1.13 0.72 0.41 1.76 

Denmark 2000 4.56 3.00 1.56 1.92 

France 2000 2.96 1.65 1.31 1.37 

Germany 2001 3.13 1.92 1.20 1.60 

Japan 2000-01 0.86 0.55 0.31 1.77 

Netherlands 2001 3.44 1.86 1.58 1.18 

Norway 2001 1.23 0.44 0.79 0.56 

Sweden 2001 2.28 1.19 1.09 1.09 

United Kingdom 1999-2000 0.92 0.56 0.36 1.56 

United States 2000-01 0.45 0.30 0.15 2.00 

Source: OECD data. 

Note: The last column gives the ratio of passive expenditures to active ones. 

Table 11.2 

Breakdown of expenditures on active measures as percentages of total expenditure on active policy. 

Youth 

Public Labor employment Employment 

employment market and training Subsidized programs for 

Country Year services training measures employment the disabled 

Australia 2000-01 44.4 4.4 15.5 24.4 11.1 

Canada 2000-01 41.5 41.5 4.9 7.3 4.9 

Denmark 2000 7.6 54.1 6.4 10.8 21.0 

France 2000 1 13.7 19.1 32.1 28.2 6.9 

Germany 2000 19.2 28.3 7.5 20.8 24.2 

Japan 2000-01 62.5 9.4 25.0 3.1 

Netherlands 2001 16.5 19.7 2.5 24.2 36.9 

Norway 2001 15.2 7.6 1.3 1.3 74.7 

Sweden 2001 20.9 27.3 1.8 21.8 28.2 

United Kingdom 1999-2000 36.1 13.9 41.7 2.8 5.5 

United States 2000-01 26.7 26.7 20.0 6.7 20.0 

Source: OECD data. 
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of the volume spent on active employment policy, we note the Je range of choices 
about how to allocate it. Denmark, for example, dedicates more than 55% of its active 
policy expenditure to training, whereas the figures for Australia and Norway arc 10% 
and 6% respectively for this item. The other countries fall in between, spending from 
20% to 30%. France and Germany are distinguished by large outlays on subsidized 
employment-a particularly small item in the United States, the United Kingdom, 
Norway, and even Denmark. Expenditure on the disabled is very high in Sweden and 
the Netherlands, where it represents almost 30% of overall expenditure on active pol­
icies. This item comes to almost 72% in Norway! The large size of these sums indicates 
that they really represent disguised forms of unemployment insurance, and ought to 
be counted as passive policy measures. Finally, it is interesting to note that the coun­
tries that, in global terms, spend little on active employment policy (Japan and the 
Anglo-Saxon countries) are also the ones that devote proportionally the most resources 
to public employment services. In these countries, between 30% and 40% of the 
money spent on active policies is dedicated exclusively to job-searching assistance. 

As for passive policy measures, the largest item of expenditure is unemployment 
insurance. Expenditures on early retirement for reasons connected with the labor 
market bulk particularly large in France and Denmark, where they come respectively 
to 20% and 40% of all money spent on passive policy. 

1.2.3 Examples of Active Policy in Several Countries 
By way of illustration, we compare the American case with that of two European 
countries, Sweden and the United Kingdom. The United States and the United King­
dom display a degree of convergence, while the rise in unemployment during the 
1990s brought a palpable change of direction to Swedish policy. 

The United States 
In the United States, active employment policy targets economically disadvantaged 

·groups, and the beneficiaries are often defined with reference to a poverty threshold. 
The public job creation programs born in the 1970s, especially under the um­

brella of the Comprehensive Employment and Training Act (CETA) of 1973, were 
gradually restricted to ,persons in difficulty before being abolished in 1983 by the gov­
ernment of Ronald Reagan. The new jobs tax credit, set up in 1977, was a very large­
scale program of nontargeted subsidies for employment in the private sector. It was 
replaced at the beginning of the 1980s by the more limited targeted jobs tax credit, 
which, as its title indicates, was intended for economically disadvantagod groups. 

Programs of this kind, which aim to increase labor demand, are the exception in 
the United States. Most of the active policy measures that have followed one another 
since the beginning of the 1960s iu this country are "supply-side" measures that aim 
to increase the human capital of the recipients. This approach is shared by the Man­
power Development and Training Act (MDTA, 1962), the Comprehensive Employment 
and Training Act {CllTA, 1973), and the fob Training and Partnership Act (JPTA, 
1988). So, the )PTA seeks to promote on-the-job training, classroom training, and work 



experience. This emphas,_ j, education was maintained throughout the Clinton pres­
idency. Another major item of active policy expenditure in the United States is job 
search assistance: table 11.2 indicates that 35.3% of active policy expenditure goes to 
public employment services and 23.5% to labor market training. The Worker Profiling 
and Reemployment Services System, set up in 1993, obliges all recipients of unem­
ployment insurance to draw up an individual list of their skills. In exchange, they 
gain access to many services to help them improve their job search strategy. 

Sweden 
The "Swedish model" created after the Second World War long combined a macro­
economic policy privileging competitivity in international trade with a wage policy 
indexed to productivity growth in the sector exposed to international competition, 
and an active employment policy favoring mobility of labor from declining industries 
toward growing ones. But after the first oil shock, combating unemployment became 
a new objective of employment policy. The creation of temporary jobs in the public 
and private sectors, and subsidies for hires, then became prominent. The crisis of the 
1990s, which saw the unemployment rate exceed 8% in 1996 (it had been less than 
3% before 1990), caused doubts, and even accusations, to be leveled at active em­
ployment policy (Calmfors, 1994; Calmfors and Lang, 1995). Since then, active policy 
has privileged labor market training and subsidized employment, especially for young 
people and the long-term unemployed. 

The United Kingdom 
The Thatcher government progressively abandoned all the measures put in place by 
Labour governments to support demand, in favor of "supply-side" policies. So, the fob 
Start Allowance set up in 1986 offers a lump-sum bonus to long-term unemployed 
persons who agree to take low-wage jobs. But, in general, active employment policy in 
the United Kingdom focuses on unskilled youth. The Youth Training Scheme, set up 
in 1983 and continued in the 1990s as Youth Training, provides periods of training, 
financed by the public authorities, for this category. Training p~licies addressed to 
broader categories of workers are in place as well, such as the Training Enterprise 
Councils, set up in 1991, which are decentralized organizations charged with creating 
professional training prograks under the auspices of large local firms. With the cre­
ation of fob Centers in 1987, emphasis was also placed on measures to enhance job 
searching (table 11.2 confirms this picture). This policy direction has been continued 
under the Labour government headed by Tony Blair, with the New Deal for Young 
People, set up in 1998, which targets all unemployed benefit recipients between 18 
and 24 years old who have been unemployed for at least six months. It is compulsory 
and begins with a period, lasting no longer than four months, of intensive job-search 
assistance and small basic skills courses. If the lll\employed person does not find a job 
during this phase, the program provides several options, including the possibility of 
offering a subsidy to potential employers, or enrollment in a full-time training course 
(see Blundo! et al., 2003, for a detailed description of this program). 
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2 ACTIVE POLICIES: THEORETICAL ANALYSIS 

If we are to form an idea of how efficient active labor market policies are, it is impor­
tant to work from an equilibrium model that takes into account the combined reac­
tions of labor demand and wages, as well as possible inefficiencies arising from the 
functioning of the labor market. In this regard, the matching model used to this point 
proves particularly useful, allowing us to represent a labor market that functions inef­
ficiently for reasons that have to do with the process of job destruction and creation, 
and the mode of wage formation. Within this framework, a positive study of employ­
ment policy is possible. It is important to note that we will be studying the con­
sequences of active employment policies without reference to how they are financed, 
so throughout this section there is an implicit assumption that active policies are paid 
for by a lnmp-sum tax, i.e., one independent of income. This hypothesis is evidently 
unrealistic. Its only purpose is to highlight the consequences of public expenditure on 
employment and earnings independently of any distortions that may arise from how it 
is financed. 

2.1 MANPOWER PLACEMENT SERVICES 
Manpower placement agencies, whether public or private, have a double mission. On 
the one hand, they are charged with registering the unemployed and verifying that 
they are indeed looking for work, so that if necessary they can receive unemployment 
insuran~e. On the other, these agencies assemble offers of, and demands for, employ­
ment, and help the unemployed search for a job more effectively. The existence of 
such agencies is justified if, in their absence, individual decisions rnsult in an insuf­
ficient allocation of the resources devoted to job searching. By reducing individual 
search costs, placement agencies can i_mprove labor market efficiency, collecting all 
available information and putting it at the disposal of workers. From aoother point of 
view, the justification of the public character of some of these agencies must lie in 
imperfections inherent in the functioning of the "market" for job placements, as, for 
example, when it requires very large networks to be set up. Fixed costs for these are 
very high, and congestion effects may occur. That being so, the decentralized func­
tioning of the placement market leads to an inefficient allocation of resources. Table 
11.3 shows that public agencies predominate when it comes to managing job offers; 
they share this role with private firms in some countries, such as the United States 
and the United Kingdom, but monopolize it in others, such as Franco, Germany, and 
Sweden. 

If we are to analyze placement agonc:ies, private or public, we need to adapt our 
basic model so as to include placement activity. It will then be possible to character­
ize efficient outcomes and compare the.m with market equilibria. 

2.1.1 A Matching Model with Placement Agencies 

Yavas (1994) set out a formal framework fo.r analyzing tho efficiency of a labor murket 
with placement agencies. The essential hypothesis is thal an agency can ensure a 



Table 11.3 

The activity of public placement agencies in the beginning of the nineties. 

Country Regulation Registration rate (%] 

Germany M 27 

Belgium M 25 

Spain M 19 

United States 9 

France M 28 

Japan M 73 

Sweden M 36 

United Kingdom c 33 

Source: Walwei (1996. p. 413). 

Note: The registration rate equals the ratio of the job vacancies handled by the public agencies to the 

total number of job vacancies. M signifies a public monopoly. and C signifies the coexistence of public 

and private agencies. 

better match-up between unemployed persons and vacant jobs than individual job 
searches can. This improvement in the contacting process comes at the cost of an 
extra drain on the resources of society (the first column of table 11.2 gives an order of 
magnitude ·for the amount of this cost). Fundamentally, then, to set up a placement 
agency is to create a different kind of matching technology as an alternative to the one 
spontaneously available to all workers and employers. We will assume that this alter­
native technology has increasing returns, since placement agencies generally make 
large outlays in order to set up a network of connections that will enable them to fill 
jobs at low marginal cost. 

Let us assume, for simplicity, that the labor force is of constant size, normalized 
to 1, and let x E [0, 1) be the number of unemployed persons resorting to the services of 
placement agencies. There is also a continuum of these agencies, indexed by i e [O, a). 
The agencies are assumed to be uniformly distributed, such that the mass1 of agencies 
is equal to a. Let us also as•mme, again for simplicity, that these agencies lire instan­
taneously capable of locating an entrepreneur ready to hire anyone looking for a job 
(whicl;i indubitably represents an improvement in the matching process). Under these 
conditions, we can simply denote by c(x;) the cost attached to the placement of x; 

individuals by agency i. It is composed of a fixed cost c0 {a) and a variable cost c.(x;), 
that is, c(x;) = c,,(a) + c.(x;). The fixed cost c,,(a) is assumed to rise with the number 
of agencies, and satisfios c0(0) <?: o, c~(a) > o as well. The hypothesis that the fixed 
cost rises with the number of agencies gives us a simple way of takil)g into account the 
congestion effects that occur in job placement. Job placement consists of creating net­
works so as to bring employers and workers into contact with one another, and this 
occasions fixed costs that probably increase when more agencies are involved. The 
variable cost is increasing, convex, and satisfies c.(o) = 0. 
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Since an individual who resorts to the services of an t !y finds a job immedi-
ately, only persons who undertake to look for a job on their own are described as un­
employed. We will designate the number of unemployed persons by u e [0, 1], and will 
assume that the number of matches per unit of time is defined by a matching function 
M( u, v) with the usual properties. In this expression, v again designates the number 
of vacant jobs, so the exit rate from unemployment is equal to Om(O) with 8 = v/u. 
Let q be the exogenous job destruction rate. At stationary equilibrium the number of 
persons who have Jost their jobs, q(l - u), must be equal to the number of persons 
who have found a job, x + Om(li)u. Hence, the mass, x = f: x; di, of individuals resort­
ing to the services of placement agencies is defined as a function of u and () by the 
equality: 

x = q(l - u) - Om(O)u (1) 

We should point out that this last equation also characterizes the Beveridge 
curve adapted to the matching model with placement agencies. 

2.1.2 The Social Optimum in the Presence of Placement Agencies 

In chaptet 9, section 4.4.2, we saw that the social optimum is characterized very sim­
ply when the interest rate r goes to O. Let us again place ourselves in this situation; the 
planner's problem then amounts to the maximization of instantaneous aggregate pro­
duction subject to the constraint of the Beveridge curve. If, at every date, an employed 
individual is capable of producing an exogenous quantity y of goods, whereas an 
unemployed person can only make a quantity z < y of these same goods "at home," 
instantaneous aggregate production is equal to total production (1 - u)y + uz, from 
which we must deduct the total costs hull+ J; c(x;) di corresponding to the "natural" 
process of matching and to the placements made by agencies. We thus have: 

w = (1- u)y+ uz-huO- J: c(x;) di (2) 

Equation (1) of the Beveridge curve allows us to eliminate the unemployment 
rate u from the definition (2) of instantaneous production, which then takes the form: 

w = -J: [c0 (a) + c.(x;)] di+ y 
(q- J; X; di)(y- Z +hi/) 

q+Om(ll) 
(3) 

The planner's problem consists simply of maximizing w with respect to x;, a, 
and 0. Scrutiny of the expresssion (3) of aggregate production w shows that this prob­
lem is diclwtomic. For all values of a and x;, the optimal value of the labor market 
tightness is the solution of the problem: 

Max y-z+hll 
o q+llm(ll) 

We thus come back to the planner's problem described in ch.apter 9, section 
4.4.2. In other words, the presence of placement agencies has no influence on the 



optimal value of the la. karket tightness. This value is thus always given by equa-

tion (49) from chapter 9, i.e.: 

(y - z)[l - lf(tl)) 
- q H(B)Om(O) 

with (II) = _ Om'(O) 
1f m(tl) 

(4) 

For this optimal value of 8, assuming that there exists a unique interior solution2 

such that a> O and x1 e(0,1), maximization with respect to x; and a of criterion (3) 
immediately yields: 

, y-z+hB h 
Cv(x;) = q + llm(ll) = [1 - lf(B)]m(O)' Vie [O,a] (5) 

, y-z+hB 
ac0 (a) + co(a) + cv(x0 ) = X. q + llm(B) (6) 

Equation (5) indicates that it is optimal to use the services of placement agencies 

up to the point where the marginal cost of a placement is equal to its marginal gain. 

This equation thus determines the volume of placements by each agency. Equation (6) 
defines the number of agencies a. The left-hand side of (6) corresponds to the marginal 

cost of a supplementary agency, while the right-hand side represents its marginal 

gain. At the optimnm, the two sides must be equal. The number of agencies is smaller, 
the higher the fixed cost c0 (-), and rises strongly with a, i.e., with the introduction of 

new agencies. 

2.1.3 Decentralized Equilibrium with Private Placement Agencies 
From now on we assume that there are private placement agencies, charging for their 

services at price Pv for firms and price Pu for unemployed workers. So a firm can 
instantly fill one of its vacant jobs by paying price p., and an unemployed worker can 

instantly find a job liy paying price p.,. That being the case, if a firm decides to turn to 
a placement agency for one of its vacant positions, it receives an expected gain equal 

to fl, - p., where 11, designates the expected profit from a filled job. At equilibrium, 
the free entry condition entails that the value II, of a vacant job. is null, and equality 

IT, = Pv will thus always be satisfied. Symmeb:kally, at equilibrium, the tariff of the 

placement agencies will bq such that the expected utility Vu of an unemployed person 
who does not make use of an agency's services will equal the expected utility V. - Pu 
of a person who has found a job immediately thanks to these services ( V. designates 

the expected gain from a filled job). We will thus have Pu = V. - Vu. Let us assume 

that wage bargaining takes place in decentralized fashion, in such a way that an em­

ployee obtains fraction 7 e [O, 1] of the global surplus S = II.-· fl,+ V. - Vu. Bearing in 
mind that the condition of free entry likewise dictates that the profit expected II, from 

a filled job is equal to the average cost h/m(O) of a vacant job, and that the sharing of 

the surplus entails (1 - y)(V. - Vu) = yT!,, we have: 

1-y h 
p, ,= -y-- Pu = m(O) (7) 
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When placement agencies are in a perfectly competiti•. )arket, they do not take 
into account the linkage (7) between the labor market tightness-which depends on 
the mass x of individuals who have resorted to placemenl agencies, through the 
medium of the Beveridge curve (1)-and the prices Pu and Pv· In other words, each 
agency considers these prices as given and determines the volume x; of its placements 
in such a way as to maximize its profit (Pu+ p.)x; - c(x;). Since relation (7) defining 
prices Pu and Pv entails Pu+ Pv = h/(1 - y)m(O), this maximization arrives at a rela­
tion between x; and 8 taking the form: 

c~(x;) = (1 -:im(O)' Vie [O,a) (8) 

Moreover, free entry into the market for placement services entails that firms are 
created as long as profit opportunities exist. Since the fixed cost rises with the number 
of agencies, at equilibrium the zero-profit condition in this market determines the 
number of.firms a: 

(Pu+ Pv)X; - [co(a) + Cv(X;)] = 0 ~Co( a)+ Cv(x;) = X;c~(x;) (9) 

Since, for given 0, the presence of placement agencies does not change the wage 
setting on each job, the model yields a wage curve identical to the one obtained in the 
basic model of chapter 9. In particular, the equilibrium value of the labor market 
tightness is given by equation (21) in chapter 9, i.e.: 

(1-y)(y-z) h 
r+q+yOm(O) m(9) 

(10) 

Setting r = O in relations ( 4) to (6) characterizing the social optimum, and com­
paring them to equations (7) to (10), we see that decentralized equilibrium is not effi­
cient, even if the Hosios condition y = 11(8) is satisfied. This result arises from the 
existence of congestion effects among the placement agencies. In this economy, there 
is no mechanism giving placement agencies entering the market' an incentive to take 
account of the losses they inflict on agencies already present. The upshot is that 
decentralized equilibrium leads to an excessive number of agencies and an over­
production of placements when the Hosios condition is satisfied. This result is easily 
verified by comparing equations (6) and (9). The notion that free competition in the 
placement agencies market leads to a situation of overproduction should nevertheless 
be put into perspective. Inasmuch as the size of the fixed costs attached to this type of 
business limits the ·number of fums present in this market, it is likely that monopolis­
tic behavior in the form of restricted supply will appear. 

The existence of congestion effects and the size of the fixed costs attached to the 
job placement business suggest that decentralized equilibrium probably leads to an 
inefficient allocation characterized by states of under- or overproduction. This ineffi­
ciency, and the need to check on the search effort being made by those receiving un­
employment benefits, generally justify state intervention in the job placement market. 



But this intervention muo• Itself be efficient. The empirical research on this problem is 
presented in section 3.2 below. 

2.2 WHY PROMOTE TRAINING? 
A large portion of the money spent on labor market policy goes to promote training. 
Leaving aside the question of how they are financed, these measures have the capacity 
to increase employment by raising labor productivity. Nonetheless, public interven­
tion is justified only if individual decisions lead to levels of training inadequate with 
respect to what would be socially desirable. We saw in chapter 2 that in a perfectly 
competitive economy, where it is possible to sign complete contracts, individual 
training decisions are socially efficient. It would be difficult to justify the need for 
public intervention in such a setting. 

Individual decisions about training are no longer necessarily efficient, though, 
when competition is imperfect. Imperfection in competition may arise from many 
sources, which create distortions and give private agents an incentive to take ineffi­
cient decisions. We have already pointed out, in chapter 2, that the unobservability 
of the characteristics of employees drives them, in certain circumstances, to over­
educate themselves in order to signal their quality to employers. In many cases, 
imperfect competition is also revealed by too low a level of investment in education. 
For example, the imperfection of the credit market may block access to training that 
would pay off, both individually and socially, and so impede individuals with few 
resources from acquiring some kinds of training (see Becker, 1964). 

In this section, we ·will concentrate on the consequences of imperfections in the 
labor market as regards education. In particular, we will demonstrate, on tho basis 
of the work of Acemoglu (1997), Acemoglu and Pischke (1998, 1999a, 1999b), and 
Stevens (1994), that the existence of tronsactjon costs in the labor market generally 
leads to underinvestment in training when state intervention plays no part. Such 
underinvestment reduces productivity and proves harmful to employment. 

In order to examine decisions about training, it is best to adopt the distinction 
introduced by Becker (1964) between general training, which enhances the produc­
tivity of the individual concerned for all types of jobs, and specific training, which 
enhances his or her produativity only for one particular type of job. This distinction is 
clearly ~eoretical, to the extent that all training has a certain degree of specificity, but 
it is a!'alytically useful. General training is fundamentally associated with the worker, 
who can apply it in different types of jobs and so bring employers to compete for his 
or her services. The structure of competition betwoen employers is thus capable of 
affecting decisions about training that potentially concern a multitude of individuals. 
Specific training, on the other hand, is associated with a match between a particular 
worker and a particular employer, and !110 payoff it brings depends only on the rela­
tions between these two persons. 

We will begin by studying the problems linked to general training, showfag 
that the length of time matching takes, and the costs it incurs, are sources of 
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underinvestment. We will then study specific training, eml'nasizing that the difficulty 
of signing complete contracts is the source of underinvestment for this type of training. 

2.2.1 Acquiring General Training 
Decisions about general training in a perfectly competitive economy wero presented 
in chapter 2. According to the standard analysis of Becker (1964), in that context in­
vestment in general training is entirely financed by workers. Moreover, the level of 
investment chosen corresponds to a social optimum. The costs of achieving matches 
and the monopsony power of employers, however, entail an underinvestment in gen­
eral training with respect to the socially desirable situation (Stevens, 1994; Acemoglu, 
1997; Acemoglu and Pischke, 1998, 1999a, 1999b). This we will demonstrate, begin­
ning by integrating investment in general training into the matching model of chapter 
9, then going on to characterize the social optimum of this economy and compare it 
with decentralized equilibrium. 

Tlw Labor Market with Matching Costs and Investment in General Training 
In order to represent decisions to invest in general training in the presence of match­
ing costs without too much difficulty, we will assume that a person entering the labor 
market possesses no training of this kind at the outset. Al the time he or she finds his 
or her ffrsl employer, he or she decides to invest an amount i in general training. For 
simplicity, the duration of training is assumed to be null. Once trained, each worker is 
capable of producing quantity y(i) of goods at every future instant. In other words, 
workers never need to be retrained. As workers are always assumed to have infinite 
lifetimes, this property obliges us to consider that the labor force is always growing, 
for if it were not, everyone would have acquired the necessary general training at the 
end of some greater or Jess period of time, and at tho stationary state, the optimal level 
of investment would be zero. Thus, we assume that the labor force increases at the 
constant exogenous rate n > 0, and that all the new entrants into the labor market arc 
unemployed persons, who by hypothesis have no general training. They find them­
selves in competition with older unemployed persons, who have the general training 
they got when they were first hired. 

As in the preceding sections and in chapter 9, the imperfection of the process by 
which firms and workers match up is summarized by a matching function possessing 
the usual properties. Tho exit rate from unemployment is then equal to IJm(O), where 
the labor market tightness 0 represents the ratio V/U between the stock of vacant jobs 
and tho stock of unemployed persons. In what follows, we omit, with no risk of con­
fusion, the time index, and we denote by U1, Un, and N the number of trained unem­
ployed persons, the number of unemployed persons with no training, and the size of 
the labor force at any date. We then have U ~ Uf + U0 • The uoemployed, trained or 
not, have the saroo probability of exiting from unemployment, for employers are inca­
pable of telling them apart a priori, before mooting them. We "will 11se "I "' UJIN and 
u0 = Un/N to designate the number of unemployed in each of those categories with 
respect to the labor force, and u a U/N to designate the unemploymeul rate. At every 



instant, the stock of unemployed persons without training increases by nN units, but 
loses 8m(O) Un individuals who find jobs. The instantaneous variation Un in the num­
ber of untrained unemployed is thus defined by the equality u. = nN - 8m(O)U •. 

Since u. = nNu. +Nil., the law of motion of Un is: 

Un = n - [n + 8m(O)Jun (11) 

From that we deduce the stationary level of unemployed persons for this category: 

n 
u,, = n+!Jm(8) (12) 

Let us further assume that the job destruction rate q is an exogenous constant; 
the instantaneous variation U in the total stock of unemployed persons is equal to 
the difference between the number of persons who at every instant become unem­
ployed, i.e., qN(1- u) + nN, and the number l!m(8)U of persons who find u job. Since 
U"' nNu +Nil, the time path of the unemployment rate is given by: 

Ii= q+ n - [q+n+ 8m(8)Ju (13) 

The stationary unemployment rate is then written: 

u = -~q_+_r• __ 
q+n+8m(8) 

(14) 

We are back to the equation of the Beveridge curve, which defines a decreasing 
relation between the unemployment rate and the rate of vacant jobs. 

The Social Optimum 

In chapter 9, section 6.2, we saw that if we assume that all agents are risk-neutral, the 
social optimum is found by maximizing the present discounted value of net aggregate 
output, taking into account the dynamics of tho variables that enter into this dis­
counted value. With the notations employed to this point, net instantaneous aggregate 
output Q is defined as follows: 

Q = N(l - u)y + zU - hV - 8m(8)Uni (15) 

In this formulati9n, the variable y represents the average production per 
employed worker, which must formally be distinguished from the production y(i) 

realized by a person who has benefited from an investment i at the current date, pre­
cisely because the production of employed workers depends exclusively on invest­
ments in general training made in the past. It should also be noted that tho training 
costs 8m(8)Uni of the untrained unemployed who find a job form part of Q. Let 
Y = N(l - u)y be the instantaneous gross production of employees. This variable 
increases at each instant by the production 8m(O)U1y of trained unemployed persons 
who find a job, and the production Om(O)U.y(i) of unemployed persons lrained at 
the current date, because they have just found their first job .. 'fuking into account 
the losses due to the destruction of jobs, the instantaneous variation in gross aggregate 
output is defined by Y = Om(8)fUtY + U.y(i)J - qY. Since by definition Y = (1 - u) · 
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(ny + Njr) - Nuy and u =Un+ u1, relation {13) allows us, at. Jeveral easy calcula­

tions, to arrive at an equation describing the law of motion of average production per 
employed person. It comes to: 

jr = lim(O)un (y{i) _ y) 
1-u 

(16) 

At any instant t, the size N of the iabor force is equal to N0e"1, where No desig­

nates the exogenous size of this population at date t = O. With the help of expression 
{15) of instantaneous net aggregate output, the planner's problem takes the following 

form: 

Maxf.."' ((1 - u)y + (z - Oh)u - Om(O)uni]e·V-n)r dt 
0,r 0 

subject to constraints (16), {13), anci (11). 

Socially Efficient Investment 
Let .:t, µ,and v be the multipliers respectively linked to constraints (16), {13), and {li). 

The Hamiltonian of the planner's problem is written3: 

H = ((1 - u)y + (z - lih)u - Om(O)uni)e-lr-n)t dt + Ajr + µu +•Un 

The first-order conditions are given by the equations: 

aH BH 
a; = 0• ao = 0 and 

aH . aH . aH . 
i!y = -A, Tu= -µ, Bun= -v (17) 

Differentiating the Hamiltonian with respect to i, the first of the conditions (17) im­
mediately entails: 

(1 _ u)e-lr-n)t 

1= y'(i) (18) 

Differentiating the Hamiltonian now with respect to y, condition BH/ay = -i brings 
us to: 

(l _ u)e ·(r-n)t _ ;i llm(ll)un = -i 
1~u 

(19) 

Henceforth we are at stationary equilibrium where iJ = u = U; differentiating 

relation {18) with respect to t gives .i. = -(r - n)A. Bringing this value of i into (19), we 
deduce the value of the multiplier A. Equation (18) then yields y'(i) as a function of u, 
Un, and II. Utilizing definitions (12) and (14) of the unemployment rates at stationary 
equilibrium, we can express y'(i) as a function of the variable II alone. It comes to: 

'("') nq 
y 1 =r+ n+lim(ii) (20) 

This. equation completely characterizes the level of efficient investment i' for 
any value of the labor market tightness 0. For given 0, integrating differential aqua-



lions (11) and (13) does i.. Jd allow us to express the unemployment rates u1 and u0 

as a function of the variable 0 alone. There is then no more need to take constraints 
(11) and (13) into account in the planner's problem. Since relation (20) was only 
obtained on the basis of conditions aH/oi = o and aH/iJy = -.i, it is thus indeed sat­
isfied for any given value of 8. Note that we find the level corresponding to perfect 
CO!Ilpetition, i.e., y'(i) = r, when lim(B) goes to +oo, i.e. when it is possible for a per­
son who has lost his or her job to be rehired immediately. 

Decentralized Equilibrium 
We will now establish that decentralized equilibrium is characterized by under­
investment in general training even if firms and workers are capable of entering into 
complete contracts (this result was obtained by Acemoglu, 1997). It is assumed that 
a complete contract is negotiated when a match occurs and is not renegotiable later. 
In chapter 9, section 4.2.1, we showed that investment decisions in the presence of 
complete contracts lead to the maximization of the surplus net of investment costs. 
The level of the wage negotiated depends on the share of the surplus obtained by each 
party and the amounts they respectively invest. 

By definition, the surplus from a match that takes place with a worker who has 
not yet acquired any general training is equal to the sum of the expected profit n,(i) 
and the expected utility V.(i), reduced by the value nv of a vacant job, and of the 
expected gains v. of an untrained unemployed person, where i designates the level of 
investment made in the job in question. When an untrained worker is hired, the opti­
mal investment maximizes the net surplus. When the free entry condition nv = O is 
satisfied, the net surplus reads: 

s.(i) = V.(i) - v. + n,(iJ - i (21) 

Let us denote respectively by i, and i1, with ie + i1 = i, the amount of investment 
made by the employee and the firm, and let us assume that a part y of the net sur­
plus goes to the worker; the negotiated wage is implicitly determined by the surplus­
sharing rules: 

V.(i) - i, - V0 = yS0 (i) and n,(i) - ;1 = (1 - y)S0 (i) 

These equations indicate that the wage of workers without initial training 
depends not just on the amount of total investment i but also on their personal con­
tribul'\on to this investment. For a given amount of investment i, tho wage negotiated 
is evidently lower, the smaller the worker's contribution is. We will simply denote 
this wage by w. 

It is important to point out that the expected utility of e trained worker, should 
he or she lose his or her current job, depends on his or her training, since in negotiat­
ing with potential employers, he or she c:an make his or her productive abilities, equal 
to y(i), pay off. Consequently we will denote by V0 (i) the gains expected by an unem­
ployed person who has had the benefit of an investment in gr.neral training amounting 
to i. The expected gains are then defined by the usual equations: 
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rV.(i) = w + q[Vu(i) - V.(i)] 

rIT.(i) = y(i) - w + q[Il. - Il,(i)] 

(22) 

(23) 

Let V,(i) and W(i) be respectively the expected utility and the wage of an em­
ployee hired when he or she was already trained (for. whom the investment i in gen· 
era! I.raining was thus made on a previous job); we then have: 

rV,(i) = z + l!m(l!)[V,(i) - Vu(i)) and rV,(i) = W(11 + q[V,(i) - V,(i)] (24) 

For trained workers, bargaining covers only the wage level W(i), since it is no 
longer necessary to invest in their general training. At this stage, the model becomes 
identical to the basic model of chapter 9 and the outcome of the negotiation is de­
scribed by equation (20) from that chapter, i.e.: 

W(i) = z + (y(i) - z]r(li) with r(li) 
y[r + q + lim(ll)] 
r+q+yOm(I!) 

Relations (24) then allow us to express V.(i) as a function of i and O; it comes to: 

. yl}m(I!) 
rV.(11 = z + [y(i) - z) Ii (Ii) r+q+y m 

(2S) 

This formula indicates how the investment i in general training made today 
increases the expectation of future gain of a worker in search of a job. It should be 
taken into accouut at the time of choosing the amount of optimal investment. Taking 
relations (22) and (23) into account, when the free entry condition n. = O is satisfied, 
the surplus net of investment costs (21) is written: 

s.(11 = y(i) + qVu(i) i - Vu 
r+q 

(26) 

With the help of definition (25) of Vu(i), the maximization of the net surplus 
gives an investment im defined by: 

y'(i )-r+ rq 
m - r+ylim(O) (27) 

Setting aside the case of perfect competition (which is obtained by making lim(O) 
go to +co), comparis~n of this relation with equation (20) characterizing the socially 
efficient level of investment i' shows that if r > n then y'(im) > y'(i') for all values of 
0. The conr.avity of function y(.) then entails i' > im. Jn an imperfectly competitive 
labor market, there is thus a tendency to underinvest in general training even if agents 
can sign complete contracts. 4 That comes from the fact that a part of the investment 
decided by a worker and an employer will necessarily benefit future employers, who 
are not parties to the investment decision. 

Underinvestment and Incomplete Markets 
We have just seen that agents underinvest in general training because it is not possible 
for them to negotiate with future employers. TI1e latter will benefit from the invest· 
ment made today, for in a imperfectly competitive markflt they will capture a part of 



' 
the surplus produced by .,,uJers. This positive externality is not taken into account 
by the market, and this in turn justifies state intervention in tho area of general train­
ing (on these questions, see Acemoglu, 1997, and Acemoglu and Pischke, 1998, 1999a, 
1999b). We note that if decentralized equilibrium with complete contracts is ineffi­
cient, it is so a fortiori with incomplete contracts. 

There are many other sources of externality associated with training decisions. 
Most often the acquisition of human capital by an agent represents a positive exter­
nality for his or her immediate circle without these benefits being acknowledged 
through any remuneration. The transmission of know-how through simple discus­
sions, or by observation, are classic examples of such externalities. Individual training 
has social consequences that the market does not necessarily place a value on. Many 
sociological studies carried out in the 1960s have shown that the performance of stu­
dents is influenced by the average level of performance of the students with whom 
they go to school (Coleman et al., 1966). These externalities play a very important role 
in models of endogenous growth (Lucas, 1988; Benabou, 1996; Aghion and Howitt, 
1998). 

Formally, these direct externalities can be taken into account in the model 
developed above by taking the view that a worker's productivity is an increasing 
function of his or her own investment i and of the average level of investment I of all 
workers. Individual production is then represented by the concave function y(i, l). If 
we go back to the model with this formulation, the possibility arises of a multiplicity 
of market equilibria when a rise in average investment improves the marginal return 
on individual investment (that is, if the second derivative y 12 is positive). In the ter~ 
minology of Cooper and John (1988), the decisions of agents are then characterized 
by "strategic complementarities" capable of causing coordination failures and holding 
the market at a low level of investment. 

Complex contracts obliging possible future employers to pay a transfer to the 
initial employer or to pay a wage supplement to previously trained workers, would in 
theory allow the social optimum to be reached (Acemoglu, 1997). But this contractual 
structure is not realistic, because for it to be put into practice there would have to be 
commitments binding all employers, something very hard to envisage. Snower (1995), 
Ulph {1995), and Acomoglu (1997) have also shown that firms might be given an 
incentive to choose technologies using mainly low-skilled manpower, if workers have 
little.training. Such behavior by firms would accentuate underinvestment in general 
training, since the incentive for workers to invest in this type of training increases 
with the demand for skilled labor. 

The imperfection of the financial markets is another barrier to investment in 
general training. When wage-earners are obliged to borrow in order to get training, the 
difficulties of access to credit do indeed lead to an insufficient level of training. The 
imperfection of financial markets most often arises from an asymmetry of information 
between the organizations granting credit and the investors. Uncorlainty about the 
capacities of individuals applying for credit, and the chance that they might use the 
money for purposes other than training, constitute sources of inefficiency in tho i.:redit 
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market that must lead to rationing. Becker (1964) emphasize• ... Jt this type of problem 
ought to be solved by public intervention in the credit market instead of by regulating 
the general training of workers. Thus underinvestment in training does not always 
necessitate subsidies or action by the state in this area. 

The imperfect information of employers about the characteristics of workers is 
another potential source of undorinvostment in general training. If employers observe 
the amount invested in human capital, and the return on it, imperfectly, then workers 
do indeed risk not being able to make their training pay off fully, which leads them to 
invest less. So employers have an interest in completing general training after hiring 
(Katz and Ziderman, 1990; Chang and Wang, 1996). In that case, investment by firms 
will be optimal if it is possible to sign complete, nonrcnegotiable contract•. 

2.2.2 Acquiring Specific Training 
Unlike general training, specific training demands a new investment every time a 
worker changes firms. In that context, the incompleteness of the labor contract 
becomes the principal source of inefficiency in decentralized decisions. We will prove 
this point, beginning with a definition of the social optimum in the presence of trans­
action costs in the labor market, and costs of specific training. We will then show that 
decentralized equilibrium coincides with the social optimum when there are com­
plete contracts. This result is thus different from that obtained within the framework 
of general training, where the costs of matching constitute a source of inefficiency in 
decentralized decisions. Conversely, when labor contracts are incomplete, decentral­
ized decisions entail underinvestment with respect to the socially deslrnble level. 

The Social Optimum with Specific Training 
With no risk of confusion, we shall again denote by i the investment in specific train­
ing from which a worker benefits at each new hire. Once this investment is made, the 
employee is capable of producing a quantity y(i) of goods solely in the firm he or 
she bas just joined. The function y(i) possesses the same properties as before: it is 
increasing, concave, and such that y(O) > z. Formally, the ana,lysis of the social opti­
mum with specific trnining is deduced from that with general training, with these 
addenda: an unempl~yed person never possesses specific training, and an investment 
; must be made in every unemployed person when he or she finds a job. In other 
words, from now on we have UJ "'0 and u,, = u. Relations (13) and (14) describing the 
luw of motion of the unemployment rate u and the stationary value of this variable 
apply here as well. On the other hand, we must replace u,, by u in eqLrntion (16) char­
acterizing the evolution of average production y per employed person. Thus we will 
now havo: 

. llm(ll)u[ (') 1 y = l"=u y I - y, 

The planner's problem is then writien as follows: 

J+oo 
Ma,x [(1 - u)y + (z -- 9h)u - Om(O)ui]e-<'· •)t di 

0,1 0 
s.c. (13) and (28) 

(28) 



·, 

Let i. andµ again awulte the multipliers respectively associated with constraints 
(28) and {13); the Hamiltonian of the planner's problem takes the form5 : 

H = [(1 - u)y + (z - IJh)u ·- Om(ll)ui]e-<,_.l, dt + AY + µil 

The first-order conditions are given by equations: 

and 
oH : 
ay =-"· 

oH . 
OU=-µ (29) 

Differentiating the Hamiltonian with respect to i, the first of conditions {29) again 
brings us to the equality {18) giving the value of the multiplier.< as a function of u and 
of i. If we now derive the Hamiltonian with respect to y, condition oH/oy = -i 
entails: 

(1 -· u)e·{r-n)t - )_ llm(ll)u = -i 
1-u 

(30) 

At stationary equilibdum where iJ =Ii= O, the derivation of relation {18) with 
respect to t gives i = -(r - n)J .. Bringing this value of i into (30), we deduce from that 
the value of the multiplier A. Equation {18) then yields y'(i) as a function of u and 0. 

Using definition (14) of the unemployment rate at stationary equilibrium, we can then 
express y'(i) as a function of IJ alone. The socially optimal level of investment in spe­
cific training, again denoted by i', thus satisfies: 

y'(i') = r+ q (31) 

It should be pointed o_ul thal efficient inveslment in specific training depends 
neither on the matching process nor on labor market tightness 0. These properties are 
highly intuitive, for the investment in specific training is only made after the match­
up between a worker and a firm, and this investment has to be made again at each new 
match-up, The time spent searching for a job thus plays no part in the decision to 
invest in specific training. 

Equilibrium with Complete Contract• and Specific Training 
Contrary to the result we reached in the case of general training, here we will show 
that decentralized equililDrium selects a socially optimal amount of investment in 
specific training when firms and workers are capable of committing themselves to 
com11lete contracts. Formally, the only difference from the case of general training lies 
in the independence of the expected utility of any unemployed person when an in­
vestment in specific training is made. Specifically, it is enough to set V,,(i) =Vu in the 
decentralized market model with general training in order to fiml "quilibrium with 
specific training. Therefore, setting V~(i) = 0 in the expression (26) of the surplus from 
a filled job, we see that the equilibrium value, again denoted by im, of the glo)>al in­
vestment in specific training satisfies the equality y'{im) = r + q. In a decentrali:i:etl 
equilibrium, the investment in specific training is thus socially optimal. The absence 
of externalities arising from specific training ensures that the pdvately chosen invest­
ment is socially efficient. Note that to arrive at this result, it is not necessary to specify 
the exact form of V,,, nor to refer to the matching process that.takes place in the labor 

LABOR MARKET POLICllES l 657 



658 I PA.RT fOUR I CHAPTER 11 

market. The efficiency of decentralized equilibrium when it comes to investment in 
specific training is thus a property that is satisfied with and without labor market fric­
tions. The reason for this is the same as the one adduced for the determination of effi­
cient investment i': the time spent searching for a job plays no part in the decision to 
invest in specific training. 

The hypothesis that there is commitment to complete contracts renders the 
participation of agents in financing the investment inconsequential. As in the case of 
general training, to the extent that there are binding commitments, the parties agree 
to compensate changes in workers' share of investment in training by changes in the 
wage. In what follows, we show that this compensation does not operate if contracts 
are incomplete. 

Equi/fbrium with Incomplete Contract.• ond Specific Training 
A necessary condition (but not always a sufficient one; see the case of general training) 
of the efficiency of investment decisions is that it must be possible to sign long-term, 
nonrenegotiable contracts in such a way as to avoid the holdup problem. But it is 
impossible under many circumstances to have the clauses of a contract verified by a 
third party (see chapter 6), and this leads to the adoption of incomplete contracts­
ones that are vulnerable to renegotiation. That being so, there is a risk of underinvest­
ment. This situation is illustrated for physical capital in chapter 7, section 5.1.2, and 
investment in training is no different. 

This will emerge clearly if we go back to the previous model: but now we 
assume that each pari.y decides, at the time of hiring, how much to contribute to the 
investment in specific training, knowing that the wage might be renegotiated at any 
time. It is easiest to represent this situation by a two-stage game. In the first stage, the 
employer and the worker choose, simultaneously and without cooperation, their re­
spective specific investments ir and i •. Total investment Ur+ i 0 ) is always denoted by 
i. In the second stage, the wage is negotiated in such a way as to share the surplus in 
accordance with the bargaining power of each of the agents. The outcome of this game 
is found by backward induction. 

The expected utility of an employee and the expected profit from a filled job are 
again given byrelatio~s (22) and (23) on condition that we replace Vu(i) by Vu in (22). 
In the second stage of the game, the gains of the employer and the worker are respec­
tively equal to [II.(i) - irJ and [V.(i) - i.J if the bargaining is successful. But if the bar­
gaining fails, the respective gains amount to (Il, - ir) and (Vu - i 0 ) since at this stage 
the investment has already been made. So the surplus released by a match is equal to: 

S(i) = V.(i) · · Vu+ n.(i) - II, = y(i) - r~. 
r+q 

(32) 

The wage bargaining that takes place at this stage shares out the surplus in ac­
cordance with the bargaining power of each of the agents. Since V,, does nol depend 
on i, relations (22), (23), and (32) defining the gains of agents and the surplus show 
that this stage of the game is formally identical to wage bargaining in the basic model 



from chapter 9. We thus have: 

w = yy(i) + (1 - y)rVu (33) 

In the first stage of the game, the employer determines the amount it of his or her 
investment by maximizing his or her net profit Ile(i) - ir. He or she then knows the 
reaction of the negotiated wage described by equality (33) and considers the invest­
ment i, of the employee as given. So with the help of the definition of n.(i) given by 
(23), we arrive at: 

(1 - y)y'(i) = r + q (34) 

Symmetrically, the worker knows the reaction of the wage, and decides his or 
her investment i, by maximizing his or her net gain V.(i) - i, with given i1. The defi­
nition of V,(i) given by (22) then entails: 

yy'(i) = r + q (35) 

Relation (34) describing the best response from the employer indicates that he 
or she announces a global amount of desired investment, denoted by I, and defined 
by the equality (1 - y)y'(i) = r + q. Relation (35) likewise shows that the employee 
desires a global amount of investment, denoted by i, such that. yy'(i) = r + q. In a 
noncooperative equilibrium, it is the agent with the highest level of desired invest­
ment who will assume the entire cost of the investment. Consequently, if y > 1/2, l is 
superior to I and only the worker invests in his or her own specific training. At market 
equilibrium, this investment amounts to i. Relation (31) giving the value i' of the 
socially efficient investment then shows that i,.;; i', with i = i' if y = 1. On the other 
hand, if y < ! , the employer assumes the entire burden of the investment, which then 
comes to i. Relation (31) again shows that we have J,.;; i', with J = i' if y = 0. If y = ~, 
there is a range of equilibria, all of them inefficient. Hence, market equilibrium leads 
to underinvestment in specific training except when one of the agents has all the bar­
gaining power. In that situation, the fact that no commitment can be made no longer 
matters, for the agent with all the power is also the only one to benefit from the pay­
back on the investment; this explains why he or she invests in a.ti efficient fashion. 

We have just shown that transaction costs in the labor market constitute sources 
of underinvestment in trairting, both specific and general. This justifies state interven­
tion in this area, in order to upgrade all levels of training. The intervention itself has 
to be adequately efficient as well. Many empirical studies have been dedicated to this 
problem, and the results are brought together in section 3.2 below. 

2.3 EMPLOYMENT SUBSIDIES 
When the matching process is imperfect, social efficiency requires strictly positive 
unemployment, so that vacant jobs can be filled. To try to get rid of unemployment by 
creating a great many vacant jobs would be a waste of resources. Nevertheless, there 
are a number of reasons why en excessively high unemployment rate may occur at 
market equilibrium. When that happens, employment subsidies arc a means to reduce 

LABOR MARKl.T POLICIES I 659 



660 l PART FOUR I CHAPTER 11 

) 
L 

.... .... .... 
/' ........ .... .... .... .... LS .... 

LD 

w 

FIGURE 11.1 

The effect of employment subsidies in the competitive model. 

the unemployment rate while improving overall welfare. The main limitation on the 

efficiency of employment subsidies lies in the upward pressure they exert on wages, 
which has a tendency to bid up the cost of labor and reduce labor demand. This phe­

nomenon emerges clearly in the case of a perfectly competitive labor market as repre­
sented in figure t1.1. An increase in labor demand on account of a fall in the cost of 

labor increases wages. These increases are greater, the less the wage elasticity of labor 

supply. At the limit, if the wage elasticity of the labor supply is null (a case not very 
remote from many empirical estimates, see chapter 1), the shift in labor demand leads 
solely to a wage rise, with no impact on employment. The matching model associated 

with noncompetitive wage setting allows us to clarify these results. 

2.3.1 Who Benefits from Employment Subsidies? 

The simple matching model from chapter 9 allows us to see clearly that a subsidy (or a 
tax) does not necessarily benefit the direct recipient. It turns out that a subsidy granted 

to a firm only benefits the firm to some degree (and perhaps not at all, in certain cir­
cumstances), and that the worker derives benefit from it as well. The sharing of the 

gains induced by subsidies is part of tho wider problem of the fiscal incidence of taxes 
and transfers by the state. 

1'he Matching Model with Employment Subsidies 
We consider an economy in which filled jobs are subsidized. If the negotiated wage 

amounts to w, the employer receives a subsidy equal to sw, and the cost of labor thus 
comes to w(l -· s). For the rest, we restore all the components of the basic model from 

chapter 9. The exp,.cted profit Ile and Ilv respectively associated with a filled job and 



) 
a vacant one thus satisry: 

rn. = y - (1 - s)w + q(D, -- fl.) and rfl, = --h + m(8)(I10 - D,) (36) 

When the free entry condition fl, = O is satisfied, we get fl, = hfm(O) and tho 
labor demand equation takes the following form: 

h y- (1- s)w 
m(O) = --r+q-

The expected utilities V. and Vu of an employee and an unemployed person are 
still defined by: 

rV. = w + q(V,, -- V.) and rVu = z + Om((J)(Ve - Vu) (38) 

We further assume that the wage on which the worker and the employer agree 
corresponds to the solution of the Nash problem described in chapter 9, section 3.4.1. 
Let y again be the relative power of the worker in the bargaining process; the nego­
tiated wage is found by maximizing the Nash criterion (V.-· V.)'(fl.-D,) 1-' with 
respect to w. Relations (36) and (38) give the contributions of the players to this crite­
rion. They are: 

n. - n, = y- (1 - s)w - rll, 
r+q 

and 

It is easy to deduce that if the free entry condition 11, = O is satisfied, the nego­
tiated wage is given by: 

w = y__L_ + (1 - y)rV,, 
1-s 

(39) 

If we compare this equation with relation ( 19) giving the negotiated wage in the 
basic model from chapter 9, it turns out that, from the point of view of the employer, 
the grant of a subsidy is formally equal to an increase in individual production for the 
same wage w paid to his or her employee. But for the !attar, the subsidy paid to the 
employer proves formally equivalent to a wage rise for the same level of productivity. 
So we have to specify exactly how the subsidy received by the firm is finally shared 
out. 

An Illustration of the Problem of Fiscal Incidence 
In o;der to arrive at the expression of the wage curve encapsulating the outcome of the 
wage bargaining, it suffices to replace y by y/(1 - s) in formula (20) from chapter 9, 
which gives precisely the equation of the wage curve. We thus find: 

w = z + I'(ll) [__L_- z] 
1-s 

with (40) 

This relation shows that for givon 0, i.e., at the partial equilibrium of a ·decen­
tralized wage negotiation, the payment of a subsidy to the employer ]earls to a rise 
in the wage received by the employee. To subsidize firms in this way amounts to 
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increasing the global surplus generated by filled jobs. Di.. } wage bargaining, the 
worker captures a portion of this additional surplus in the form of a wage rise. The 
result would be identical if the employee were to benefit from a direct subsidy in bis 
or her favor, for example, the right to hold on to certain social transfers while working 
for pay; in that case it would be the employer who, during wage bargaining, would 
capture a portion of the additional surplus. 

We have seen, especially in chapters 1 and 9, that unemployment benefits are 
most often indexed, partly at least, to wages. This property is summed up by the 
equality z = bw + z0 where b and Zo are exogenous constants. That being so, the wage 
curve takes the form: 

w(1 _ s) = r(ll)y + zo[l - r(O}](l - s) 
1 - b[1 - r(ll)J 

(41) 

This equation highlights the fundamental role played by the degree of index­
ation of unemployment benefits to wages (Pissarides, 1998, insists particularly on this 
point). When unemployment benefits are perfectly indexed to wages (z0 = O}, the 
effect of a wage subsidy takes a particularly distinct form. Relation (41} shows that, 
for given II, the cost of labor for the employer, i.e., w(1 - s}, does not depend on the 
amount of the subsidy. In other words, wage bargaining entails that the employee 
captures the totality of the subsidy initially paid to the employer. This result spectac­
ularly illustrates the question of fiscal incidence: the application of a fiscal measure to 
a specific agent (here, the employer) does not necessarily make this individual the ulti­
mate beneficiary or victim of the measure. The hypotheses of risk neutrality and the 
indexation of unemployment benefits make the employee the real beneficiary of the 
subsidy. When unemployment benefits are partially indexed to wages, the cost oflabor 
does effectively diminish with the subsidy. But there is always an additional surplus­
sharing mechanism generated by the subsidy that pushes the negotiated wage upward. 

The Impact of Subsidized Hiring on Labor Market Equilibrium 
Equilibrium values of th~ wage and the labor market tightness lie at the intersection of 
the wage L'llrve and the labor demand curve respectively defined by relations (41} and 
(37). Wages come into these relations through the cost of labor, i.e., w(1 - s). Hence 
we can eliminate this variable in order to obtain an equation implicitly defining the 
equilibrium value II' of labor market tightness; the equilibrium value w• of the nego­
tiated wage can immediately be deduced thanks to (41} and comes to: 

_h_ = XD._-:: b) ·- zo(1 - s) <l>(O') 
m(O') (r+q) 

with 
1 - r(ll) 

<!>(II) = 1 - b[l - r(O)J (42) 

Finally, tl1e equilibrium value of the unemployment rate is found by examining, 
in the (v, u) plane, the intersection of the Beveridge curve with the line issuing from 
the origin with slope II' (soc chapter 9, fig. 4.7). As the Beveridge curve is not affected 
by employment subsidies,. their impact on tho unemployment rate is immediately 
deducible from the variation in labor market tightness. 



Equation ( 42) sh.,)s that labor market tightness is not alfocted by subsidies if the 
gains of unemployed persons are perfectly indexed to wages (zo = O). When that is so, 
employment subsidies induce only a redistribution from firms, whose prolit.• fall, to 
workers, here both the employed and the unemployed, with no effect on employment. 
When the gains of Lhe unemployed are not perfectly indexed to wages, employment 
subsidies increase labor market tightness and so reduce the unemployment rate. It 

should be noted that these conclusions no longer hold when the worker is paid at the 
minimum wage. In that case, w is given and equation (37) of labor.demand completely 
determines the equilibrium value of the labor market tightness. Then an employment 
subsidy always reduces unemployment, for thH cost of labor falls without the income 
w of the employee rising. 

The points made here highlight the complementarities between different em­
ployment policies (emphasized by Coe and Snower, 1997, and Pissarides, 1998). The 
efficiency of employment subsidies depends in part on the attribution rules of un­
employment benefit.•. These subsidies may have no more than a very slight effect on 
employment, if the gains of the unemployed are perfectly indexed to wages. 

2.3.2 Quantifying the Effect of Employment Subsidies 

It is possible to assess the impact of employmenl subsidies quantitatively by using the 
estimates of the elasticity~:: of wages with respect to the unemployment rate made by 
Blanchflower and Oswald (1995). These authors find that in most countries this quan­
tity lies close to -0.1. In order to bring out this linkage between the unemployment 
rate an<l wages, we will write the levei of employment in Uie form N[l - u(w)] where 
N represents the size, assumed to be exogenous, of the labor force. Labor demand, for 
its part, depends in a very general way-see, for example, relation (37)-on the global 
cost oflabor. Hence it can be denoled·by Ld[w(1- s)], and labor market equilibrium is 
conveyed by the equality: 

Ld[w(1 - s)] = N(l - u(w)] 

Let qd bo the elastic:ity of labor demand with respect lb the cost of this factor; 
differentiating this equality with respect to sit becomes possible, after several simple 
calculations, to expresg the elasticity q;' of wages with respect to the rate of the sub­
sidy .in the following manner: 

.,; (1 - u)qd 
q =--·---
' (1- u)~d + ~ 

q:;' 

(43) 

A relevant order of magi;ilude for qd is -0.5 (see chapter 4, section 2.2 on em­
pirical estimates of the labor demand elasticity). For an unemployment rate equal to 
10% and with q;,' ~ -0.1, we Urnn have~:"' 0.31. This result signifies that· a suiisidy 
reducing lhe r:ost of labor by 1 % provokes a wage risD on the order of 0.3%. Thus the 
reduc:tion in tho labor cost is on tho order of 0.7%, so labor demand and emplo.yment 
increase by 0.7 · 0.5% = 0.35% for subsidies amounting to 1% of the Jaqor cost. It is 
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worth noting that this elasticity entails that job creation by me Js of this type of sub­
sidy has a relatively high cost. An increase in the subsidy of /ls costs wlls per job 
subsidized, and makes it possible to create 0.351\s jobs. The cost of each job created is 
thus equal to w/0.35, i.e., around three timos the average cost of a job. The gain for 
society corresponds to the extra production achieved by creating the extra job, and the 
savings made thanks to the hiring of an unemployed person. Assuming that an unem­
ployed person costs society around half tho production of a job, the net collective gain 
from the creation of an extra job is negative, since it is worth y (the production of the 
job created), minus 3w (the cost of the job created), plus 0.5y (the savings made thanks 
to the decrease in unemployment), which gives a total gain, assuming that the average 
wage is equal to (2/3)y, of -0.5y. 

This calculation assumes that all jobs arc subsidized. There are, however, rea­
sons to think that employment subsidies are more efficient when they are targeted to 
low-skillod workers. Two arguments support this case. For one thing, equation ( 43) 

indicates that the elasticity ~,w depends on the unemployment rate. Now, the least 
skilled workers are also the ones for whom this variable takes the highest value. For 
another, demand for low-skilled labor is probably more elastic to wages (see chapter 4 
and Hamermesh, 1993), on the order of -1, for workers whose wage is close to the 
minimum wage. If we make the same calculation as before with an unemployment 
rate equal to 15%, we can show that a subsidy ;educing the cost of low-skilled labor 
by 1% increases employmont by 0.64%. The cost of one job created comes to approxi­
mately 1.6 times the average cost of an unskilled job. This figure is about half the one 
we arrived at when all jobs are subsidized, and suggests that it is possible to increase 
global employment using employment subsidies for the low-skilled (relatively sen­
sitive to lightened labor cost) financed by taxes on skilled employment (relatively 
insensitive to increased labor cost). Concretely, these measures, which have been 
proposed by Dreze and Malinvaud (1994) and Dreze and Sneessens (1997) in particu­
lar, could be put into effect by recalibrnting payroll taxes to make them less onerous 
for low wages and more onerous for higher wages. 

2.4 THE CREATION OF PUBLIC SECTOR Joas 
In comparison to employment subsidies, the creation of public sector jobs presonts tho 
advantage of making it possible actually to create jobs within a short time frame. For 
this reason they are often adopted either as a remedy for unemployment or as a spring­
board to regular jobs for persons who have difficulty entering the labor force. The cre­
ation of public sector jobs is liable lo crowd out private sector ones, however, through 
lhe same mechanism as employmont subsidies: the increase in labor demand pro­
vokes a wage rise that may, over time, completely cancel out the impact of the public 
sector jobs created, if the labor supply is insensitive to wages (Calmfors, 1994; Calm­
fors and Lang, 1995; Algan et al., 2002). We will begin by looking at the crowding-out 
effect induced by tho creation of public sector employment in the matching model, 
before proceeding to a quantitative assessment of the oxtent of this effect. 



2.4.1 The Crowding-.) Effects of Public Sector lobs 

It is possible to represent the impact of the creation of public sector jobs schemati· 
cally, using the matching model and assuming that these jobs have the same charac· 
toristics as those in the private sector (less rudimentary models will be found in 
Holmlund and Lindon, 1993; Calmfors and Lang, 1995; and Algan et al., 2002). 

1'he Beveridge Curve with Public Sector fobs 
By hypothesis, workers in the private and public sectors receive the same wage wand 
face the same probability q of losing their jobs. The assumption is that tho state aligns 
civil service wages with those negotiated in the private sector. For the sake of sim· 
plicity, the size of the labor force is assumed to be constant, equal to 1; we denote 
public sector employment by Lg. If L designates employment in the private sector, tho 
unemployment rate u is defined by the equality: 

U=l-Lg-L 

We assume that the matching process in the public sector is perfectly efficient. 
The state recruits its employees by a random draw from among all the unemployed. 
Let g bu the rate at which an unemployed person is hired in the public sector. At sta· 
tionary equilibrium, the volume of jobs destroyed per unit of time in this sector, qL8, 

must equal the volume gu of jobs created. Hence rate g depends on the unemployment 
rate, the job destruction rate, and the volume of public sector jobs, according to the 
formula: 

g= qL, 
u 

(411) 

Assuming that the usual matching process goes on in the private sector, at every 
instant there are respectively [g + llm(B)Ju jobs created and q(t - u) jobs destroyed in 
the economy as a whole. At stationary equilibrium, these two quantities are equal, and 
using definition ( 44) of g, Lhe unemployment rate is expressed as follows: 

q(1-Lg) 
u = q+lim(O) (45) 

This equation defi'nes the Beveridge curve in the presence of a public sector of 
size bg. It turns out that the creation of public sector jobs reduces the unemployment 
rate when the vacancy rate in the private sector is given. But the number of vacan· 
cies is an endogenous variable, determined by the profit outlook of firms, so we must 
focus on the determinanls of labor demand and negotiated wages to understand the 
consequencos of public employmont on urwmployment. 

Labor Market Equilibrium 

Wages and the jcib destruction rate being identical in both sectors, an employee has 
the same expected utility V. everywhere. Since an unemployed person· finds a job in 
the public and private sectors at respective rates g and IJm(O), his or her expected 
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utility V, satisfies the relation: 

rV, = z +Is+ l.lm(l.l))(V. - v;,) (46) 

Comparing this relation with the definition of v. in the basic matching model of 
chapter 9, it turns out that this matching model with public-sector employment is 
formally equivalent to the basic model, on condition that we replace the probability 
Om(O) of returning to employment by the sum g + IJm(O). Consequently, the negotiated 
wage is written as follows: 

w = z + r(IJ,g)(y- z) with r(O ) _ yir + q + g +om(O)) 
,g - r+q+yig+l.lm(l.I)) 

It is, moreover, possible to eliminate the unemployment rate u between relations 
(44) and ( 45), which allows us to write g as a function of Lg and II. We thus get 
g = Lglq + IJm(IJ)]/(1 - Lg). Bringing this value of g into the wage equation (47), we find 
the remuneration of an employee as a function of the labor market tightness 0 and the 
level L8 of public sector employment, i.e.: 

w = z + t(l.l,Lg)(y- z) with t O L _ rir(1 - Lg)+ q + IJm(l.I)] 
(' g)-r+q+y0m(l.l)-L8 lr+q(1-y)) 

(411) 

In the (£1, w) plane, labor market equilibrium lies at the intersection of the wage 
curve (WC), represented by equation (4&), with labor demand. The latter arises from 
the equality between the average cost h/m(l.I) of a vacant job and the expected profit 
(y- w)/(r + q) from a filled job, so it does not depend on the size L8 of the public 
sector. On the other hand, it is easy to verify that, for given I.I, the negotiated wage 
rises with Lg. In the (I.I, w) plane, tho wage curve shifts to tho right. Labor market 
equilibrium is represented in figure 11.2. It turns out that public sector employment, 
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The effects of public sector jobs on wages. 
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by increasing the exit rate _Jm unemployment, exerts upward pressure on the nego­
tiated wage and thus proves liable to crowd out private employment. 

The equilibrium unemployment rate is obtained by focusing on the intersection 
of the Beveridge curve (BC) defined by equation ( 45) with the line issuing from the 
origin with slope e. Figure 11.3 sums up this situation. An increase in public sector 
employment also leads to a downward shift of the Bev_eridge curve, so it is equivalent 
to greater efficiency in the matching process. This improved efficiency runs counter to 
the crowding-out effect on private sector jobs, and, to sum up, the variations in the 
unemployment rate are ambiguous. The calibration exercise that follows allows us to 
specify the orders of magnitude of these contradictory effects. 

2-4.2 Quantifying the Impact of Public Sector Job Creation 

It is possible to assess the impact of public sector job creation by a method analogous 
to that adopted for employment subsidies. Let Ld(w) be labor demand in the private 
sector, and let us consider a measure that consists of creating (p- l)Ld(w) public 
sector jobs. Labor market equilibrium is then written: 

(p- l)Ld(w) +Ld(w) = pLd(w) = N(l - u(w)] 

Differentiating this relation with respect to p, we find the expression of the 
elasticity ,,; of total employment with respect to the rate of public sector job creation. 
After several simple calculations, it comes_ to: 

t/L _ u 
p - U + (1 - U)1fd1/: 

' 

' 

\\\ 
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labor market equilibrium with public sector job creation. 
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) 
This relation gives the variation in total employment following an increase in 

public sector employment corresponding to 1 % of private sector employment. If we 
adopt the same calibration as that used to analyze employment subsidies, i.e., u = 0.1, 

T/d = -0.5, and 11:: = -0.1, we find T/~ "'0.7. The creation of a public sector job there­
fore destroys around 0.3 private sector jobs. 

In order to compare the efficiency of public sector job creation with that of 
employment subsidies, we must first point out that a public sector job does not neces­
sarily have the same productivity as a private sector one. Let Yp be the production of 
a public sector job; the net gains from the creation of a public sector job are equal 
to production Yp minus wage w and production loss in the private sector, or 0.3y. 

We must add the gains that flow from the hiring of an unemployed person, which 
we take to be equal to 0.5y. The total net gain for the collectivity is thus equal to 
Yp - w + 0.2y, and depends on the productivity of public sector jobs and their remu­
neration. It is not necessarily positive. 

These orders of magnitude are evidently no more than indicative. They suggest 
that the systematic subsidization of private sector jobs, or the creation of pµblic sec­
tor ones, are very costly measures that should only be used marginally to combat 
unemployment. 

3 THE EVALUATION OF ACTIVE LABOR 
MARKET POUCiES 

In order to judge labor market policies, we need to be able to assess their impact both 
on the agent who benefits from them and on the collective welfare. We will see that, in 
practice, this assessment most often halts at the individual agent, largely because of 
the difficulties of modeling global effects in comparison to the simplicity of the so­
called Roy-Rubin model used to make individual estimates. Although the expendi­
tures devoted to active employment policies in the United States are smaller than 
elsewhere, the great majority of assessments concern programs put in place there. We 
.begin by describing the methodological principles that should guide the evaluation of 
labor market policies, then give the main results of the abundant research in this area, 
distinguishing American studies from European ones. 

3.1 THE METHOD 
The evaluation of labor market policies is grounded in the notion of potential gain, 
which represents the difference in the levels taken by a given indicator (wages, for 
example) in the presence and in the absence of the policy measure being examined. In 
practice, potential gain is pinpointed with the help of several standard estimators, of 
which the calculalion and the validity depend on the available data. Data of this kind 
generally come from surveys, so we speak of observational or nonexperimcntal data. 
Selection bias is the main weakness of assessments made on this type of data, and in 



' response, the "social exp• .lent" approach has undergone considerable development 
in recent years. Such experiments aim to reproduce the experimental techniques that 
exist in sciences like agronomy, biology, and medicine, in the field of economics. 

3.1.1 The Roy-Rubin Model of Potential Outcome 
Most empirical research tries to judge the value of labor market policies by comparing 
the observed impact of a policy measure on the agent who benefits (for example, the 
number of hires by a firm receiving subsidies) with what would have been the out­
come if the measure in question had not been applied to that agent. The difficulty of 
this exercise lies in the fact that the latter result is not observed. The solution to the 
problem of missing data is to assume that available data on the behavior of other 
agents can, under certain conditions, take its place. The impact of a policy measure 
on a particular agent should only be the first step in the assessment. In line with the 
theoreiical structures presented in this chapter, we must pursue the analysis with the 
help of an equilibrium model of the whole labor market. As we will see, empirical 
research conforming to this prescription is still rare. 

The Evaluation Problem 
Every labor market policy has a precise goal: for example, a ll'aining placement is 
intended to increase the human capital of an individual. The success of such policies 
will be judged on the basis of a tangible result, which, in this example, might be a 
higher wage or a higher probability of employment. In the literature on labor market 
policy, this result is often referred to as the individual's response. The observP.r gen­
erally knows the gross impact of a policy on the beneficiary, for example the wage 
received after Ii training placement. But in order to assess the efficiency of this policy, 
the observer must also know what wage the sam~ person would be receiving if he 
or she had not had the benefit of the placement. This is the nub of the problem, since 
the latter wage is not observed. Hence the essential question facing any evaluation 
of a policy measure is this: how would a person or a firm who has benefited from a 
measure-a "treated" person or firm-have responded if they haP, not benefited from 
ihat measure? 

This approach to thq evaluation problem is therefore based on the notion of 
"potenti~ outcome," attributed to, among others, Fisher (1935), Roy (1951), Quandt 
(1972), and Rubin (1974). The literature on the subject generally refers to the Roy­
Rubin 'model. In this literature, time is represented by a series of discrete periods (or 
dates). Let tp be the period, assumed to be unique, over which the "treatment" is ap­
plied. In the simplest version, the Roy-Rubin model attributes two potential responses 
to each individual, which we will designate by Y;f and Yf The variable Y;f repre­
sents the response of agent i that would be observed at date t if he were treated, while 
the variable Y;f represents the response of agent i that would be observed at date t if 
he were not treaMd. Readers should note that date t can be posterior or anterior to the 
period tp of the treatment, and should pay close attention to the terminology used. 
Before the treatment, a person referred to as treated has not yet undergone the 
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'. 
treatment, but will definitely do so during period Ip. Converse!,, ~fier the treatment a 
person referred to as treated has in fact undergone the treatment. Results Y;f and Y;f 
are described as potential, for "to be treated" and "not to be treated" are two mutually 
exclusive states: it is not possible to observe the responses of the same individual at 
tho same date in these two states. 

In order to distinguish potential outcomes from actual ones, it is best to work 
with a dummy variable D;, which takes a value of 1 if agent i has actually benefited 
from the measure, and o if not. The difficulty of the evaluation problem comes from 
the fact that the econometrician observes the realizations of the variable Y;i = D; Y;f + 
(1 - D;) Y;f, but never observes simultaneously the realizations of variables Y;/" and 
Y;f for the same individual. In particular, he or she never observes the realizations of 
the gain of the treatment defined by llu = Y;f - Y1f. The unobserved result is called 
the "counterfactual outcome." For a treated person i, the counterfactual outcomes 
correspond to realizations of Y;f, whereas for an untreated agent j, the counterfactual 
outcomes correspond to realizations of Y{ Formally, the evaluation problem is a 
missing data problem. 

Contrast Variables and Identifying Hypotheses 
If we limit ourselves to direct effects, the efficiency of a measure is generally assessed 
with the help of a contrast variable; the one most commonly adopted is the average 
treatment effect on the treated, defined by (omitting indices i and t for simplicity): 

(49) 

In principle, the data allow us to know E(YTID = 1) and E(YclD = O), which 
represent respectively the average response of a treated person and an untreated one, 
but they do not allow us to determine E(Yc ID= 1), which represents what would, on 
average, have been the response of that person if he or she had not undergone the 
treatment that in reality he or she did undergo.• In order to assess the average gain 
from treatment defined by (49), the econometrician is thus obliged to make a so-called 
identifying hypothesis, which gives him or her the means to estimate the expected 
value of the counterfactual outcome E(Yc ID= 1) using the available data. Whatever 
the type of data (expe!imental or observational), the general principle is to specify a 
"control group" that has not undergone the treatment and is as nearly identical to the 
treated group as possible, then make an identifying hypothesis that lets the econome­
trician link the unobserved responses of the treated group to the observed responses 
of the members of the control group. The identjfying hypothesis depends on the data 
available and influences the estimation procedure. 

Policy measures can also be judged with the help of other contrast variables, 
like Pr(L\ > OI D = 1), for example, which represents the proportion of participants for 
whom the program was beneficial. For simplicity, we will take the view that the only 
contrast variable is the average gain from the treatment, hut what follows can easily 
be applied to any contrast variable. Jn general, the assessment of the "success" of the 
treatment is achieved by comparing this average gain to an indicator of the cost of the 
treatment. 



\ 

Indirect Effects: From Po. .J Equilibrium to General Equilibrium 

Most of the studies aiming to evaluate labor market policies choose the framework of 
the Roy-Rubin model, which is, by hypothesis, one of partial equilibrium. It tries to 
assess the behavior of an agent reacting ta a precise measure, without taking into 
accannt the effect this measure might have an the decisions of other agents-which 
might in turn change the environment within which the agent responds to the mea· 
sure under consideration. If we want ta assess these "indirect" effects, to use the ter· 
minology of Lewis (1963), then we have to work with an equilibrium model of the 
entire labor market. Our theoretical exposition in this chapter fallows this procedure, 
which was initiated by"Layard and Nickell (1986) and taken further by Calmfors 
(1994), who established the following typology afthe principal indirect effects that the 
Roy-Rubin model leaves out. 

1. Displacement or crowding-out effects: the jobs created by a measure destroy 
other jobs to which the measure does not apply. This happens when, for exam­
ple, firms employing subsidized workers increase thoir production and their 
market share at the expense of firms that are unable to use that category of 
worker, and so reduce their workforce. 

2. Windfall effects: the impact of a measure differs hardly at all from what would 
have been the case if it had not been applied. This will occur if, far example, a 
firm receiving a subsidy to hire a worker would have done so anyway. The sub­
sidy represents a "windfall" for the firm. 

3. Substitution effects: the jobs created flow to the beneficiaries of a particular 
measure at the expense of those who are not tm-geted. For example, a firm hires a 
"young" subsidized worker instead of an "old" one who does not have access to 
this subsidy. 

4. Tax effects: the taxes needed to finance a measure affect the decisions of all 
agents. 

From the empirical point of view, the great majority of studies have looked only 
at the direct effects of !abbr market policies, neglecting their effects on the general 
equilibrium of the economy. Aside from the fact that it is clearly harder to make a 
global.assessment anyway, the emphasis on direct effects arises from the predomi· 
nanc:e of U.S. research in this area. In the United States, the amonnts budgeted for 
employmont policy are relatively small, so it seems reasonable to assume that their 
macroeconomic effects are negligible. Heckman et al. (1999) do, however, argue that 
the global effects ought to be given more prominonco in the assessment since, apart 
from the costs, a policy measure affects the behavior of both tho beneficiaries and the 
nonbeneficiaries. In recent years thore has been an increasing number of empirical 
studies that do evaluate the effects of labor market policy using a model of labor 
market equilibrium. We may cite Davidson and Woodbury (1903), who analyze tho 
consequences of unemployment benefits, and Heckman et al. (1998), who study the 
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effects of subsidies for college enrollment in the United States, .hg a general equi­
librium model with overlapping generations. These works show that there can some­
times be a considerable gap between microeconomic estimates and the estimates that 
issue from such general equilibrium models. The future ought to see an expansion of 
this type of model, which brings the impact of labor market policy within a wider 
purview. 

3.1.2 Observational Data and Experimental Data 
Social experiments study the responses of two groups, randomly chosen so that on 
average the characteristics of the individuals who go to make them up are identical. 
Observational data generally do not satisfy this requirement, so there is no guarantee 
that selection biases do not arise in their interpretation. 

Selection Bias with Observational Data 
The econometrician wishing to assess a policy measure generally disposes of data 
resulting from surveys that give the responses of individuals who have had the benefit 
of the measure-the treated group-and those of untreated individuals-the control 
group. These data do not in themselves make it possible to distinguish the specific 
impact of the measure (which is what the econometrician wants to know) from the 
impact of differences that may exist between the characteristics of the two groups 
(which is what the econometrician wants to eliminate). In the real world, an individ­
ual decides to take part in a program or benefit from a policy measure according to his 
or her chw:actedstics and personal desires. It is in addition possible that only a por­
tion of the individuals who wish to benefit from a measure are chosen by the agency 
in charge. Therefore, estimates based on data from surveys are subject to selection 
biases, which the econometrician strives to minimize through appropriate methods. 
The most common of these methods is "matching," which consists of extracting, from 
the control group, a subset of individuals similar to the ones in the treatment group on 
the basis of characteristics that existed before the treatment. Let X be the vector of 
these characteristics. The econometrician's task is then to estimate the average gain 
from the treatment for individuals characterized by X, i.e., E(dlX,D = 1). This 
method takes for granted, among other things, that there is sufficient detailed infor­
mation about the control group-which is not always the case with observational 
data-to construct a subset of individuals who have all the characteristics used to de­
fine the treated group. The aim of the matching method is to eliminate, or reduce as 
much as possible, selection biases that depend only on the observable characteristics 
of individuals; hence it assumes that agents' decisions to take part in a program, and 
their responses, depend mainly on the observable characteristics of individuals. 
Without further assumptions, it does not solve problems arising from nonobserved 
heterogeneity. 

Social Experiments 
Data from social P.xperiments escape this selection bins, in principle. Let us suppose 
that we wanted lo assess the benefits of a training program. A social experiment con-



sists of dividing the indh /us eligible for the program, and who agree to take part 
in the experiment, into two randomly chosen groups: a treatment group, which does 
in fac:t benefit from the program, and a control group, which does not. This random 
division of the participants is called "randomization." If the two groups are large 
enough, randomization entails ·that on average, observed and unobserved character­
istics are identical in the two groups. That being so, the differences in the average 
results observed between these two groups depend only on the program, and selection 
bias is eliminated. 7 

In practice, this conclusion depends on several explicit or implicit hypotheses, 
and the impact of these on each particular experiment must be assessed. In the first 
place, it must be remembered that a social experiment aims to gain knowledge about 
a specific measure, so that it may eventually be applied in a "normal," i.e., a non­
experimental, context. In other words, it is assumed that the average gain frnm a mea­
sure, as evaluated through a social experiment, is equal or nearly equal to the average 
gain that will flow from the same measure in a "normal" setting. For that to be true, it 
is necessary in particular that the mere existence of a random draw does not change 
the composition of the population agreeing to participate in the experiment. 8 In the 
second place, we often observe that a significant proportion of the treatment group 
drops out of the experimental protocol along the way, and that an equally significant 
proportion of the control group is benefiting from services more or less similar to 
those offered in the program being tested but originating elsewhere. These biases of 
attrition and substitution do not disqualify the experimental data, since they also exist 
in nonexperimental data. The assessment of thP. effects of a measure must sL'llply take 
them into account appropriately (see Heckman et al., 1999, pp. 1907-1914). 

3.1.3 The Main Estimators 
In what follows, we present the main estimators used, specifying their conditions of 
validity. It emerges from this analysis that the estimator chosen to evaluate the effi­
ciency of a measure depends on the identifying hypothesis made on the available 
data. 

The "Before-After" Estimatr;>r 

Let us assume that we wish to assess the effects of a training program on persons 
having the observed characteristics represented by the vector X. If we have longitudi­
nal data, or repeated cross-sectional data on the same population, the first idea that 
springs to mind is to compare the average response of the persons treated bnfore 

and ajler their participation in the program. Lot us generically denote by B and A tho 
dates that respectively precede (B stands for before) and follow (A stands for aftar) 

the period of participation in the program. With longitudinal dala, the econometrician 
knows the realization of the response Y} of a representative person taking part in the 
program after having been treated, but does not observe the realization of the potentiAl 
response Yi of Ibis person if he or she had not undergone the treatment that he or she 
did in fact untlcrgo. So, without a supplementary hypothesis, the econometrician 
cannot infer the average gain from Lho treatment, which is here defined by the quantity 
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E(YJ - yAc IX,D = 1). With longitudinal data, however, the re lations of the re­
sponse Y{ of a representative participant before the application of the program are 
known. Then a possible identifying hypothesis is: 

(50) 

This hypothesis means that for a per.•on having taken part in the program 
(D = 1), the responses if he or she had not benefited from the program would have 
been the same, on average, before and after the period when the program was applied. 
For the participants in the program, let YJ and PJ be the empirical average responses 
after and before the period when the program was applied; the "before-after" estima­
tor of the average gain from the treatment, denoted by AaA, is then written: 

~=~-~ " 
This estimator offers the advantage of making it possible to do without data 

on nonparticipants, which is clearly helpful when these data are not available. If 
hypothesis (50) is satisfied, the estimator 68,, is unbiased. But there are a number of 
circumstances in which this hypothesis must be rejected. 

In the first place, hypothesis (50) excludes any influence from unobserved het­
erogeneity. Suppose, for example, that there are two classes of workers, the "good" 
ones and the "bad" ones, such that tho productivity of the "good" ones rises between 
dates A and B independently of their participation in the program (because labor 
demand shifts in their favor, for example), whereas the productivity of the "bad" ones 
rises only if they take part in the program. If the fact of being "good" or "bad" is not 
observed, and if there is at least one "good" worker who talces part in the program, 
hypothesis (50) is not satisfied. 

Another reason to reject hypothesis (50) is that the global state of the economy 
and/or the situation of an individual taking part in the program· are liable to undergo 
change between dates B and A. In that case, the estimator will credit the program for 
successes or failures that are in fact due to macroeconomic and/or life-cycle factors. 

Ashenfelter's "dip" is another example in which hypothesis (50) is not satisfied. 
Ashenfelter (1978) observed that the wages of (future) participants in a training pro­
gram had a tendency t~ fall off in the period before they entered the program. Many 
subsequent studies have confirmed this observation, both in the United States and in 
certain European countries (see, for example, Heckman and Smith, 1998, and Regner, 
1997). If Ashenfelter's dip describes a permanent tendency of the wages of individuals 
drawn into training programs, the average gain of this type of program is in fact esti­
mated without bias by tho "before-after" estimator defined by relation (51). But if 
Ashenfolter's dip is no more than a transitory phenomenon due, fm example, to the 
existence of the program itself, then the "before-after" estimator overestimates the 
effect of the training program. 

The Difference-in-Differonccs Estimator 
The identifying hypothesis {50) signifies that the gain from nontreatment is null for 
the participant•. It says nothing about the value of this gain for nonparticipants. But if 



I 
we have data for the latter,. possible to find the average gain from nontrcatment for 
the group of nonparticipants. We can then postulate that this average gain is the same 
as that for the group of participants. This identifying hypothesis is written thus: 

(52) 

This equality clearly shows that the (observed) average gain E(Yf- YflD= 0) 
from nontreatment for the nonparticipants is equal to the (unobserved) average gain 
E(Y,,C - Y,f ID= 1) of nontreatment for the participants. For the nonparticipants in 

the program, let Yf and Y,f be respectively the average responses after and before 
the period in which the program is applied; the difference-in-differences estimator, 
denoted by J..00, is defined by: 

Aoo = (YJ - Yf) - (YAc - Yf) 

Thus the difference-in-differences estimator is equal to the difference between 
the before-after estimator of the treated group and the before-after estimator of the 
control group. It can easily be verified that this is an unbiased estimator of the average 
gain from the program, E(YJ - Yf IX, D = 1), since the identifying hypothesis {52) is 
satisfied. The difference-io-differences estimator has the advantage of being insensi­
tive to changes in the global state of the economy. On the other hand, its use assumes 
that the "common-trend assumption" (the terminology of Blundell and MaCurdy, 
1999) is valid, i.e., that the trends that may affect the results of participants and non­
participants are identical. Note that with this hypothesis, the difference-in-differences 
estimator eliminates the biases due to observed and unobserved heterogeneity. For 
example, the difference-in-differences estimator is actually without bias if Ashenfel­
ter's dip also exists in the wage profile of the non-participants io the experiment. 
The studies cited above show that this is not always the case, so the difference-in­
differences estimator overestimates the impact of the program. We may also note that 
this hypothesis is not satisfied io the example of the "good" and "bad" workers imag­
ined above if the composition of the group of participants and the group of non­
participants is not symmetrical. 

The Cross-Section Estimator 

If we have cross-sectional 'data describing the responses of treated and untreated 
persons at one or more dates A following the treatment period-which clearly we do 
with social experiments-another possibility consists simply of comparing the aver­
age result of the treated and untreated persons at dates A following the treatment. In 
these conditions, we have to make the following identifying hypothesis: 

E(YilX,D= 1) =E(YflX,D =0) (53) 

This equality signifies that the average effect of nontreatment is the same for a 
participant in the experiment and a nonparticipant. The cross-section estimator of the 
average gain from the program, denoted by Acs, is then defioed by relation: 

Acs = YJ - yAc 
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When the identifying hypothesis (53) is accepted, the e. 1.tor iics is an un-
biased estimator of the average gain E(Yl-YflX,D=l). Since the cross-section 
estimator only takes account of data subsequent to the date of the treatment, it is 
not subject to the same criticism as the two previous estimators. In particular, it does 
not require us to make the "common-trend assumption" and it is not sensitive to the 
existence of Ashenfelter's dip. The identifying hypothesis (53), however, risks not 
being satisfied if the selection of individuals for participation in the program, or as 
beneficiaries of a measure, does not respect the 1·andomization condition. In other 
words, the composition of the treated group and the control group must be identical. If 
we have only nonexperirnental, observational data, this prerequisite has little chance 
of being respected. The protocol of social experiments, however, exists precisely to 
satisfy this condition. That is why the cross-section estimator is the one most com­
monly used on data gathered from social experiments. 

3.2 THE MAIN EMPIRICAL RESULTS 
In the United States, the evaluation of labor market policies focuses primarily on the 
impact on wages, whereas in Europe, where the level of unemployment was higher in 
the 1980s and 1990s, employment has drawn more attention. Expenditure on labor 
market policy is also very different there. For these reasons, it is preferable to present 
the results for these two geographic areas separately. In judging the social efficiency of 
a measure or program, the results concerning wages and employment are most often 
set in the balance against the real costs of the program, including the cost of running 
it, the income that the participants could have earned if they had not been engaged in 
the program, and the direct costs they have to pay, such as transportation and child 
care. As we have already pointed out, social efficiency is rarely assessed using a gen­
eral equilibrium model, and the comprehensive evaluation of the gains and costs of 
large-scale measures remains a challenge for economists. 

3.2.1 What American Studies Tell Us 
Studies carried out on observational data or through social experiments come to simi­
lar conclusions. They find that active employment policies have a positive effect on 
the wages of economically disadvantaged adult women. It does not, however, appear 
to be the case that these policies significantly improve the situation of economically 
disadvantaged youth. 

What Sociai Experiments Tell Us 
Table 11.4 reproduces the results of some social experiments carried out in the United 
States on groups of economically disadvantaged women; the programs involved were 
ones offering job search assistance, temporary work experience in the public or non­
profit sectors, and training programs. Referring to the OECD typology of labor market 
policies set out at tho beginning of this chapter, readers will see that these three typos 
of program correspond to active policies. Job search assistance falls under "public 
employment services," temporary work experience falls under "subsidized employ-



Table 11.4 

The results of some social experiments in the United States, on economically disadvantaged women. 

Measure Cost1 8 Empl~yment2 8 Wages' 

JSA 
Arkansas WORK 244 6.2* 487* 

Louisville (WIN·l) 206 5.3* 643* 

JSA+WE 
Virginia ES 631 4.6* 387* 

Baltimore 1407 0.4 764* 

WE +Training 

NSW 8614 7.1 1062 

NJS (JTPA) 1028 441* 

Source: Heckman et al. (1999, table 22, pp. 2057-2059). 

Notes: ISA= Job search assistance; WE = work experience; )PTA =Job Training Partnership Act; NJS = 

National JTPA Study; NSW = National Supported. Work demonstration. •A significant effect at the 10% 

threshold. 1 Marginal cost of treatment for one person for one year in 1997 dollars. 'Difference in em­

ployment rates between the treated group and the control group in the last quarter of the year subse­

quent to the experiment. 3 Difference in annual average wages between the treated group and the 

control group in the third, fourth, or fifth years subsequent to the experiment, in 1997 dollars. 

ment," since its aim is to open up access to employment for disadvantaged groups, 
and training programs fall under "labor market training." 

Table 11.4, which sums up the overall trend of other social experiments carried 
out on this population, shows that the wage gains are relatively modest, although not 
negligible. They are, moreover, persistent. Still, aside from job search assistance pro­
grams, the costs of running these experiments are high in compar~son to the resulting 
wage gains. Experiments carried out on groups of economically disadvantaged men 
(which are less numerous than those on women) also show that the wages of those 
who were treated rose, but' mainly for training programs. For this population, the 
effetts of temporary work experience (WE) and job search assistance (JSA) are often 
negligilile, or even negative. 

Table 11.5 illustrates, with several examples, the conclusions of social experi­
ments regarding training programs carried out in the United States on groups of oco­
nomically disadvantaged youth (men and women). It turns out that the programs 
tested have high costs, and do not really improve the situation of these young people, 
in terms of either employment or wages, except to a very modest degree for womon. 
Social experiments carried out in the United States also find that it is the least skilled 
individuals who derive the least advantage from training programs. Temporary joh 
creation (WE) seems to benefit them, however. Ono possible interpretation of this 
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Table 11.5 
\ 
j 

The results of some social experiments in the United States, on economically disadvantaged youth. 

Measure Cost1 fl Employment' fl Wages> 

NSW 9314 0.3 -79 

JOBS TART 6403 -0.9 -721 

NJS (JTPA) 

Women 1116 133 

Men 1731 -553 

Source: Heckman et al. (1999, table 22, p. 2058). 

Notes: The programs tested are ones combining training and subsidy. JPTA ~Jab Training Partnership 

Act; NJS = National JTPA S.tudy; NSW = National Supported Wark demonstration. 1 Marginal cast of 

treatment for one person for one year in 1997 dollars. 2 Difference in employment rates between the 

treated group and the control group in the last quarter of the year subsequent ta the experiment. 'Dif· 

ference in annual average wages between the treated group and the control group in the first or second 

year subsequent ta the experiment, in 1997 dollars. 

result is that this type of measure gives persons in this category the chance to acquire 
work habits that more skilled categories already possess. 

Results from Nonexperimer1tal Data 

Table 11.6 contains several illustrations thAt sum up the conclusions that emerge 
from research based on nonexperimental American data. The measures assessed 
mainly concern training for economically disadvantaged populations. In the first 
place, readers will note the great divergence that may exist between studies utilizing 
identical data. For example, estimates of the annual gains for male participants in the 
Comprehensive Employment and Training Act (CETA) program in 1976 range from 
$-1553 to $+ 1638. For the women in the same cohort, the estimates of average gains 
are positive, but they nevertheless range from $24 to $2038. According to Heckman 
et al. (1999), these wide spreads come from the difficulty of constructing a control 
group in a coherent m\UUler using the matching method, which, as we noted above, 
does not automatically take unobserved heterogeneity into account. Still, if we set 
aside the studios most affected by this typo of bias, the results obtained from non­
experimental data are very close to those obtained from experimental data. One highly 
general point is that training programs focusing on disadvantaged populations benefit 
adult women especially. Conversely, the effects of those programs on the wages of 
adult men are not always positive, and when they are, the extent of tho effect is less 
than it is with women. The figures in the lower part of table 11.6 confirm what non­
experimental studies tell us about the impact of training progrums on oconomi<:ally 
disadvantaged youth-an impact that ofteu proves to be negative for young white 
males (it is sometimes slightly positive for young males from ethnic minorities), and at 
best slightly positive for young females. 



Table 11.6 

Nonexperimental estimates of the effects of federal government programs in the United States. 

Study Program1 !>.Wage M2 a WageW' 

Economically disadvantaged adults 

Cooley et al. (1979) 1969-1971 MOTA 1395 2038 

Dickinson et al. (1986) 1976 CETA -1553 24 

Geraci (1984) 1976 CETA 0 2026 

Ashenfelter and Card (1985) 1976 CETA 1638 2220 

Economically disadvantaged youth 

Gay and Borus (1980) 1969-1972 Job Corps -261 -1555 

Dickinson et al. (1986) 1976 CETA -1347 449 

Bassi et al. (1984) 1977 CETA -1225 97 

Source: Heckman et al. (1999, table 24, p. 2065). 

Notes: 1 MOTA refers to programs set up under the Manpower Development and Training Act of 1962; 

CETA refers to programs set up under the Comprehensive Employment and Training Act of 1973. 

"'Annual wage increase after the program for white men (Ml and white women (W), expressed in 1997 

dollars. 

The Unimpressive Balance Sheet of Training Programs 
Overall, the evaluations of training programs in the United States that we have 
summed up briefly here do not produce an impressive balance sheet when it comes to 
their efficiency. Only the group of economically disadvantaged adult women appears 
to derive a real benefit for an acceptable cost from these programs. Conversely, the 
effects on other categories of the population, in particular young people, are most 
often very modest, and sometimes even negative. Upon reflection, these conclusions 
are not at all surprising, for as we saw in chapter 2, a year of extra education raises 
income by between 6% and 10%. It would have been astonishing if the gains from 
training programs, which are generally of short duration and cost much less than a 
year of education in school or college, were to exceed these figures. 

Th~se evaluations, however, were made in a partial equilibrium framework, and 
thus re~ister only a part of the impact of training programs. The existence of positive 
externalities linked to training points to the conclusion that these studies likely 
underestimate the gains from those programs. Yet on the other hand, we cannot rule 
out the possibility of negative effects being induced when the program demands large 
investments and concerns a high proportion of the population. The study of Heckman 
et al. (1998) suggests that these effects are not negligible, analyzing the consequences 
of an extra subsidy of $500 to those who enroll in college in the United States, 
financed by a proportional tax on income. The estimates show that college enroll­
ments increase by 5.3% at partial equilibrium, i.e., on the assumption that the struc­
ture of wages is not affected by tho increase in the subsidy, and leaving aside the 
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effects of taJCes. But when this policy is assessed at general equ fom, the estimated 
effect falls to 0.46% on account of the decline in the wage of a college graduate with 
respect to that of a high school graduate, a decline itself due to the rise in the number 
of those enrolled in colleges. 

In sum, empirical studies on American data produce only slight evidence in 
favor of public policies to promote training, despite the many theoretical arguments 
showing the inefficiency of market mechanisms when it comes to the accumulation 
of human capital. The reason for this might be the fact that stete intervention is also 
subject to disfunctionalities which may undermine its efficiency. Given the existence 
of information asymmetries between the private sector and the public authorities, 
problems arise regarding the verifiability of investments in training which limit the 
efficiency of subsidies paid to firms and workers. Public institutions can obviously 
take the place of the private sector in training workers directly. This will be general 
trainillj! only, for the know-how specific to a firm can only be gained "on the job." 
In this sense, the training supplied by public institutions, since it is not closely related 
to production, is often less efficient than that gained within firms (Acemoglu and 
Pischke, 1999a, 1999b). Moreover, the quality of the production of public institutions 
providing training itself proves difficult to verify. 

All the studies cited so far were carried out on training programs aimed at adults 
or young people enterillj! the labor market. Other studies, though, have assessed pro­
grams intended for younger and more precisely targeted populations, and their con­
clusions are markedly more optimistic. 

Assistance Targeting Children from Disadvantaged Backgrounds 
Heckman (2000) and Carneiro and Heckman (2003) have brought together the results 
of a number of studies on the effectiveness of primary and secondary schooling in the 
United States; they find that expenditure per student and class size have a weakly 
significant impact on the probability that students will stay in school longer, and on 
their future earnings. The return on assistance programs proves to be higher when 
they are aimed at young children. Heckman estimates, however, that the net return on 
this type of imprecisely targeted investment is negative at all levels of primary and 
secondary schooling in· the United States, even though the quality of the teaching 
there is often criticized. These results do not mean that the quality of teaching has 
no influence on individual performance. Rather, they indicate that assistance spread 
thinly over the whole of primary and secondary education is not socially efficient (not 
in the Unite.d States, at any rate). Conversely, a number of studies have emphasized 
that public assistance in the training of children from disadvantaged backgrounds is 
highly effective (see Carneiro and Heckman, 2003). 

These studies evaluate the returns on assistance by comparing their costs to 
their benefits. The high-quality preschool program set up in the state of Michigan in 
1962 is a benchmark in this field (Parks, 2000). It consists of a controlled experiment, 
on an initial population of 123 African-American children aged 3 and 4 from dls­
advanlaged backgrounds and with low !Qs (between 70 and 85). Out or these 123 
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FIGURE 11.lt 

Costs (in black) and benefits (in gray) of the high·quality preschool program in 1992 dollars. 

Source: http://www.highscope.com. 

children, 58 had the benefit of special classes with low teacher-pupil ratios (1/6) for 
two and one-half hours per day, Monday to Friday, over two years. During this period 
the teachers also had. weekly interviews, lasting an hour and a half, with the parents. 
The performance of the children from the test group down to adulthood is compared 
with that of the control group (the ones who did not attend the special classes) in 
figure 11.4. We see that the special classes made a considerable difference to their 
social integration and wage earnings. Cost-benefit analysis of this, type of intervention 
shows that each dollar invested brings the state a total return of $7 .20, in the form 
of savings on social assista11ce ($.30) and future educational assistance ($.50) and re­
duced expenditure on the legal and penitentiary systems and harm to victims ($5.70), 
as well ~s the higher tax returns that flow from the bettter wages of the beneficiaries 
($.70). 'so, in addition to its positive impact on the well-being of the beneficiaries and 
the reduction in social inequality, the money expended on tho high-quality preschool 
program made a substantial positive contribution to the state's budget. 

Taken as a whole, studies in this area carried out in the United States confirm 
the results achieved by the high-quality preschool program. Overall, the programs 
studied give substantial help to very young children in difficulty, increasing their rate 
of social integration and their performance in the labor market. Note, however, that 
these positive effects result much more from improvements in socialization and moti­
vation than from any enhancement of cognitive capacity as measured by IQ. Programs 
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focused on older children, like Big Brothers/Big Sisters of Ame. )which consists of 
providing mentorship for children aged 10 to 16 from single-parent families, confirm 
these results: public investment that helps children from disadvantaged backgrounds 
to stay in school longer is socially effective (see Tierney et al., 2000). 

What Can We Learn from Evaluations of Training Policies? 
Training policies can have widely differing effects according to the populations con­
cerned. Figure 11.5, taken from Heckman (2000), sums up the main lessons to be 
learned from studies in this field. It displays net returns to edncalion as a function of 
age for two types of individual. A battery of criteria {social hackgraund, IQ test score, 
etc.) makes it possible to distinguish persons with high innate capacities for learning 
and socialization from those with low ones. Figure 11.5 shows, first ofall, that the 
returns to education diminish with age for all categories of the general population, as 
retirement draws nearer. It also shows that the net return to education is greater for 
very young children with low capacities than for very young children with high ones. 
Conversely, this return falls off more rapidly for those with low capacities, since the 
boost given by special education in terms of intellectual development and socializa­
tion declines quickly as individuals grow older. 

Figure 11.5 suggests that educational assistance should be specifically targeted 
at young children from socially disadvantaged backgrounds and/or ones whose capac­
ities for social integration are low. Expenditure of this type brings a much higher 
return than educational assistance to adults. This does not mean that nothing should 
be done to help the most disadvantaged adults. The conclusion to be drawn is rather 
that education is not the most suitable way to assist such persons: the return to society 
is inadequate, and the boost to the earning power of the beneficiaries insignificant. 

Net retu1ns to education 

fl6URE 11.S 

The relationship between qige and net returns to education for two types of individual. 

Source: Heckman (2002). 



Hence Heckman (2000) s1 •• __ .!ts that it is preferable to help them by subsidizing their 
jobs through lower payroll taxes or reductions in income tax. 

3.2.2 What European Research Tells Us 

Assessments of employment policy began to be made in Europe later than they did 
in the United States and are still very rare, although in recent years there has been a 
significant increase in their number. In Europe, social experiments are generally less 
accepted than they are in the United States for "ethical" reasons: they introduce arbi­
trary inequalities of treatment, and the cost of this arbitrariness is judged to be greater 
than the value of the information produced by social experiments. Some countries, 
such as the United Kingdom, Sweden, and the Netherlands, are exceptions to this 
rule. In addition, European assessments focus more on employment, and even more 
particularly on youth employment, than American ones, which look mainly at the 
wages of economically disadvantaged persons, whatever their age. 

fob Search Assistance 
Table 11.7 gives some partial indications of the effect of active labor market policies in 
Europe. The study of Bjorklund and Regner (1996) looks at a social experiment in 
which the services delivered to the unemployed in 1975 in a small city in central 
Sweden were intensified. For three months the 216 unemployed persons in the treated 

Table 11.7 

Estimated effects of Labor market policies in Europe. 

Studies Country Type Responses lmpact1 

Social experiments 

Bjorklund and Regner (1996) Sweden JSA Employment rate 13• 

Monthly wage 

Dolton and O'Neill (1996) United Kingdom ISA Employme)lt rate 4 

Torp et al. (1993) Norway Training Employment rate 

Observational data 

Westergard·Nielsen (1993) Denmark Training Male hourly wage 

Dolton ~t al. (1994) United Kingdom Training Male hourly wage 26 

Female hourly wage -a• 
Main and Shelly (1990) United Kingdom Training Youth employment rate 11* 

Wage 32 

Bjorklund (1994) Sweden Training Youth employment rate a• 
Wage 10• 

Source: Heckman et al. (1999. table 25. pp. 2070-2075). 

Notes: 1 Estimated variations of consecutive responses to the program expressed in percentages for 

rates of employment. *Result significant at threshold of 5%. 
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group received intensive job search assistance of 7.5 hour• ) week, while the 194 
in the control group received normal assistance of around 1.5 hours per week. Nine 
months after the experiment, the percentage of persons belonging to the treated group 
who had found a job was higher by 13 points than that of persons belonging to the 
control group. 

Dolton and O'Neill (1996) studiad the impact of the Restart placement program 
in the United Kingdom in 1989. This program had been introduced in 1987 with 
Lhe purpose of helping the long-term unemployed. Individuals unemployed for six 
months are contacted and given six monthly interviews, each lasting about 15-25 

minutes, with a counselor wbo attempts ta improve their job search strategies and 
who can initiate contacts with possible employers. Persons who refuse this program 
lose their unemployment benefits. Dolton and O'Neill have experimental data, for in 
1989 the authorities set up a random sample of individuals summoned to the inter­
views. Individuals not summoned form the control group, but they can ask to take 
part in these interviews. The method adopted by Dolton and O'Neill is to compare 
the performance of tho beneficiaries of the Restart program with that of individuals 
belonging to the control group. After one year, the beneficiaries had an average em­
ployment rate 4% higher than that of the nonheneficiaries. 

Fougere et al. (1999) have studied the impact of public placement services in 
France in the period 1986-1988, using a job search model with endogenous search 
effort. In lhe theoretical model, lhe placement agency exerts an ambiguous effect on 
search effort and on the exit rate from unemployment, since the intensity with which 
personal searches are carried out declines when the agency plays a larger part. None­
theless, econometric estimates suggest that public placement services have a positive 
impact on the exit rates from unemployment of disadvantaged individuals, in other 
words poorly trained youth and womon. 

Studies evaluating job search assistance progl'ams and the activity of placement 
agencies are now becoming numerous (see Meyer, 1995, and chapter 3, section 3.2). 
They encounter difficulty, however, in distinguishing the impact of incentive mea­
sures (for example, sanctions when search effort is·judged inadequate) from that of 
the help given to unemployed persons by these agencies in approaching potential 
employers. Dolton and O'Neill (1996) have insisted on the fact that the threat of being 
cut off from unemployment benefits, and lhe checking up on the search effort of the 
unemployed that forms part of the Restart program, significantiy influence the exit 
rates of the beneficiaries from unemployment. Black et al. (2002) arrive at a similar 
conclusion on the basis of a social experiment on job search assistance carried out in 
the state of Kentucky. This problem crops up in all experiments, even when those 
who refuse to participate are not cut off, inasmuch as individuals who benefit from 
placement services are likely to search with a different intensity from what they 
would have chosen if they were not beneficiaries of these services. These studies 
nevertheless suggest that the specific activity of counseling the unemployed exerts a 
positive effoc.l on the employment rate, and, more weakly, on the hiring wages, of 
those who benefit from it. 



Training Programs 

In general, European studies find that training programs have a significant positive 
effect on the employment rate of the beneficiaries. With observational data, Main and 
Shelly (1990) and Bjorklund (1994) arrive at high figures, whereas the study of Torp 
et al. (1993), which reports on a social experiment carried. out in Norway in 1991, with 
training periods of around five months, finds that this training had no more than a 
very slight effect on the probability of being employed 12 months later. Too much 
weight should not be placed on these orders of magnitude, which were obtained by 
different methods and apply to different programs; the important thing to note is that 
these figmes aru, in the majority of studies, significantly positive. But the costs of 
some of these programs points to the conclusion that the indirect effects of these mea­
sures, which we mentioned above, might be large, and might even, from the macro­
economic perspective, reverse the direction of the results that this research, based on 
partial equilibrium, yields. 

The effect on wages appears more ambiguous. For example, Bjorklund (1994) 
finds that the active labor market policies of the late 1970s in Sweden were the cause 
of a very strong rise in wages. With English data, Dolton et al. (1994) estimate a very 
large positive effect on the wages of men, but a negative one on the wages of women. 
The research of WBstergard-Nielsen (1993) reports on a sample of more than 30,000 
observations covering a period of eight years. The aim here was to assess the effects of 
a "vocational classroom training" program applied for two to four weeks. The authors 
found an increase of around 1 % in the wages of men. 

The wide spread of these estimates should make us cautious in drawing con­
clusions about the effect of training policies on wages. Selection biases might lead to 
overestimates of this effect. It is quite possible that it is the most efficient individuals 
who apply for and are admitted to these training programs. If that is the case, we will 
observe that the individuals who get th" training have better results 1han others, even 
if the programs themselves did nothing to improve the efficiency of the enrollees. The 
case of "formation continue" in France is a good example of this. In order to obviate 
the risk of underinvestment in training (highlighted by tho theoretical analysis above), 
France set up a system iµ 1971 that obliges firms to spend a figme currently set at 
1.5% of their total payroll on ongoing training for employees. Using a survey of train­
ing and skills upgrading, Goux and Maurin (2000) show that ongoing training within 
firms' does not have a large effect on the wages of those who receive it, but that it does 
increase the length of time these same recipients remairi with the firm. To be precise, 
they show that the apparent wage premium of employees enrolled in ongoing training 
(on the order of 5% for a week of training!) comes solely from unobserved character­
istics. In other words, it is likely the "best" omployees in the eyes of the firm who 
benefit from extra training and higher wages. This study also notes that firms pre­
dominantly finance specific training only, which accounts for the extended careers of 
the recipients with the same firms and the observed absence of further w•ge premiums 
for those who change firms after having been trained (and who are, as it happens, very 
few in number). 
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Table 11.8 
Lessons from the evaluation literature. 

Program 

Formal classroom training 

On-the·job training 

Job-search assistance 

(job clubs, individual 

counseling, etc.) 

Of which: re-employment 

bonuses 

Special youth measures 

(training, employment 

subsidies, direct job 

creation measures) 

Appears to help 

Women re-entrants 

Women re-entrants 

single mothers 

Most unemployed but 

in particular, women 

and sole parents 

Most adult unemployed 

Subsidies to employment Long-term unemployed: 

Of which: Aid to unemployed women re-entrants 

starting enterprises Men (below 40, 

Direct job creation 

relatively better 

educated) 

Source: Grubb and Martin (2001, table 2, p. 14) 

Appears not to help 

Prime-age men and 

older workers 

with low initial 

education 

Prime-age men (?) 

Disadvantaged 

youths 

Most adult and 

youth unemployed 

) 

General observations on effectiveness 

Important that courses have strong tabor market 

relevance, or signal "high" quality to employers. 

Should lead to a qualification that is recognized 

and valued by employers. Keep programs 

relatively small in scale. 

Must directly meet labor market needs. Hence, 

need to establish strong links with local 

employers, but this increases the risk of 

displacement. 

Must be combined with increased monitoring of 

the job-search behavior of the unemployed and 

enforcement of work tests. 

Requires careful monitoring and controls on both 

recipients and their former employers. 

Effective programs need to combine an appropriate 

and integrated mix of education, occupational 

skills, work-based learning and supportive 

services to young people and their families. 

Eartv and sustained inteiVentions are likely to be 

most effective. Need to deal with Inappropriate 

attitudes to work on the part of youths. Adult 

mentors can help. 

Requires careful targeting and adequate controls 

to maximize net employment gains, but there ls 

a trade-off with employer take-up. 

Only works for a small subset of the population. 

Typically provides few long-run benefits and 

principle of additionality usually implies low 

marginal-product jobs. 



3.2.3 A Provisional Sum. 
) 
.y 

Grubb and Martin (2001) have drawn up a comprehensive balance sheet of what we 
can learn from empirical studies of active employment policy in tho OECD counties. 
Table 11.8 sums up their results. 

Direct temporary job creation in the public sector has not yielded much success. 
Unemployed persons who have benefited have generally experienced a great deal 
of difficulty in finding a job" subsequently. Similarly, public training programs have 
not demonstrated their effectiveness. Aside from some encouraging results with adult 
women in the United States, the effects have been feeble in light of the high cost of 
setting them up. 

On the contrary, job search assistance is the least costly of the active policies, 
and social experiments carried out in a number of countries (Sweden, Canada, the 
United Kingdom, and the United States) yield convincing results. However, it remains 
an open question whether checking up on job search effort or helping the unemployed 
while they look (or what combination of these two) is the most important factor. Of all 
the measures aimed at young people, only employer wage subsidies give much reason 
for satisfaction. Finally, it is worth recalling that measures aimed at the very young­
early childhood, including the preschool period-have also demonstrated their effec­
tiveness (see section 3.2.1 above). 

4 THE MACROECONOMIC EFFECTS OF 
UNEMPLOYMENT BENEFITS 

Public unemployment insurance systems were created in many European countries at 
the beginning of the twentieth century. In this area, state intervention is intended to 
insure workers against the risk of unemployment. It proved to be necessary because 
imperfect information represents an obstacle to the creation of private insurance sys­
tems (Chiu and Kami, 1998). The state also intervenes to provide social assistance, 
redistributing income in favor of the most disadvantaged workers, the ones who are 
generally faced with more frequent and lengthier spells of unemployment than other 
workers. 

The criticism directed at unemployment benefits is of long standing end well 
known. Essen Li ally, they are said to reduce the incentive to look for a job, to increase 
the reservation wago (see chapter 1), and to exert upward pressure on wages (see 
chapter 9). These effects reinforce one another to increase the duration of unemploy­
ment. Overall, then, wo ought to expect that generous unemployment benefits have a 
positive impact on the unemployment rnte and load to a reduction in aggregate out­
put. But this expectation needs to be put in context, and clarified. In the first place, 
unemployment benefits give the unemployed the means to better select the jobs that 
are offered to them. From this standpoint, they constitute a "subsidy" to the job 
search, and an increase in the level of the benefit payments can improve the average 
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quality of jobs and increase global production. Moreover, unL )oyment benefits 
have multiple dimensions: the level of the payments, the duration over which they are 
payable, and the eligibility conditions. The level of the benefit payment may decrease 
the longer the spell of unemployment lasts, and may depend on past wages and on 
how long the worker has been contributing to the insurance fund. We will see that it is 
important to take into account these various characteristics of unemployment benefits, 
in order to be in a position to assess their impact on the labor market. 

We will begin by giving an overview of the unemployment benefits of several 
OECD countries, then look at the consequences of unemployment benefits for the effi­
ciency of the labor market and the unemployment rate. In conformity with the OECD 
classification, we focus here on the "passive" aspect only of unemployment benefits, 
i.e., the effect of the level of benefit payments on labor market equilibrium. We will 
not return to elements already analyzed in chapter 3, section 2.2: the incentive effect 
that the temporal profile of the benefit payments may have, and the systems of control 
and sanction that certain countries have adopted (the main empirical results in this 
connection are given in chapter 3, section 3.2.2). 

4.1 AN OVERVIEW OF UNEMPLOYMENT INSURANCE SYSTEMS 
In chapter 1 we pointed out the difficulties of measuring the income of persons who 
are looking for work (see Atkinson and Mickelwright, 1991, for a complete account of 
this subject). This income most often derives both from an insurance system and a 
social security system. Insurance systems generally pay benefit.• for a limited period, 
from several months to several years, to persons who have already been employed and 
paid in to the fund (Grubb, 2001). Their level is often linked to the wage earned in the 
most recent job. Payments made by tho social security system, on the other hand, are 
means-tested, are generally of unlimited duration, and are independent of past earn­
ings. To social security payments made specifically to the unemployed we must add 
the various allowances (family allowance, housing allowance, single parent allow­
ance, etc.) that may be paid to any member of the labor force when he or she meets 
certain means criteria. 

4.1.1 The Replacement Ratio 
The DECO has constructed a synthetic indicator for unemployment benefits: an aver­
age of the entitlements of single unemployed persons and married ones, whose spell 
of unemployment has lasted from zero to six years. This indicator is a gross replace­
ment ratio, equal to the ratio of gross benefit puymr.nts to gross wages; hence, it difiers 
from a net replacement ratio, which takes into account payroll deductions, taxes, and 
transfers. Figure 11.6 gives an overview of the evolution of the replacement ratios in 
several OECD countries. We see that the replacement ratio exhibits an increasing 
trend on average. Still, this average trend masks strong disparities. In Japan and the 
United States roplacem1mt ratios are low anrl remained most stable over the last three 
decades of the twentieth century. Conversely, Denmark, Franco, and Sweden, begin-
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Table 11.9 

Replacement ratios as a function of the duration of unemployment for a single person in 1994-1995 

(in%). 

First Second and Fourth and General 

Country year third years fifth years average 

Denmark 79 79 79 79 

France 79 63 61 65.5 

Germany 66 63 63 63.5 

Japan 78 41 41 48.5 

Sweden 81 76 65 72.5 

United Kingdom 64 64 64 64 

United States 34 9 14 

Source: Martin (1996, table 2). 

ning in the 1980s, have higher replacement ratios, which leveled off in the 1990s. 
Germany remains stable at a high level, which decreases slightly, while the United 
Kingdom saw a significant decline in tho synthetic indicator of entitlements over the 
whole period. 

Net replacement ratios are significantly higher than gross ones. The cause of this 
is the progressivity of taxes and income redistribution policies. The average net re­
placement ratio is around two-thirds higher than the average gross ratio for the OECD 
countries as a whole. Table 11.8 shows that it is Denmark that has the highest ratio, 
and the United States the lowest. No data are available to compare net replacement 
ratios over the long run. Nonetheless, given the strong correlation between net ratios 
and gross ratios, it is likely that the average net ratio has risen since the beginning of 
the 1960s in the OECD countries. 

The synthetic indicator masks the linkage between the duration of unemploy­
ment and the level of the benefit payments. In many countries, unemployment bene­
fits decline as the unemployment spell lengthens. Table 11.9 shows that benefits fall 
off very steeply in the United States, and that. the replacement ratio is relatively high 
in Japan for the first year, but then falls off sharply at the beginning of the second year 
of unemployment. This decline in replacement ratios generally reflects a shift from 
unemployment ins\:irance to social security. 

The synthetic indicator also masks factors having to do with the conditions 
under which unemployment benefits arc paid. These conditions concern the reasons 
for the job loss, and many systems provide for sanctions when a person quits volun­
tarily, or is fired for cause. Table 11.10 gives an overview of the extent of such sanc­
tions in some OECD countries. The eligibility conditions for unemployment benefits 
also concern the job search, with many systems specifying that beneficiaries must 
furnish proof that they are activoly looking for work, must not actually be working, 



Table 11.10 

Sanctions applicable when an employee quits voluntarily for the first time, or is fired for cause, at the 

end of the 1990s. 

Sanction °lo of applicants 

Country period sanctioned 

Finland 3 months 3.44 

France 4 months Unknown 

Germany 3 months 3.62 

Norway 2 months 10.55 

Spain Exclusion Unknown 

United Kingdom 1-26 weeks 4.32 

Belgium 8-52 weeks 4.70 

Source: Grubb (2001, tables 1 and 2). 

Table 11.11 

Annual sanctions as percentages of the average volume of applications for unemployment insurance 

benefits at the end of the 19905. 

Refusal of Refusal of Proof of a 

Countr~ employment an ALMP job search 

Belgium 0.02 0.76 Unknown 

Denmark 0.57 1.55 Unknown 

Germany 0.64 0.50 Unknown 

NorWay 5.01 2.31 Unknown 

United Kingdom 1.23 2.21 2.08 

United States 1.90 Unknown 33.46 

Source: Grubb (2001, table 2). 

Note: ALMP =Active Labor Market Program. 

and m}lst accept the jobs offered them when these are judged to meet the criteria 
defined by the unemployment insurance system (see Grubb, 2001, for more details). 
Table 11.11 shows the incidences of refusal of benefits for these reasons in some 
OECD countries. 

4.1.2 A High Proportion of Uninsured Unemployed Persons 
The OECD synthetic indicator is often used in international comparisons of unem­
ployment benefits, but it is important to point out that it conceals their great hetero­
geneity. In particular, a large number of persons who arc looking for work do not 
receive unemployment insurance benefits because the insurance system does not 
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Table 11.12 

Percentages of unemployed persons qualifying for unemployment insurance benefits in 1995. 

Austria 66 

Belgium 81 

Denmark 66 

Finland 73 

France 45 

Germany 70 

Greece 

Ireland 67 

Italy 

Netherlands 50 

Portugal 27 

Spain 24 

Sweden 70 

Source: Manning (1998, table 1, p. 144). 

apply to them; they may, however, receive transfers from the social security system. 
Table 11.12 gives an idea of the extent of this phenomenon. 

Essentially, persons who do not ·benefit from unemployment insurance are 
entrants into the labor market, or have not paid in to an unemployment insurance 
fund for a long time, or have exhausted their entitlement to benefits after a long spell 
of unemployment. Scrutiny of table 11.12 reveals that very few of those looking for 
work receive unemployment benefits in the countries of southern Europe. In France, 
45% of the unemployed do not receive them. The figure is high even in the northern 
European countries, since around 30% of the unemployed fall into this category in 
Denmark or Sweden. These data give us reason to go back to the basic model from 
chapter 9 in order to introduce into it a difference between unemployed persons who 
are receiving unemployment insurance benefits and those who are not. 

4.2 ELIGIBILITY AND UNEMPLOYMENT 
We have seen that there are a number of arguments to justify a rising relationship 
between the generosity of the benefits rec.eived while looking for work, and unem­
ployment. In reality this does not always hold true. We will see that the relationship 
between the level of benefits and unemployment is influenced by the eligibility 
conditions. 

In the basic model from chapter 9, unemployment benefits always have an 
unfavorable effect on unemployment, since they push up the wages that employees 
can win through wage bargaining. This result flows largely from the hypothesis that 
persons looking for work form a homogeneous population receiving Lhe same benefit 
payment, denoted by z at every instant. But as we pointed out above, the payment of 



benefits is subject to precio. Jonditions, particularly that the worker should have held 
a job and so paid in to the unemployment insurance fund for a specified time (see 
chapter 3 as well). When all these conditions are met, the person in question becomes 
eligible to receive unemployment insurance benefits. Now, table 11.12 shows that a 
large number of unemployed persons receive no such benefits. For them, to find a job, 
or find another job, which they will hold for a sufficient period of time, contains the 
promise that they will in the future be able to benefit from unemployment insurance .. 
We saw in chapter 3 that the reservation wage of this category of the unemployed was 
thus a decreasing function of unemployment benefits-a property that must also 
apply to the wage negotiated by a worker not eligible for unemployment benefits. For 
that worker, the higher the benefits paid by unemployment insurance, the worse his or 
her position in wage bargaining is, for if he or she breaks off the bargaining process, he 
or she will be back in tho position of receiving no benefits. So the wage negotiated 
between an employer and an ineligible worker should fall when unemployment ben­
efits rise. 

From a somewhat different perspective, Atkinson (1995) has shown that unem­
ployment benefits can have a negative effect on wages. He utilizes an efficiency wage 
model in which workers caught shirking, and so fired for canse, receive no benefits. 
Within that framework, a rise in benefits represents a greater potential loss for workers 
who do decide to shirk, since they then lose the right to receive benefits. Hence higher 
benefits enable employers to achieve incentive constraints with lower wages. When 
all wages are subject to bargaining, what follows below will show that the level of 
unemployment benefits and the wage of an ineligible person are also linked by a 
decreasing relationship. This property may lead, in certain circumstances, to the level 
of benefits having a positive impact on employment. 

A Model with Ineligible and Eligible Workers 
In order to study the consequences of the eligibility effect, we take up the basic model 
from chapter 9, and postulate simply that new entrants into the labor market receive, 
at every instant, a payment z,. strictly inferior to the level z, 0£ benefit received by 
those who have already held a job. Tho payment Zn depends on the social security 
system, while the payment z. falls under the unemployment insurance system. We 
assume, .then, that the labor force grows at rate n > 0 and that persons looking for 
work qnly receive a benefit payment if they have already worked in the past. This 
hypothesis clearly oversimplifies: its purpose is merely to describe the impact of 
eligibility conditions. To bring it closer to the real world, we would have to assume 
t4at these conditions depend on the duration of unemployment and on how long the 
worker had been paying in to the insurance fund. But to bring in these factors would 
burden the model considerably, without changing the sense of the results. 

The Behavior of Agents 
We assume that all wages are bargained over, and (for simplicity) that the hiring wage 
cannot be renegotiated. Since eligible and. ineligible workers have different gains 
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should the bargaining bruak off, the wage Wn negotiated with au d.eligible worker will 
differ from the wage w, negotiated with an eligible one. In consequence, the profit 11n 
expected by an employer from hiring a new entrant into the labor market will not be 
the same as the profit 11. expected from matching up with a "vete1·an." If we assume 
(again for simplicity) that all workers have the same productivity y and that the rate of 
job destruction is always equal to q whatever the category of worker, the expected 
profit from a match-up is written: 

rl1; = y - w; + q[Max(Il..,, Ilvn) - 111], i=e,n (54) 

In this expression, Ilv;, i = e, n, designates the value of a vacant job respectively 
offered to eligible workers and ineligible ones. Hence, we assume that there exist two 
labor markets: one for young people with no experience, and one for experienced 
workers. In addition, employers are able to offer their vacant jobs either to new 
entrants or to experienced workers (hypotheses adopted, yet again, for simplicity). 

If V, and U; designate respectively the stock of vacant jobs and the stock of 
unemployed persons of category i, we will assume that at overy instant the number 
of hires for thls category is given by the matching function with constant returns 
M(V;, U;). We can then define a labor market tightness 9; = V;/U; proper to each type 
of worker, and the instantaneous probability of filling a vacant job with a person of 
type i is equal to M(V;, U;)/V; = M(t, U;/V1) = m(O;). The expected profit from a vacant 
job will then take the following form: 

rn.; = -h + m(0,)[11; - Max(n .. , n,,.)], i=e,n (55) 

For each category of worker, when the free entry condition 11,; = 0 for i = e, n is 
satisfied, the equality between the average cost of a vacant job (55) and the expected 
profit (55) from a filled one loads to a decreasing relation between labor market tight­
ness O; and the wage w;. We have indicated in chapter 9, section 3, that this relation is 
similar to a labor demand curve; here it reads: 

h y-w1 

m(IJ;) = r+q-' 
(56) 

The behavior of workers eligible for unemployment benefits is analogous to that 
of the basic model fr.om chapter 9. The expected utility V, for an eiigible employee is 
thus written: 

rV. =We+ q(Vue - V.) csn 
In this expression, Vue thus designates the expected utility of a person in 

search of a job and receiving unemployment benefits. A new entrant into the labor 
market becomes eligible for unemployment benefits from the time )le or she succeeds 
in being hired. The expected utility Vn of a newly hired entrant employed at wage 
w,. (recall that the labor contract is assumed to be nonrenegotiable) thus takes the 
expression: 

rV,, = Wn + q(V •• ... Vn) (58) 



In this last relaliLu, )readers should note the presence of the term Vue which 
conveys precisely the hypothesis that a person who has found a job becomes eligible 
for unemployment benefits. Conversely, a new entrant into the labor market receives 
no benefits before finding his or her first job. Using obvious notations, the expected 
utilities of workers looking for a job are written thus: 

rVui ~ Z; + O;m(O;)( V; - Vu;), (59) 

Wage Negotiations and Eligibility Effect 
For eligible workers, the model developed here is strictly identical to the basic model 
from chapter 9. The bargaining outcome is described by a wage curve corresponding 
to equation (20) from chapter 9 on condition that we replace w and z respectively by 
we and z •. The equilibrium value o; of the labor market tightness applying to eligible 
workers is again given by equation (21), where we substitute Zu for z. At this stage, the 
equilibrium value of an eligible worker's expected utility, denoted by v.~. is thus per­
fectly determined. For what follows, it is important to point out that this expected 
utility does not depend on payments Zn, but does rise with the level z. of unemploy­
ment benefits.• 

When a new entrant into the labor market matches up with an employer, he or 
she negotiates a wage the amount of which is given by maximizing the generalized 
Nash criterion: 

(60) 

In this criterion, it is the expected utility Vun of an ineligible job seeker which 
comes into the employee's contribution-and not the expected utility v •• of an eligi­
ble unemployed person-since a now entrant who broke off the bargaining over his or 
her hiring contract would never receive unemployment benefits. The contributions of 
the employee and the employer to the Nash problem (60) aro found using relations 
(58) and (54). We thus have: 

v. - v. - Wn + q(V.~ - v.,.) - rVun 
n un- r-1-q 

and 

rr .. .!. Max(IT.,,, ITvn) = y - Wn - Max(IT,,.,, Ilvn) 
r+q 

(61) 

At froe entry equilibrium, where ITv1 ~ O for i = e, n, the solution of the general­
ized Nash problem (60) yields: 

Wn = yy + (1 - y)rVun - (1 -· y)q(V.~ -- V.,,) (62) 

The first of equalities (61) shows that, from the point of view of a new partici­
pant in the labor market, becoming eligible for unemployment benefits can be inter­
preted as a form of subsidy, the amount of which equals the average additional gain 
q(v:. - V,,.) resulting proc:isely from the payment of unemployment benefits in case of 
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flGUR£ 11.7 

Wage and labor market tightness for new entrants. 

job loss. A subsidy to one partner in the bargaining process entails a rise in the global 
surplus which, wholly or in part, will flow to the other bargaining partner. Relation 
(62) portrays this phenomenon exactly: considering Vun as given, i.e., at the partial 
equilibrium of decentralized bargaining between a worker and an employer; the latter 
"takes" from the wage the fraction of the additional gain q(Vu', - Vun), corresponding 
to his or her power (1 - y). The instantaneous remuneration of the employee declines, 
but (61) then shows that his or her expected utility rises by fraction y of this additional 
gain. This mechanism for sharing Lhe increase in the surplus generated by the eligi­
bility effect causes (all other things being equal) the wage negotiated by a new entrRnt 

into the labor market to diminish with the expected utility v.~ of an eligible unem­
ployed person. This property reveals the downward pressure on wages exerted by 
the prospect of being able to take advantage in the future of unemployment benefits. 
Using relations (59) and (58), it is then possible to arrive, after several calculations, at 
a relationship between the wage Wn and labor market tightness On which is the equa­
tion of the wage curve that applies to new entrants into the labor market: 

yy[r + llnm(lln)] + (1 - y)[(r + q)zn - qrV.~] 
Wn = r + yO.m(O,,) 

(63) 

The equilibrium values of the wage and the labor market tightness for the new 
entrants are defined by the labor demand curve (Wn) and the wage curve (WC,.) re­
spectively defined by equations (56) and (63). Figure 11.7 illustrates this situation. 

The Effects of Unemployment Benefits 
Equation (63) shows Lhat the (WGn) curve shifts upward when payment Zn rises. 
Conversely, it also indicates that this curve shifts downward when unemployment 
bcnofits z, increase, the equilibrium wage of new entrants into the labor market 
diminishes, and the labor market tightness lln rises. Thus the prospect of being able in 
the future to get unemployment benefits exerts a downward pressure on the wage of 
those who are not eligible today, and increases their probability llnm(On) of exiting 
from unemployment. 



Knowing the equilibr.~,ii levels of labor market tightness O;, i = e, n, it is easy to 
obtain the values of the unemployment rate for each category of worker. Let U; be the 
stock of unemployed persons of category i = e, n, and let N again be the size of the 
labor force. Since the latter grows at every instant by quantity N, the volume U,. of 
ineligible unemployed persons grows by this same quantity. On the other hand, at 
every instant Onm(6n)Un individuals from this category find a job. The number Un of 
these unemployed persons diminishes by that amount. As for the eligible workers, at 
every instant q(N - Un - U.) of them lose their jobs, and o.m(60 ) u. of them find new 
jobs. In sum, the law of motion of unemployment is described by the two following 
relations: 

U11 = N - Onm(6n)Un and U, = q(N - Un - U,) - 6,m(6,)U. (64) 

Let n again be the growth rate (assumed to be constant) of the labor force 
(N/N = n), and let us define the unemployment rates10 u; = U;/N, for i = e, n. Differ­
entiating this equality with respect to time, we immediately get U; = ti; + u;N; and 
bringing this last equality for i = e,n into relations (64) and dividing by N, we find the 
laws of motion of the unemployment rates. They are written: 

tin= n - [n + 6nm(On)]un and ti, = q(l - un) - [n + q + 6,m(00 )] 

The stationary unemployment rates corrospond to il; = o, i = e, n, so they are given 
by: 

and 

Finally, the global unemployment rate u which is equal to u,. + u, is defined by: 

u = q + [n + 00 m(6,)]u0 

n + q + O,m(08 ) 

(65) 

(66) 

The effect of a rise in payments Zn is equivalent to that of a rise in unemploy­
ment benefits z in the basic model where all the unemployed were identical. It stim­
ulates an increase in the unemployment rate Un of new entrants into the labor market 
and a rise in the global unemployment rate u. The consequences of a rise in the 
unemployment benefits z8 paid to workers who have already held a job show greater 
contrast. "This rise reduces the unemployment rate Un of those who do not receive 
these benefits-this is the eligibility effect-but it increases the unemployment rate u0 

of those who are already eligible. The expression of u, in relations (65) shows that this 
last rise results, on the one hand, from upward pressure on wage w. leading to a fall i:n. 
the exit rate from unemployment 6.m(00 )-these are the sequences of cause and effect 
at work in the basic model of chapter 9, section 3-and on the other, from a reduction 
in the number of ineligible unemployed persons. In sum, relation (66) indicates that 
tho global unemployment rate, equal to the sum "• + Un of the unemployment rates in 
the two categories, varies in an ambiguous manner when unemployment benefits are 
increased. 
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4.3 IMPROVEMENT OF PRODUCTIVITY 
High unemployment benefits permit workers to be more selective about the quality of 
the jobs they accept. That being the case, Diamond (1981), and more recently Mar­
imon and Zilibotti (1999), and Acemoglu and Shimer (1999) have put the case that 
higher benefits can increase the average productivity of a job, but at the cost of reduc­
ing the number of jobs created: although unemployment increases, society can have 
more goods to distribute among its members. Hence a rise in unemployment benefits 
may lead to a rise in aggregate output and collective welfare, even if unemployment 
increases. In order properly to investigate this matter, we must first adapt the basic 
matching model from chapter 9 to an environment in which jobs are heterogeneous. 

A Stochastic fob Matching Model 
We will utilize a "stochastic job matching" model, close to the one in Pissarides 
(2000, chapter 6). In this model, employers and employees discover the productivity 
of jobs at the moment they match up with one another, so an employer does not know 
what the productivity of a vacant job will be when he or she posts it. This hypothesis 
is a simple way of conveying the idea that the productivity .depends on many different 
characteristics of the job held, and the worker who bolds it. This productivity cannot 
be known in advanced, but is revealed by experience. In this setting, high unemploy­
ment benefits give workers an incentive to turn down low-productivity jobs, and this 
helps to increase the average productivity of a job. This does not mean that a rise in 
unemployment benefits will systematically cause aggregate output to grow, for the 
basic matching model prostmted in chapter 9 taught us that (all od1ar things being 
equal) an increase in the gains of unemployed persons pushes wages up and job 
creation down, which reduces aggregate output. A priori, therefore, unemployment 
benefits have opposite effects on aggregate output, tending both to reduce job creation 
and increase average productivity. 

In order to assess the respective extents of these two effects, we shall consider 
a stationary version of the basic matching model identical to the one from chapter 9, 
section 3, with one exception: the instantaneous production of each job, still \lenoted 
by y, is a random variable, the realization of which is only discovered after the match­
up between the employer and the job-seeker. This random variable is endowed with 
a cumulative distribution function, denoted by G(.) and common to all jobs. When an 
employer and a job-seeker match up, they observe the value y of productivity and 
theu negotiate a wage w(y). Let n. again be the value of a vacant job, and let us as­
sume that jobs are dostroyed at the constant exogenous rate q. The expected profit 
from a filled job in which productivity is equal to y, denoted by rr.(y), satisfies: 

rIT.(y) = y - w(y) + q[ITv - IT0 (y)J (67) 

The profit Ilv expected from a vacant job does not depend on a particular real­
ization y of productivity, since the latter is unknown at the time a vacant job is 
posted. On the other hand, this profit does depend on the average productivity of a 
filled job. Leth be the cost of a vacant job per unit of time, and m(ll) the rate at which 



vacant jobs are filled; the, _Jfit expected from a vacant job is then written: 

J+<X> 
rIIv = -h + m(O) _., Max[II.(y) - II., O] dG(y) (68) 

This relation simply conveys the fact that a job remains vacant as long as poten­
tial match-ups yield values y of productivity such that II0 (y) ,;; rr., and is only filled 
when II.(y) > II,. The expected utility of a worker filling a job where the productivity 
is equal to y, denoted by V..(y), and the expected utility of an unemployed person, 
again denoted by v., are found by analogous reasoning. Let us assume, for simplicity, 
that workers are risk-neutral, and that the unemployed obtain an income made up 
of two elements: gains from outside the market, denoted by z, and unemployment 
benefits, denoted by b. These benefits are financed by a lump-sum payroll deduction 
amounting to r from the gains of every employee; balanced budgeting then dictates 
(denoting the unemployment rate by u and normalizing the size of the labor force to 
1): bu= (1 - u)r. The exit rate from unemployment always being equal to Om(IJ), the 
expected utilities of an unemployed person and an employee satisfy: 

rVu = z + b + IJm(IJ) r: Max[V.(y) - v., O] dG(y) 

rV.(y) = w(y) - r + q[V. - v.(y)] 

Labor Market Equilibrium 

(69) 

(70) 

As in the basic mode! from chapter 9, we assume that wage bargaining allows 
the worker to obtain a share y of the surplus S(y). Using equations (67) and (70) we 
get: 

S(y) = V.(y) - Vu+ II0 (y) - II,= y- r - r(Vu +II,) 
r+q 

(71) 

Since the solution of the bargaining entails V.(y) - Vu = yS(y) and II.(y) - II, = 
(1 - y)S(y), workers and employers have a common interest in creating jobs tho pro­
ductivity of which yields a positive surplus S(y). All matches in 'which productivity y 
exceeds the reservation productivity Yr= r(Vu +II,)+ r (given by equation (71)) re­
sult in !he creation of a job. For what follows, it will be useful to note that the surplus 
is ~tten in the following form: 

S(y) = y- Yr 
r+q 

(72) 

When the free entry condition II,= o is satisfied, relation (68) defining the 
expected profit of a vacant job entails: 

J+<X> h 
y, II.(y) dG(y) = m(IJ) (73) 

To ·grasp the sense of this equality, note that a vacant job is filled when an 
unemployed person applies for it, which happens with probability m(IJ), and when 
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y, 

fl&UI£ 11.8 

w 

The impact of an increase In unemployment benefits on labor market tightness and ttle reservation productivity. 

the observed productivity exceeds the threshold y,, which happens with probability 
[1 - G(y,)]. Hence the average vacancy of a job lasts 1/m(O)[l - G(y,)] and its average 
cost amounts to h/m(O)[l - G(y,)]. On the other hand the average profit from a filled 
job is equal to LJ:;;"' IT0 (y) dG(y)]/[1 - G(y,)]. Equation (73) thus signifies that, at free 
entry equilibrium, the average profit of a filled job must equal the average cost of a 
vacant one. The solution of the bargaining, which is written rr.(y) = (1 - y)S(y}, arid 
expression (72) of the surplus then yields a relationship between labor market tight­
ness and reservation productivity: 

1 -yJ'"' h r+q y, (y-y,)dG(y)=m(O) (74) 

The bargaining outcome also satisfies V.(y) - Vu = yIT0 (y)/(l - 7). Definition 
(69) of the expected utility Vu of an unemployed person and relation (73) then entail: 

rv. = z +I?+ Om(O) - 1-IT.(y) dG(y) = z + b +--[ 
. ., ~h 

y, l-7 1-y 
175) 

Finally, in accor~ with definition (71) of the surplus, the reservation productiv­
ity verifies Yr = rVu + r, and equation (75) entails: 

Yr = Z + b + T + yOh 
1-y 

(76) 

Equations (74) and (76) define the equilibrium values of labor market tightness 
and the productivity threshold for given values of b and r. Equation (74), represented 
by the (W) curve in figure 11.8, is interpreted as a labor demand. In the (0, y,) plane, 
it defines a dec.reasing relation between reservation productivity and labor market 
tightness, explainable as follows: firms open up fewer vacant jobs when the pro­
ductivity threshold, which conditions the averagu duration of job vacancy, equal to 
1/m(O)[l - G(y,)], is high. Equation (76) c\efines an increasing curve, denoted by (R) in 



' 
figure 11.8. It conveys th, Juan that the expected utility of an unemployed person 
{which, readers will recall, satisfies Yr= rV" + <) is greater, the higher labor market 
tightness is. 

At stationary equilibrium, the expression of the unemployment rate u is found 
by equalizing the flow of entries into and exits from unemployment. At every moment 
an unemployed person finds a vacant job with probability Om( II) and is hired if the 
productivity exceeds the threshold value Yr· Hence the exit rate from unemployment 
is equal to llm(11)[1- G(yr)] and the number of unemployed persons finding a job 
amounts to ullm(ll)[1 - G(yr)]. Since there are, at every instant, q(1 - u) job destruc­
tions, equilibrium of flows entails: 

u 
q 

q + llm{11)[1 - G(y,)] 
cm 

Figure 11.8 shows that, at given T, an increase in unemployment benefits b 

entails a fall in labor market tightness and an increase in the reservation productivity. 
Equation (77) then indicates that, at given <, the unemployment rate increases with 
unemployment benefits. This phenomenon is accentuated if we take into account the 
mechanism that finances these benefits, for the increase in unemployment benefits 
entails an upward adjustment of the tax T needed to ensure a balanced budget, which. 
is written bu= <(1 - u). As we see in figure 11.8, this rise in payroll deductions pro­
vokes a decline in labor market tightness and an increase in reservation productivity­
which reinforces the rise in unemployment. In sum, the increase in unemployment 
benefits leads to a rise in unemployment. Nonetheless, aggregate. output can rise, if the 
increase in the average productivity of a job is high enough to offset tho rise in unem­
ployment. Thus the collective welfare, taken as a whole, might also improve. It will be 
instructive to find out what the circumstances are in which this might actually come 
about. 

Unemployment Benefit.• and the Social Optimum 
The social optimum is characterized the same way as in the basic model (see chapter 
9, section 6.2). With risk-neutral agents, the collective welfare criterion corresponds 
to the present discounted_ value of per capita output net of the cost of vacant jobs. 
Let y be the average productivity of a filled job; net instantaneous output per capita, 
denoted' by co, is then equal to y(1- u) + zu - hllu. For simplicity, we limit ourselves 
to looking at tho limit case, in which r = 0. We have already seen, in chapter 9, sec:­
tion 6.2, that the planner's problem consists simply of maximizing the instanta­
neous net output per capita. Since average productivity per job y takes the expression 
!J;."' ydG(y)]/[1- G(y,)], instantaneous net output per capita is written: 

1- u J+"' co.=--·- y dG(y) + uz - huO 
1- G(y,) y, 

If we replace the unemployment rate u by its value as given by relation (77), we 
get an expression of instantaneous net output per capita depending only on Yr and II. 

LABOR MARKET POLICIES I 101 



702 I PART fOUR I CHAPTER 11 

Table 11.13 

Values of the parameters in the stochastic job matching model. 

0.15 0.05 

It comes to: 

0.1 

q 

0.5 

w = q+llm(ll)~l - G(y,)) [11m(ll) (' ydG(y) + q(z-hll)] 

h 

0.05 

Setting to zero the partial derivatives of w with respect to Yr and II gives, after 
several (tiresome) calculations and rearrangements of terms: 

1-'!(0)J+"' h 
-q- y, (y - Yr) dG(y) = m(ll) with (ll)=-llm'(ll) 

'I m(ll) 
(78) 

l'J(ll)llh 
Yr= z+ 1-1/(11) (79) 

Comparison of the optimal values of II and y,, respectively defined by equations 
(78) and (74) with those resulting from decentralized equilibrium for r = 0, shows im­
mediately that these values are identical if and only if the Hosios condition y = l'/(11) is 
satisfied (see chapter 9, section 6.2). Relations (76) and (79) indicate that b = t = O is 
likewise necessary. In other words, unemployment benefits can only degrade the effi­
ciency of the labor market when the Hosios condition is satisfied. Conversely, when it 
is not, unemployment benefits may increase not just the average productivity of a job, 
but the global efficiency of the labor market too. 

In order to illustrate this result, let us unde11ake a simulation exercise based on 
a calibration of the matching model for plausible values of the parameters; it is 
summed up in table 11.13. The matching function is of the form M(u, v) = u•v•-•, 
where v designates the vacancy rate. The probability distribution of productivity is 
taken to be uniform over the interval [O, 1). The consequences of variations in unem­
ployment benefits for two different values of bargaining power y are represented in 
figure 11.9. In conformity to the foregoing theoretical analysis, an increase in benefits 
increases the unemployment rate and the reservation productivity in all cases. On the 
other hand, increased benefits improve aggregate output when bargaining power i' is 
loss than the elasticity 1/ of the matching function with respect to the unemployment 
rate; but they necessarily reduce it if Urn Hosios condition (y = 1/ = 0.5) is satisfied. 
Aggregate net output attains a maximum for a valuo of b equal to 0.2; the average wage 
then takes tho value 0.83. 

This calibration exercise shows that unemployment benefits can actually im­
prove collective welfare by increasing the productivity of jobs for a wide range of 
plausible values of the parameters. Acemoglu and Shimer (1999, 2000) have obtained 
similar results in a context where investment by firms amplifies the impact of un-
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employment benefits. They introduce capital into a matching model, and assume that 
firms invest at the mon1ent th.ey create new vacant jobs. This investment is irrevcrs· 
ible. In this setting, the investment is a decreasing function of the duration of a job 
vacancy. Consequently an increase in unemployment benefits, by increasing the un­
employment rate and bringing labor market tightness down, may increase investment 
and the average productivity of jobs. 

4.4 A REVIEW OF EMPIRICAL STUDIES 
We have already given a review of empirical studies based on i:p.icroeconomic data 
relative to labor market participation and the job search in chaptexs 1 and 3. Here we 
present only the results of macroeconomic studies. From this standpoint, published 
work falls into two categories, The first focuses on the impact of unemployment bene­
fits on !he unemployment rate, while the second examines the consequences of bene­
fits for production and welfare. 

Unemployment Benefits and the Unemployment Rate 
In general, studies attempting to assess the impact in this regard of the unemployment 
insurance system compare economies in which the system is structured differently. IL 
is equally possible to exploit time series relative to a single country (a summary will 
be found in Holmlund, 1998). 

Using cross-sectional data for 20 OECD c:cmntries, J.ayard et al. ( 1991) find that 
a 10% rise in the replacement ratio would increase the unemployment rate by 1.7%. 

b 
0.3 
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This order of magnitude is confirmed by more recent studies. L ••.. J richer data for the 
period 1983-1993, Scarpetta (1996) arrives at a figure of1.3, and the study of Nickell 
(1997) on 20 OECD countries finds a coefficient of 1.1. Blanchard and Wolfers (2000) 
arrive at comparable orders of magnitude. Thus a rise in unemployment benefits 
would tend to increase unemployment, but this rise is a modest one. Single-country 
studies based on time series aITive at similar results, but the possibility of a roverse 
causality should not be discarded (Holmlund, 1998), for the extended duration of un­
employment in a certain number of countries may indeed be the source of the increase 
in the benefits paid to unemployed persons so as to preserve their living conditions, or 
keep them from degrading too much. 

More generally, the model developed above suggests that unemployed persons 
respond differently to changes in the unemployment insurance system according to 
their present or future situation in the labor market .. This wide heterogeneity of possi­
ble responses probably explains in part the modest effects of unemployment benefits 
on the global unemployment rate. But it is possible that some particular segments of 
the labor force (youth, the long-term unemployed, etc.) are particularly sensitive to 
variations in the unemployment insurance system. 

Unemployment Benefits, Global Production, and Welfare 
We have emphasized that unemployment benefits can increase aggregate output and 
welfare thanks to their influence on the quality of match-ups. The very simple sto­
chastic job matching model that we presented suggests that an economy with a posi­
tive level of unemployment benefits can achieve higher aggregate output than one 
without such benefits, for plausible values of these parameters. Acemoglu and Shimer 
{2000) have taken this analysis much farther, using a matching model in which risk­
averse workers are able to save. This model is calibrated to represent the labor market 
of high school graduates in the United States. Acemoglu and Shimer estimate that an 
increase in unemployment benefits beyond that prevailing in the 1990s would have 
a positive impact on the unemployment rate, but would increase production and 
improve welfare (evaluated with a utilitarian criterion). These results run counter to 
conclusions derived from partial equilibrium job search models, which emphasize the 
disincentive effects of unemployment benefits. 

5 CONCLUSION AND SUMMARY 

In considering public expenditures on labor market policies, a distinction is 
made between active policy measures, which aim to improve the functioning of 
the labor market, and passive policy measures, which seek instead to improve 
the living conditions of workers. As a general rule, the amount spent on passive 
measures exceeds that spent on aclive ones. 

Public agencies occupy an important place in the array of institutions that man­
age job offers in many countries. From the standpoint of the social optimum, 



placement agencies _.. ,Jblic or private) are justified only if they guarantee a 
better matching of unemployed persons to vacant jobs than tho "natural" pro­
cess would, and if running them does not incur excessively high fixed costs. 
Decentralized equilibrium with private agencies is likely inefficient, on account 
of congestion· effects and the potentially oligopolistic structure of the placement 
market. Empirical studies suggest that public employment services have a sig­
nificant effect, at a reasonable cost, on the exit rate from unemployment of the 
individuals concerned. 

General training improves the productivity of an individual for all jobs, while 
specific training increases only his or her productivity for a particular job. In 
a perfectly competitive economy, the investment in general training would be 
entirely financed by workers, since they would benefit exclusively from the 
investment. Individual choices would then be socially optimal. The same does 
not hold troe if the matching process governing the labor market is imperfect. In 
this context, decentralized equilibrium is characterized by underinvestment in 
general training, even if firms and workers can commit themselves to complete 
contracts, since it is impossible for agents to bargain over the amount of this 
type of training with future employers-who will benefit tomorrow from the 
investment made today. 

When it comes to specific training, decentralized equilibrium is socially efficient 
when the employer and the worker can commit themselves to complete con­
tracts. This result is independent of any possible imperfection in the matching 
process, since the amount of time spent looking for work does not play a part in 
decisions regarding investment in specific training. But as we know (see chapter 
2), agents most often cannot sign complete contracts. In the presence of incom­
plete contracts, decentralized equilibrium leads to underinvestment in this type 
of training. 

Employment subsidies in the form of reduced labor costs for the employer gen­
erate upward pressure on the negotiated wages. When unemployment benefits 
are perfectly indexed to wages, the employee captures the whole subsidy ini­
tially granted to the firm in the form of a wage rise, and at equilibrium subsidies 
have no effect on employment. Conversely, when unemployment benefits are 
imperfectly indexed or wages are rigid, employment subsidies reduce the un­
employment rate. 

The creation of public sector jobs, by exerting upward pressure on wages, can 
crowd out private sector jobs. Its effect on unemployment is thus a priori am­
biguous. Empirical assessments suggest that nontargeted employment subsidies, 
or the creation of public sector jobs, are costly measures that should only find 
marginal application. 

To evaluate tho impact of employment policios, we must compare tho perfor­
mances of tl10 individuals who Lonefit from measures with those of individuals 
who do not. This kind of assessment poses problems, since the characteristics of 
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the individuals who do benefit from employment policies ... ~enerally particu­
lar, which creates a potential selection bias. It is possible to deal with this prob­
lem, on the basis of observational data gathered from surveys, by assessing the 
performance of policies for groups of individuals possessing identical charac­
teristics (the matchlng method). The existence of unobserved characteristics 
nevertheless constitutes an unavoidable limitation on this type of approach. 
Social experiments, which consist of choosing the beneficiaries of employment 
policies at random within the guidelines of a precisely define.d protocol and 
comparing their performances with those of nonbeneficiaries, make it possible 
to deal with this problem. 

The appraisal of active employment policies yields very mixed results. Studies 
carried out in the United States conclude that only adult, economically dis­
advantaged women appear to derive any real benefit, for an acceptable cost, 
from measures to promote training. In Europe, the highly divergent results and 
the assortment of methods adopted do not make it possible to draw a firm con­
clusion about the impact of such programs. Job search assistance appears to 
have positive effects on the exit rate from unemployment and wages, and the 
overall benefits exceed the costs in the United States and Europe. Still, the 
studies that arrive at these conclusions generally do not allow us to distinguish 
between the impact of aid to the unemployed and the impact of the sanctions 
applied against half-hearted job searches. Finally, all empirical research dedi­
cated to assessing employment policies generally neglects their macroeconomic 
effects, which may be great. 

The gross replacement ratio is equal to the ratio of gross unemployment benefit• 
to gross wages. It differs from the net replacement ratio, which takes taxes and 
transfers into account. For all the OECD countries, the average net ratio is about 
two-thirds higher than the average gross ratio. Everywhere there is a large per­
centage of unemployed persons receiving no unemployment benefits. In 1995, 
30% were in this situation in Denmark and Sweden, 45% in France, and 70% in 
Germany. 

The simplest models conclude that an increase in unemployment benefits leads 
to a fall in employment and output. This claim is questionable for two reasons. 
First, in order to receive benefits from an unemployment insurance fund, an 
individual has to have held a job and paid in to that fund for a well-defined pe­
riod. If not, he or she is not eligible, and the higher the benefits are, the weaker 
his or her bargaining position will be. In the end, the wage negotiated with 
an ineligible worker will tend to diminish with the unemployment insurance 
benefits levol. Hence a rise in benefits should bring down unemployment among 
ineligible persons, but since it increases unemployment among the eligible 
ones, its effect on the global unemployment rate is ambiguous. Second, benefits 
give the unemployed the opportunity to choose bettor qualily jobs. Empirical 
research carried out on the industrialized countries suggests that benefits have 



weak but slightly po• ~effects on the unemployment rate. Studies carried out 
in the United States for the 1990s conclude that a rise in the level of unem­
ployment benefits may increase global output and the welfare of high school 
graduates. 

6 RELATED TOPICS IN THE 8001< 

Chapter 2, section 2: Investment in human capital, general and specific training 

Chapter 3, section 3.2: Unemployment benefits and the determinants of unem­
ployment duration 

Chapter 4, section 2.2: Main results on labor demand elasticity 

Chapter 7, section 5.1: Negotiation and investment, the holdup problem 

Chapter 9, section 3: The matching model 

Chapter 9, section 6: The efficiency of labor market equilibrium 
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lNTRODUCTimJ 

Comparison of the employment performance of the OECD countries and the various 
approaches they take to regulating their labor markets has attracted a great deal of 
attention. It is widely believed that the "rigidity" of these markets is responsible for 
unemployment. Labor markets subjected to stringent state regulation through high 
minimum wages, strict employment protection measures, high mandatory contribu­
tions, and powerful unions are seen as constituting unfavorable terrain for employ­
ment, which is negatively affected by the increased cost of labor and the reduced 
incentives to wol'k. 

The aim of this chapter is to gain an understanding of the linkages that exist 
between public policy, institutions, and lahor market performance. From that stand­
point, the terms "rigidity" and "flexibility" appear much too broad; our task will be to 
pinpoint the specific effects of each type of state intervention. We will therefore begin 
by analyzing the consequences of the factors that are generally taken to constitute tho 
main sources of labor market rigidity: minimum wages, employment protection, and 
mandatory contributions. The matching model set out in chapter 9 again proves par­
ticularly useful: it represents the dynamic functioning of an imperfectly competitive 
labor market, and describes behaviors with enough precision to allow us to study the 
impact of these sources of rigidity in tho labor market on unemployment and employ­
ment. Using this model, much recent theoretical work has succeeded in undermining 
a range of received ideas. For example, we will see that increases in the minimum 
Wage can have opposite effects on amployme.nt, according to circumstances. The same 
thing is true for job protection. Moreover. institutions interact one with another. For 
example, the effects of employment protection and taxes on unemployment and the 
distribution of income arc influenced by the presence of a minimum wage. 

Tho difficulty of identifying a systematic relationship between the elements that 
make up labor market "rigidity," on the one hand, and bad employment performance 
on the other, has led certain economists to suggest that what really creates unemploy­
ment is failure of coordination among employers and employees who are competing 
to share income. High unemployment is seen as the upshot of badly coordinated wage 
bargaining, taking place at the wrong level (centralized, intermediate, or local). Re­
search, theoretical and empirical, does indeed allow us to show linkages between the 
love\ at which bargaining takes place and labor market performance. But these link­
ages aro complex and highly dependent on other institutions, making it impossible to 
specify a preferred bargaining level under ull circumstances. 

We will then proceed to examine the consequences of the minimum wage, em­
ployment protection, truces, and the diverse modes of wage setting. This chapter will 
end by presenting the results of tho ompirical research that has attempted to establish 
relationships among the various kinds of regulation and labor market performances in 
tho OECD, on the basis of aggregate data. This research is valuable for the light it casts 
on the interdependence among certain institutional features, and does succeed-on 
occasion-in pinpointing the combinations most favorable to employment. 
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Minimum wage legislation exists in 22 OECD countries. Such legislation has generally 
been framed with the intent to compress wage inequality. But tho effectiveness of the 
minimum wage as an income redistribution tool is often criticized, since by raising 
the cost of labor it r.an have negative effocts on output and employment. Economic 
analysis suggest• that the effects of the minimum wage on employment actually de­
pend on the initial level of the minimum wage. When it is set relatively low to start 
with, subsequent increases are not necessarily unfavorable to employment. But if the 
minimum wage is set relatively high to start with, subsequent increases do likely exert 
a negative impact on hiring. These results are confirmed to some extent by empirical 
studies. 

1.1 A CONSTRAINT OF VARYING STRENGTH FROM COUNTRY TO 
COUNTRY 
Minimum wage legislation, and its incidence, vary greatly from country to country, 
but a minimum wage covers populations that are much alike everywhere. 

1.1.1 Legal Aspects and Importance of the Minimum Wage 

Minimum wages exist in all European Union countries and a large number of OECD 
ones. The legislation governing them, however, varies widely. The minimum wage 
may he regional (the United States, Canada, japan) or national (France, the Nether­
lands, the United Kingdom since April 1999). It can also vary according to industry 
(Germany, Ireland, Portugal) and professional qualification (Luxembourg). Very often 
the age of the beneficiary makes a difference; for example, a minimum wage set at a 
reduced rate for young people exists in Belgium, the Netherlands, and Now Zealand. 
The minimum wage can he set on an hourly, daily, or monthly basis. Everywhere the 
public authorities govern the mode of its calculation, but it can also be bargained over 
between employers and employees. From one country to another, the minimum wage 
may be reset according to inflation (Belgium) or the evolution of the average wage 
(France, Japan, Spain), and sometimes oven according to criteria thought to reflect the 
impact of the minimum wage itself on employment (the Netherlands, Spain). In the 
United' States, minimal hourly wages are set by law at the federal and state levels, and 
there' is no automatic indexation to inflation or the ave~age wage. 

In order to make international comparison possible, tho relative size of the min­
imum wage is often measured by tho Kailz index. The Kaiti index (Kaitz, 1970) is 
a coverage-weighted minimmn wage relative to the average wage. It is defined as 
L; f;(wm/W;)s1, where f; denotes tho fraction of teenage employment in industry i, 
Wm is the minimum wage, W; is tho average hourly wage in industry i, and s; is the 
proportion of workers covered by the minimum wage in industry i. Table 12.1 gives 
the value of this index for four OECD countries and indicates the percentage of 
workers receiving n1inimum wage. 
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Tabla 12.1 

The relative size of the minimum wage. 

Country (year) 

Denmark (1994) 

France (1994) 

Netherlands (1993) 

United States (1993) 

Source: Dolado et al. (1996, table 1, p. 322). 

Kaitz index 

0.54 

0.50 

0.55 

0.39 

Percentage of employees 

paid at minimum wage 

6 

11 

3.2 

4 

According to the Kaitz index, minimum wage levels are clearly set higher in 
Europe than in the United States. The incidence of the minimum wage is particularly 
striking in France, where 11 % of workers are compensated at that level. 

The evolution of the minimum wage has varied greatly from one country to 
another; in figures 12.la and 12.lb it is shown for several OECD countries over the 
period 1960-2000. Figure 12.la shows that Luxembourg, France, and Japan have seen 
the real value of their minimum wage rise constantly from 1960 {1975 for Japan) to 
2000. In France, the purchasing power of the minimum wage has been multiplied by 3 
between 1960 and 2000. As shown by figure 12. lb, in the Netherlands, Canada, and 
!he United States, however, the real value of the minimum wage has not stopped 
declining since the start of the 1980s. For instance, in the United States, the purchas­
ing power of the hourly minimum wage was 10% less in 2000 than it was in 1960, 
although it had been rising until 1968. 

1.1.2 The Populations Concerned 
The populations employed at minimum wage possess particular characteristics which 
recur in all countries. Table 12.2 sets out some of these characteristics for France and 
the United States. In 1996 the proportion of workers being paid minimum wage was 
approximately twice as high in France as it was in the United States, but the com­
position of the two populations was much alike. These are mainly persons without 
a secondary-school diploma or university degree, and the majority are women and 
youth. Almost 32% of those 25 and under in France are paid at minimum wage, 
which highlights its importance there. Workers paid at minimum wage are likewise 
overrepresented in the commercial field (especially the hotel and restaurant trades) 
and in part-time jobs. 

1.2 ECONOMIC ANALYSIS OF THE MINIMU,M WAGE 
The effects of the minimum wage depend on the characteristics of the labor market to 
which it applies. The model of the perfectly competitive labor market, and the version 
of the basic matching model presented in chapter 9, highlight the negative aspects of 
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The minimum wage in several OECD countries. 

Source: OECD data. 
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Table 12.2 

Minimum wage jobs as a function of different labor force characteristics in 1996 (in%). 

Country 

France 

United States 

Total 

11.0 

5.1 

Source: OECD (1998, table 2.4, p. 43). 

w 

fl&URE 12.2 

The effect of the minimum wage. 

Men 

7.5 

3.8 

Women 

16.5 

6.5 

<25 years 

31.6 

13.7 

Commerce 

15.3 

10.6 

the minimum wage for employment. However, other theoretical frameworks, like the 
monopsony model or the matching rnodol with endogenous labor market participation 
or job search effort, highlight situations in which a rise in the minimum wage leads to 
an increase in hiring. 

1.2.1 Negative Effects on Employment 
It is easiest to begin by analyzing the effects of the mini.mum wage within the model 
of the perfectly competitive Jaber market, set out in chapter 9, section 2. If we assume 
that the minimum wage exceeds the competitive wage (i.e., the wage that allows sup­
ply to equal demand), classical unemployment arises and can only be reahsorbed by 
lowering the minimum wage. This result flows directly from chapter 9, figure 9.3, if 
we identify wage Wm as the minimum wage. As for the conclusions to be drawn from 
the matching model of chapter 9, they conform entirely to those of the perfectly com­
petitive equilibrium model. This can be seen in figure 12.2, which summarizes the 
effects of the minimum wago in the matching model from chapter 9, section 3. 

In the matching model, if the minimum wage Wm is greater than the wage w' 
that results from the bargaining process between the employee and the employer, the 
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) 
equilibrium value Om of labor market tightness is given by labor demand (W). We see 
immediately that this value lies below the. equilibrium value 8' in the absence of a 
minimum wage, which means that the exit rate from unemployment falls off, and that 
in the end the unemployment rate rises, since the Beveridge curve is not affected by 
the minimum wage. The difference between the competitive equilibrium model and 
the matching model arises mainly from tho wage to which the minimum wage is being 
compared. In tho first case, if is the wage that clears tho market; in the second, it is the 
negotiated wage. But in both models a constraining minimum wage leads to a higher 
level of unemployment than the equilibrium level in the absence of the minimum 
wage. These conclusions are not, though, verified in all circumstances: they depend 
on the way the labor market functions. 

1.2.2 What the Monopsony Model Tells Us 
A monopsony over a particular segment of the labor market is defined by the presence 
of a single "buyer" of labor services in that segment (see chapter 5). Knowing the labor 
supply that he or she faces, this buyer affects the equilibrium wage directly by decid­
ing on his or her volume of hires. If the labor supply grows as wages rise, the monop· 
sony is given an incentive to restrict its hires so as to get the benefit of low wages. 
Stigler (1946) had already noted that, in this context, there is a theoretical possibility 
that a wage rise is accompanied by a rise in employment. 

The Monopsony Model 
A monopsonist firm chooses the lowest V\.>age that lsts il attract a nULuber of workers 

sufficient to reach the desired output at minimal cost. The simplest moder has a firm 
employing a number L of workers and using a technology represented by an increas­
ing and concave production function F(L). Labor supply, denoted by L'(w), is taken to 
increase with respect to the wage w. In these conditions, when the furn decides to pay 
wage w, it knows that its level of employment will be L'(w); its profit is then written: 

fl(w) = F[I.'(w)) - wL'(w) 

The equilibrium values w" aod L' of the wage aod employment are found by 
differentiating this expression of profit with respect to w. We get: 

F'(L') =-w'(1+17i) and L' =L'(w') (1) 

in this relation, the positive quantity r([ = L'(w)/wL•(w) designates the inverse 
of the wage elasticity oflabor supply. Equation (1) conveys the usual equality between 
the marginal productivity of labor and the marginal cost of this factor. In a monopsony 
situation, this marginal cost is higher than the wage, because the elasticity of tho 
labor suppy with respect l.o this variable is positive. A monopsony pays the marginal 
employee at a level beneath his or her productivity; that is how the monopsony's 
gain comes about. This result also means that in the (L, w) plane, the curve with 
equation F'(L) ~ w(1+17l') is situated below the labor demand curve Ld(w) defined 
by F'(L) = w. Since employment is determined by the labor supply, the wage paid by 



720 I PART FOUR I CHAPTER 12 
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L" 

FIGURE 123 
Minimum wage and monopsony. 

the monopsony is below the competitive wage we that would equalize labor supply 
L'(w) with the labor demand Ld(w) issuing from firms in a competitive market. We 
depict this situation in figure 12.3. 

Scrutiny of figure 12.3 reveals that if the minimum wage lies between w° and 
we, a rise in its level entails an increase in employment. As long as the minimum 
wage is Jess than the competitive wage w•, the marginal productivity of labor does 
indeed lie above the wage, and the monopsony has an interest in staying on the labor 
supply. In this case, employment is determined by labor supply, which is an increas­
ing function of the wage. Conversely, if the minimum wage climbs higher than we, 
the monopsony no longer has an interest in staying on the labor supply curve, where 
wages now exceed the marginal productivity of this input. Thus the most advanta­
geous situation for it is one that equalizes the wage with marginal productivity, which 
is precisely the case on the Ld(w) L'Urve representing the competitive labor demand. In 
this configuration, the relationship between the minimum wage and employment is 
decreasing. 

The Positive Effects of the Minimum Wage on Employment 
Thus the monopsony model brings out the possibility of a nonmonotonic relation­
ship between the minimum wage and employment. The importance of this possibility 
should, however, be set in perspective, for at least three reasons. In the first place, 
pure monopsony situations such as the one that has just been con_sidered are very 
uncommon; they occur principally in specific geographic areas where mobility is low 
and the number of firms small. In the second place, the minimum wage acts positively 
on employment only when it lies below the competitive wage, in other words, for 
wage levels probably a lot lower than those that exist in many J,;uropean countries. 
Finally, the impact on employment of a rise_ in the minimum wage is all the stronger, 
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the greater the wage elash"'Y of the labor supply. But as we saw in chapter 1, labor 
supply has little elasticity on average. 

A number of studies have enriched the monopsony model by giving different 
foundations to the labor supply function. If manpower is mobile, for example, and 
information costly, workers sometimes have an interest in refusing job offers when the 
wage is too low, since they may hope to obtain other and better offers. The firm must 
then choose a wage level that allows it to attract a sufficient number of workers, in 
order to minimize hiring and firing costs. The work of Burdett and Mortensen (1998) 
and Masters (1999) has developed this idea. Drazen (1986) and Rebitzer and Taylor 
( 1995) have proposed variants of the monopsony model grounded in the theory of 
efficiency wage. They focus respectively on problems linked to the quality of workers, 
and verification. Starting with the efficiency wage model of Shapiro and Stiglitz 
(1984), Rebitzer and Taylor (1995) assume that the probability of checking up on what 
an employee is accomplishing diminishes as the size of the workforce in the firm 
grows. Thi; hypothesis entails an increasing relation between employment and wages, 
for the latter rise when the probability of effective supervision falls (see chapter 6). 
Employers then have an incentive to limit employment, in order to keep wage costs 
down. In this setting, the minimum wage may have a positive impact on employment. 
Manning (1995) offers a systematic analysis of different efficiency wage models and 
shows that there are many cases in which the minimum wage exerts a positive effect 
on employment. 

In the matching model developed in chapter 9, firms also have some monopsony 
power, since the employees are paid below their marginal productivity. From this 
perspective, it is not surprising that simple enrichments of the basic matching model 
can explain a positive linkage between the minimum wage and employment. 

1.2.3 Minimum Wage, Labor Market Participation, and Job Search Effort 
In the basic version of the matching model, a rise in minimum wage leads necessarily 
to a reduction in equilibrium employment. But this result overlooks the influence of 
wages on labor market participation and on the job search e!fort'made by the unem­
ployed. Taking these two oJements into account may substantially change the conclu­
sion derived from the basic model. 

The Influence of the Minimum Wage on Labor Market Participation 
In the matching model presented in chapter 9, we deduce labor demand from the free 
entry condition. There is a negative relation between labor market tightness e and 
wage w. This relation is described by equation (11) froin chapter 9, reproduced here: 

h y-w 
m(O)- r+q (2) 

Let us recall that h designates the instantaneous cost of a vacant job, m(ll) the 
rate at which job applications arrive, y productivity, r the interest rate, and q the rate 
of job destruction. This equation simply indicates that at free entry equilibrium, where 

I 121 
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the expected profit from vacancies is zero, the average cost 01 a vacancy, h/m(IJ), is 
equal to the expected profit of a filled job (y- w)/(r + q). That being so, an increase in 
the wage w reduces labor market tightness and necessarily provokes an increase in the 
unemployment rate u defined by equality u = q/[q + Om(IJ)]. Still, the expected utility 
of unemployed persons is not a monotonic function of wages. As chapter 9, section 
6.3, shows, maximization of the expected utility of an unemployed person with 
respect to wages, subject to the labor demand (2) constraint, gives a wage identical to 
that obtained at the outcome of decentralized wage bargaining for which the bargain­
ing power of workers, measured by the share y of the surplus they get, is equal to the 
elasticity q(O) of the matching function with respect to the unemployment rate. In 
·other words, the wage that emerges from decentralized equilibrium gives unemployed · 
persons a maximal expected utility only if the Hosios condition (y = 11(1J)) is satisfied. 
In consequence, when the bargaining power of workers is too low to satisfy the Hosios 
condition (y < 17(11)), an increase in the minimum wage Wm, with Wm lower than the 
equilibrium wage w• in figure 12.2, improves the welfare of the unemployed. As the 
welfare of the unemployed reaches a maximum when the Hosios condition is fulfilled, 
this remark .. implies that minimum wage hikes can improve labor market efficiency 
(Flinn, 2003, reaches the same conclusion in the stochastic job-matching model, pre­
sented in chapter 11, section 4.3, estimated for young labor market participants in the 
U.S. economy). 

If we assume that decisions to participate in the labor market result from a trade­
off between being an unemployed job-seeker and not participating at all, any im­
provement in the welfare of the unemployed leads to an. increase in participation. Let 
H be the cumulative distribution function of the expected utilities outside the labor 
market of the entire working-age population. All the individuals whose expected util­
ity outside the labor market is less than the expected utility of an unemployed person 
Vu decide to participate in the labor market, which entails that the participation rate 
is equal to H(V.). As H is necessarily an increasing function, the participation rate 
increases with the expected utility of unemployed persons. In this model, the em­
ployment rate is equal to H(V.)(1 - u). If Wm < w', we see that any increase in the 
minimum wage increases participation and the unemployment rate, and has an am­

biguous impact a priori on employment. On the other hand, if w.., 2: w', any increase 
in the minimum wage entails a decline in labor market participation and an increase 
in unemployment, which necessarily leads to a fall in employment. 

Hence, taking participation into account in a matching model allows u.• to under­
stand how increases in the minimum wage may be favorable to employment for low 
values of the minimum wage, and become unfavorable to employment when the mini­
mum wage is high. Nonetheless, this model does suggest that the unemployment rate 
necessarily grows with the minimum wage. As we shall see, such is not always the case. 

The Influence of the Minimum Wage on Job Search Effort 
A revision of the minimum wage upward increases the gap between the expected 
gains of employed and unemployed persons. Thus it may provide an incenlive for the 
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latter to search harder for work, increase the exit rate from unemployment, and so 
help to lower unemployment. Obviously the minimum wage also exerts a negative 
effect on employment because it raises the cost of labor. Taking job search effort into 
account suggests that, overall, th" minimum wage has effects on unemployment that 
run counter to one another. The matching model allows us to shed light on the impact 
of the minimum wage in this context. 

Taking job search effort into account noticeably alters the formulation of the 
matching· function. At every instant the number of hires depends on the number of 
unemployed and the search effort that each of them puts into looking for work. Let 
ii be the average effort; if U always designates the number of unemployed persons, 
the product i!U representing the global job search effort gives us an indicator of the 
"effective" stock of unemployed persons. Let V again be the number of jobs vacant; 
the number of hires per unit of time is then equal to M(V, iiU), where Mis a matching 
function analogous to the one utilized in the basic model of chapter 9. In particular, it 
is increasing with each of its arguments and has constant returns to scale. 

The labor market tightness, denoted by ii, is then defined as the ratio of the 
number V of vacancies to the number i!U of "effective" unemployed persons, i.e., 
ii= V/eU. The rate at which vacant jobs are filled is equal to M(V,iiU)/V. Taking 
into account the degree-one homogeneity of function M, this rate is written simply 
M(1, 1/ii) = m(li). For an unemployed person, each unit of effort yields an exit rate 
M(V, iiU)/iiU = iim(ii) from unemployment. If he or she decides to make an ·effort e, 
his or her exit rate from unemployment is equal to ciim(ii). 

Labor Demand 

The behavior of an employer who is paying his or her employees the minimum wage 
w is identical to what it is in the basic model. We continue to employ the usual nota­
tion; the profits rr. and II, respectively expected from a filled job and a vacant one are 
written: 

rIT, = y- w + q(ITv - II.) and rIT, = -h + m(ii)(II. - II,) 

When the free .entry condition Ilv = O is satisfied, these two equalities give a 
relationship between wand 0 which is interpretable as a labor demand. Thus we have: 

h -y-w 
m(O) 7 r+q ") 

For a given level of the minimum wage, this equation completely dotennines the 
equilibrium value of the labor market tightness ii. In figure 12.4, this value is repre­
sented by the horizontal line (LD). Thus we also verify that the labor market tightness 
0 is a decreasing function of the minimum wage w. 

Optimal Search Effort 

At every instant, an individual chooses his or her effort by trading off bot ween the 
expected gains from looking haxder for work and the disutility that that gives. rise to. It 

I 123 
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The impact of an increase In the minimum wage on job search effort and labor market tightness. 

will be useful to assume that an effort e leads to a cost c(e), where c(.) is a function 
strictly increasing, convex, and equal to zero at the origin (c' > 0, c" > o and c(O) = 0). 
If z again designates the instantaneous gain of an unemployed person, then his or her 
instantaneous utility is simply equal to z - c(e). Let us suppose that between instants 
t and t + dt the labor market tightness is equal to ii. When an unemployed person 
decides to put forth an effort e,, his or her expected utility V0 (t) at date tis written as 
follows: 

V0 (t) = (_!__d) {[z - c(et)] dt + e101m(01) dtV.(t + dt) + [t - e,ii,m(01) dt]V,,(t + dt)} 
1 +r I 

The terms V.(t + dt) and V0 (t + dt) of the right-hand side of this equation desig­
nate respectively the expected utilities of an employed person and an unemployed 
one at date t + dt. Thus they do not depend on the search effort e1 put forth over the 
interval [t, t + dt]. Bearing this in mind, the optimal effort is found by setting the de­
rivative of V0 (t) to zeta with respect to e1• It comes to1 : 

-c'(e,) dt + ii,m(ii,) dt[V.(t + dt) - v.(t +di)]= 0 

At stationary equilibrium, the values of the different variables do not depend 
on the date on which they were realized, so we will simply denote them by ii, e, V., 
and v •. At stationary equilibrium the effort e, the labor market tightness iJ and the rent 
(V. - Vu) of an employed person are thus bound together by the equality: 

c'(e) = llm(ii)(V. - v.) (4) 

This relation signifies that an unemployed person chooses his or her effort in 
such u way that the marginal cost of a unit of extra effort c'(e) equals the gain expected 
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from this same unit of eAj effort. This expected gain is equal to the rent CV. - Vu) of 
an employee multiplied by the exit rate iim(ii) from unemployment associated with a 
unit of effort. 

Labor Market Equilibrium 
At stationary equilibrium, the expected utilities V. and Vu representing respectively 
the expected utilities of an employee and an unemployed person are defined by the 
usual equations, i.e.: 

rV, = w+ q(Vu - V,) and rVu = z - c(e) + ebm(B)(V. - Vu) 

These two equalities allow us to express the rent of an employee as a function of 
the minimum wage w and the labor market tightness 0: 

V. _ v;, = w - z +_c(e)_ 
r+q+ellm(ll) 

Bringing this value of (V,- V") into relation (4), we arrive at an implicit equa­
tion between the equilibrium value of effort, denoted by e, and that of the labor market 
tightness ii. It is written: 

iim({J) = (r + q)c'(e) 
w - z + c(e) - ec'(e) 

(5) 

The left-hand side of this equality is an increasing function of ii, and we can 
verify that the right-hand side is an increasing function of e under the hypothesis of 
L'rn convexity of function c(.). Equation (5) thus defines a unique value of job search 
effort e increasing with labor market tightness. This equation has a natural interpreta­
tion: a rise in labor market tightness increases the return on search effort, and that 
gives unemployed persons an incentive to look harder for work. This relationship is 
represented by the (EE) curve in figure 12.4. It is interesting lo note that, for given ii, 
equation (5) shows that job search effort depends in a positive manner on the differ­
ence (w - z). It is, in other words, not the absolute level of the minimum wage that 
produces the incentive, but the gap between this level and the i.Ilcome that a person is 
capable of obtaining by remaining unemployed. 

Equations (3) and (5), characterizing labor demand and optimal search effort 
rcspecfively as functions of labor market tightness, determine the equilibrium values 
of ii and of 0. Figure 12.4 illustrates the impact of a rise in the minimum wage in the 
(e, B) plane. Tho rise in the minimum wage shifts labor demand (LD) and the graph 
(EE) of the optimal job search effort function downward. As we see, a hike in the 
minimum wage has an ambiguous impact on search effort. A higher minimum wage 
increases the ront obtainable from every job, which gives the unemployed an incen­
tive to strive harder to find work. But at the same time the hike in the minimum wage 
has a negative effect on labor demand. The number of vacant jobs shrinks, so the 
unemployed have greater difficully in finding employment. The gain from searching 
declines, and that impels tho unemployed to reduce the intensity of their job search. 

I 12s 
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At stationary equilibrium, the unemployment rate u is fL __ .1 by equalizing the 
flow of entries into and exits from unemployment. Assuming that the labor force is 
of constant size normalized to 1, the number of jobs destroyed per unit of time is equal 
to (1 - u)q. The exit rate from unemployment being equal here to eiim(ii), the number 
of jobs created per unit of time takes the value ueiim(ii). Equalization of the flows of 
entry into and exit from unemployment then yields the stationary value of the unem­
ployment rate u as a function of the equilibrium values of e and ii: 

U= ~ -
q+elim(O) 

(6) 

For given ;;, this equation defines a Beveridge curve in the (v, u) plane. We see 
that a hike in the minimuin wage has an ambiguous effect on omployment, for on one 
hand it reduces equilibrium tightness ii, which increases unemployment, but on the 
other it can have a positive effect on job search effort, which would have a tendency to 
push up the exit rate from unemployment and-overall-to push unemployment 
down (the Beveridge curve approaches the origin). For a hike in the minimum wage to 
be favorable to employment, it is necessary that the elasticity of job search effort with 
respect to the expected wage be high, and that the elasticity of labor market tightness 
with respect to the wage be low. 

An Assessment of the Effects of the Minimum Wage 
A calibration of the preceding model will allow us to arrive at a quantitative assess­
ment of the effects of the minimum wage. To that end, we revert to the values of cer­
tain parameters presented in chapter 9, section 3.5.3, table 9.9: q = 0.15, h = 0.3, and 
r = 0.05. Individual production y continues to be normalized to 1, and we assume 
that the replacement ratio z/w is a constant equal to 0.4. There is a Cobb-Douglas 
matching function: M(V, U) = Vlf' u1!2. The disutility associated with job search ef­
fort is represented by the quadratic function c(e) = e2/2. We saw in chapter 9 that 
when there is no constraint on the level of compensation, the equilibrium wage is an 
increasing function of parameter y representing the bargaining power of workers. We 
can verify that the equilibrium wage does indeed vary from o to 1 when y itself varies 
from O to 1 for the selected values of the parameters. 

Figure 12.5 presents the impact of an increase in the minimum wage. It shows 
that the reactions of agents in terms of job search effort play an important role in 
determining labor market equilibrium. When search effort is exogenous, the unem­
ployment rate increases with the minimum wage (to make this clear, the value of job 
search effort has been set at its equilibrium value of 0.75 when the minimum wages 
equals 0.5). On the other hand, if search effort is endogenous, the unemployment rate 
decreases with the minimum wage when the latter is low. In that circumstance, a 
moderate hike in the minimum wage intensifies search effort, and so favors exits from 
unemployment. This positive effect overrides the fall in the number of vacant jobs 
offered by firms because of the increased cost of labor. If, however, the minimum wage 
is high at the outset, the negative effect on labor demand is the overriding one. 
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FIGURE 12.5 
The effects of the minimum wage in ttle matching model with endogenous job search effort (graptis on the left) and 
exogenous job search effort (graphs on the right). 

1.2./i The Quality of Jobs and the Distribution of Incomes 

The minimum wage affects not just employment but also the kinds of jobs offered. 
From this perspective, it may improve the allocation of resoqrces by favoring the 
creation of more productive jobs. To point out that the minimum wage has positive 
effects of this kind does not, however, fully justify the use of this measure, since there 
may be.more efficient tools available, like taxation, to improve resource allocation and 
redistribute income. Still, research focusing on this question arrives at results that arc 
not systematically favorable to exclusive reliance on taxation either. 

Improved fob Allocation 
The monopsony model and the matching model with endogenous job search effort 
both reveal the complex effects of the minimum wage. They also reveal the idio­
synctasy of the competitive equilibrium model, with its conclusion that the mi11i­
mum wage has a systematically negative impact on employment. Models built on 
different premises confirm this view. Jones (1987) looked at the impact of the mini­
mum wage on a labor market in which "good" jobs requiring the accomplishment of 
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complex tasks coexist with "bad" jobs, the results of which are perfectly verifiable. 
The workers with the good jobs, whose effort at work can only be observed imper­
fectly, roceivo an efficiency wage, while the ones with the bad jobs are paid at a lower 
rate, equal to their reservation wage. When a minimum wage lying somewhere be­
tween the reservation wage and the efficiency wage is introduced into this model, it 
reduces the efficiency wage and increases the number of good jobs opened up. In some 
circumstances, the increase in the number of good jobs even exceeds the decline in 
the number of bad ones, and that makes for an overall reduction in unemployment. 

Substitution effects among different skill levels may also help to bring about 
a rising relation between the minimum wage and employment when compensations 
lying above minimum wage are bargained over. From this perspective, Cahue et al. 
(2001) consider a model with skilled workers who bargain over their wage collec­
tively, and unskilled workers paid at the minimum wage. The impact of the minimum 
wage on Lhe employment of the unskilled workers then depends on the elasticity of 
substitution between the two categories of worker. It results that an increase in the 
minimum wage can lead to increased global employment, including increased em­
ployment among the unskilled, for plausible values of the parameters of the model. 

The minimum wage can improve global efficiency in other settings. Drazen 
(1986) assumes that workers aod employers know the productivity of jobs imperfectly 
before hiring tskes place. He also assumes that there is a positive linkage between tho 
productivity of a worker and the compensation that he or she can obtain outside the 
labor market. In consequence, the payment of high wages makes it possible to attract 
good workers. If it is not possible for workers to look for a job while simu!ta.'leously 
receiving compensation outside the labor market, then an individual decides to take 
part in the labor market only if he or she will receive ao expected gain that exceeds 
the compensation available outside the market. Obviously this expected gain increases 
with the average wage observed in the labor market. In this setting, the equilibrium 
is suboptimal, for single employers have no market power and therefore no capacity 
to affect the average wage: each has an individual interest in offering low wages. 
That being so, the introduction of a minimum wage makes it possible to attract high­
productivity workers into the market and improve efficiency. 

The effect of the. minimum wage on the structure of employment has also been 
analyzed by Acemoglu (2001) in a matching model with good and bad jobs. The good 
jobs have higher productivity, and cost more to create, than the bad ones. Wages, 
which firms and employees bargain over, are therefore higher for the good jobs. 
Acemoglu shows that decentralized equilibrium systematically leads to too few goad 
jobs, and that introducing a minimum wage slightly higher than the lower limit of 
the distribution of wages makes it possible to improve welfare, thanks to an increase 
in the number of good jobs. Cahue and Michel (1996) obtain the same type of result 
in a model of endogenous growth in which the introduction of the minimum wage 
improves welfare by giving individuals an incentive to accumulate human capital, 
which favors growth. 
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Is the Minimum Wage an b'fficient Way to Redistribute Income? 
The fact that the minimum wage can have beneficial effects does not constitute a suf­
ficient reason to justify its utilization, for there may be other, more efficient ways to 
achieve the desired goals. In particular, it is possible to act on inequality, the stnicture 
of employment, and the accumulation of human capital, by fiscal adjustments. In 
theory, when market equilibrium is inefficient, it is possible to design an "optimal" 
taxation system that conduces t.o a socially efficient allocation. In practice, though, 
information asymmetries limit the possibilities of redistribution. This problem in par­
ticular was highlighted by the seminal article of Mirrlees ( 1971 ), which examines 
what could be done through taxation in an environment where workers have different 
levels of productivity and can work varying volumes of hours. Each individual's 
income is equal to his or her hourly productivity y multiplied by the number of 
hours worked, t. The government observes individual incomes but is incapable of 
distinguishing hours from productivity, so taxes can only depend on income, not on 
individual hours or productivity. Io this setting, taxes exert disincentive effects that 
the government controls imperfectly, and the minimum wage may play a virtuous 
part. Guesnerie and Roberts (1987) have shown that the minimum wage could redis­
tribute income efficiently in the presence of linear taxes, in a model where a wage of 
this typo entails underemployment (in the form of reduced hours), but not unemploy­
ment. On the other hand, Allen ( 1987) has shown that the minimum wage becomes an 
inefficient redistribution tool if it is possible to manipnlate marginal rates. Marceau 
and Boadway (1994) obtain conclusions opposite to Allen's in a model where the 
minimum wage entails unemployment rather than underempioyment. Finally, Boad­
way and Cuff (2001) show that the combination of unemployment benefits and the 
minimnm wage can be an efficient tool of redistribution, making it possible to improve 
welfare even in the presence of nonlinear taxes. These debates suggest that the mini­
mum wage is capable of redistributing income efficiently in certain circumstances. 

1.3 THE IMPACT OF THE MINIMUM WAGE IN LIGHT OF EMPIRICAL 
RESEARCH 
Three different approaches are used to assess the impact of the minimum wage on 
employment. In general, empirical research highlights a negative effect on youth em­
ployment, and a tendency for exits from employment to rise. 

1.3.1 Correlations Between Employment and the Minimum Wage 

Tho large majority of empirical studies adopt a methodology that consists of bringing 
out possible correlations between variations in employment and the minimum wage, 
while controlling for the other factors that might affect employment. These studies 
make use of the temporal evolution of the minimum wage, as well as differences in its 
level as between·lndustries and/or geographic regions. They generally conclude that 
the minimum wage has a negligible impact on employment, except perhaps for youth 
employment. For example, the OECD study (1998, chapter 2) of nine countries (Bel­
gium, Canada, France, Greece, Japan, the Netherlands, Portugal, Spain, and the United 
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States) for the period 1975-1996 finds that a rise of 10% in the i. .... &mum wage entails 
a fall of between 2% and 4% in employment among those less than 20 years old. The 
impact proves to be just as negative for those 20-24 years old, but lies close to zero. 
On the other hand, the minimum wage is shown to have no effect on the employment 
of workers 25 years of age and older. Dolado et al. (1996) come to the same type of 
conclusion for the European Union countries, suggesting that the minimum wage 
reduces youth employment but increases total employment, while pointing out that 
the dimensions of this effect are.slight. It is clear, however, that too many variables are 
le.ft out in this type of approach fo1· the conclusions reached to be sound. 

1.3.2 Studies Based on °Natural Experiments" 

In chapter 1, section 2.2.2, and chapter 11, section 4, we saw that the method of natu­
ral experiments consists of exploiting exogenous changes in the economic environ­
ment of certain agents in order to compare their reactions to those of other (a priori 
identical) agents who have not undergone these changes. In this sense, Card and 
Krueger (1994, 1995) studied the impact of increases in the minimum wage in New 
jersey in 1992 and California in 1988; Pennsylvania, where the minimum wage did 
not change, constitutes the control group. They use a difference-in-differences estima­
tor, and find that after the minimum wage was raised from $4.25 to $5.05, the level of 
employment in fast-food establishments in New Jersey rose faster than it did in Penn­
sylvania. Jn California, their data do not allow them to isolate significant effects. They 
conclude that an increase in the minimwn wage can lead to an increase in employ­
ment when this wage was low to start with, as it was in New jersey. 

A debate arose in the wake of the study of Card and Krueger (1995). Kennan 
(1995) and Dolado et al. (1996) have emphasized that the interpretation of the results 
demands caution, inasmuch as consumers of fast food are not necessarily representa­
tive of the population as a whole. It is in fact probable that persons earning minimum 
wage patronize fast-food restaurants more frequently than those earning higher wages, 
and so, on the assumption that hamburgers, cheeseburgers, and carbonated soft drinks 
are normal goods, a higher minimum wage will increase the purchasing power of 
those who regularly consume them-and this in turn will entail a rise in production 
and employment in fast-food places, despite the increase in the cost of labor. Neumark 
and Wascher (2000) critique the data of Card and Krueger (1994), which comes from 
telephone interviews. Neumark and Wascher carry out the same exercise as Card and 
Krueger, but utilize administrative payroll records for the same fast-food restaurants 
in the same states. Contrary to Card and Krueger, they find that the minimum wage 
reduced employment in New jersey. Nonetheless, Card and Krueger (2000), this time 
using a larger sample of administrative payroll records than that of Neumark and 
Wascher, obtain results thal confirm their earlier work. 

1.3.3 Following up Individual Histories 
Individual longil uclinal data make it possible to follow the labor market histories of 
persons whose wages are at or close to minimum wago with greater precision, and 
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have the advantage of as•coJng the impact of changes to the minimum wage on the 
populations actually affected by this level of compensation. Recent studies exploiting 
this type of data find that changes to the minimum wage have a significant effect on 
employment among this class. 

The Impact of the Minimum Wage on the Transition Probabilities into and out of 
Employment 
Studies grounded in individual longitudinal data have made it possible to assess the 
effects of minimum wage with greater precision. The comparative study of Abowd 
et al. (1999) of France and the United States is an illustration of this. It exploits the 
fact that during the 1980s, the minimum wage advanced in real terms in France, while 
it receded in the United States. For France, the authors analyze the histories of indi­
viduals whose current wage lay below the minimum wage in the interval between one 
increase in the minimum wage and the next. They show that such persons had a 
higher probability of losing their jobs than those whose wage was not overtaken by the 
minimum wage. For example, young people 21-25 years old whose wage was mar­
ginally higher than the latest value of the minimum wage (i.e., lying between mini­
mum wage and 1.15 times minimum wage) had a probability of losing their jobs equal 
to 10%, whereas this probability rose to 16% for young people whose wage lay between 
the previous value of the minimum wage and the latest one. For the United States, this 
study looked at the outcomes of persons whose wage beca!l'c higher than the minimum 
wage, as the latter gradually declined. They show that these individuals had a higher 
probability of keeping t.h.eir jobs. To sum up, this study suggests that in France, an in­
crease of 1 % in the minimum wage reduces the probability, among men receiving 
minimum wage, of keeping their jobs by 1.3%, while for women the figure is 1 %. In the 
United States a reduction of 1 % in the minimum wage increases the probabiliiy that 
workers paid at this level will keep their jobs by 0.4% for men and 1.6% for women. 

The study of the French case by Kramarz and Philippon (2001) supplies further 
interesting results. It uses the same methodology but takes the cost of labor as the 
pertinent variable in trying to assess the impact of the minimum wage on employ­
ment. It estimates that an increase of 1 % in the cost of jobs compensated at minimum 
wage entails a rise of 3% in the probability of job loss for workers who are being paid 
minimum wage. 

Portugal and Cardoso ( 2001) find different results using the same type of meth­
odology. Tbey exploit changes made in 1987 to Portuguese legislation regarding the 
minimum wage of young people 19 and under. The minimum wage was raised by 
50% for youihs of 17, and 33% for youths of 18 and 19. Portugal and Cardoso find that 
these minimum wage hikes had a depressant effect on the hiring of ibis category of 
workers. But they also highlight a "supply effect," which was that after the reform of 
1987, young people 19 and under had a greater tendency to keep their jobs. Portugal 
and Cardoso observed fewer separations, which ran counter to the fall in hires. This 
result, coherent with the prediction of tho monopsony model, probably reveals a 
greater attachment of yout11 to their jobs when wages improve. 

I 131 
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) 
Overall, this research shows that the minimum wage can have significant effects 

on the probabilities of being hired and of losing a job. However, it does not invariably 
exert a positive effect on the probability of job loss among the populations whose 
livelihoods are directly dependent on this level of compensation. 

The Impact of the Minimum Wage on the Nonemp/oyment of Women in France 
Every year the French statistical agency {INSEE) carries out a survey of 70,000 house­
holds (called the Enqutite Emploi) which reveals the labor market situation of all the 
individuals sampled, as well as their compensation. Laroque and Salanie (1999) use 
the survey carried out in March 1997 to estimate an equation giving the wage of a 
woman living with a par.tner as a function of her personal characteristics (education, 
experience, etc.). Their model also includes a participation equation based on com­
parison of the potential income of a household when the woman works and when she 
does not. 

The wage equation makes it possible to construct the distribution of income that 
would have resulted in the absence of the minimum wage. Laroque and Salanie use 
this potential wage distribution and the participation equation to decompose non­
employment in France into three categories. Voluntary nonemp/oyment represents 
persons who do not want to take a job; classical nonemp/oyment includes all the 
individuals who would like to work but who would only be able to find work at a 
wage below the minimum wage; and other nonemp/oyment embraces all those want­
ing to work, and who have skills that would earn them a compensation superior to 
minimum wage, but who fail to find a job (a combination, so lo speak, of those suffer­
ing from Keynesian and frictional unemployment). Table 12.3 illustrates this distri­
bution for the subpopulation of women living with a partner. It shows that classical 

Table 12.3 
Breakdown of nonemployment among women living with a partner, France, 1997. 

Category Voluntary Classical Other 

All 42.8 8.6 5.8 

Graduate 17.6 0.4 29.9 

Undergraduate 26.2 2.0 12.1 

High school 35.4 5.4 5.4 

Basic technical training 42.3 8.2 2.3 

Junior high school 45.6 8.0 3.0 

No diploma 54.3 13.7 3.8 

Source: Laroque and Salanie (1999, table 5). 

Note: 13.7% of nonemr:>loyment among women living with a partner and with no educational qualifica· 

!Ion is of the classic type. 
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nonemployment rises as L .iducational level falls; the same thing holds for voluntary 
nonemployment. The minimum wage has a particularly strong incidence in the case 
of women wHli no diploma who are living with a partner, where it is assigned re­
sponsibility for almost 14% of total nonemployment in this category of the population 
(B.6% for the entire sample, and only 0.4% for college graduates). It is instructive to 
note in passing that more than 40% of the subpopulation in question are voluntarily 
nonemployed. What is more, simulations carried out by Laroque and Salani0 quantify 
the rise in employment that would follow the complete abolition of the minimum 
wage at B.4% of the total employment of women living with a partner. These results, 
obtained in a competitive equilibrium model in which workers are compensated at 
the level of their productivity, suggest that the minimum wage may have a significant 
impact on employment in certain categories of the population. 

1.3.4 The Minimum Wage and Inequality 
A rise in the minimum wage has opposite effects on income inequality; the latter is 
generally measured by the standard deviation of the logarithm of incomes, or by the 
ratios between the average values of different deciles of the overall income distribu­
tion. On the one hand, the minimum: wage allows some people to receive a higher 
wage, and this favors the reduction of inequality. But on the other, it can also destroy 
jobs, which leads to reduced incomes for those who would have been able to find a job 
in the absence of the minimum wage. 

Empirical research generally concludes that the minimum wage makes it possi­
ble to reduce wage inequality (Brffwn, 1999). Tho contributions of DiNardo et al. 
(1996) and Lee (1999) suggest that the fall in the real value of the minimum wage 
contributed strongly to increasing wage inequality in the United States in the 1980s. 
DiNardo et al. (1996) look at the evolution of the distribution of men's and women's 
wages between 1979 and 1988, finding that the fall in the minimum wage explains 
one-quarter of the rise in the standard deviation of the distribution of men's wages and 
30% of that for women. Lee (1999), for his part, estimates that the shrinking minimum 
wage over this period explains 70% of the increase in the ratio of average fifth-decile 
wages to average first-decile wages. So, changes in the minimum wage have had a 
significant impact on wage inequality in the United States. 

In ·theory, increases in minimum wage have an ambiguous impact on the poverty 
rate, which is measured by the proportion of individuals whoso income is less than a 
threshold value; this value is defined in absolute terms in most U.S. studies and in 
relative terms, generally half the median income, in most European studies. Moving 
from the distribution of wages to the distribution of income of households is com­
plicated because some families have several wage-earners and others have few or no 
labor earnings. A poor individual employed at minimum wage sees his or her income 
rise if his or her jol:1 is not destroyed, and this will tend to bring the poverty rate down 
if this individual belongs to a family with few or no labor earnings. But if the increase 
in minimum wage destroys jobs, some individuals will see their incomes diminish, 

I n1 
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and this will tend to push the poverty rate up, especially if thesb lviduals belong to 
households with few labor earnings (see Brown, 1999). The study of Addison and 
Blackburn (1999) suggests that the rises in minimum wage that occurred in the United 
States in the 1990s contributed to reducing the poverty rate among youth 24 and 
under, and among those over 24 who left school early. 

Empirical research generally tries to describe the distribution of instantaneous 
wages and incomes (Flinn, 2002, 2003, is an exception, as we noticed in chapter 10, 
section 2.6.4). Thls static approach gives a very limited idea of the impact of the 
minimum wage on incomes. In fact, the minimum wage affects transitions between 
employment and unemployment. As we saw in chapter 10, section 2.4, a reduction in 
the dispersion of instantaneous incomes goes along with an increase in the disper­
sion of discounted lifetime incomes, when increases in the minimum wage lead to 
longer spells of unemployment. Such phenomena are as yet very poorly understood 
empirically. 

2 EMPLOYMENT PROTECTION 

Employment protection legislation is a set of mandatory restrictions governing the 
dismissals of employees. Their stated purpose is to increase the volume and stability 
of employment. Despite that, there is intense debate about their actual effects. Firing 
costs de indeed reduce job destruction, but they also exert a negative effect on job 

. creation, so the effect on employment is ambiguous. Furthermore, firing costs may 
increase the stability of the jobs directly shielded by these costs, but they can also 
heighten the instability of the unshielded ones, such as temporary work, for example. 
Much theoretical and empirical endeavor has been expended on examining the effects 
of employment protection measures in a dynamic setting. These analyses do indeed 
suggest that employment protection has large-scale effects on workers and job flows, 
hut whether these effects push unemployment up or down remains ambiguous. It 

depends especially on the wage-setting process. In addition, the mandatory rules that 
apply when a hiring or a firing takes place turn out to vary widely from one country to 
another. This variety makes it possible to obtain valuable information by comparing 
the record of different countries. Empirical studies that do so tend to confirm the con­
clusions resulting from theoretical analysis. 

2.1 WHAT Is EMPLOYMENT PROTECTION? 
Measures to protect employment comprise a set of instruments such as severance 
payments, administrative firing taxes, advance notice of dismissal, administrative 
authorization, and prior negotiation with trade unions. The way contracts of variable 
length are phrased (for example, in many European countries, the move from a tem­
porary job to an open-ended job situation subject to protection measures) is also cov­
ered by employment protection. What follows is a list of the principal rulos utilized to 
protect jobs (OECD, 1994, part 2, chapter 6, and OECD, 1999, chapter 2): 
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The obligation to n ~ the employee concerned in advance that he or she is to 
be fired, or to notify him or her in writing of the reasons for the dismissal, and 
the obligation to inform a third party (union, public employment service, etc.) as 
well. 

The obligation to obtain authorization from a third party in order to carry out the 
firing, or the obligation to try to find another position for that employee before 
firing him or her. · 

The obligation either to give the employee several months' notice, or else give 
him or her a severance payment (except when the employee is al fault). 

Appeal procedures for wrongful dismissal, which may lead to the payinent of 
damages and interest or to reinstatement of the fired worker if he or she was 
indeed wrongly dismissed. 

Obligations incurred by the employer vis-a-vis personnel supplied by subcon­
tractors or temporary help agencies. 

Employment protection gives rise to costs of two kinds: severance paymenL•, 
which are transfors from the employer to the employee, and administrative costs to 
the firm with no transfer to the employee. It is worth noting that some rules include 
both kinds of costs. For instance, the advance notice of dismissal and the obligation 
to try to find another position are both administrative costs and transfers to the em­
ployee. Nevertheless, we will see below that it is useful to distinguish these two kinds 
of costs, for they affect labor market equilibrium differently. 

Many studies have Lried to establish indicators of the "strictness'' of employ­
ment protection by weighting (with greater or less justification) and combining the 
regulatory measures just listed (see, for example, Bertola, 1990, and Grubb and Wells, 
1993). The OECD has constructed a synthetic inde;x based on all these studies, and it 
is the one most often used in international comparisons. The second column of table 
12.4 ranb 21 OECD countries by this index for the end of the 1990s, in order of 
increasing strictness. By way of illustration, the next two columns give information 
about two of the criteria that enter into the calculation of this index: severance pay­
ments, and the length of advance notice. 

A~cording to the OECD index, the United States, Canada, and the United King­
dom ~ppear more "flexible" than Franco, Germany, and the countries of southern Eu­
rope, such as Italy, Spain, and Portugal. It is also worth noting that the Scandinavian 
countries are not the most "rigid" ones. Sweden and France, for example, resemble 
one another in their strictness, whereas the Netherlands, Finland, and Denmark urn 
among the countries whore employment protection is noticeably less sll'ingent than in 
many other parts of the world. 

The impact of employment protection on unemployment and labor mobility has 
attracted a great deal of research. Models of labor market equilibrium generally show 
that firing costs havo an ambiguous impact on unemployment and reduce manpower 

I ns 
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Table 12.4 

The strictness [ranked in ascending order} of employment protection at the end of the 1990s. 

Country 

United States 

United Kingdom 

New Zealand 

Canada 

Ireland 

Australia 

Switzerland 

Denmark 

Finland 

Netherlands 

Japan 

Austria 

Belgium 

Sweden 

Norway 

Germany 

France 

Spain 

Italy 

Greece 

Portugal 

Rank 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Source: OECD [1999. table 2.2, pp. 57-58). 

*Expressed in monthly wage after 20 years of seniority. 

t Expressed in months, after 20 years of seniority. 

Severance Length of 

payments* advance noticet 

0 0 

2.4 2.8 

5.0 0.5 

1.3 0.5 

1.5 2.0 

2.2 1.2 

2.0 3.0 

1.5 4.3 

0 6.0 

0 3.0 

4.0 1.0 

9.0 2.5 

0 9.0 

0 6.0 

0 5.0 

0 7.0 

2.7 2.0 

12.0 1.0 

18.0 2.2 

5.8 8.0 

20.0 2.0 

mobility, since they reduce both job creation and job destruction (see Millard and 
Mortensen, 1997; Garibaldi, 1998; and Mortensen and Pissarides, 1999). Models of 
partial equilibrium representing the behavior of firms when confronted with the costs 
of adjusting their workforce come to analogous conclusions (see Bentolila and Berto la, 
1990; Rertola, 1990, 1999; and chapter 4 of this book). The results of calibration exer­
cises often confirm that the impact of firing costs on unemployment is weak with an 
ambiguous sign, and that thejr impact on job creation and destruction, and on man­
power mobility, is significant and negative. 

We will now pl'Oceed to analyze the consequences of employmen.t protection, 
starting with a consideration of the simplest case, that in which wages are exogenous. 
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Analysis of the conseque. j of employment protection when wages are endogenous 
will follow. 

2.2 THE EFFECTS OF EMPLOYMENT PROTECTION WHEN WAGES ARE 
EXOGENOUS 
The effects of employment protection are easy to analyze using a matching model 
close to the one presented in chapter 9. In the versions of this model which we have 
used to this point, the exit rate from employment q was most often considered as an 
exogenous parameter-a hypothesis clearly ill-suited to studying the effects of em­
ployment protection, which are intended to make the destruction of jobs, and the fir­
ing of employees, less frequent. It is necessary, therefore, to make decisions to destroy 
jobs endogonous. We can achieve that by adopting a model analogous to the one of 
Mortensen and Pissarides (1994, 1999), and within that framework we will start by 
assuming that wages are exogenous. This hypothesis makes it possible to present 
decisions to destroy jobs, and the impact of employment protection on unemployment 
and labor market flows, in a very simple fashion. Moreover, it clearly illustrates how 
the labor market functions in the presence of a minimum wage. 

2.2.1 The Matching Model with Endogenous Job Destruction 

In what follows, the firing of an employee occurs following a negative productivity 
shock of such magnitude that it costs the .firm more to keep him or her on than it does 
to fire him or her. The basic matching model as formalized in chapter 9 will have to be 
altered somewhat in order to represent this scenario. 

The Threshold of Job Destruction 
We will assume that the production of an individual, which has hitherto been a 
constant parameter denoted by y, is now a random variable c with support2 ]-ro,•ui· 
The cumulative distribution function of this random variable is designated by G(-). 
Another important element of the analysis is the degree of persistence of shocks, i.e., 
the length of the period during which individual productivity keeps the same value. 
In order to grasp this notion, we assume that this productivity ~aries according to a 
Poisson process with parameter J.. Let us recall that this means that productivity 
changes_ with a probability J. dt over every small interval of time dt. When a shock 
supe~enes, the new value of productivity is found by a random draw from the distri­
bution G(.). Finally, individual productivities are independent of one another. Shocks 
are thus idiosyncratic: they affect every job independently.3 

The strictness of employment protection is identified by a single parameter, 
denoted by f, which represents all the costs to tho firm of firing an employee: the 
severance payments made to the fired employee, and the administrative costs listed 
above. It is thus a global measure of tho rigor of employment protection, analogous 
to tho synthetic OECD index by which countries are ranked in table 12.4. Sever­
ance payments and administrative costs actually have exactly the same impact on 
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employment when wages are exogenous. But as we will see, the c J is different when 
wages are bargained over. 

Let w be the wage. When current productivity takes the value e, the expected 
profit IT.(•) from a filled job at stationary equilibrium is written: 

rIT.(e) = e - w + l[IT; - IT.(e)] (7) 

In this equality IT; designates the expected profit when a productivity change 
occurs; we will give its exact expression below. Equation (7) is interpreted the same 
way as all the equations defining expected profits and utilities encountered thus far. 
For a given level e of current productivity, the instantaneous profit is equal to (• - w), 
and the term l[II; - IT,(e)] corresponds to the average gain linked to a possible change 
of state of the job. The only change of state envisaged here is a change in the level of 
individual productivity. This event comes about with probability l dt over every small 
interval of time dt. 

When the employer fires a worker, he or she incurs fixed costs amounting to f, 
and is left with a vacant job offering an expected profit equal to ITv. In total, the 
expected pro.fit following from the separation of an employee amounts to -f + ITv. In 
consequence, the employer fires the employee when the discounted profit IT,(e) from a 
filled job falls below the gain he or she gets by firing. This situation comes about when 
the inequality IT.(•) < -f + ITv is satisfied. Now, relation (7) shows that profit IT,(e) 
increases with individual productivity e. In these conditions, the employer will fire 
the employee if c :S: •d, where the reservation productivity •d is defined by the equality 
rr.(•d) = -f + ITv. Using equation (7), we immediately find that when th• free entry 
condition rr. = O is satisfied, the reservation productivity is given by: 

ed = w-(r+l)f-m, (8) 

The fob Destruction Rate 

In relation (8), rr, is endogenous. This variable must be known in order to de­
scribe labor market equilibrium completely. For that purpose, it will be helpful to 
note at the outset that the definition (7) of expected profit from a filled job entails 
(r + ,\)[IT.(e) - IT,(•d)] = c- •d· Now, when the free entry condition ITv = 0 is satisfied, 
we have IT8 (ed) = -f, and the expression of the expected profit from a filled job takes 
the following form: 

(9) 

When a shock alters productivity, two eventualities may ensue: if the new value 
of productivity is below the threshold •d· the employee is fired and· the employer 
assumes the costs f arising from this firing; conversely, if productivity takes a new 
value e above the threshold •d, the employer keeps the worker on, and his or her 
expected profit amounts to IT,(e). Using relation (9), tho average profit IT; in the wake 
of a productivity shock is written thus: 
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J" J'' ) lJ'" IT; = -f dG(e) + ITe\B) dG(e} = -f +-, (e - ea) dG(e} 
-cc e,, r+ .... er1 

(10) 

If we bring this expression of TI1 into definition ( 8) of the threshold value ea, it 
becomes: 

ea= w - rf _ _!:_J'' (e - Ed) dG(e} 
r+A. r." 

(11) 

This equation defines ea as a function of the parameters of the model. It shows 
that the reservation productivity ea is inferior to the wage w. In other words, for values 
of productivity lying close to the destruction threshold ea, the employer may suffer 
a loss in the current period. If he or she does not fire the employee when e < w, it is 
because, for one thing, he or she must immediately pay costs f, and for another, he or 
she expects to be able, in the future, to make up for this loss through positive profits 
deriving from higher productivity. This possibility of future gain is represented by 
the term ).IT; in equation (8), the equivalent of an "option value" of a filled job. The 
inequality ea < w portrays a phenomenon of labor hoarding: the costs offiring give the 
firm an incentive to keep its workers in downturns because it anticipates future profits 
when the cycle turns back up. 

The job destruction rate, which we will again denote by q, is easy to find if the 
value of the reservation productivity sa is known. For a job to be destroyed, the value 
of current productivity has to change-which happens at rate A.-and the new value of 
productivity has to lie below ea-which comes about with probability G(ea). Hence, at 
every dato, a filled job is dostroyod at rate ).G(ea). Therefore, if t.'1ere is a large number 
of firms, the job destruction rate amounts to q = ,lG(r.a). Differentiating equation (11) 
defining •a with respect to f and)., we easily arrive at: 

asa 
at< 0• 

aq 
at< 0 and 

Hence an increase in firing costs lowers the reservation productivity ea and con­
sequently lowers the rate of job destruction. This result is highly intuitive and corre­
sponds to the stated goal of firing costs, which is precisely to inc;ease the rate of labor 
hoarding when unfavorable shocks occur. We see as well that a reduction in the de­
gree of persistence of shor.ks (i.e., an increase in J.) will also tend to increase labor 
hoardi,ng, so the effect on the job destruction rate is ambiguous. 

2.2.2 The Impact of Firing Costs on Labor Market Equilibrium 

To complete our description of the eqnilibrium that comes about in the labor market, 
we still have to specify the value of the labor market tightness (J that occurs in the 
expression 9m(li) of the exit rate from unemployment. To accomplish that, we will 
assume that the life span of a filled job always starts at the maximal value "• of pro­
ductivity. This hypothesis is not at all essontial in this context. It is made for the sake 
of simplicity, and it is justified when we introduce productivity growth (see chapter 
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\ 
10). It serves to convey the idea that newly created jobs most at. nave the benefit of 
the latest technological innovations and thus are the most productive. If h designates, 
as it did above, the costs arising from the search for an employee, then the value of a 
vacant job is written: 

rII. = -h + m(O)[IT.(Bu) - IIv] 

When the free entry condition rr. = 0 is satisfied, this last relation entails rr.(•u) = 
h/m(O). We are back at the result that, at free entry equilibrium, the average cost 
h/m(O) of a vacant job is equal to the expected profit II,(•u) of a job that has just been 
filled. Making e = •u in (9) we get the expression of II,(•u) as a function of •d, and if we 
make this expression equal to the average cost of a vacant job, we arrive at: 

e,,-ed-(r+l)f 
r+1 

(12) 

Knowing •d given by (11), this equation completely defines the labor market 
tightness 0. It is analogous io the "labor demand" equations that we obtained from 
different versions of the matching model when we assumed that the job destruction 
rate was an exogenous parameter. With the help ofrelation (11) giving the equilibrium 
value of the threshold •d, it is easy to verify that the expected profit II,(e.) from a new 
job-which corresponds to the right-hand side of equality (12)-is reduced when fir­
ing costs increase. Finns then open up fewer vacant jobs (or, if one prefers, the period 
1/m(O) during which a job remains vacant diminishes), and the labor market tightness 
6 and the exit rate from unemployment 11m(O) fall off. In sum, after several calculations 
we arrive at the following results: 

i!O 
a:!< 0, 

DO 
af < 0 and 

Given that the job destruction rate q is here equal to 1G(ed), relation (16) 
from chapter 9 giving the expression of the stationary unemployment rate u is now 
written: 

u=--q±.E....__= .<G(td)+n 
Om(O) + q + n O~(O) + AG(ed) + n 

(13) 

Firing costs f thus have an ambiguous impact on the unemployment rate, since 
they combine two effects that work against one another. First, they favor labor hoard­
ing and so reduce the job destruction rate, but at the same time they reduce job cre­
ation (the exit rate from unemployment falls) because higher firing costs have the 
effect of degrading the profit outlook of every new hire. From the standpoint of 
labor market equilibrium, these results confirm the ones already reached in chapter 4, 
where adjustment costs were introduced into models of labor demand. It is interesting 
to note that the degree to which shocks persist conditions the impact of firing costs 
on job destruction and so on unemployment (see Cabrales and Hopenhayn, 1998). By 
way of example, let us imagine that after a shock, productivity falls irreversibly to 
zero. In that circumstance, the job destruction rat• is necessarily equal to l, so it is 
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independent of firing coSLo. fhe result is that firing costs have the effect of decreasing 
labor market tightness without altering the job destruction rate, which entails a posi­
tive impact on unemployment. 

All these results were obtained on the assumption that the wage was exogenous. 
But it is intuitive that wages are influenced by the rules in place regarding employ­
ment protection, and will thus in turn affect labor market equilibrium. These se­
quences of cause and effect we will now proceed to examine. 

2.3 EMPLOYMENT PROTECTION AND WAGE BARGAINING 
The model just developed well illustrates the functioning of a labor market in the 
presence of a compulsory minimum wage. But if wages arc open to bargaining, firing 
costs affect the level of compensation, and so, indirectly, employment. Thus, when 
wages are bargained over, it is easy to show that severance payments (i.e., transfers 
from employer to employee) have no impact on the exit rate from unemployment and 
the job destruction rate, for they simply make themselves felt in the form of a reduc­
tion in wages. Likewise, it will be evident that a portion of the administrative costs are 
in fact borne by the workers at the time of hiring, which has the effect of limiting their 
impact on job creation. In order to take these possibilities into account, we shall 
explicitly distinguish two components of firing costs by setting f = fa + fe· Parameter 
fa designates the costs arising from various administrative hurdles (advance notice, 
prior obligations, possible legal proceedings, etc.), whereas parameter fe represents an 
effective transfer from the firm to the employee. The two parameters fa and /. arc here 
always taken to be exogenous (in the framework of the matching model, ·Pissarirles, 
2001, endogenizes severance payments f. by assuming that employees are risk-averse 
and so wish to be insured against fluctuations in their future income). We will see that 
calibration exercises carried out on the model confirm the importance of the reaction 
of wages to employment protection. They suggest that firing costs may be favorable to 
employment when wages are flexible, but that they may destroy a significant volume 
of jobs in the presence of a mi riimum wage. 

2.3.1 Bargaining In the Presence of Firing Costs 

We return to the previous model, but now we assume that wages are bargained over at 
the time of hiring, and every time a shock affects productivity. The existence of firing 
costs requires that we distinguish between wage bargaining at lhe start of the job, 
when these 9osts are still virtual, no contract having yet been signed, and wage rene­
gotiations, which lead to firing costs if they fail. 

The Surplus 
We must also distinguish between the expected profit n0 from a new job, and the 
expected profit n.(•) from a filled job with current productivity e. We thus have: 

rno = •u - Wo + l(TI; -- no) 

rTI.(•) = e - w(e) +.![fl, - n.(s)] 

(14) 

(15) 

I 10 
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'•i 
In these relations, w11 and w(e) designate respective,, ihe wage negotiated at 

hiring, and the wage renegotiated when productivity takes the value e. The term nA is 
always defined by equation (10). In similar fashion, the expected utility V0 of a worker 

who has just been hired, and the expected utility V.(•) of a worker who holds a job 

with cun-ent productivity r., are defined by the formulas: 

rVo = Wo + i.(V;- Vo) 

rV.(e) = w(e) + .l.[V; - V.(e)] 

(16) 

Ctn 

The term V, designates the expected utility of a worker when his or her job 
is affected by a productivity shock. With the rose1·vation productivity (which, as we 

will demonstrate below, is unique) again denoted by ed, this expected gain has the 
expression: 

Vi. = f"' (f. + Vu) dG(e) + J'" V.(e) dG(r.) 
-::c: ""' 

where Vu is the expected utility of an unemployed person, defined by: 

rVu = z + llm(ll)(Vo - Vu) 

(18) 

(19) 

These equations allow us to define the surplus S0 of a new job, and the surplus 
S(r.) of a continuing job already hit by a shock with cun-ent productivity•· It comes to: 

So = Do - flv + Vo - Vu, S(e) = II.(e) - (IIv - fu) + V.(e) - Vu (20) 

These definitions are easily understood. At Lhe time of hiring, hrAaking off the 

bargaining entails neither the payment of a severance, nor administrative costs. But 
during renegotiation, the various costs and transfers take effect if the bargaining fails, 

and the fallback profit of the firm amounts to (Ilv - fa - fe), while the fallback utility 
of the worker takes the value (Vu+ fa) since it is he or she who benefits from transfer 

fe· The result is that the severance payments /. do not come into the definition of the 
surplus. Moreover, for the same productivity, the surplus of a continuing job is greater 

than the one released by a new job. Noting that equations (14), (15), (16), and (17) 

entail TI0 + V0 = IIe(eu) + V..(eu), the definitions (20) of the surpluses entail: 

So = S(eu) - fa (21) 

The hnpact of Firing Costs on Wages 
As in the basic model of chapter 9, we asswne that bargaining leads to a surplus­

sharing rule dependent on the bargaining power of each of the agents. Let y again be 
the relative power of a worker. For a new job this rule is written: 

Vo - Vu= ySo, no - n. = (1 - y)So (22) 

On the other hand, since renegotiation gives rise to a severance payment in case 
of disagreement, the surplus-sharing rule determining the renegotiated wage takes the 

form: 

V.(e) ··· (V,, + /.) = yS(e), TI.(e) ·· (llv · · f) = (1 - y)S(e) (23) 
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Assuming that the free entry condition flv = O is satisfied, this rule entails that 
jobs are destroyed when the value of the surplus S(i:) becomes negative. We see 1hat 
the employer and the worker have an interest in separating for the same values of 
productivity, since equations (20) and (23) entail: 

S(e) < O *> n.(e) < -f {? V.(e) < Vu+ fe 

In other words, jobs arc destroyed by common consent when they release a neg­
ative surplus. This result comes from the fact that the firm and the worker are capable 
of finding a mutually advantageous contract, one preferable to separation, if and only 
if the surplus obtained by keeping the job going is positive. It can be shown that there 
exists a unique threshold value of productivity, beneath which jobs are destroyed. 
Using relations {15), (17), and (20), the surplus S(e) is written as follows: 

S(e) = e+ .l(V; +fl;) (V. - fl 
(r+.l.) 

As Vi and fl;. are independent of current productivity r., this expression of the 
surplus entails S'(•) = 1/(r + .l) > 0. The surplus is thus an increasing function of 
productivity. Consequently there exists a single value of e, denoted by •d, such that 
S(ed) = O and below which jobs are destroyed. Using relations (10) and (18) defining 
fl; and V;, we arrive at: 

(r + ,\)S(e) = • - rVu + rfa + ..tJ'" S(x) dG(x) 

"' 
(24) 

With sharing rule (23), definition (15) of profit, and equation (10), this definition 
of the surplus allows us to write the renegotiated wage in the following manner: 

w(e) = rV. + y(e- rVu) + r(f. + Yfa) (25) 

And the wage negotiated at hiring, obtained from (14), (21), (22), and (24), takes 
the form: 

Wo = rVu + y(eu - rVu) - l(f;, + Yfa) (26) 

These expressions of the hiring wage and the renegotiated wage well illustrate 
the effects of firing costs at the partial equibrium of a decentralized negotiation (i.e., 
for gfven V0 ). The hiring wage diminishes with firing costs, since firms anticipate that 
they will have to endure them in the future. The renegotiated wage, however, rises 
with firing costs, since tho latter enhance the gains of workers if they do separate from 
their employer. 

Labor Market Equilibrium 

The equilibrium values of the reservation productivity r.d and of the labor market 
tightness 0 aro found, as they were when the wage was exogenous, using a job creation 
equation and a job destruction equation. The expected profit fl, from a vacant job 
sutisfies: 

rn. ,_ -h + m(O)(llo - fl.) 

I 143 
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When the free entry condition n. = O is satisfied, we find the usual equality 
between the expected profit CT0 of a job newly filled and the average cost h/m(8) of a 
vacant job. The sharing rule (22) thus entails (1 - y)S0 = h/m(8). On the other hand, 
the definition (24) of the surplus allows us to write the latter as a function of the 
threshold •din the form S(e) = (•-•d)/(r +.<).Utilizing (21), it comes to: 

-=(1-·y) ---fa h [•·-•d] 
m(O) r+.t 

(27) 

This job creation equation defines a decreasing relation between labor market 
tightness and the reservation productivity. We can account for this result by noting 
that the average life span of a job, i.e., 1/lG(ed), decreases with the reservation pro­
ductivity •d· Consequently, when the reservation productivity rises, expected profit 
fells, and firms open up fewer vacant jobs. 

Since 0 0 = h/m(9), the job destruction equation is found by first noting that the 
expected utility (19) of an unemployed person is written, using sharing rule (22): 

rVu = z + 9m(O)yS0 = z + .1!!!!_ 
1-y 

(28) 

If we substitute this value of rV,, in (24), the job destruction condition, S(•d) = 0, 

finally yields: 

(Jyh ;. J" •d = z+---rf0 --- (•-•d) dG(e) 
1-y r+l ,, 

(29) 

The job destruction equation defines an increasing relation between labor market 
tightness and the reservation productivity, for high tightness corresponds to a strong 
exit rate from unemployment, and thus to high expected gains on the part of unem­
ployed persons. Since the surplusdiminishes with the expected utility of unemployed 
persons, a high value of labor market tightness signifies a small surplus, and that 
entails a high job destruction rate. 

The equilibrium values of labor market tightness 0 and the reservation produc­
tivity •d are defined by the system of equations (27) and (29). These values are inde­
pendent of the severance payment f., which thus has the sole effect of altering the 
wage profile. Administrative costs, on the other hand, act simultaneously on the equa­
tions of job creation and job destruc.1ion. The impact of an increase in administrative 
costs is represented in figure 12.6. The curve of job creation shifts downward, because 
an increase in these costs exerts downward pressure on job creation, and that has the 
effect of lowering the reservation productivity and labor market tightness. The job de­
struction curve shifts to lhe left, because fewer jobs are destroyed when hiring costs 
are greater. Equilibrium thus moves from point A to point B. The threshold •d, and so 
the job destruction rate i.G(•d ), both decrease. The effect on the labor market tightness 
is a priori ambiguous. IL is possible to show, using equations (27) and (29), however, 
that labor market tightness falls with firing costs. The effect on the unemployment rate 
is thus indeterminate, since the new equilibrium is characteri>.od by a lower exil rate 
from unemployment Om(O) and a lower job destruct.ion rate .<G(ed)· 
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FIGURE 12.6 

The impact of an Increase in administrative firing costs. 

2.3.2 The Importance of Wage Setting 
Wheiher ihe wage is exogenous or negotiated, strengthened employment protection 
reduces manpower flows and has an ambiguous impact on unemployment. Negotiated 
wages, however, react to this strengthening. At equilibrium the hiring wage in partic· 
ular falls. This result is established by substituting the expression (28) of rV. in (26), 
which yields: 

Wo = (1 - y)z + y(llh +tu - A.fa) - A.f, (30) 

Since firing costs have a negative impact on labor market tightness 0, relation 
(30) shows that they also exert a downward pressure on hiring wages. The decline in 
the hiring wage thus makes it possible to lessen the negative effects of firing costs on 
profits; and thus on job creation. And on the contrary, a mandatory minimum wage, 
by preventing wages from declining, must amplify the impact of firing costs on job 
creation. The calibration exercises that follow confirm these intuitions. 

F1exible Wages 
As regards the common parameters, the models in this section have been calibrated by 
taking values identical to those selected in chapter 9, section 3, in our study of the 
model with exogenous job destruction (see table 12.5). The matching function like· 
wise has the expression M(v,u) = v1f2t1 1f2. For the new parameters, we have assumed 
that the cumulative distribution function G( ·) is uniform over the interval Ill, 1 J and 
that the productivity shocks follow a Poisson process with parameter J. equal to 0.15 
(for calibrations of the matching model using functional forms and similar numerical 
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Table 12.5 
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Parameters value of the model with endogenous job destruction. 
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fl6URE 12.7 
The impact of firing costs on the unemployment rate u. the exit rate from unemployment 9m(8). and the job destruc· 
tion rate AG(td) with negotiated wages and z=0.5. f is expressed as a fraction of average quarterly production. 

values, see Millard and Mortensen, 1997, and Mortensen and Pissarides, 1999). These 
values give plausible rates of job destruction lying between 10% and 15% per annum. 

Figure 12.7 presents the impact of an increase in the administrative firing costs 
on the unemployment rate u, the exit rate from unemployment Hm(O) and the job 
destruction rate .<G(ed), when wages are negotiated. We see that employment protec­
tion has little influence on the unemploymenl rate. An increase in firing costs by an 
amount equal to the average quarterly production of a worker provokes a fall in the 
unemployment rate of around 0.1 % when wages are negotiated. It should also be 
noted that the exit rate from unemployment and the job destruction rate do not show 
much sensitivity either to this rise in the administrative firing costs. It is important to 
emphasize that the negative relationship between the firing costs and the unemploy­
ment rate is not robust to changes in the values of the parameters. The degree to 
which shocks persist does play an important part in this domain. Figure 12.8 shows, 
on the other hand, that firing costs exert a positive effect on. unemployment if the 
gains of unemployed persons are relatively high (the average wage is respectively 
equal to 0.955 and 0.932 when the gains of unemployed persons diminish l'rom 0.75 to 
0.5). The extent of this effect is always very slight, however. 

Other studies analyze the effects of firing costs by resorting to calibrated versions 
of matching models close to that of Mortensen and Pissaridcs ( 1994) on the constant 
assumption that wages arc flexible. Tims Mm1ensen and Pissarides (1999) find that the 
rise in firing costs reduces both labor market flows and the unemployment rate. Gari­
baldi (1998) arrives at an analogous result when the values taken by firing costs are 
not too high. On Spanish data, Cabrales a11d Hopenhayn (1997) estimate that higher 
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tion rate AG(ed) with negotiated wages and z=0.75. f is expressed as a fraction of average quarterly production. 
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lion rate AG(ed) with exogenous wages. f is expressed as a fraction of average quarterly production. 

firing costs axe responsible for the reduced job turnover rate, but that they explain no 
more than a small part of the equilibrium unemployment rate. Blanchard and Portugal 
(2001) develop a matching model in which the wage is negotiated once and for all at 
the outset of the match-up between employer and employee. A simulation of this 
model then shows that the unemployment rate is an increasing, then a decreasing, 
function of firing costs. This result indicates that two countries-in this case the 
United _States and Portugal, in the study of Blanchard and PCirtugal-may display 
identipal unemployment rates while having very different legislation about employ­
ment protection (on the scale of strictness in employment protection reproduced in 
table 12.4, the United States is the least strict country and Portugal the most strict 
one). The simulations of Blanchard and Portugal do show, however, that the average 
duration of unemployment rises rapidly, and to a significant degree, when employ­
ment protection is strengthened. 

Rigid Wages 

The results are quite different when wages are rigid. Figure 12.9 represents the impact 
of administrative firing costs on the assumption that there is a constant mandatory 
minimum wage, and a corresponding unemployment rate of 12.5% in tho absence of 

·---····-~' . 5 0.5 0.75 1 
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.. ·,)s· ·ts has a very marked employment protection. In this situation, an increase in firini, . 
impact on the unemployment rate. The latter rises by more than ten points when firing 
costs increase by an amount corresponding to the average quarterly production of a 
worke.r. The exit rate from unemployment plummets, while job destruc:tion is little 
changed. These results highlight the degree of interaction between the various insti­
tuticms of the labor market. Employment protection has very different results accord­
ing to the nuture of the other institutions that regulate the labor market. To be precise, 
the results obtained suggest that firing costs are probably unfavorable to the employ­
ment of low-skilled workers in certain European countries, where a high proportion of 
them are paid at minimum wage. High firing costs would, however, have only negli­
gible effects on employment if they were accompanied by high wage flexibility (Blan­
chard and Portugal, 2001 ). 

It should be noted that the minimum wage and employment protection act on 
the job destruction rate in directly opposite ways. Equation (11), which defines the 
reservation productivity when the wage is exogenous, shows that the minimum wage 
increases tl1e job destmction rate, while firing costs reduce it. Bertola and Rogerson 
(1997) have pointed out that Uiis type of effect might explain the similar rates of 
job destruction observed in different OECD countries with very different kinds of 
employment protection. For example, in chapter 9, table 9.1, we saw that the United 
States and France have job destruction rates of the same order of magnitude, 10.4% for 
the United .States and 11.8% for France-surprising figures at first sight, given that the 
United States has very liberal legislation about firing, while France has adopted strin­
gent measures to protect employment. In France, the high minimum wage increases 
the job destruction rate, which helps in part to explain the fact that rates of job de­
struction are similar in these two countries. 

Also worthy of note is the fact that the effects of minimum wage and employ­
ment protection on the exil rate from unemployment have a tendency mutually to re­
ioforce one another (see figure 12.9). The conjunction of a high minimum wage and 
rigorous employment protection ought thus to lead to relatively low exit rates from 
unemployment, and consequently to a high proportion of long-term unemployed. 
Here again, comparison of worker flows in France and the United States well illus­
trates this kind of effect, showing that the exit rate from unemployment is ten times 
higher in the United States (see chapter 9, table 9.7). 

2.4 WHAT EMPIRICAL STUDIES SHOW 
Many studios try to assess the impact of employment protection by regressing tho un­
employment rate, or indicators of workers and job mobility, onto a sot of explanatory 
variables, among them an index of the strictness of employment protection. Tho theo­
retical analysis set out above suggests that mobility between the situation of having 
a job and the situation of being unemployed ought to be greater in countries where 
employment protection legislation is lax, and empirical studies generally confirm this 
prediction. 



INSTITUTlONS AND LABOR MARKET PERFORMANCE 749 

The Effect of Firing Costs on Employment cmd Unemployment 
Lazear {1990) looked at the effect of severance payments, using data from 22 OECD 
c:ountries for the period 1956-1984. He finds that in several European countries the 
evolution of firing costs is largely responsible for the rise in unemployment. In France, 
for example, 59% of the rise in unemployment may be attributed to changes in the 
rules ajJont firing, while in Portugal the figure is 71 % and in Belgium 8%. The rele­
vance of these results is not entirely clear, though, since ihe only explanatory vari­
ables are severance payments and the length of advanco notice, to which is added a 
time trend. 

Studies based on other explanatory variablos arrive at divergent i·esults. In a 
study carried out on 20 OECD countries for the period 198:1-1994, Nickell (1997) 

finds that employment protection (measured by the OECD synthetic index) has a 
tendency to reduce unemployment slightly. Elmeskov et al. (1998) an-ive at opposite 
results, since they obtain an increasing relation between the OECD synthetic index 
and the unemployment rate. Using the same indicator, however, Bertola (1990) and 
Garibaldi et al. (1997) find no significant relationship with the unemployment rate. 
The very detailed study by the OECD (1999) confirms this result (see also Addison and 
Teixeira, 2003). So the correlation between the unemployment rate and employment 
protection proves fragile, and extremely sensitive to the specification of the equations 
estimated and the economotl"ic methods adopted. Jn essence, empirical studies con­
firm the conclusions of theoretical analysis: firing costs have an ambiguous impact on 
the unemployment rate that is "light in extent. 

Firing costs do, however, appear to impact employment rntes• and tho composi­
tion of unemployment in a more systematic fashion. Scarpetta (1996), Nickell (1997), 

and OECD (1999) bring to light a negative impact of these costs on employment rates. 
This correlation can be understood in light of the theoretical model developed above, 
which shows that firing costs reduce the expected utility Vu of an unemployed person. 
Equation (28) does indeed indicate that Vu increases with lubor market tightness, 
which is itself a decreasing fu1wtion of firing costs. If we consjdor labor market par­
ticipation to be the result of a comparison between Vu and the expected utility to be 
found outside the labor market, distributed according to a distribution function H(·), 
the par,ticipation rate is equal to H(Vu) because individuals decide to onter the labor 
mark,et only if doing so brings them expected utilities superior to tho ones they gel 
by remaining nonparticipants (see chapter 1). So mnployment protection, by exerting 
downward pressure on the exit rate from unemployment and the expec~ed utility of 
the unemployed, reduces participation rates. Theoretical analysis also suggests that 
firing costs ought to have a more systematically negative impact on the employment 
of workers whose productivity is weak, who arc often paid minimum wage, and who 
benefit from a relatively high replacement ratio. Empirical results do indeed highlight 
a more marked effect of firing costs on young people (Scarpett.a, 1996, and OllCD, 
1999) and so indirectly confirm this conclusion .. 
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The b'ffect of 1'1ring Costs on Workers' Mobility 

Many studies bring out a positive relationship between the strictness of employment 
protection and the duration of unemployment (Bcrtola and Rogerson, 1997; Blanchard 
and Portugal, 2001; Boeri, 1999; OECD, 1999). Consequently, the long-term unem­
ployment rate ought to be higher when firing costs are high, and symmetrically the 
frequency of short-term unemployment ought to be higher where employment protec­
tion is lax. In order to illustrate these results simply, we represent, in figures 12.10 
and 12.11, respectively, the correspondence between the frequency of short-term un­
employment (less than six months spent looking for work), the frequency of long-term 
unemployment (more than a year spent looking for work), and the OECD synthetic 
index (found in the "rank" column of table 12.4). 

Figure 12.10 clearly brings out a negative linkage between the strictness of em­
ployment protection and the frequency of short-term unemployment. In other words, 
countries with lax employment protection will mainly have short-term unemploy­
ment. Inasmuch as the frequency of short-term unemployment is evidently posi­
tively linked to exits from employment, the lessons of the theoretical model are 
confirmed. In figure 12.11, we represent the proportion of long-term unemployed and 
tho synthetic index. What we see with stark clarity is an increasing linkage between 
long-term unemployment and the strength of employment protection. Long-term un­
employmcnl being strongly correlated with the exit rate from unemployment, figure 
12.11 also ~onfirms the lessons of tho theoretical model. 
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3 TAXATION 

Troces on labor income create a gap between the cost of labor borne by the employer 
and the purchasing power of the wage paid to the employee. Troces are often progres­
sive, which means that the marginal gain is more heavily twced than the average gain. 
The pressure of mandatory contributions is frequently denounced as an obstacle to job 
creation. From that standpoint, strong income redistribution through mandatory con­
tributions is seen as incompatible with good performance by the economy. Close 
scrutiny will reveal that this judgment must be considerably qualified. It is worth 
noting that the issue of trocation has been encountered in chapter 11, section 2.3, in the 
analysis of employment subsidies. There wo stud_ied how proportional taxes on wages 
affected employment and compensation. In this section we adopt a wider perspective: 
we present the main features of taxes in some OECD countries and pay close attention, 
theoretical and empirical, to the incidence ofprogressivity of taxes. It will emerge that 
variations in marginal and average troc rates have very different consequences on labor 
market outcomes. 

3.1 THE MAIN FEATURES OF TAXES IN SOME OECD COUNTRIES 
The structure of mandatory contributions and the extent of redistribution differ no­
ticeably from country to country. The "tax wedge" is a synthetic inriicator that proves 
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useful in assessing the extent of fiscal pressure in many circumblances. It is a notion 
that needs to he complemented by measures of the degree to which taxes are progres­
sive, if we are to have an adequate overview of the characteristics of the fiscal system. 

3.1.1 Mandatory Contributions 
Mandatory contributions are all payments made by all actors to public authorities 
with no direct compensation in return. They comprise taxes in the strict sense, and 
social security contributions. Taxes are collected by the government and by local 
public authorities. Social security contributions are collected by the government, or 
by dedicated organizations, for the purpose of insuring persons against certain con­
tingencies like illness. Among mandatory contributions, a distinction is normally 
made between contributions paid by the employer and ones paid by the employee. 
fn reality this distinction has little mr.aning, because in either case, mandatory con­
tributions are entirely deducted from the value added that production creates. For 
employees and employers, the relevant magnitude is the difference between the value 
added and the total amount of contributions. Out of this difference they must com­
pensate themselves, and pay their remaining taxes. Table 12.6 gives an idea of the 
system of mandatory contributions in several OECD countries. 

The first line of this tnble shows the values of personal income tax in 1998, 
assessed on income from labor and capital. There is not a deep divide between the 
countries of continental Europe and the Anglo-Saxon ones. Personal income tax is 
high in Sweden but lower in France, Germany, the United Kingdom, and the United 
States. Social security contributions, on the other hand, constitute a fault line between 
what we may schematically see as two blocs. fn the first, comprising France, Germany, 
and Sweden, social security contributions come to around 15% of GDP, while in the 
second, comprising Australia, the United Kingdom, the United States, and Japan, 
social security contributions are less than 10% of GDP. Other taxes (this means prin-

Table 12.6 

Tax revenues expressed as a percentage of GDP at market prices in 1998. 

United United 

Australia France Germany Japan Sweden Kingdom States 

Personal income taxes 13 8 18 10 12 

Social security 0 15 14 10 15 6 

contributions, 

employee+ employer 

All other taxes 17 22 14 13 19 21 10 

Total tax revenue 30 45 37 28 52 37 29 

Source: OECD (2001, table II.A, p. 346). 
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cipally indirect taxes) are not insignificant either, running from 10% in the United 
States to more than 20% in France and the United Kingdom. The last line of table 
12.6, in which the three lines above are added up, gives total tax revenue. This total, 
expressed as a percentage of GDP, is also called the "rate of mandatory contributions." 
By this criterion, it turns out that European countries have high tax pressure. 

Table 12.6 suggests a distinction between an Anglo-Saxon model and a Euro­
pean one. This distinction, which is often mentioned in the literature, has to be set in 
perspective by taking into account the extent of social security benefits. These benefits 
for the most part assume the profile of an insurance system. To get them, one has to 
have paid in for a defined period. Unemployment insurance, retirement pensions, and 
allowances for days lost to illness enter into this category. There are also allowances 
providing social assistance on a means-tested basis that do not require prior payments 
into a specific fund. In France, family allowance, housing allowance, and minimum 
guaranteed income (revenu minimum d'insertion) fall into this category. In the United 
States the Medicare and Medicaid programs, which cover the health care costs of the 
elderly and the most disadvantaged, are examples (see OECD, 1996, for a description 
of the minimal levels of social assistance in the industrialized countries). In general, 
the European countries deliver measurably higher social security benefits (although 
the level of social assistance is comparable), which means that the net rates of man­
datory contributions to social security present less divergence between European 
countries and Anglo-Saxon countries than the gross rates (see Bourguignon, 2001). Jn 
other words, a large part of the gap in the rates of mandatory contributions in the two 
models is explained by the different coverage provided by the various social insur­
ance systems. The respective roles of the public sector and the private sector are not 
constant from one country to another. 

3.1.2 The Tax Wedge 
The gap between the cost of labor and the purchasing power of wages is usually 
gauged by the tax wedge. Let W and Pt respectively be tho nominal wage received 
by an employee and the producer price index. If we denote by !r the average rate of 
mandatory deductions from wages borne by firms, the real labor cost for the employer 
is written: 

V,V(l +t1) 
wr=--P-r-

Let us again denote by tc and t0 respectively the average rate of indirect taxes 
on consumption and the average rate at which earned income is taxed-approximate 
indicators of theso two magnitudes appear in the third and first lines respectively of 
table 12.6-and let Pc represent the consumer price index exclusive of consumption 
taxes. The purchasing power of an employee takes the form: 

W(1-t0 ) 

We = Pc(1 +le) 

I 1s3 
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Table 12.7 

Income tax plus employees' and employers' contributions (as percentages of labor cost for single 

persons without children) in some OECD countries. 

Country 1979 1989 1999 

Germany 40.8 45.5 51.9 

United States 31.9 31.5 31.1 

Japan 16.7 20.4 24.0 

United Kingdom 36.1 34.2 30.8 

Sweden 50.7 52.7 50.5 

Netherlands 48.0 47.0 44.3 

Spain 36.4 35.9 37.5 

Source: OECD (2001. table 1.4, p. 341). 

Eliminating the nominal wage W botween the expressions of We and Wf, we get: 

Wf =pWe with P = (1 +tc)(l + tf) (~) 
(1 - t.) Pt 

The term p defines the wedge; it measures Lhe gap between the cost of labor 
borne by the employer and the purchasing power of wages. The wedge bas two com­
ponents. First is the ratio (Pc/Pt), which is influenced by the price of imports, because 
Pc comprises imports prices whereas the producer price index only comprises prices 
of domestic goods. The ratio (Pc/P1) is a relatively volatile component of the wedge, 
especially because of variations in the exchange rates. Second is the tax wedge, which 
hinges on the tax rates t.,, t., and tr. Henceforth we will focus only on the tax wedge by 
setting the ratio (Pc/Pt) equal to 1. 

Table 12.7 gives the value of the direct contributions paid by employers and 
employees for certain OECD countries between 1979 and 1999, that is to say, during a 
period of mounting unemployment in Europe. We see that direct contributions repre­
sent a high proportion ·of the labor cost. The countries of continental Europe have 
contribution rates superior to those of Japan, the United States, and the United King­
dom at the close of the period (which con-oborates the picture painted by table 12.6). 

Moreover, this indicator followed diverging paths. ll shrank in the United Kingdom 
and the Netherlands, remained stable in the United States, Spain, and Sweden, and 
grew in Germany. 

3.1.3 The Progressivity of Taxes 
When dealing with taxation, it is important to distinguish lhe average tax rato from 
the marginal tax rate. The average rate is an indicalor of the global volume of taxation, 
while the marginal rate, which measures the increase in taxation on each extra unit of 
income or expenditure, is an indicator of tho progressivity of taxes. Most systems of 
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mandatory contribution show a certain progressivity, in which case the marginal rate 
exceeds the average rate. 

Marginal Rates and Average Rates 

In order to study the consequences of progressivity, we must first define a system of 
mandatory contributions that will allow us to distinguish marginal rates from average 
ones. We will designate by w the real gross wage received by the worker and will 
assume, in order to simplify the exposition, that contributions are indexed to it The 
purchasing power w. of wages and the labor cost w1 for the firm can then be written in 
the following manner: 

w.=w-T.(w) and w1=w+Tf(w) (31) 

Function T. represents the sum of the direct and indirect taxes on earned in­
come paid by the worker, and function T1 stands for all the payroll taxes paid by the 
employer. In reality, these two functions depend on many parameters characterizing 
taxation in each country, including different tax brackets and the marginal tax rates that 
apply to each of them, thresholds that trigger tax relief, and ceilings on certain con­
tributions (see Malcomson and Satar, 1987). In order to simplify the notation, we have 
not included these parameters in writing the functions T. and Tr. It is the extent of the 
variation in the contributions T. and Tr when income rises that allows us to pinpoint 
how progressive a system of mandatory contributions is. This is why the respective 
elasticities 1/, and 'I/ of w8 and wr with respect to w play an essential part in measuring 
this progressivity. Differentiating relations (31), we find that they can be written: 

l-T; and =~ 
"· = i - (T,/w) Tff 1 + (T1/w) 

(32) 

In these relations, T; and TJ designate respectively the derivatives of functions 
T. and Tr with respect to w. These quantities represent the marginal rates of taxation 
of the employee and the firm, while the quantities (T,/w) and (Ttfw) represent the 
average rates. The gap between the average rates and the marginal rates characterizes 
the degree to which taxation is progressive or regressive. These ;mtions can be under­
stood clearly by focusing on the elasticities "• and Tff (for more detail on this subject, 
see Ml.l.l!grave and Musgrave, 1989): 

If 11. < 1, a rise of 1 % in the wage corresponds to a rise of less than 1 % in the 
purchasing power of this wage. This property tells us that the income tax (or the 
consumption tax) is progressive. When this is the case, the marginal rate T~ is 
higher than the average rate (1~/w). Elasticity 11. is often called the "coefficient 
of residual income progression." 

If Tff > 1, a rise of 1 % in the real wage leads to a i·ise of more than 1 % in the cost 
of labor for the firm. This property tells us that the payroll tax home by firms is 
progressive. When this is the case, the marginal rate Tj is higher than the aver­
age rate (T1/w). When ~r is less than unity, this system is regressive. 

l 755 
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Table 12.8 

Average rates and marginal rates for a single person with an income equivalent to 167% of that of an 

average worker in 1999. 

Country Average rate Marginal rate ry, 

Denmark 51.6 63.3 0.76 

France 31.0 35.4 0.93 

Germany 47.5 58.5 0.79 

Japan 19.3 30.8 0.85 

Netherlands 39.1 50.0 0.82 

Sweden 40.3 50.6 0.83 

United Kingdom 26.6 33.0 0.91 

United States 31.9 42.9 0.84 

Source: OECD (2001, tables 3 and 6, pp. 44 and 47). 

Note; These rates include income tax and the social security contributions deducted from wages. 

If~.= 1, the income tax system is said to be proportional. The marginal rate T~ 
is then equal to the average rate (T,/w). Likewise, if ~f = 1, the payroll tax borne 
by firms is said to be proportional. The marginal rate Tj is then equal to the 
average rate {T;/w). 

Progressivity in Some OECD Countries 
Table 12.8 gives the values of the average rate, the marginal rate, and the coefficient 
~. of residual income progression as they apply to taxation on the income of a single 
person with an income equivalent to 167% of that of an average worker in 1999 in 
some OECD countries. We see that tax progressivity is prevalent in these countries. 
The countries of northern Europe arc distinguished by high marg.inal rates; the situa­
tion in Germany is analogous to that in the United States. France and the United 
Kingdom have marginal rates clearly lower than those of the other countries (Japan 
excepted), and the gap· between the average rate and the marginal rate is also rela­
tively narrow there, which is a sign that they are less progressive. 

3.2 THE EFFECT OF TAXES ON THE LABOR MARKET 
Mandatory contributions act on the behavior of agents and the allocation of resources 
in a number of ways. We must therefore work within a coherent analytical framework, 
one that describes both wage setting, labor supply, and labor demand. The matching 
model presented above in chapter 9 fits this prescription, as long as we introduce 
hours worked into it, becaus" hours worked are influenced by taxes (as shown in 
chapter 1). In such a context, it is evidently very important to distinguish between the 
impact of the average tax rate and the progressiv:ity of taxation. 
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3.2.1 The Matching Model with Hours Worked 
We will suppose that at every date an individual disposes of a unit of time, which he 
or she divides between t hours of work and (1 - t) hours ofleisure. Ifs designates the 
hourly wage rate, the total wage received by a worker who has supplied t hours of 
work amounts to w = st. The purchasing power w. of a worker and the cost w1 of this 
worker to the employer are defined by: 

w. =st - Te( st) and w1 = st+ T1(st) (33) 

We will suppose that the instantaneous utility of a worker is now written 
w.¢>(1 - t). In this expression, ¢>(.) is a function measuring the disutility of labor, such 
that¢>'> O and¢/':;; 0. (Pissarides, 2000, chapter 7, uses a similar formulation.) This 
specification of preferences entails, in particular, that the optimal duration of work 
chosen by the employee is independent of the hourly wage rate s and the average tax 
rate when taxes are proportional (71. = 1). That being so, the substitution effect and 
income effect that underlie decisions to supply labor balance out exactly when the 
wage rate and taxes vary (see chapter 1). We emphasized in chapter 1 that the wage 
elasticity of the labor supply is slight, and in broad terms this hypothesis holds good. 
But in Lhe present context, we must also note that increased progressivity leads to a 
reduction in hours worked, for a given hourly wage rate. To show this, let 71,(st,x) be 
the coefficient of residual income progression, where x is a parameter influencing the 
progressivity of the taxes paid by workers. Hence we will assume, by convention, that 
an increase in x corresponds to steeper progressivity, i.e., a71./8x < o. Maximizing in­
stantaneous utility [st - T,(st,x))ql(l - t) with respect tot, we arrive at the first-order 
condition, which may be written as follows: 

F(s x t),. Tfe(st,x) _ ql'(l - t) = 0 
' ' t \6(1-t) 

Since the second-order condition dictates aF/ot < 0, differentiating this equa­
tion with respect to x entails at/ax= -(oF/ax)/(aF/Dt) < o. Thus, an increase in the 
progressivity of taxes entails a reduction of the labor supply, fo.r a given hourly wage 
rate. We have come to the usual conclusion yielded by labor supply models, i.e., that 
more steeply progressive taxes lead to fewer hours being worked. Still, the logic of 
this result depends on the hourly wage being given. Now, the hourly wage is influ­
enced by taxation, so we must adjust the framework of analysis to make the wage 
an endogenous variable, in order to assess the impact of taxation on hours and 
employment. 

Labor Demand 
Once again, we use the model from chapter 9, and introduce the following new speci­
fication of preferences: assuming that an unemployed person does not work, i.e., 
t = 0, and receives a flow of income z, his or her instantaneous utility is written zql(l). 
To lighten the notation, we will adopt the normalization ql(l) = 1. With these hypoth­
eses, the expected utilities V. and v;, of a person respectively employed and looking 
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for work satisfy: 

rV. = w,?(1 - t) + q(Vu - V.) 

rVu = z + 9m(O)(V. - Vu) 

) 

(34) 

(35) 

In these equations, q and Om(9) still designate respectively the job destruction 
rate and the exit rate from unemployment. If /(t), with j'(t) > O and f"(t) < 0, now 
represents individual production, which is assumed to rise as more hours are worked, 
the expected profit n. from a filled job is written: 

ril, = j(t) -· Wf + q(Ilv - Il,) 

while the expected profit from a vacant job always satisfies the equality: 

rilv = -h + m(O)(Il, - Ilv) 

(36) 

(37) 

When the free entry condition n. = O is satisfied, expression (37) of the ex­
pected profit from a vacant job again gives n, = h/m(O). Bringing this equality into 
definition (36) of the profit from a filled job, we arrive at a relationship between w, t 
and 0 which is the "labor demand" curve. It is written: 

h f(t)- Wf 

m(9)=r+q 
(38) 

As we have pointed out more than once, the left-hand side of this equality 
represents tho average cost of a vacant job, while the right-hand side designates tho 
expected profit from a filled one. At free entry equilibrium, these two quantities must 
be equal to one another. 

Bargaining 
We will assume that bargaining covers simultaneously the hourly wage s and hours 
worked t. The outcome of the bargaining corresponds to the solution of the general­
ized Nash problem described in chapter 9, section 3.4.1. It is written: 

Maxy ln(V,,- Vu)+ (1- y) ln(Il, - Ilv) 
(s,f) 

(39) 

Let us recall that y E [O, 1) is a parameter representing the bargaining power of 
the worker. Relations "(36) and (34) let us find the contributions of the players to the 
Nash problem. They are written: 

Il, _ flv = j(f) - Wf - rflv 

r+ q 
and V, _ Vu ~' w,?(1 - t) - rVu 

r+q 
(40) 

The first-order conditions of the problem (39) are found by setting lo zero the 
derivatives with respect to s and t of Lhe Nash criterion. The calculations will become 
a little easier, however, if we derive this criterion with respect to variables w =st and 
t instead. After some rearrangements of terms, we deduce that at free entry equi­
librium where n. = 0, the first-order conditions of problem ( 39) take the following 
form: 
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Qw(wt)=y 11.w.,ql(l-t) (l-y)~=O 
' - w,ql(l - t) - rV, f(t) - wr 

(41) 

Q'(w,t)=-y w,ql'(l-t} +(1-y)__lyl__=O 
w.ql(l - t) ·- rVu f(t) - wr 

(U) 

where w. and wr are always defined by equations (31). Eliminating the term y/(1 -y) 

from these two first-order conditions, we arrive at the equation of tho "contracts 
curve": 

f '(t) ql(l - t) = 'l'w 
¢'(1-t) f 

with '!'='.!! 
11. 

(43) 

In this expression, there appears the coefficient 'l' = 11r!11., which is an indicator 
of the global progressivity of taxes. A rise in 'l' corresponds to a system becoming 
globally more progressive, as for example when the progressivity of income tax is 
made steeper (11. falls) and/or the progressivity of payroll taxes is made steeper ('1r 

rises). In what follows, we will assume that coefficient 'l' is an exogenous parameter 
controlled by the government. That signifies that tho government can, for example, 
keep averag.e rates constant while raising marginal rates. Equation ( 43) is that of the 
"contracts curve," which corresponds to the Pareto optima between the employee and 
the employer. 

The pair (t, w), the solution of the bargaining, can be found from equations ( 42) 
and (43) using definitions (31) of wage and the labor cost. Figure 12.12 represents the 
solutiuu of the bargaining in the (t, w) plane. The contract curve, denoted by CC, is 
decreasing, and the graph of equation (42), denoted by BB, is increasing.• This figure 

cc 

-----·-
w 

flGURE 12.12 

Bargaining over wages and hours. 
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is useful in analyzing the impact of truces on the wage w and numul of hours worked 
that are negotiated, given the reservation wage rVu. 

Increased progressivity with no change to average rates leads to a shift down­
ward of the contract curve (since the left-hand side of equation (43) decreases with t') 
without affecting the BB curve. Thus, more progressive taxes entail a reduction in 
wage w and hours worked. The reduction in hours worked is a consequence of the 
fall in the marginal return on labor, which gives workers an incentive to substitute 
leisure for consumption. The reduction of wage w results from two effects. For one 
thing, the reduction in hours worked brings it down, since wage w is equal to hourly 
wage s multiplied by the number of hours worked (. And for another, as progressivity 
becomes steeper, any wage rise procures a smaller marginal utility for workers and 
enta\ls a higher marginal cost for the firm. For this reason progressivity exerts a 
downward pressure on the negotiated wage, making any wage rise less attractive to 
workers and more costly for the firm {Lockwood and Manning, 1993). To sum up, 
steeper progressivity tends to limit the wage of, and reduce the number ~f hours 
worked by, individuals. 

Let us now tw·n our attention to proportional taxes, such that ~· = qf = '¥ = 1. 

An increase in proportional taxes paid by workers has no effect on the CC curve and 
shi~• the BB curve downward• in figure 12.12. Hours worked decline and the gross 
wage increases, pushing the cost of labor up, for the decline in the surplus induced 
by the tax increase does not entail a proportional decline in wages. Workers accept a 
reduction in their purchasing power, but it is less than the amount of truces deducted, 
thanks to their bargaining power. An increase in the truces paid by employers has 
a similar impact. To sum up, an increase in average rates reduces hours worked, 
reduces workers' purchasing power, and increases the labor cost. 

The~e results have been derived from a very partial framework, by considering 
an employer and a worker whose reservation wage, rVu, is independent of truces. The 
matching model lets us assess the impact of taxes on labor market equilibrium, by 
taking into account the reactions of wages, labor supply, and demand. 

3.2.2 The Contrasting Effects of the Average and the Marginal Tax Rates 

It is possible to represent labor market equilibrium using a wage curve depicting the 
outcome of bargaining, and a labor demand curve representing labor demand. 

The Wage Curve 

The first-order condition (41} obtained by differentiating the Nash criterion (39} with 
respect to the gross wage st is similar to a wage curve (soo chapter 9, section 3.4.2). 
We can arrive at a more user-friendly expression of it if wo first note that equations 
(34) and (35) defining the expected utilities of a worker and an unemployed person 
entail: 

V. V. _ w.~(1 - t) - z 
.- u- r+q+Oni(o) (44) 
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Bringing this expre, .. Jn of (V. -· V.) into the first-order condition (41) and 
assuming that unemployment benefits are indexed to the purchasing power of 
workers-Le., z = bw,-where the net replacement ratio b is an exogenous constant, 
the equation of the wage curve becomes: 

f(t) - WJ 1 - y 'l'Wf ¢(1 - t) - b 
---;:+q-- = -y- ¢(1 - t) r + q + llm( II) (45) 

Labor demand, the contracts curve, and the wage curve form a system of three 
equations, (38), (43), and (45), with three unknowns, w1,t, and 9. It is possible to 
arrive at a system with just two unknowns by means of several substitutions. The 
contract curve will let us express the cost of labor w1 as a function of hours worked, 
i.e., w1 = f'!fi/'1'¢', and bringing this expression of w1 into the labor demand (38), we 
find a relationship between t and 9 which we will continue to refer to as labor de­
mand and which is written: 

h f'(t) [t 1 ¢(1-t)] 
m(9) = r+q -q; ¢'(1-t) 

("6) 

Furthermore, (38) shows that the left-hand side of equation ( 45) of the wage 
curve is equal to the average cost h/m(fi) of a vacant job. Using the new equality 
wt= y¢/'1'¢' in the right-hand side of equation {45), we arrive at a second equation, 
which we will continue to refer to as the wage curve, and which takes the following 
form: 

r+q+flm(O) 
m{ll) 

(1 -y)f'(t) ql{l - t) - b 
yh ql'(l - t) 

This form of the wage curve presents the advantage of not depending on param­
eter 'I'. 

Labor Market Equilibrium with Unemployment Benefits Indexed to Wages 

The two equations ( 46) and ( 47) form a system with two unknowns 9 and t which it is 
possible to represent graphically by the curves denoted (LD), for labor demand, and 
(WC), for wage curve, in figure 12.13. In the (O,t) plane, the (LD) and (WC) curves are 
respectively increasing and decreasing. Inasmuch as the contracts curve {43) indicates 
that the number of hours worked t is negatively linked to the cost of labor w1, and 
thus to gross wages w =st, the representation of labor market equilibrium in figure 
12.13 is analogous to the representations of this equilibrium that we have presented to 
this point in the (w,0) plane. 

We see that making progressivity steeper leaves the wage curve (WC) unchanged 
but shifts labor demand (LD) downward. The result is a reduction jn hours worked 
t and a rise in the labor market tightness 0. As the unemployment rate u continues to 
be given by the Beveridge curve of equation u = q/[q + Om(9)), steeper progressivity 
proves beneficial in terms of employment. This result comes from the fact that steeper 
progressivity tends to put a damper on the negotiated wages and the cost of labor per 

I 161 
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(LD) 

(WC) 

0 

FIGURE 12,13 

The effect of steeper progressivity. 

employee, which increases the number of persons employed (Hensen, 1999, end Fuest 
and Huber, 2000, come to an analogous conclusion with collective bargaining mod­
els). The reduction in the hours worked by individuals comes from the decline in the 
net marginal gain per hour worked. The upshot is that the total volume of hours 
worked, equal to the number of persons employed multiplied by individual hours 
worked, reacts ambiguously to steeper progressivity. As regards variations in wages, 
equation (38), which defines labor demand, entails that the cost w1 of this factor falls 
when coefficient 'P rises. On the other hand, it is impossible to deduce from it the 
behavior of the purchasing power w. of the wage received by the employee without a 
supplementary hypothesis. If, however, we assume that average tax rates do not vary, 
a rise in 'P also leads to a fall in w •. Thus steeper progressivity ought to go along with 
a reduction in the cost of labor end the purchasing power of the wage received. In 
summary, steeper progressivity reduces hours worked and lowers the unemployment 
rate, the cost of labor, and the purchasing power of wages received by workers. 

It is interesting to hate that if taxes are proportional, then 'P = 1, and equations 
(46) and (47) show that hours worked, labor market tightness, and thus the unem­
ployment rate are totally independent of the level of taxes. Equation ( 43) of the con­
tract curve indicates that the labor cost Wf is iself then independent of taxes, too. In 
other wards, bargaining entails that the employee bears the full tax burden. Essen­
tially, under these conditions, an increase in proportional contributions diminishes 
the purchasing power of the negotiated wage, which reduces the gains of unemployed 
persons and the reservation wage, and in turn reinforces fue downward pressure on 
fue negotiated wage. In the end, this process leads to a reduction in wages equal to the 
amount of the taxes. This is an illustration of the problem of fiscal incidence: a new 
tax applying to a specific individual does not necessarily decrease his or her net 
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income. It can be the case Jat variations in incomes induced by the tax leave his or 
her net income unchanged (this problem has already been encountered in chapter 11, 

section 2.3). Here, the indexation of unemployment benefits to wages makes the per-

son who has a job the one who, in the final analysis, pays all of the mandatory con-
tributions. This result suggests that taxes on labor do not necessarily have a negative 

effect on employment when the net wage is capable of absorbing a large part of any 

increase in mandatory contributions. 

Labor Market Equilibrium Without Unemployment Benefits Indexed to Wages 
In the setting just discussed, taxes acted on labor market equilibrium exclusively 

through parameter '¥ measuring the global progressivity of mandatory contributions. 
In particular, the amount of these contributions had no effect in itself. Tbis result 

points to the conclusion that the progressivity or regressivity of contributions is more 

important than their sheer amount. But that has to be set in perspective, because it 
flows mainly from the hypothesis that unemployment benefits are indexed. This will 

be clear if we assume, as we now shall, that the gain z of the unemployed is an exog­

enous constant. The labor demand (LD) continues to be defined by (46). To obtain the 

wage curve (WC), we may first bring the expression {44) of V. - V0 into the first-order 
condition (42). It comes to: 

f(t')- Wf 1 
-r+q r+q+Om(IJ) 

1 -y w.,P(1-t) - z 
- w8 ;'(1-t) 

(48) 

Now, following relation (38), which defines labor demand, the term [f(t') - w1]/ 
(r + q) appearing in the left-hand side of equation ( 48) is equal to h/m(IJ). Let p again 

be the tax wedge; following equation {43) of the contract curve, we have We= wtfp = 

f'(t'),P/pq\''¥. Equation ( 48) then becomes, after several rearrangements: 

r+q+Om(li) 
m(IJ) 

1-y[(ll(l-t') pz'I' ] 
Yb .P'(l -t') - f'(t'),P(l -t) 

(49) 

Labor market equilibrium is now described by the system pf two equations ( 46) 
and {49). We can easily verify that steeper progressivity always entails a reduction in 

hours worked and an increase in labor market tightness. The amount of taxation now 
has an impact too, which it did not in the setting where the gains of the unemployed 

were proportional to the net wage w •. The wage curve described by ( 49) now depends 

on the tax wedge p. To make this clear, let us assume that the coefficient '£' that mea­
sures global progressivity is now held constant (by supposing, for example, that taxos 

are proportional and thus that '£' = 1), and that the tax wedge p is made larger. The 
new labor markel equilibrium is represented in figure 12.14. The (W) curve, which is 

independent of p, does not move, while the (WC) curve shifts downward. An increase 

in the tax wedge reduces the equilibrium value of the labor market tightness, and so 
pushes unemployment up. It also entails a decline in individual hours worked, and 
the result of that is a fall in the total volume of hours worked. The effect on the labor 

cost and the purchasing power of wages proves ambiguous. 



764 I PART FOUR l CHAPTER 12 } 

(WC) 

flGURf 12.1-' 
The effect of an Increase in the tax wedge. 

The theoretical models suggest that more progressive taxes reduce unemploy­
ment and hours worked, whereas a greater tax wedge increases unemployment and 
reduces hours when the gains of the unemployed are not perfectly indexed to net 
wages. It is important to note that these results have been obtained by ~ajting the par­
ticipation rate as given. But taxes influence labor market participation. In particular, 
any increase in the amount of mandatory r.nntTibutions, which reduces gains in the 
labor market, tends to discourage participation and amplifies the effects that have just 
been illustrated. 

3.3 WHAT EMPIRICAL STUDIES TELL Us 
We first present results concerning the impact of the tax wedge on labor market per­
formance, then turn our attention to the (less ·numerous) studies that have focused 
their analysis on the role of progressivity. 

3.3.1 The Incidence of the Tax Wedge 
The preceding analyses ·show that the effects of mandatory contributions on employ­
ment depend a great deal on how the labor cost reacts. Empirical research in this area 
does indeed suggest that a rise in the taxes weighing on labor becomes detrimental to 
employment when it leads to a rise in the cost of this factor. From this standpoint, the 
study of Daveri and Tabellini {2000), which builds on the work of Summers et al. 
{1993) and Alesina and Perroti {1997), throws a particularly interesting light on the 
relationship between taxes, wages, and unemployment. 

Davari and Tabellini {2000) have estimated the effect of the taxes weighing on 
labor using data from 14 OECD countries for the period 1965-1995. One of tho origi­
nal features of their work is that they begin by grouping these 14 countries accordil\ll 
to the rate of unionization, the extent of coverage of collective bargaining, and an 
indicator of the degree to which bargaining is centralized. Three groups emerge. The 
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Table 12.9 

Labor tax and unemployment. 

Unemployment 

rate 

Labor tax 

ANGLO 

0.25** 
(0.107) 

Labor tax 

EUCON 

0.54** 
(0.06:Z) 

Labor tax 

NORDIC 

0.11 
(0.162) 

Source: Daveri and Tabellini (2000. table 9, column 1, p. 75). 
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Unemployment Employment 

benefit protection 

0.14** 
[0.0511 

-1.00* 
(0.5711 

Notes: **significant at the threshold of 1%: *significant at the threshold of 10%. Standard errors in 

parentheses. 

"Anglo-Saxon" countries (henceforth ANGLO), i.e., Canada, Japan, the United States 
and the United Kingdom, are characterized by labor markets in which wage setting 
is highly decentralized. The "continental European" countries (henceforth EUCON) 
are characterized by strong unions and relatively decentralized bargaining; they are 
Australia, Belgium, France, Germany, Italy, the Netherlands, and Spain. Finally, the 
"Nordic"' countries (henceforth NORDIC) are distinguished by strong unions and 
highly centralized bargaining.' 

The Effect of Taxes on Unemployment 
Daveri and Tabellini estimate the impact of ta.'::es on unemployment from the follow­
ing equation: 

(50) 

In this expression, the dependent variable u;r is the unemployment rate of 
country i at date t and x;i is a vector of characteristics that, according to how they 
are specified, relate to institutions or lagged variables. The explanatory variables r/,, 
j = E,A,N, represent the rates of tax on earned income (calculated by the ratio of all 
the taxes on labor to the wage used to calculate these taxes) of country i at date t when 
it belongs to group j = E (EUCON), A (ANGLO), N (NORDIC). Finally, the error term 
•;~ con~ins a fixed effect per country. All variables correspond to five-year averages in 
order to even out fluctuations. 

Table 12.9 gives the results of an estimation of equation (50) by ordinary least 
squares (the fixed effects are not reported). We see that taxes weighing on wages have 
a high and significant positive impact in the EUCON countries. The effect is similar 
but more damped in the ANGLO countries. In the NORDIC ones, however, this effect 
is close to zero, and is insignificant. This result is compatible with the models of 
decentralized wage setting that have been presented above, since these models pretlicl 
that a greater tax burden entails an increase in the unemploymont rate. On the other 
hand, when bargaining is centralized (see section 4 below for a model of centralized 
bargaining) taxes exert less pressure on wages, because individual.s take into account 
the fact that they serve to redistribute resources (see Summers et al., 1993). 
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Other econometric studies highlight a positive, but limited, linkage between 

mandatory contxibutions and the global level of unemployment. For example, Coe 
(1990) finds that payroll taxes may have increased the natural rate of unemployment 
in Canada in the 1970s, but he also estimates that income tax and indirect taxes 
played no part. Layard and Nickell (1999) come to the sam• conclusion for the United 
Kingdom. According to them, a decline of 10% in all mandatory contributions would 
on average reduce the unemployment rate by around 25%. It should be kept in mind 
that a reduction of 10% in mandatory contxibutions would be a considerable one; 
reductions on the order of 1 % are more conceivable. On the other hand, Nickell 
(1997) estimates that changes to the stxucture of the tax wedge (for example, lowering 
social security contxibutions and increasing value-added taxes) have no long-term 
effect on employment. The long-term equilibrium value of the cost of labor does not, 
in his view, depend on the composition of mandatory contxibutions, and tho right 
indicator to look at would be the overall size of the tax wedge, not the value of one or 
another of its component parts. 

The Effect of Taxes on the Cost of Labor 
The study of Daveri and Tabellini (2000) also examines how taxes on earned income 
affect gross wages. To that end, they estimate an equation analogous to (50), but in 
which the dependent variable is the growth rate of gross real wages. The explanatory 
variables are the increases in the rates of taxation taken into account in (50), as well as 
the growth rate of the GDP per capita. The results of the estimation by ordinary least 
squares is given in tabla 12.10. We see that a hike iu taxes increases gross wages in the 
EUCON group, but not in the ANGLO group, whore, on the contrary, they have a ten­
dency to decrease. The coefficient for the NORDIC group is very slightly positive, but 
not significant. The variables pinpointing the effects of unemployment insurance ben­
efits and employment protection are not significant (but they varied very little over the 
period studied). Finally, the growth rate of productivity is strongly significant, in the 
expected direction. To sum up what tables 12.9 and 12.10, taken together, have to tell 
us: they suggest that the effect of taxes on employment is transmitted in the form of an 
increase in the cost oflabor. In the EUCON countxies, increased taxes on labor led to a 

Table 12.10 

Real wages and labor taxes. 

Wage 

growth 

Labor tax 

ANGLO 

-0.lB 
(0.291) 

Labor tax 

EU CON 

0.34* 
(0.1!io9J 

Labor tax Unemployment 

NORDIC benefit 

0.07 -0.050 
(O.Z05) [0.071) 

Source: Daveri and Tabelllni (2000, table 11, column 1, p. 83). 

Notes: *Significant at the threshold of 1%. Standard errors in parentheses. 

Growth rate 

Employment of GDP per 

protection capita 

-1.22 1.92* 
(0.728) (o . .-361 
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rise in the cost of this factor and an aggravation of unemployment. Conversely, in the 
ANGLO countries, increased tB.J<es did not provoke a rise in gross real wages, which 
entails a fall in net wages. The effect on employment was also less in these countries. 
In the NORDIC countries, the tax rate has little influence on gross wages and employ­
ment (coordinated wage bargaining might account for this result; see section 4 below). 
Overall, these results are confirmed by the studies of Tyrva!nen (1995) and Alesina 
and Perroti (1997). 

3.3.2 The Incidence of Progresslvlty 
The complexity of the various systems of mandatory contributions makes it very diffi­
cult to assess degrees of progressivity (see OECD, 2001, for the OECD countries). Yet 
certain studies do suggest that progressivity plays an important part, for example 
Lockwood and Manning (1993) for the United Kingdom. On data covering the period 
1954-1987, they estimate an equation in which the dependent variable is the loga­
rithm of the ratio of the net wage of an employee to the net gain of an unemployed 
person, for a married worker with two children (which corresponds to the w./z in our 
theoretical model). Table 12.11 gives the main results of this estimate. In this table, 
the explanatory variables appear in the first line. To designate the components of the 
tB.J<es we again use the notations from our theoretical model. The other explanatory 
variables are the unemployment rate u, the rate of unionization den and the rate of 
indirect tB.J< vat. In the first place, we see that indirect tB.J<es do not have a significant 
effect, and that the coefficients of the unemployment rate and the rate of unionization 
are significant, in the expected direction. This regression also shows that a rise in the 
marginal rate of tax on earned income reduces the purchasing power of this income, 
whereas a rise in the average rate has a tendency to increase it These results conform 
to the theoretical model developed above, which shows .that wages depend on the co­
efficient '¥ = ~ti~., which measures the global progressivity of tB.J<es. In this context, 
equation (32) shows that a rise in the marginal rate and the average rate ought to have 
opposing effects on wages. We also see that a rise in the marginal rate of payroll taxes 
leads to a rise in the purchasing power of wages, and that a rise"in the average rate of 
payroll tB.J<es has the opposite effect. These conclusions do not entirely corroborate 

Table 12.11 

Real consumer wuge and the tax system. 

In u ln den ln(l ·- r;J ln[l - (T,/wll ln(l + Tf) ln[l ~ (T{/w)l vat 

Real consumer 

wage 

-0.09 
11.70) 

0.60 
(1.67) 

0.95 
(1.54) 

-0.66 
(0.56) 

Source: Lockwood and Manning (1993, table 3, column 4, p. 19). 

2.87 
(1.45) 

-4.10 
11.71} 

0.71 
(0.13) 

Notes: t-statistics in parentheses, constant omitted. u = unemployment rate, den = union density, 

vat=-= indirect tax rate. 

l 767 
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our theoretical model; they might be explained, according to Lockwood and Manning 
(1993), by the weak variation in the rates affecting payroll taxes over the period. 

These conclusions have been partially confirmed by the work of Padoa-Schioppa 
(1990) for Italy, and by that of Hansen et al. (2000) for Denmark. Padoa-Schioppa has 
shown that tho wages received by workers fall when the degree of progressivity rises. 
On Danish data covering the period 1970-1992, Hansen et al. {2000) have estimated 
wage equations analogous to that of Lockwood and Manning (1993). They show that 
the gross wage of "blue-collar workers" decreases with the marginal rate of taxa­
tion, while the wage of "white-collar workers" varies the other way (but the relation is 
not significant). None of these studies has looked at the effects of progressivity on 
employment. 

4 THE LEVEL AT WHICH WAGE BARGAINING 
TAKES PLACE 

To this point, we have assumed that wage bargaining takes place in a decentralized 
manner in each firm. But in reality, this bargaining take place at very different levels 
from one country to the next (see chapter 7, table 7.1). In the Scandinavian countries 
and Austria, bargaining is done at the national level; in ihe United States and the 
United Kingdom the firm is the preferred setting; and in France and Germany, bar­
gaining is done at the industry level. Since the beginning of the 1980s, many studies, 
both empirical and theoretical, have tried to assess the relative effi.ciP.ncy of the dif­
ferent levels at which bargaining occurs by assessing their impact on global employ­
ment. The earlier ones-McCallum {1983), Tarantelli (1983), and Bruno and Sachs 
{1985)-came to the conclusion that countries where bargaining was decentralized 
had higher unemployment rates, probably because of excessive real wages. Calmfors 
and Driffi.11 {1988) have questioned thesP. results, showing that countries where col­
lective bargaining takes place at the level of the industry display worse performances 
in terms of unemployment. 

They obtain a hump-shaped relation between the degree of c:ent1·alization of 
bargaining and the unemployment rate; it is presented in figure 12.15. Either the 
absence of coordination or complete coordination is seen as being preferable to the 
partial coordination of the parties at the industry level. 

Tho matching model, properly adapted, will allow us to understand why bar­
gaining at the industry lP.vel ought to be less efficient than bargaining taking place 
at the other levels. Differenl arguments, and scrutiny of the empirical research, will, 
however, give us reason to qualify this conclusion strongly. 

4.1 EFFICIENCY AND UNEMPLOYMENT 
We will begin by introducing a model that represents an economy made up of a num­
ber of industries, producing different goods, and will thon show how negotiations 
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Degree of centralization of bargaining 

FIGURE 12.15 

The relation between the degree of centralization of bargaining and the unemployment rate according to Calmfors and 
Driflill (1998). 

taking place at the level of tho furn, the industry, or the whole country may be repre­
sented. This will allow us, finally, to compare tho implications of bargaining at these 
different levels. 

4.1-1 An Economy Composed of Several Industries 
Like Calmfors and Drif!ill {1988), we will take into account different levels of wage 
bargaining by assuming that the economy is made up of J industries (indexed by 
j = 1, ... ,!). llach industry produces a different good in quantity y1, and there are a 
great many firms in perfect competition. In order to get explicit demand functions, we 
make use of the representation of agents' preferences already set out in chapter 8, 
appendix 1. The main hypothesis is that the aggregate consumpHon of each agent is a 
CES type function of the consumption of various goods j, consumed in quantities c;k· 
More precisely, every consumer k consumes all the goods produced, and the utility he 
or she derives from the consumption of these goods is defined by: 

' [ I ]•/(•-1) 
uk = J'IP-•l ~ c)Z--'l/• . 

J=l 
rT>l (51) 

In this expression, Uk represents a "composite" good dependent on the quantity 
of all goods, and a is the elasticity of substitution among goods. This composite good 
is the numeraire. If P; designates the relative price of good j; then chapter 8, appendix 
1, shows that the demand for good j roads: 

y -· Y;= f P; with 
I 

Y"'LP;Y; 
;,1 

(52) 
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We will also assume that there is no labor mobility between industries, and that 
in each industry the size of the labor force is normalized to 1. In industry j, the 
process of matching unemployed persons to vacant jobs is described by a function 
M(vi> ui) representing hires per unit of time, with vi representing the number of vacant 
jobs and "i the number of unemployed persons. The function M has the usual proper­
ties. It is homogeneous of degree 1, increasing with respect to each of its arguments, 
and satisfies M(O, ui) = M(vj, 0) = 0. Let us recall that, with 01 = v1/u1 denoting the 
labor market tightness in industry j, vacancies are filled at rate M(v1, uj)/v1 = m(Bj), 

while the exit rate from unemployment amounts to 8m(8). Assuming further that 
the job destruction rate q is an exogenous constant, in the stationary state the flow 
u10jm(Oj) of exits from unemployment equals the flow q(l - u1) entries into unem­
ployment. The unemployment rate "i is thus defined as a function of labor market 
tightness Oi by the Beveridge curve: 

u·---q __ _ 
1 -q+Bim(Bj) 

(53) 

Let us assume, for simplicity, that an employee produces a unit of good per unit 
of time, and is paid a wage wi; the respective values n.1 and Ilei of a vacant job and a 
filled one in industry j satisfy the following relations: 

and rile1 = Pi - Wj + q(Ilvt - n.1) (54) 

If we again designate the instantaneous gain of an unemployed person by z < 1, 

tho expected utilities V.1 and V,,J of, respectively, an employed person and an unem­
ployed one satisfy the following equations: 

rV.1 = Wj + q(Vu;- V.j) and (55) 

Taking into account equations (54), which define tho expected profit of an em­
ployer, the free entry condition Ilvt = 0 allows us to obtain a relation between wages, 
prices, and the labor market tightness proper to a given industry, which has a form 
analogous to labor demand in the basic model, being written: 

(r+q)h 
wi = Pi - m(01) 

4.1.2 Labor Market Equilibrium 

(56) 

We distinguish three levels of wage bargaining. Bargaining is described as decentral­
ized when it involves a single employer and a single worker. This is the type of bar­
gaining we have focused on to this point. In industry bargaining, the coordination 
between agents covers a complete sector of industry; and finally, in ceutralized bar­
gaining, the coordination extends to the entire economy. 

Decentralized Bargaining 

When bargaining is decentralized, there is no coalition whose actions might be able to 
affect tho price of goods directly. In other words, the relative prices Pi Rl'O considerod 
as given by agents. We can therefore go tight back to the basic model of chapter 9, 
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where bargaining does satisfy this assumption, in order to find solutions to the prob­
lem we are considering here. In particular, the labor market tightness in industry j is 
still defined by equation (21) from chapter 9, as long as we replace individual pro­
duction y by Pi• and note that at symmetric equilibrium, the relative prices Pi are all 
equal to 1. If y designates the fraction of the surplus that goes to the worker through 
bargaiillng, the equilibrium value 9d of labor market tightness (identical in all indus­
tries) satisfies: 

(1-y)(1- z) 

r + q + yOdm(IJd) 
(57) 

The unemployment rate is then deducible from 9d with the help of the Beve­
ridge curve (53). 

Bargaining at the Industry Level 
We will assume that those who take part in bargaining at the industry level are capa­
ble of coordinating their actions in order to achieve efficient contracts that maximize 
the net discounted output of the industry, and redistribute this output among the 
agents belonging to that industry (see chapter 7, section 3, for a discussion of efficient 
contracts). Moreover, and for the sake of simplicity, we will also assume that agents 
have no preference for the present (formally we have r =Cl). In this setting, as we saw 
in chapter 9, section 6.2.1, it suffices to consider the stationary value of net instanta­
neous output, which, for industry j, is found by subtracting the costs hO;u; of vacant 
jobs !Tom the real va!ue of aggregate output, i.c.8 : 

roi = p;(1- uil + zu; -hOiui 

All the agents in industry j engage in coordination so as to maximize net output 
ro1, taking the actions of the agents in the other industries as given. So we have a Nash 
equilibrium between these coalitions. As they engage in coordination, the agents in 
industry j are cognizant of the effects of their decisions on the price Pi of the good 
produced in their industry. The production of good j being equal to 1 - u1, and the 
demand for this good being defined by {52), we have 1 - u; = (Y/llpj", which entails 
p;(1 - u;) = (Y//) 11"(1 - ui)'•-tl/•, As the Beveridge curve {53) allows us to express the 
unemplpyment rate u; as a function of labor market tightness OJ. the problem of the 
coaliti,on present in industry j comes down to: 

Max w·= (!)''"[ IJ;m(IJi) ](a-1)/• + q(z-h01) 
e, 1 f q + IJim(O;) q + 1Jim(01) 

Differentiating this expression with respect to fJi, and noting that at symmetric 
equilibrium we have Pi~= 1 and Y = /(1 - uj), we get an equation implicitly defining 
the equilibrium value Ob of labor market tightness (identical in all industries). It comes 
to9 : 

(58) 

I 111 
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Knowing Ob, we can deduce the unemployment rate frc {i,e Beveridge curve 
(53), while the equilibrium wage follows from labor demand (56) with Pi= 1. Evi­
dently this wage does not depend on the bargaining power of the workers. This 
property derives from the hypothesis that bargaining is efficient, which amounts to 
supposing that the agents dispose of an array of redistribution tools (Jump-sum trans­
fers, for example) that make it possible to attain the socially efficient level of produc­
tion in their industry. 

Assuming that 11( ·) is constant-which amounts to assuming that the matching 
function is of the Cobb-Douglas type, or M(v, u) = v1-•u•-equation (58) defining 
labor market tightness shows that this variable increases with the elasticity u of de­
mand for the good, and the consequence of that is a fall in the unemployment rate. 
The coalition in each industry j actually has an interest in producing less to increase 
its relative price Pi• all the more so when demand is weakly elastic to price. Hence 
employment is pushed higher when the elasticity of demand is strong. 

Centralized Bargaining 
In 01·der to compare the different equilibria in a coherent manner, it is necessary to 
assume that centralized bargaining is characterized by a coordination of all agents in 
all industries with the goal of maximizing aggregate net output. Limiting ourselves to 
a symmetric solution we can proceed directly to set Pi = 1, for j = 1, ... ,]. All indus­
tries being identical, the problem of the centralized coalition is written: 

with u·=--:1. __ 
1 q+Oim(i!i) 

·we find ourselves back with the problem of the social optimum from the basic 
model studied in chapter 9, section 4.4.2. The equilibrium value of labor market 
tightness oc (the same in every industry) is thus defined by the following relation: 

[1 - 11(6")](1 - z) h 
q+ Ocm(O")q(Oc) m(Oc) 

(59) 

As before, the unemployment rate can be deduced from this condition and the 
Beveridge curve (53). 

4.1.3 The Effects of the Bargaining Level 
Comparison of equations (57), (58), and (59), with r = 0, indicates that the three levels 
of bargaining generally lead to different equilibria. Yet if the decentralized level is 
efficient, i.e., if it satisfies the Hosios condition y = q(Oc), both decentralized and 
centralized bargaining arrive at the same allocation of resources, i.e., at the same 
labor market tightness and the same unemployment rate. On the other hand, since 
(u-1)/11 < 1 equation (58) indicates that labor market tightness is weaker, and so un­
employment is greater, when bargaining takes place at the industry level. We come 
back to the hump-shaped curve of Calmfors and Driffill ( 1988), illustrated in figure 
12.15. The reason is that bargaining within industries gives the agents in each indus-
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try an incentive to exploi Jr market power by limiting their production, in order to 
benefit from an increase in tho relative price of the good they are selling. Since the 
agents in all industries do the same thing, industry-level bargaining leads to a level of 
employment inferior to that obtained with centralized or decentralized bargaining, 
where agents do not manipulate relative prices in this way. 

These results must be interpreted with caution, however, for they rely on very 
particular hypotheses. Thus, when the Hosios condition is not satisfied, decentralized 
bargaining leads to an inefficient outcome. In particular, if y > T/(Oc), we have oc > IJd, 

and the unemployment rate is higher in decentralized than in centralized bargaining. 
Moreover, if the degree of suhstitutahility among goods is sufficiently great, it is 
possible to obtain eb > (Id, in which case industry-level bargaining loads to a lower 
unemployment rate than the decentralized kind. We would then have a decreasing 
monotonic relationship between the degree of centralization of bargaining and the 
unemployment rate. 

From another point of view, the hypothesis of the efficiency of centralized bar­
gaining is debatable. At that level, transaction costs are likely to be important and to 
cause inefficiency. The instability of union coalitions, strikes, and lobbying all bear 
witness to the importance of these transaction costs. For example, at the national level 
it is possible that union representatives, distanced from their own memberships, 
would give more weight to the interests of "insiders" and neglect those of the unem­
ployed. Were that to occur, union preferences would be biased in favor of the wages of 
those with a job, and would not meet the criterion of the social welfare. Unemploy­
ment would be highAr than it wmild if b::n·gi;iin.lng were decentralized. 

All these considerations suggest that there probably is no "ideal" level for wage 
bargaining (see Beaudry et al., 2000). Examination of empirical research confirms this 
point of view. 

4.2 FRAGILE EMPIRICAL RESULTS 
On the empirical level, the debate has gradually shifted from the supposed virtues of 
"corporatism" lo attempts to highlight a stable linkage between .the degree of coordi­
nation of bargaining and the economic performance of a country. 

4.2.1 ·--On the Efficiency of Corporatism 
The first empirical research attempted to demonstrate the existence of an increasing 
relation between tho "degree of corporatism" and macroeconomic performance, mea­
sured principally by unemployment rates, inflation, and GIJP growth. Bruno and 
Sachs (1985) proposed a measure of corporatism that has often been used sub­
sequently. It relies on an index indicating the influence of centralized unions of 
workers on wage selling, the degree of coordination among employers, the power of 
unions in finns, and tho presence of work councils. The purpose of this last variable is 
to take account of the "degree of consensus" between employers and workers. Thus 
the level at which bargaining takes place does not constitute the sole factor enabling 

I 113 
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us ta define a degree of corporatism; the existence of a sociil consensus is also taken 
into account. Bruno and Sachs (1985) then showed that countries characterized by a 
high degree of corporatism also have the best macroeconomic performance. These 
results were backed up by estimates of wage equations or Phillips curves. McCallum 
(1983) and Bruno and Sachs {1985) found that the degree of corporatism had a nega­
tive influence on inflation. According to Bean et al. (1986), real wages are more se11Si­
tive to variations in unemployment in the most corporatist countries, which entails a 
lower unemployment rate in the long nm (see chapter 8). 

Calmfors and Drifllll {1988), however, insisted that the term "corporatism" was 
imprecise. On this question, it is illuminating to compare the rankings found in vari­
ous studies of the subject; they are set out in the first four columns of table 12.12. We 
see that some countries occupy very different places in the different rankings. Japan 
is considered the least corporatist country by Cameron (1984), while Blyth (1987) 
and Bruno and Sachs {1985) place it somewhero in the middle. France has a lower 
degree of corporatism than the United States and Canada, according to Schmitter 
(1981) and Cameron, but Blyth and Bruno and Sachs take precisely the opposite view. 
Since these international comparisons are limited to a small number of countries, 

Table 12.12 

Various rankings of countries by their degree of corporatism, in decreasing order (first four columns} or 

by the degree to which wage bargaining is centralized (last column). 

4 

B 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Schmitter 

Austria 

Norway 

Sweden 

Denmark 

Finland 

Netherlands 

Belgium 

Germany 

Switzerland 

United States 

Canada 

France 

United Kingdom 

Italy 

Cameron 

Sweden 

Norway 

Austria 

Belgium 

Finland 

Denmark 

Netherlands 

Germany 

United Kingdom 

Australia 

Switzerland 

Italy 

Canada 

United States 

France 

Japan 

Source: Calmfors and Driffill (1988). 

Blyth 

Austria 

Norway 

Sweden 

Denmark 

Finland 

New Zealand 

Australia 

Germany 

Belgium 

Netherlands 

Japan 

France 

United Kingdom 

Italy 

United States 

Canada 

Bruno-Sachs Calmfors-Driffill 

Austria Austria 

Germany Norway 

Netherlands Sweden 

Norway Denmark 

Switzerland Finland 

Sweden Germany 

Denmark Netherlands 

Finland Belgium 

Belgium New Zealand 

Japan Australia 

New Zealand France 

United Kingdom United Kingdom 

France Italy 

Italy Japan 

Australia Switzerland 

Canada United States 

United States Canada 
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any change in the ranking will generally have a significant impact on estimates of the 
relationship between the degree of corporatism and macroeconomic performance. 

For this reason, Calmfors and Driffill (1988) have proposed abandoning the use 
of a hypothetical degree of corporatism and replacing it with a measure of the cen­
tralization of wage bargaining, which ought in principle to be easier to define. The 
ranking they propose is based on a system of weightiilgs linked lo two criteria: the 
level of coordination within organizations of workers and employers ( 3 for the na­
tional level, 2 for the industry level, 1 for the firm, and O when there is no coordina­
tion), and the number of confederations of workers or employers coordinating their 
decisions at the national level (3 for a countJ:y with just one confederation of this type, 
2 when there are between two and five of them, and 1 for more than that). This rank­
ing is shown in the last column of table 12.12. 

Using data for the period 1963-1985, Calmfors and Driffill categorize countries 
into three groups: the centralized countries, which are (in decreasing order) Austria, 
Norway, Sweden, Denmark, and Finland; the intermediate countries, Germany, the 
Netherlands, Belgium, New Zealand, and Australia; and the decentralized ones, 
France, the United Kingdom, Italy, Japan, Switzorland, the United States, and Canada. 
C:almfors and Driffill then show that the relationship between the degree to which 
bargaining is centralized and certain indicators of macroeconomic performance over 
the period 1963-1985, like the unemployment rate, or the unemployment rate plus 
the inflation rate, or the unemployment rate plus the balance of payments deficit 
expressed as a percentage of GDP, is close to a·hump-shapecl curve like the one repr~­
senled in figure 12.15. 

4.2.2 On the Inefficiency of Wage Bargaining at the Industry Level 

At least three reasons point to tho conclusion that the rolative inefficiency of wage 
bargaining at the industry level is a fragile result. 

(i) If wo adopt the same ranking as Galmfors and Driffill (1988), we see that the 
relationship between the degree to which bargaining is centralized and the unem­
ployment rate changes after 1990. Table 12.13, for example, shows that in 1993 there 
was an increasing monotonic relation between the unemployment rate and the degree 

Table 12.13 

Average unemployment rates. 

1974-1985 1986-1996 1993 
------

Centralized economies 4.0 6.6 9.3 

Intermediate economies 6.1 8.3 8.7 

Decentralized economies 5.8 6.6 8.1 

Source: Calmfors and Driffill (1988) and OECD (1999). 

I ns 
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to which wage bargaining was centralized. But on average, J the period 1986-
1996, the relationship is always hump-shaped. The poor employment performance of 
Sweden, and especially Finland, at the end of the 1980s and the beginning of the 
1990s qualifies the notion that economies with centralized bargaining are more effi­
cient than others in all cases. During this period the positive relationship between 
centralization and macroeconomic performance that had emerged from the earlier 
research on corporatism was inverted. 

{ii) The measure of the degree of centralization which Calmfors and Driffill pro­
pose is not exempt from criticism either. Soskice (1990) pointed out that for one thing, 
the criteria chosen by these authors only concern the formal structure of workers' and 
employers' organizations, but do not allow us to take account of the way bargaining 
really unfolds. For example, Soskice estimates that in reality, Japan and Switzerland 
have very strongly coordinated bargaining, and so ouglit to be ranked among the cen­
tralized economies. In Switzerland, wage formation is strongly influenced by arbitra­
tion committees, which decide cases when the parties themselves cannot agree. In 
Japan, the "spring offensive," in which the major firms announce their intentions with 
regard to wages, has a preponderant impact on all wage bargaining. If we follow So­
skice and assume that Japan and Switzerland belong with the centralized economies, 
then there is a decreasing relationship between the unemployment rate and the degree 
of centralization for tho same period as that studied by Calmfors and Driffill. 

The relevance of Soskice's critique is confirmed, partially at least, by the re­
search published by the OECD (1994), in which a distinction is made between explicit 
and irnµlic.:it cum·dination. In the former, there is actual collaboration between the 
employers' confederation and that of the workers during wage bargaining. In the 
latter, these confederations may merely sway their members, or agreements made in 
the principal sectors of the .economy may serve as guidelines for the rest. According to 
the OECD survey, Japan is indeed characterized by strong implicit coordination at the 
national level. The situation in Switzerland, though, is harder to grasp. The OECD 
estimates that the extent of coordination there is limited, whereas Soskice sees it 
as significant enough to assign Switzerland a degree of centralization comparable to 
that of Norway and superior to that of Sweden. This indeterminacy proves that the 
degree of centralization of bargaining is actually just as hard to define as the degree of 
c01·poratism. 

{iii) The coexistence of more than one level of bargaining {see chapter 7, table 
7.1) has great impact on wage formation. Table 12.14 gives an indication of the "wage 
drift," in other words the gap between the agreements reached at the national level 
and their application at the level of individual firms, in the Scandinavian cowitries. 
The extent of this drift is very large, for it rarely represents less than 30% of growth 
in hourly wages, and sometimes reaches 70%. These figures can he interpreted in dif­
ferent ways. It is possible that the centralization of wage bargaining is no more than 
illusory, and that decentralized bargaining, or even a simple competitive market, are 
better models of the way wages are really set. It is equally possible that these wage 
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Table 12.14 

Wage drift in the private sector as a percentage of the increase in the hourly wage rate. 

1971-75 1976-80 1981-85 1971-85 

Denmark 

overall 41 47 37 42 

Finland 

Overall 30 28 33 30 

Workers 34 18 26 26 

Executives 18 22 18 19 

Norway 

Overall 50 62 69 60 

Sweden 

Workers 45 42 43 43 

Executives 20 20 46 29 

Source: Flanagan (1990, p. 398). 

drifts are more or less anticipated, and so implictly woven into the national agree­
ments. The few monographic studies of this subject (see the ones mentioned in Calm­
fors, 1990) do not make it possible to decide. But the idea that the Scandinavian 
countries have a totally centralized system for settl.ug wag1:1s lnust surely be qualified 
(see Flanagan, 1990, as well). 

5 MACROECONOMIC ASSESSMENTS Of INSTITUTIONS 

Analysis of the institutions proper to each country has shown that their impact on 
labor market performance is generally not without ambiguity, and varies with the con­
text in which they apply. The effect of the minimum wage on employment depends, 
for example, on the relative level of the minimum. Moreover, institutions interact and 
may CilllCel each other out. Hence it is important to assess the impact of public poli­
cies within a macroeconomic framework that takes their interactions into account. A 
number of studies, using very similar methodology and OF.CD data, have undertaken 
such an assessment (Scarpetta, 1996; Nickell, 1997; Layard and Nickell, 1999; Blan­
chard and Wolfers, 2000; Belot and van Ours, 2000). 

5.1 THE IMPACT OF INSTITUTIONS 
Our discussion relics mainly on the study of Blanchard and Wolfers (2000), which is 
one of the most comprehensive in this area. It makes use of data from 20 Oh"CD coun­
tries10 for tho period 1960-1996 and tries to pinpoint the impact of macroeconomic 
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shocks, on the one hand, and the influence of public policy and institutions, on the 
other, on the unemployment rate. Blanchard and Wolfers suggest that the interaction 
between economic shocks that were common to all of the 20 OECD countries, and 
their different institutions, makes it possible to explain a large amount of the diversity 
of their performance when it comes to unemployment. 

Blanchard and Wolfers identify three kinds of macroeconomic shocks capable of 
having pushed unemployment in Europe up: the decline in the growth rate of the total 
factor productivity, 11 which underwent a continuous slide from 5% at the beginning 
of the 1960s to around 2% at the beginning of the 1990s; the increase in real interest 
rates since the end of the 1970s, which went from around 2% in 1980 to 5% at the 
beginning of the 1990s; and a decline in labor demand leading to a reduction of the 
labor share in GDP. After having risen in the 1970s, the labor share in GDP began to 
fall at the beginning of the 1980s, and has reached a value 10% lower than that of 
1960. Let us recall that the labor share in GDP depends on technological factors and 
the functioning of markets. For example, if technology is of the Cobb-Douglas type, 
production Y being a function Y = K'-"L' of capital K and labor L, with a e {O, 1), 
labor demand can he written a.Y/L = µw, where w designates the real wage and 11 the 
markup measuring the market power of firms. The labor share in GDP is thus equal to 
•/µ. It might be reduced on account of a change in the technology or an increase in the 
market power of firms. 

Tho institutions taken into account are the replacement ratio of unemployment 
benefits, their duration, active employment policies, employment protection, the tax 
wedge, the extent of coverage of collective bargaining, the rate of unionization, a..11d 
the degree of coordination of collective bargaining. The equation estimated is of the 
form: 

u;, = c;+ d,(1 + ~X;;b;) +e;1 (60) 

Jn this equation, the indexes i, t, and j refer respectively to the country, the 
period (each period lasts five years), and the public policy or institution. Parameter 
c; designates a country fixed effect, while d1 represents the time effect for period t. 
The independent variable X;; measures the value of public policy or institution j for 
country i, and b; is an estimated coefficient capturing the impact of characteristic j on 
the unemployment rate of all the countries considered. Finally, e11 is a random euor 
term. In this specification, the macroeconomic shocks, assumed to be common to 
all countries, are simply represented by tho variable d,, which is tho time effect for 
period t. 

The results of the estimation of equation (60) are presented in table 12.15. We 
see that the equation explains almost 87% of the variance in unemployment rates. Jn 
addition, all the coefficients are statistically significant, with the expected sign. The 
exception is the coefficient of union coverage, the effect of which is not significantly 
different from zero. We soc that tho temporal effect increases the unemployment rate 



Table 12.15 

Institutions and unemployment in 20 OECD countries (1960-1995). 

(1) (2) 

Coefficients Range of 

independent 

variable 

Time effect 7.3% 

Replacement ratio 0.017 (5.1) [-46.3. 32.61 

Benefit length 0.206 (4.9) [-2.0, 1.6] 

Active labor policies 0.017 (3.0) [-47.2, 9.5] 

Employment protection 0.045 (3.1) [-9.5. 9.5] 

Tax wedge O.o18 (3.2) (-17.8, 22.2] 

Union coverage 0.098 (0.6) (-1.7, 0.3] 

Union density 0.009 (2.1) [-30.4, 39.6] 

Coordination 0.304 (5.1) (-2.0, 2.0) 

ii' 0.863 

Source: Blanchard and Wolters (2000, table 1). 

Note: t·statistics in parentheses in column 1. 
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(3) 

Implied range 

of effect of 

shock (mean 1) 

(0.21, 1.55] 

(0.60, 1.33] 

(0.20, 1.16] 

[0.58, 1.42] 

(0.68, 1.40) 

[0.83, 1.03) 

[0.73, 1.36] 

[0.40, 1.60] 

by 7.3 percentage points 12 over the period. In other wordsi a counti-y where the value 
of public policies and institutions was equal to the average of the OECD countries 
would have seen an increase of 7 .3 points in its unemployment rate. 

The purpose of columns (2) and (3) in table 12.15 is to illuminate the manner in 
which different public policies and institutions influence the response of the unem­
ployment rate to the shocks affecting the economy. Column (2) gives the range for 
each institutional measure in terms of deviations from the cross-country mean. Col­
umn (3) takes as its point of reference a "representative" couqtry where the public 
policies and institutions are equal to the mean of the 20 OECD countries included in 
the study. By hypothesis, we ·consider a shock that increases the unemployment rate 
by 1 percentage point in this country. The first line of column (3) then indicates that 
the increase in the unemployment rate in a country that underwent the same shock, 
and in which the only difference with respect to the representative country was that 
it had the lowest replacement ratio, would be 0.21 points. Conversely, the unem­
ployment rate would have rison by 1.55 points if it had the highest replacement ratio. 

·Scrutiny of column (3) shows that the differences in the response of the unemploy­
ment rate for each measure are not very great. Thus it is not possible to isolate a 
particular ·variable that might explain tho essential differences in unemployment per­
formance. It is likely a complex of characteristics of the policies and institutions 
affecting the labor market that is the source of differences in performance in this area. 
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FIGURE 12.16 

Actual and predicted change in unemployment rates, 1995-1996, with respect to 1965-1969. 

Blanchard and Wolfers suggest that the set of characteristics taken into account 
by th.em correctly explains the difforences in tho evolution of unemployment rates in 
the countries considered. Figure 12.16 represents tho relationship between variations 
in the unemployment rate as observed and as predicted by the estimate of equation 
(60) between the periods 1995-1996 and 1965-1969. It shows that interactions among 
particular institutional characteristics and common macroeconomic shocks make it 
possible to explain satisfactorily the relative performance of most of tho 20 countries 
observed. The s.econd part of the study of Blanchard and Wolfors, which is dedicated 
to the robustness of thes" results and the exploration of alternative models, suggests 
that tho very simple specification of equation (60) yields very good results. In par­
ticular, it appears that \ntroducing macroeconomic shocks particular to each country, 
represented by the evolutions of the factor productivity, the real rate of interest, and 
the determinants of the labor share in GDP, docs not arrive at better econometric 
results. 

Overall, the study of Blanchard and Wolfers (2000) comes to, and in many 
respects completes, the conclusions of Nickell (1997), Layard and Nickell (1999), 

Elmeskov et al. (1998), and Nickell et al. (2002). Bad employment performance is 
generally associated with the presence of a number of characteristics of public policy 
and institutions. For example, Nickell (1997) concludes that these characteristics arc 
the following: (1) unemployment benefits have a high replacement ratio and long 
duration; (2) the rate of unionization is high and there is little coordination between 
employers and/or employees during bargaining; (3) taxes on earned income are high, 
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or there is both a high tax wedge and a high minimum wage; (4) the system of training 
for the least educated performs poorly. A contrario, these results suggest that the 
battle against unemployment has to be waged on a number of fronts at once. 

5.2 INTERACTIONS AND (OMPLEMENTARITIES OF POLICIES AND 
INSTITUTIONS 

Beyond assessing U1e impact proper to each of the characteristics of institutions and 
public policies, macroeconomic studies also indicate that the interactions among 
these characteristics play an important part. 

Tho result is that a country may have certain institutions a priori unfavorable 
to employment that have no significant effect on unemployment when they are cou­
pled with other policies and institutions. Portugal, for example, has very strict em­
ployment protection measures that apparently have little effect on unemployment 
because of the way wages are set (Blanchard and Portugal, 2001). More generally, 
it seems, according to Elmeskov el al. (1998), that employment protection pushes 
unemployment up to a greater extent, the weaker the coordination of employers and 
workers during bargaining is. These authors also find that higher unemployment in­
surance benefits are moreunfavorable to employment in countries that spend large 
amounts on active labor market policies. Active policies may produce few results if at 
the same time passive policy is too "generous," i.e., if there is little incentive for an 
unemployed person to look for a job or get training. In this regard, Nickell (1997) notes 
that many of the characteristics of labor markets that arc frequently taken to constitute 
rigidities unfavorable to employment are not found more often in countries with high 
unemployment than they are in countries with low unemployment. These character­
istics include high tax rates, stringent employment protection, high union densities, 
and high unemployment benefits. These conclusions are oasy to explain. Tax rates, 
unionization, and employment protection will have a significant impact on employ­
ment only if the coordination of employers and workers during wage bargaining is 
weak. High unemployment benefits have a signifieant effect on unemployment only 
when they are paid out for a very long period. 

Interactions between different institutions naturally lead to' attempts to identify 
the synergies or complementaries that will favor employment. The study of Belo! and 
van Ours (2000) attempts to detect the interactions among labor market institutions 
using data from 18 OECD countries for the period 1960-1995. Helot and van Ours es­
timate equations in which the unemployment rate is explained by variables measuring 
institutions. Let X;.;.• be the value of institution j in country i at date t; the unem­
ployment rate of country i at date t, u;.,, is explained by the terms X;,;.t, by variation in 
tho inflation rate 8 2p, but also by the multiplicative terms X;.;.t · X;.r.• (where j' des­
ignates an institution different from j), the role of which is precisely lo take inter­
actions among institutions into account. In comparing estimates obtained with and 
without multiplicative terms, Bolot and van Ours show, first, that taking interactions 
into account makes it possible to improve eGonomelric rcsulls significantly. Their 
results, proscmted in table 12.16, suggest that complementarities play a leading role. 

I 1s1 
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Table 12.16 ) 
Unemployment and the interaction of labor market institutions. 

Dependent variable: standardized rate of unemployment 

ti'p b ds cs co T·b T·f T·dS 

-0.19 0.29 0.00 0.00 0.16 -0.22 0.00 0.66 -0.51 -0.32 
(0.031 (0.021 10.02} {0.02) (0.03) [0.03} (0.00] (0.11} (O.OB) (0.11) 

T·CS T· CO b·ds b. cs f ·dS f. cs f •CO ds· cs cs· co· R' 

0.64 0.09 0.17 -0.40 0.46 0.21 -0.04 -0.42 -0.11 0.78 
(0.091 (0.03) (O.OB) [0.09) (0.07) (0.07} (0.02) (0.10) (0.02) 

Source: Belo! and van Ours (2000, table 6). 

Notes: fJ.2p =variation in inflation. re [O, 1] =tax rate. be [O, 1] = replacement ratio. f e [O, 1] em­

ployment protection. ds e [0, 1] = density of unionization. cs e [O, 1] = coverage of collective bargaining. 

co (1/2/3) = index of the coordination in collective bargaining. Standard deviations are in parentheses. 

We see that the replacement ratio b, employment protection f, and union coordina­
tion co have no direct influence on unemployment. But these variables do exert an 
impact through their interaction with other institutions. Thus tbe combination of a 
high replacement ratio and high taxes proves unfavorable to employment. The com­
bination of strong employment protection and strong union power is also unfavorable 
to employment. 

The mechanisms of complmncntarity among the various policies and institu­
tions are still poorly understood in theory (see, however, the work of Bertola and 
Rogerson, 1997; Coe and Snower, 1997; and Orszag and Snower, 1998). Moreover, we 
must point out that all the research exploiting panel data on OECD nations yields val­
uable indications about the potential origins of unemployment, but comes to very 
fragile results. For this there are two important reasons. The first has to do with the 
nature of the data utilized. Institutional variables such as the dl!gree of employment 
protection or the generosity of unemployment benefits actually sum up many dif­
ferent aspects of these institutions in a single figure, and the choices made by each 
researcher working in this field can affect the results profoundly. The problem is made 
worse by the fact that estimates are based on a restricted number of observations. This 
is the second important reason why the results may be fragile. 

Reflection on the economic performance of labor markets suggests that institu­
tions do exert a significant impact on employment, unemployment, and the distribu­
tion of income. They also suggest that there are no institutions that are "good" or 
"bad" in all circumstances. Neither, in all likelihood, is there is a miraculous combi­
nation that would fit every situation (Freeman, 2000). The technology used by the 
economies, the nature of competition in other markets, their degree of openness, their 
demographic characteristics-all these are parameters that must be taken into account 
in attempting to judge the efficiency of existing institutions. And from this standpoint, 
the knowledge acquired to date in this area is still highly inadequate. 
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SUMMARY p CONCLUSION 

The level of the minimum wage is clearly higher in Europe (where it exceeds 
50% of the average wage) than it is in the United States ( where·it barely reaches 
40% of the average wage). Jn France in 1996, 32% of workers 25 years of age and 
under were paid at minimum wage, as opposed lo 14% in the United States. 

In the monopsony model, a rise in minimum wage from a low initial value leads 
to an increase in employment. In the matching model, the same situation arises 
when labor market participation or job search effort are endogenous. Revising 
the minimum wage upward exerts a negative effect on labor demand, but may in 
certain circumstances give unemployed persons an incentive to intensify their 
search effort. The latter effect will have a tendency to increase returns to em­
ployment, and so bring down the unemployment rate. A reasonable calibration 
of the matching model with endogenous job search tells us that a moderate in­
crease in minimum wage, if the initial value is low, does indeed have a positive 
effect on employment. 

Macroeconomic studies that attempt to establish correlations between employ­
ment and minimum wage generally conclude that the effect of this instrument 
is negligible, except perhaps when it comes to youth employment. Recent re­
search, based on individual longitudinal data, shows that the level of minimum 
wage has a significant positive effect on the probability of job loss, and more 
generally on nonemployment among the populations affected by this level of 
remuneration. 

Employment protection legislation is a set of mandatory restrictions governing 
the dismissal of employees. According to the synthetic index of the strictness 
of employment protection established by the OECD, the United States and the 
United Kingdom are the most "flexible" countries. Germany, France, and south­
ern Europe are among the least "flexible" areas. 

A priori, firing costs have an ambiguous effect on unemployment, and reduce 
manpower mobility by reducing both job creation and job destruction at the 
same time. When wages are bargained over, an increase in firing costs entails 

, lower wages, and this attenuates the negative effects on job creation. On the 
other hand, if wages are exogenous (as they are, for example, in the case of 
workers being paid minimum wage), this attenuating mechanism vanishes. Cali­
bration exercises confirm that, if wages are bargained over, employment protec­
tion measures have little influence on job creation, job destruction, and the 
unemployment rate. If wages are rigid, the job destruction rate shows little sen­
sitivity to firing costs, but exit rates from unemployment fall off sharply, and the 
unemployment rate soars. 

At the macroeconomic level, tho correlation betwoon the unemployment rate 
and employment protection measures proves to be fragile, and highly sensitive 
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to the specification of the estimated equations. Essentially, empirical research 
confirms that firing costs have an impact the sign of which is ambiguous, and 
the extent of which on global unemployment is slight. It does, however, high­
light a negative impact of these costs on manpower flows. Countries with little 
employment protection experience mainly short-term unemployment, while 
countries with strong unemployment protection have more long-term unem­
ployment than others. 

Mandatory contributions comprise truces and social security contributions. In 
continental Europe, the rate of mandatory contributions is at least ten points 
higher than it is in the Anglo-Srucon countries. A large portion of this gap can 
be accounted for by the divergent nature-public for the former, private for the 
latter-of the social insurance system. 

The gap between the cost of labor and the purchasing power of wages is mea­
sured by the wedge. The contribution of taxes to the wedge is refe1·red to as the 
tax wedge. 

Theory shows that variations in marginal and average true rates have very differ­
ent consequences on labor market outcomes. More progressive taxes reduce 
unemployment and hours worked, whereas a greater true wedge increases unem­
ployment and reduces hours when the gains of the unemployed are not perfectly 
indexed to net wages. Empil"ical research confirms, to a certain extent, these 
predictions. 

If agents are capable of coordination among themselves to achieve efficient con­
tracts, the unemployment rate ought to rise when bargaining takes place at the 
industry level, rather than being decentralized to the level of individual firms, or 
centralized to a level embracing the whole economy. But this conclusion proves 
fragile on the empirical level, and no longer holds from the early 1990s. 

Macroeconomic research conducted with the aim of pinpointing the influence of 
public policy and institutions does not succeed in isolating one particular vari­
able capablo of explaining the core of unemployment. It does suggest that the 
interaction between macroeconomic shocks common to all 20 OECD countries, 
and different institutions will allow us to explain a largo part of the diversity in 
their performance when it comes to unemployment. Bad employment perfor­
mance must be linked to a number of characteristics of public policy and insti­
tutions. It is, in all likelihood, the interactions among these characteristics, on the 
one hand, and macroeconomic shocks, on the other, that play a dominant part. 

7 RELATED TOPICS IN THE BOOK 

Chapter 1, section 2.2: Main results on the elasticity of labor supply 

Chapter 4, section 3: Labor demand and adjustment costs 
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Chapter 5, section 2.1: Wage, employment, and monopsony power 

Chapter 7, section 1.1: The level at which bargaining takes place 

Chapter 7, section 3: The right-to-manage model and efficient contracts 

Chapter 9, section 3: The matching model 

Chapter 10, section 2.6: The minimum wage and inequalities 

Chapter 11, section 2.3: Employment subsidies 

Chapter 11, section 3: The evaluation of active labor market policies 
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The purpose of these appendices is to set out in detail the main mathematical mate­
rials the reader needs in order to be able to follow tho technical reasoning in certain 
chapters of this book. They deal with static and dynamic. optimization, random vari­
ables, Poisson processes, and linear dynamic systems. 

1 APPENDIX A: STATIC OPTIMIZATION 

In this appendix, we establish heuristically the results that must be known in order to 
solve a problem of static optimization. For a more complete and rigorous exposition, 
readers are advised to consult works such as Takayama (1986), Hoy et al. (2001), and 
Carter (2001). 

1.1 UNCONSTRAINED AND CONSTRAINED MAXIMUM 
In economics, many optimization problems occur in the form: 

(<t'.8i,i U(C,, ... , Cn) 

subject .to constraint 

<l>(C,,L.,Cn),; R 

(1) 

(2) 

In this problem, U and II> arc twice continuously dilforentiable functions of R" 
in H. Criterion U, for example, represents the utilitj of a consumer, and the variables 
(G,, .. .,Cn) are then his or her mnsumption of different goods. Jn this interpretation, 
parameter R designates the income of the consumer, and the inequality (2) is it!enti­
fied as his or her budget constraint. 

In a first phase, let us set the constraint (2) to one side and consider simply 
the unconstrained maximum of the problem (1). Its soluUons, de.noted by q for 
i = 11 ••• , n, satisfy equations: 
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au 
ac, = 0 for i= 1, ... ,n (3) 

For vector (Cj, ... , c;) to be a solution of problem (1) subject to the budget con­
straint (2), it is necessary that <P(Cj, ... , c;) ,;;; R. If this inequality is not satisfied, it is 

certain that the constraint (2) will be binding at the. optimum of problem (1) and so 
will be written <P(C,, ... , Cn) = R. Let us assume that, using this last equality, we can 
express variable C1 as a function of the vector (Ca. ... , Cn), i.e., C1 = 'P(Ca. ... , Cn)· 
Problem (1) thus becomes: 

(G~~.) U['P(Cz, ... , C0 ), C,, ... , Cn] 

The solutions (C2,.,., C0 ) of this problem are then implicitly defined by the 
equations: 

a•p au au 
ac, ac, + ac, = 0 fori=2, ... ,n (4) 

with: 

c, "''P(c,, ... , c.i # <P['P(c,, ... , c.i, c,, ... , c.1 "'R (5) 

The derivation of the second equality appearing in (5) gives a'P/aC1 = -(iJ<l>/oC1)/ 

(o<P/aC1), and if we bring this last relation into (4) we find that the vector (C1 , •.• , C0 ) 

is characterized by: 

au/ au a<P / acp . ac, ac, = ac, ac, l/z - t, · · · ,n, with c!>(C\, ... ,Cn)=R (6) 

Relations (3) and (4) are called the first-order conditions of the maximization 
problem (1) subject to constraint (2). These are the necessary- conditions for vector 

(Cj, ... , c;) or vector (C,, ... , C0 ) actually to be a local maximum of problem (1). They 
become sufficient when functions U and 41 are concave. 

1.2 THE TECHNIQUE OF THE LAGRANGIAN 
The Lagrangian L relative to problem (1) subject to constraint (2) is defined by: 

L(C,, ... 'c •. J.) = U(C,, ·.·.' c.) + J.[R - <P(C,, ... ' c.)] 

Variable ). is called the Lagrange (or Kuhn and Tucker) multiplier associated 
with constraint (2). We will show that we return to the first-order conditions (3) 
and (4) if we set the partial derivatives of the Lagrangian to zero with respect to 
variables C;, i.e., (iJL/aC1) = O for all i = 1, ... , n, and take into account the so-called 
complementary-slackness condition: 

J.[R- <P(C,, ... , C0 )) = o with (7) 

We thus have: 

Iii= 1, ... ,n (8) 
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) 
If the budget constraint is not binding, we have R > '1>( C1 , ..• , Cn) and the 

complementary-slackness condition (7) then dictates ,\ = 0. That being so, equation (8) 
is identical to the first-order condition (3) for an "unconstrained" maximum of prob­
lem (1). Conversely, if constraint (2) is binding, we have R = '1>(C1, ... , Cn) and (8) 
entails (oU/oC1 ) = 1(1!4>/oC,). Eliminating the multiplier,\ between this last equality 
and relation (8) for i ;& 1, we come hack to the first-order conditions (6) for a con­
strained optimum. 

1.3 THE INTERPRETATION OF THE LAGRANGE MULTIPLIERS 
Multiplier .:tis very easy to interpret by considering the variations in the optimal value 
of criterion U(C1 , ••• , Cn) when parameter R changes. Let us assume that the budget 
constraint (2) is binding; we then have: 

Using this last equality and the first-order conditions (8), we get: 

The Lagrange multiplier .:t thus represents the increase in the criterion 
U(C1 , ••• , Cn) when constraint (2) is "relaxed" by one unit. In a sense, it measures the 
"weight" of this constraint, which is why it is also called the shadow price or the 
shadow value of budget constraint (2). If the latter is not binding, its shadow value is 
null, since the complementary-slackness condition (7) dictates .:t = O. 

1.4 SUMMARY AND PRACTICAL GUIDE TO STATIC OPTIMIZATION 
When faced with a problem of the form: 

Max U(C,, ... ,Cn) 
(C,,.,.,G.) 

subject to constraints: 

j= 1, ... ,m 

these IJJ'e the steps to follow: 

1. Attribute a multiplier .l; to every constr~int (10) and write the Lagrangian: 

L = U(C,, ... , Cn) + tl;[R; - ol>;(C,, ... , Cn)] 
i=l 

(9) 

(10) 

2. Set the derivatives of the Lagrangian to zero with respect to choice variables C;: 

fori;. t~ ... ,n (11) 

I 193 
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3. Write the complementary-slackness condition: ) 
A;[R; - <l>;(C,, ... , Cn)) = 0 with l; 2:: O, Vj = 1, ... , m (12) 

4. The first-order conditions of problem (1) aro found by eliminating the Lagrange 
multipliers-'; between relations (11) and (12). 

5. Relations (11) and (12) are necessazyconditions of optimality. The solution must 
also satisfy the second-order conditions in order to be a maximum. The second­
order conditions are satisfied if functions U(C,, ... , Cn) and <l>;(C,, ... , Cn) are 
concave. More detail about second-order conditions will be found in Takayama 
(1966), Hoy ct al. (2001), and Carter (2001). 

2 APPENDIX B: DYNAMIC OPTIMIZATION 

As with the preceding appendix, we will not give an uxhaustive account of this matter 
here. We present, in an intuitive manner, the results and techniques with which one 
must be familiar in order to work through a problem of dynamic optimization. For a 
more rigorous approach, readers may tum to Takayama (1986), Gandolfo (1997), and 
Hoy et al. (2001). 

2.1 THE OPTIMAL CONTROL PROBLEM 
Jn economics, problems of dynamic optimization in continuous time most often occur 
in the form: 

Max r U[K(t),C(t),t)dt (13) 
C(I) 0 

subject to constraints: 

K(t) = G[K(t), C(t), t] (14) 

K(O) = Ko given (15) 

K(T);;,,O (16) 

Parameter T represents the terminal date, which may be infinite. Variable K(t) is 
the state v11riable, serving to describe the evolution of the system under scrutiny. 
Variable C(t) is the control variable, and in the majority of problems it is identified 
with the decisions taken by an agent. The instantaneous criterion U is generally a 
function describing the utility of a consumer, or Lhe profit of a firm, or a social welfare 
function. Since program (13) consists of finding control variables that maximize a 
well-specified intertcmporal objective, this program is also called the optimal control 
problem. Equation (14) describes the interactions between the control variables and 
the state variables, and is known as the tmnsition equation or the equation of motion. 
It may, for example, describe the accumulation of capital within a firm. Equality (15) 
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specifies the initial con )n• declaring that the value K(O) of the state variable at the 
initial date t = O is a known datum K0• Finally, inequality (16) is a terminal condition 
which dictates that the final value K(T) of tho state variable is either positive or null. 
It means, for example, that an agent does not have the right to leave his or her debts to 
his or her descendants. 

2.2 THE FIRST-ORDER CONDITIONS 
We will establish, in a manner more intuitive than rigorous, the first-order conditions 
of problem (13). For that, we will roly on the technique of Lagrange multipliers devel­
oped in appendix A on static optimization. Let us, at every date t, associate a multi­
plier ;t(t) to the transition equation (14). Let us also associate a multiplier µ to the 
terminal condition (16). In this context, .<(t) is called a dynamic multiplier or costate 
variable. The Lagrangian of problem (13) is then written as follows: 

L= r U[K(t),C(t),t]dt+ r .<(t){G[K(t),C(t),t[-K(t)}dt+µK(T) 

This expression is distinguished from a "static" Lagrangian by the appearance of 
the derivative K(t) of the state variable. It is possible to eliminate this derivative by 
integrating by parts1 the term in which K(t) is found. We thus have: 

JT 11' 
0 

.<(t)K(t) dt = [J.(t)K(t)]~ -
0 

K(t)i(t) dt 

Aftur regrouping terms, the Lagrangian takes the form: 

L = [{U[K(t), C(t), t) + !.(t)G[K(t), C(t), t]} dt + r K(t)i(t) dt + J.(O)K0 - [J.(T) - µ]K(T) 

Function H = U + J.G appearing in the first integral of the Lagrangian is called 
tho Hamiltonian of problem (13). By analogy with. the static problem studied in ap­
pendix A, the first-01·der conditions are found by setting the derivatives of the Lagran­
gian L to zero with respect to variables C(t) and K(t) for all t comprised between o and 
T. Thus we have: 

oL oH 
oC(t) '."' 0 # oC(t) ~ 0 (17) 

BL• oH · 
i!K(t) = o # oK(t) + .l(t) = O (18) 

Of, aH '(T) }(T) ~K(T) = O # oK(T) +"' + . -- µ = O (19) 

Condition (17) is called the Maximum Principle. It indicates that, al the opti­
mum, the derivative of the Hamiltonian with respect to the control variable must be 
null for all I. The sot formed by transition equations (14) and condition (18) is known 
as tho Eu/or equations. Finally, equality (19) expresses the terminal condition of the 

I 19s 
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. . . bl N . d" A th . ) l . optirn1zat10n pro em. ow, as we saw in appen ix , e optlma1 so ut10ns must 
satisfy the complementary-slackness conditions (7). These conditions here dictate 
µK(T) = 0 in particular. By continuity, relation (18) is true in t = T. Using (19), we 
thus obtain the transversality condition: 

,\(T)K(T) =O (20) 

By analogy with the static case, the multiplier J.(t) is interpreted as the shadow 
price, assessed at date t = 0, of an extra unit of the state variable at date t. The trans­
versality condition (20) thus means that if the terminal date K(T) is strictly positive, 
its shadow price is necessarily null. Conversely, if ,\(T) > 0, the final stock K(T) is 
equal to zero. 

2.3 INFINITE HORIZON 
We move from problem (13), where the horizon is finite, to one with an infinite hori­
zon by making the terminal date T tend to infinity. The transition equation (14) and 
the initial condition (15) remain unchanged, but the terminal condition (16) is now 
written: 

lim K(t) ;o: a 
t-.+o:;i 

The first-order conditions (17) and (18) remain unchanged, but we make 
T -• +co in (20), so the transversality condition now takes the form: 

lim [}.(t)K(t)] = O 
r---·oo 

(21) 

If, for example, K(t) represents a stock of capital increasing at constant rate g, 

relation (21) entails that the caslale variable-i.e., the shadow price of capital-must 
tend to zero at a rale greater than g. In fact, notwithstanding the intuitive nature of this 
result, Michel (1982) has shown that the solutions of the dynamic optimization prob­
lem with an infinite horizon are not obliged ta satisfy equality (21). The "real" trans­
versality condition would be lim,_, 00 H(t) = 0, equation (21) being a sufficient 
condition, however. In the majority of problems dealt with in economics, it is quite 
easy ta ensure that condition (21) is satisfied. 

2.4 CALCULUS OF VARIATIONS AND THE EULER EQUATION 
We sometimes encounter problems of dynamic optimization having the particular 
form: 

MaxJT U[K(t), K(t), 1] dt 
K(I) o 

(22) 

Here the only constraints are the initial and terminal conditions (15) and (16). 

This might be a case, as in chapter 3, for example, of intertemporal profit maximiza­
tion in a firm bearing adjustment costs linked to variations K(t) in the state variable. 
Program (22) is often referred to as a problem of "calculus of variations." Formally, we 
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move from the optimal control problem (13) to the calculus of variations problem (22) 
by taking the transition equation (14) as being simply written K(t) = C(t). That being 
so, the Hamiltonian of problem (13) is given by H = U + ).C, and the Maximum Prin­
ciple ( 17) entails: 

aH au 
aC(t) = aC(t) + ,t(t) = 0 (23) 

The Euler equation (18) is hore written: 

aH . au . 
aK(t) + ).(t) = aK(t) + Wl = 0 

Deriving relation (23) with respect to t and bearing in mind that C(t) = K(t), we 
get: 

:r [a~~t)] + i(t) = o 

Eliminating i(t) between the last two equations, in the end we find: 

au d [au] 
aK(t) =di ak(t) <24J 

This condition, which is likewise known as the Euler equation, yields a differ­
ential equation characterizing the optimal trajectory of the variable K(t). The trans­
versality conditions {20) and (21) ramain valid. 

2.5 SUMMARY AND PRACTICAL GUIDE TO OPTIMAL CONTROL 
Let us consider the dynamic optimization problem with n control variables C1(t), ... , 
C.(t), and m state variables K1 (t), ... ,Km(t), and with the form: 

Max fT U[K1(t), ... ,K,.(t);C1(t), ... ,C,,(t),t]dt with T,;;+oo 
{C,(t) •... ,c.(1))J0 

subject to constraints: 

K;(t) = G;[K1(t), ... ,Km(t);C1(t),. .. ,C0 (t),t] 

K;(O) = Kj'o'given Vj = 1, ... ,m 

Vj=t, .. .,m 

K;(T) ~ o' or 11~ K;(t) ~ o Vj=l,. . .,m 

(25) 

Readers are advised to follow these stops (the index t is most often omitted in 
order to simplify the notation): 

1. Attribute a costate variable J.;(t) to each transition equation (25) and write the 
Hamiltonian: 

m 
H = U(K,,. .. ,K.,;c,, ... ,c •. t) + I)iGf(K,, .. .,K,.; c,,. . ., c.,tJ 

j:::1 

I 191 
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2. Apply the Maximum Principle, which amounts to setting the partial derivatives 
of the Hamiltonian to zero with respect to the control variables, i.e.: 

i!H =0 
i!C; 

'Vi= 11 •• • ,n 

3. Write the Euler equations: 

oH · 
i!K; =-A; with iCj = G;(K1 , ••• ,Km; C,, ... ,c., t}, Vj = 1, . .. ,m 

(26) 

4. Relations (26} and (27} make it possible to arrive at a system of differential 
equations in .<; and K;. The resolution of this system gives the optimal trajecto­
ries of the state variables K1. 

5. Do not forget to verify the transversality conditions, which, according to 
whether the horizon is finite or infinite, are written: 

.i;(T)K;(T) = o or 1 1!~~ .i;(t)K;(t) = 0, Vj = 1, ... ,m 

6. The Maximum Principle (26) and the Euler equations (27) are necessary condi­
tions of optimality. They become sufficient if functions U and G1 are concave. 

3 APPENDIX C: BASIC NOTIONS CONCERNING 
RANDOM VARIABLES 

For appendices C and D, supplementary information can be found in Ross (2000). 

3.1 RANDOM VARIABLES AND PROBABILITY DENSITIES 
A discrete random variable (henceforth r.v.) X is characterized by the set of all its 
possible realizations (x,, ... ,x;, ... ,x.), n being able to equal infinity, and the proba­
bilities (p1 , ••• , p;, ... , Pn) linked to its realizations. These probabilities are evidently 
such that r,,p; = 1. The mathematical expectation {or the mean}, denoted by E{X), of 
this r. v. is defined by: . 

E{X)= tp;x; 
i=l 

The variance V(X) and tlte standard deviation a(X) are rudimentary indicators 
of the dispersion of the values of r.v. X around its average. They are given by the 
formulas: 

and a(X) = JV(X) 

A continuous r.v., still denoted by X, is defined over an interval [a,b] of the set 
of real numbers; bounds a and b can be infinite. A continuous r.v. is characterized by 
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its probability density, denoted by f(x), which is a function greater than or equal to 

zero defined over [a, b]. Let us consider a small interval [x, x + dx] belonging to seg­
ment [a, b]; intuitively, quantity f(x) dx is equivalent to probability p; for a discrete 

variable; it represents the probability that the realizations of the continuous r.v. X lie 
in the interval [x,x + dx]. The probability density is such that J0b f(x) dx = 1 and the 
mathematical expectation is defined by the formula: 

E(X) =I: xf(x) dx 

The cumulative distribution function, denoted by F(x), measures the probability 

of event {X,:; x} for a given valuo of x. We thus have: 

F(x) = Pr{X,:; x} = r f(e) de<* F'(x) = f(x) 

Finally, the variance V(X) and the standard deviation u(X) of a continuous r.v. 
are again defined by: 

V(X) = u2(X) = E[X - E(X)f = E(X2) - E2 (X) 

3.2 INDEPENDENCE AND CORRELATION 
Let us consider two discrete r.v., with probability distributions respectively denoted 
by {x;;i = 1,. .. ,n), {yi; j = 1,. . .,m) and {p;;i = 1, ... ,n), {q1; j = 1,. . .,m). Intui­
tively, these r.v. are independent if the observation of the realization of one of them 
gives no indication about the reali:t.alion of the other. fviut·e funnaliy, this means that 
events {X = x;) and { Y = Yi} are disjunct V(i, j). That being the case, we can write: 

Pr{X = X; and y = Y;) = Pr{X = x;) · Pr{y =Yi), V(i,J) 

By definition, the expectation of product XY is given by: 

E(XY) = 2::Xm Pr{X = x1 and y = Yil 
i,j 

Taking account of (28), we get: 

E(~) = ~x;yi Pr{X = x;) · Pr{y = y;) = (~x; Pr{X = x;}) 
1,J J 

(~Yi Pr{Y = y;)) = E(X)E(Y) 

(28) 

(29) 

Hence, when two discrete r.v. are independent, the expectation E(XY) of the 

product is equal to the product E(X)E(Y) of the expectations. This property holds true 
for continuous r.v. Conversely, when two r.v. are not independent, the properties (28) 

and (29) are no longer verified. The covariance Cov(X, Y) and the correlation coeffi­
cient p(X, Y) allow us to assess the direction and degree of the dependence between 

l 799 
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) 
two r.v.; they are defined by: 

Cov{X, Y) = E(XY) - E(X)E(Y) and (X Y) = Cov(X, Y) 
p ' u(X)u(Y) 

Note that if Cov{X, Y) = O, the random variables are not necessarily independent 
(except if they are normal variables). Coefficient p(X, Y) takes its values over the in­
terval [-1, +1]. 

Given two r.v., X and Y, and parameters a, band c, the expectation and variance 
operators satisfy the following properties: 

E(aX + bY + c) = aE(X) + bE(Y) + c 

V(aX + bY + c) = a2 V(X) + b2 V(Y) + 2ab Cov(X, Y) 

3.3 THE PROBABILITY DISTRIBUTIONS UTILIZED IN THIS BOOK 

• Uniform Distribution 
The probability density and the cumulative distribution function of a uniform r.v. X 

defined over the interval [a, b], are given by: 

1 
f(x) = b-a and F(x) =xb-a 

-a 

We can then easily calculate: 

E(X) = a+b 
2 

aud 
b 2 

V(X)=~ 
12 

• Exponential Distribution 
We say that a r. v. X follows an exponential distribution with parameter .l > O over the 
interval [o, +oo[, when it has the probability density: 

f(x) =.le-'' 

Its cumulative distribution function is then given by: 

F(x) = I' ... -~ ae = 1 - .-ix 
0 ' 

with: 

E(X)=~ and 
1 

V(X) =:12 

The exponential distribution comes into the dofinition of the Poisson process in 
particular (see appendix D below). 

• Normal Distribution 
A r.v. X follows a normal distribution with meanµ and standard deviation a; we uti­
lize the notation X --....V(µ,'1) when its probability density is defined over (-oo,+oo) 
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by the function: 

1 [ 1 (x-µ)'] f(x) = uv'2fi exp - 2 -u- (30) 

Readers may, as an exercise, verify for themselves that the average and the stan­
dard deviation of a r.v. having the function (30) for its density are effectively equal to 

µand"· 

• Log-Normal Distribution 
The r.v. X follows a log-normal distribution with parameters (x0 ,µ,u) over the interval 
[x0 ,+ro] ifthe r.v. ln(X -x0 ) follows the normal distribution .IV(µ,<1). In other words, 
if Z ~ .;V(µ,u), Xis also defined by the equality X = x0 + ez. Its probability density is 
then given by: 

/(x) = 1 exp[-~ (ln(x - xo) - µ)•]' Vx "<! Xo 
u(x - x0 )v'2fi 2 u 

We can then calculate the expectation and the standard deviation; they come to: 

and <1(X) = ,,/1- exp(-u•) exp(µ+~) 

4 APPENDIX D: THE POISSON PROCESS AND THE 
VALUE OF AN ASSET 

4.1 THE POISSON PROCESS 
In models in continuous time, we often assume that certain random events follow a 
Poisson process. With this hypothesis, the probability of these events occurring (or 
lasting) depends on a set of parameters having a precise economic significance. More­
over, it turns out that the equation describing the evolution of the value of an asset 
whose states change according to a Poisson process takes a simple analytical form. 

Given a series of parameters l(t) "<! 0, defined forte [O, +ro], we say that an event 
X (fo1. example, the occurrence of a productivity shock) follows a Poisson process 
with parameters {l(t)} if the duration T(I) it is necessary to wait, starting from date I, 
for X to occur is a random variable having an exponential cumulative distribution 
function defined by: 

F,(y) = Pr{T(t) s; y} = 1 - e-.f,"' J({)d{ 

Tho probability density of the random variable T(t) then takes the form: 

Ji(y) = F;(y) = l(t + y)e- f."' J({)d{ (3tJ 

Making y go to O in this relation, we see that parameter l(t) is interpreted as the 
instantaneous probability of the realization of event X at date t. When tho parameters 
Lake the same valuo at every date, which amounts to setting l(t) ~ l for all t "<! o, the 
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r.v. T(t) no longer depends on date t. The Poisson process is "stationary"; the cumu­
lative distribution function and the probability density are then written simply: 

F(y) = 1 - e-'r and 

The unconditional expectation E[T(t)] of the r.v. T(t) is identifiable as the aver­
age duration it is necessary to wait, starting from date t, for event X to occur. This 
expression takes a particularly interesting form when tho parameter of the Poisson 
process is constant. With this hypothesis, let T simply be the r.v. T(t); it comes to: 

The ratio (1/.l) thus represents the average duration of the event studied. If, for 
example, ,\represents the instantaneous probability (assumed constant) that an unem­
ployed person finds a job every week, the ratio (1/,\) represents the average duration of 
unemployment, measured in weeks. 

4.2 EVOLUTION OF THE VALUE OF AN AsSET 
We will determine the value of an asset (for example, a filled job) that, at every x, r.an 
bring in an instantaneous income w(x) or change state (become vacant for example). 
This change of state is a random event which follows a Poisson process with param­
eters {-l(t)}. The duration T(t) it is necessary to wait, starting at date t, for this change 
of state to occur, is thus a r.v. the probability density of which is the function /,(.) 
defined by relation (31). We will assume further that if the asset changes state at 
insta."lt (t -I y), its present discounted value at that dale it1 a known quaniiiy denoted 
by fi:(t + y). Assuming that the interest rate is an exogenous constant r, the present 
discounted value at date t of the asset, II(t), is written: 

{J l+T(I) } 
II(t) = E t w(x)e-<t•-IJ dx + e-rTCllfi:[t+ T(t)] 

In this equality, the symbol E designates the mathematical expectation operator. 
As the sole r.v. that comes into tho term between braces is the duration T(t) of the 
probability density /1(.), we get: 

J"' { [Jl+y . l J''' } II(t) = 
0 1 w(x)e-"x-l)dx+e-•Yfi(t+ y) ,\(t+ y)e-, l(<)d< dy (32) 

This expression of II(t) can be simplified using the integration by parts 
formula, i.~;' Ju dv = uv - J v du. Let us set u = Jt"Y w(x)e ··,(•···I) dx, •• and dv = 

l(t + y)c- f, l({Jd< dy; we then have du= w(t + y)e-"' dy and v = ·-e- J, · iWd<, and 

so: 

J"' [J'+Y l J"' [ J"' rl+y ]"' o I w(x)e-<t•-11 dx J.(t + y)e- ' l(e)d{ dy = -e- ' li<Jd<. I w(xV 'Ix-•) dx o 

I.,, , .. , l' d" + 
0 

w(t+y)e-rye-i. (,) 'dy 
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) 
Assuming that the c1iscounted value of incomes s:'·Y w(x)e-dx-t) dx is bounded 

when y tends to infinity, the term between square brackets is null, and equation (32) 

is rewritten as follows: 

Joo J"' IT(t)= 
0 

[w(t+y)+).(t+y)IT(t+y))e-, l<+l(<Jld<dy 

With the change of variable x = t + y, we then have: 

IT(t) = r [w(x) + ).(x)fi(x))e-.f)+;.C<Jld< dx (33) 

Deriving this last equation with respect to t, we get: 

Il(t) = -[w(t) + ).(t)fi(t)) + [r + ).(t)[ r [w(x) + ).(x)fi(x))e- f 1,+J.l<IJd< dx 

where Il(t) designates the time derivative of IT(t). In the last part of the right-hand 
side of this equality, we recognize the expression of the discounted value of the asset 
IT(t) given by relation (33). Finally, the evolution of the value of the asset is com­
pletely described by the following equation: 

rIT(t) = w(t) + ).(t)[fi(t) - IT(t)) + iI(t) (34) 

Thus we obtain the the asset-value functions or the arbitrage equations used 
throughout this book. 

4.3 AN ALTERNATIVE PROOF 

It is possible to arrive at formula (34) in an intuitive manner, proceeding by approxi­
mation. Assuming that the asset brings in a flow of income w( t) dt over a small interval 
of time dt, and that this asset may be destroyed over this small interval of time dt with 
a probability ).( t) dt, the value of the asset is written: 

IT(t) = ~d {w(t) dt +).(t) dtIT(t+ dt) + [1- ).(t) dtJIT(t+ dt)} 
1 +r t 

Rearranging the terms of this equality, we get: 

rIT(t) = w(t) + ).(t)[IT(t + dt) - IT(t + dt)) + IT(t + d~~ - IT(t) 

We have anived exactly at relation (34) by making dt go to 0. 

5 APPENDIX E: SYSTEMS OF LINEAR 
DIFFERENCE EQUATIONS 

We offer here a simplo analysis of two-dimensional systems of linear equations. To 
follow the subject further, the reader may consult, Azariadis (1993), Gandolfo (1997), 

I so3 
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and Hoy et al. {2001). We study dynamic systems defined by a system of linear equa­
tions taking the following form: 

(35) 

In this relation, .91 and b represent respectively a {2 x 2) matrix and a (2 x 1) 
vector the coefficients of which are exogenous parameters independent of time. Vector 
z., of dimension (2 x 1), has the endogenous variables of the model at date t for its 
elements. In this appendix, we give the details of the study of system (35), but readers 
who wish only to find a user guide may go directly to section 5.6. 

5.1 A PARTICULAR SOLUTION 
In explicit fashion, equation {35) is written: 

[Xt+ll [a" 012] [x'] [b'] Y1+1 = a21 Uzz Yt + IJ., 
(36) 

Let I be the identity ma!fix; we will assume that matrix I - .91 is not singular. 
That being the case, system (36) admits a sole steady state.z = b{I - dr'. This vector 
is also a particular solution of system ( 36) the components of which read: 

x = a12b2 + b,(1 - 022) 
Det{I-.91) 

_ a21b1 + b2{1 - au) 
y ·- Det{I - .!II) 

with Det(I - .91) = (1 - 011)(1- Ozz) - 012021· 

(37) 

(38) 

System {35) can be written in a so-called "homogeneous" form, the variables of 
which are deviations from the steady state z, i.e.: 

(zt+1 - z) = d(z, - z) (39) 

System (36) then takes the following form: 

[Xt+•-:]=[011 01z][x'-:] 
Y1+1 - y 021 o., Yt - y 

(40) 

5.2 THE GENERAL SOLUTION 
The general solution of the homogeneous system is easily found when the matrix .!II is 
diagonalizable, which we will ijssume to be the case. There then exists a matrix H, 
allowing us to write the system {39) in the form: 

_ _ (' ') [A' o l Zt+J - z =A Zt - z I A= 
0 ).z 

with z, =Hz1 and z =Hz (41) 

The elements of matrix H arc expressed as a function of the scalars I; and the 
elements of the matrix .91. Since z1+1 - z = H-1(z1+1 - z) and Zt+l - z = A(z, - z) = 

AH-1(z1 -z), we have z1H-2=HAH-1 (z1 -z). Equation (39) then entails .lllH= 



HA. This last equality can also be written: 

dh;=l;h;, h1=(h;'). 
h1z 

i=1,2 
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(42) 

In this expression, h;; designates the element situatod at the intersection of the 
ith line and of the jth column of matrix H. Vector h; represents the eigenvector asso­
ciated to the eigenvalue ;:1• Relation ( 42) allows us to express the coordinates of each 
eigenvector as a function of the elements of matrix d and the associated eigenvalue. 
Since these coordinates are defined to witltin a multiplicative constant, it is possible 
to use the normalization h1z = 1 and h22 = 1. We thus get: 

h· _l;-a2z 
11- . l 

a21 
hn = 1, i= 1,2 (43) 

Let us consider the vector z, - z = H-1(z1 - z) and denote its elements by x, - x 
and y, - y; we see that equation (41) is written simply: 

[ ~t+1-~]=[l1 OJ[~'-~] 
Yt+t - Y O Az y, - y 

This system breaks down into two independent equations x<+1 - x = l1(x1 - x) 
and y,+1 - y = 12(y1 - ji), which have the respective solutions: 

and (~) 

In these two equalities, c1 and c2 are constants determined by the particular 
values of x1 and of y1• These last are most often the initial canditions x0 and y0 • That 
being so, (44) entails c1 = Xo - x and Cz = y0 - ji. Since z1 - z = H(z1 - z), system (44) 
can be writtten: 

[x1 -~i = [h11 h12] [c1ll] 
Yt - y h21 hzz c2l 2 

(45) 

The general solution of system (35) then takes the following form: 

{ Xt = it+ c1h11A: + Czh12li 
Y1 = Y + c1hw<: + c2h22.2.i (4') 

where the values of the h;; are defined by relations ( 43). 
' A particular solution is obtained with the initial values Xo and y0• Equation (44) 

entails c, = Xo - ii:, c, = ji0 - ji, and since Xo - ii: = H(xo - x), Yo - Y = H(y0 - ji), c, 
and Cz satisfy the system: 

( x0 -~) =H(c') 
Yo - Y c, 

Or again, solving this system: 

c, _ ~z.(xo - x) - h12(Yo - Y) 
• - h11h22 h12h21 

-h21(xo - x) +h11(Yo- Y) 
Cz = h11h22 - ft,~y;;:;--
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5.3 STABILITY 
) 

System ( 46) is stable if the endogenous variables x1 and y1 converge to their stationary 
value x and Ji when t tends to infinity. Relations (46) show that the stability of the 
system depends on the magnitude of the eigenvalues. Let us recall that the latter are 
the solutions of the characteristic equation defined by: 

d ( ,,, [a" -). a" l etd-~i= =0 
a21 a22 -l 

This equation can also be written: 

l 2 -.<T+D=O (48) 

where T = att + az2 and D = a11a22 - a12a21 represent respectively the trace and the 
determinant of matrix d. The eigenvalues will be two real numbers if the discrim­
inant ,i,, = T 2 - 4D is positive, and they will be two conjugate complex numbers if 
this discriminant is negative. In order to study stability, we must therefore envisage 
these two eventualities separately. 

(i) The eigenvalues of .sd are complex numbers. 

In order to make the reasoning easier to follow, we will adopt the trigonometric 
representation of complex numbers. Since the eigenvalues are conjugate, we have: 

l 1 = re'0 =; r( cos () + sin 9) (49) 

,\z = re-;o = r( cos 6 - sin 0) (50J 

with i 2 = -1. In these last two equations, r > o designates the common modulus of 
the eigenvalues and (J represents the argument of .<., the other eigenvalue having the 
argument (-9). Relations (46) then give the general solutions of the system. They are 
written: 

{ x, =ii+ r1(c1h11e'9' + c,h,,e;o') (5iJ 

Yt = Ji+r'(c1h21e'"' +c2h22 e'9') 

The terms between parentheses being bounded quantities, the stability of the 
system requires simply r < 1. That being the case, the trajectories converge to the 
steady state with increasingly damped oscillations. If, on the contrary, r is greater than 
1, the system diverges in an explosive manner. In the particular case where r = 1, the 
system does not converge to z, but it oscillates around this point without exploding. 
The eigenvalues being conjugate complex numbers, we also have r 2 = .l1 .<2 = D. This 
point gives us a way to know if the system is stable without calculating the eigen­
values. When o,, is negative, it is enough to verify that the determinant of the matri:x 
d is less than to 1. 

(ii) The eigenvalues of dare real numbers. 

T.he system is stable if and only if the two eigenvalues are, in absolute value, 
less than 1, i.e., J11J < 1 and IJ.2J < 1. If the two eigenvalues are, in absolute value, 
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greater than 1, the sys, )is unstable. If only one of the eigenvalues, for example A1 , 

is, in absolute value, greater than 1, the system is unstable, except for one trajectory. 
Equations ( 46) show that this latter corresponds to initial conditions such that the co­
efficient c, is equal to zero. A system having this configuration of the eigenvalues has 
a saddle point and is said to be saddle-path stable. 

5.4 A USEFUL FORM FOR THE STABILITY CONDITIONS 
More generally, we will now prove that the stability properties of a linear dynamic 
system can always be obtained from knowledge of the trace and the determinant of the 
matrix s1, with no need to calculate its eigenvalues. These last being solutions of the 
characteristic equation ( 48), we have: 

(52) 

This entails: 

P(l) = 1- T+ D = (1-A.1)(1-.<2) and P(-1) = 1 + T + D = (1-l-.l1)(1 + Az) (53) 

In what follows, we will consider that the eigenvalues are real numbers, and that 
.<1 always designates the largest among them. Relation (53) then entails the following 
equivalences: 

P(l) > o # (A1 < 1and12 < 1) or (A1 > 1 and A, > 1) (54) 

P(l) < 0 # l 1 > 1 and 

P(-1) > o #(A.,< -1 and A.,< -1) or ().1 > -1 and ,\2 > -1) 

(55) 

(56) 

P(-1) <O#A1 > -1 and Az < -1 (57) 

We then verify the property: 

{IA1l < 1 and ll2I < 1) # (P(l) > o,P(-1) > o and IDI < 1) (58) 

This equivalence is easy to prove: the direct implication ( =?) is evident, and 
the reciprocal implication ( <=) makes it necessary to set aside the values of.<, and A.2 

verifying P(l) > O and P(-1) > o of which the modulus is greater than 1. This condi­
tion is realized by imposing that the determinant D = A.,A2 is, in absolute value, less 
than.1. 

In the same way, we define the conditions needed for the system to possess a 
saddle point. Thus we can easily verify that the following equivalence is satisfieil: 

(IA.11>1 and l.<zi < 1) # (P(l) < O and P(-1) > O) or (P(-1) < o and P(1) > O) 
(59) 

Finally, it is possible to express the conditions needed for the system to be un­
stable. They arc: 

(l)-11>1 and l.<21>1) # (P(l) > 0,P(-1) > O and IDI > 1) (60) 

Relation (53) allows us to express tho conditions (58), (59), and (60) with the 
help of the trace T and the determinant D of matrix d. After suveral calculations, we 

I ao1 
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arrive at: 

(IJ.11 < 1 and l.!21 < 1) <* 1 > D > 171 - 1 

(ll1I > 1 and 1"21<1) '* 171 -1 > D > -ITl-1 

(ll1I > 1 and l.!21 > 1) '* D > Max{l, ITI - 1) 

(61) 

(62) 

(63) 

We can now recapitulate the set of results concerning the stability of the system 
(CV signifies convergence and DIV signifies divergence): 

T2 -4D <0 and 
Complex eigenvalues 

T 2 -4D > O and 
Roal eigenvalues 

{ 
D < 1 CV with oscillations 

D > 1 DIV in a spiral 

{ 
1 > D > ITI - 1 CV 

ITI - 1 > D > -ITI - 1 Saddle point 

D > Max{l, ITI - 1) DIV 

5.5 THE PHASE DIAGRAM 

(64) 

(65) 

The purpose of tbe phase diagram is to visualize the trajectories of the system in the 
plane {x1, y,). It is found by writing equations ( 36) in the following manner: 

[ X1+i-X•]=[a11-l a,, ][x']+[b'] 
Yt+i - y, a21 a,, - 1 Yt b, 

Using the difference operator I! defined by l!x1 = x1 - x,_,, we get: 

l!x,+1 = (a11 - l)x, + a12y1 + h1 

l!y,H = a21x1 + (a22 - l)y, + b, 

(66) 

(68) 

Making l!x1+1 = Ay1+1 = O in these two relations, we define two straight lines of 
the plane (x1, y1) which have as their equations respectively: 

l!x11.1 = O '* Yt = 1-an x,-~ 
U12 U12 

(69) 

(70) 

The straight line whose equation is given by (69) separates the plane into two 
regions where, according to the values of coefficients a and b, we have l!x,+1 > 0 or 
l!x1+1 < 0. The straight line whose equation is given by {70) for its part allows us to 
separate the plane into two zones such that Ay1+1 > O or l!y,.,, < O. We can also sepa­
rate the plane (x1, y1) into four regions, with the straight lines of equations (69) and 
(70). The phaso diagram represented in figure A.1 consists of visualizing, with the 
help of horizontal and vertical arrows, the movements of a point E tho coordinates of 
which are (x1, y1). For example, in figure A.1, the straight lines with equations l!x1+1 = 

0 and l!y1+1 = O have slopes such that, starting from point E, we have dY1+1 > 0 and 
l!x1+1 < 0. Tho trajectory, represented by a portion of the curve issuing from E, moves 
toward the verlical axis. We follow the same procedure for the four regions delimited 
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Yt 

Ax,+ 1=0 

_J 
r 

lly,.1=0 

FIGURE A.1 

The phase diagram. 

by the straight lines of equations (69) and (70). The example chosen in designing 
figure A.1 suggests that the system is saddle-path stable. 

5.6 USER GUIDE FOR THE STUDY OF Two-DIMENSIONAL LINEAR 
SYSTEMS 
In order to study the properties of a dynamic system of the form: 

with , ran a,2] 
.w = la21 a22 

it is advisable to follow this procedure: 

1. Find the steady state (x, y) using equations (37) and (38). 

2. Calculate the trace T = a11 + a22 and the determinant D = a11a22 - a12a21 of the 
matrix d. 

3. Use conditions (64) and (65) giving the properties of the trajectories as a func­
tion of the values of the determinant and the trace of.<#. 

4. If a graphic representation is desired, construct a phase diagram according to the 
method set out in section 5.5. 
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NOTES 

Chapter 1 

1. Appendix A at the end of this work summarizes what is necessary to know to 

solve a static optimization problem. 

2. In deriving (3) with respect to R, we find that dwA/dR has the same sign as 

(ULCUc - UccUL). In appendix 2, we show that this expression is positive if and 
only if leisure is a normal good. 

3. A "public good" consumed by Llie household (children a.re usually given as Llie 
example) is generally added to the arguments of the utility function. It is also 

possible to integrate the possibility of home productions into this framework. 

4. The interpretation of the Lagrange multipliers is presented in appendix A3 at 
the end of this book. 

5. In this program, the terminal age T :<: Tm must be interpreted as an indicator of 

anticipated length of life. 

Chapter 2 

1., The mechanisms of perfect competition are presented in detail in chapter 5, 
section 1. 

2. The time derivative of h( t) is denoted by h( t). 

3. Let us recall that if g(x) =Ji,~/ f(x, i) di, where f, a, and b are continu­
ously differentiable functions, then g'(x) = b'(x)f(x, b(x)) - a'(x)f(x, a(x)) + 
J~~/((of(x,1))/vx) di. 

4. See mathematical appendix B on dynamir. optimization at the end of this book. 

5. See chapters 7 and 12. 

6. These problems are brought into sharper focus in chapter 10, on inequality. 
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Chapter 3 

1. Mathematical appendix D at the end of the book supplies a rigorous proof of 
formulas analogous to equation (2) and shows that they effectively correspond to 
the stationary state of a model where a particular event (here, the loss of work) 
follows a Poisson process. 

2. Mathematical appendix D at the end of the book shows that if a random variable 
follows a Poisson process of parameter a, then the mathem&)ical expectation of 
this variable is equal to 1/a. 

3. The reader who is not yet sufficiently familiar with this type of equation will 
benefit from working with a small interval of time {!, t + dt). In the stationary 
state, we thus have: 

(1 + rdt)V,,(w) = wdt + qdtVu + (1 - qdt) 

[,11 dt ['" V,(() dH(C:) + ,\1 dtV.(w)H(w) + (1-A.1 dt)V,(w)] 

By rearranging a few terms and making dt ~ 0 in this formula, we come back to 
equation (16). 

4. This formula reads f u dv = uv - f v du, where u and v are two functions. Here, 
we posit: u = V,(<;) - Vu, du= v;(c;) di;, dv = H(C:) d<;, and v = -H(<;). 

5. One can check as well that the second derivative with respect to s of the term 
between brackets is negative when this equality is satisfied. So what we have is 
indeed a maximum. 

6. By way of illustration, the interested reader can characterize the reservation 
wages associated with a system of unemployment insurance benefit such that 
z(t) = z0 for 0,;; t,;; 1', and z(t) = z < z0 for t > 1', where z, z0 , and 1' are con­
stant exogenous parameters. A reduction in the length of time over which bene­
fits are paid is similar to a lowering of 1'. 

7. Recall that the. general solution of a linear differential equation is obtained by 
adding a particular solution to the general solution of the homogeneous equa­
tion. The latter is written H'(w)/H(w) = -1/Z(y - w); it is integrated exactly 
like equation (28), which gives us H(w) = AJy- w, where A is an arbitrary 
constant. We get a particular solution of equation (31). By making H' = 0 in this 
equation, we immediately find H(w) = (q I ).,)().,, and from that the general 
solution of equation (31). 

8. ln tl1e literature on equilibrium sem·ch models, a distinction is often made 
between the global distribution of wages H(w) =Pr{(,;; w} anrl the distribution 
G(w) of the wages that employed persons face. By definition, G(w) represents 
the probability that an individual with a job is earning less than w. Function 
G(w) is such that L(w) = (1 - u)G(w). Using the different equilibrium relations 
in the model, the reader can verify that: 



G(w)= qH(~ 1~[1-Jy-wl 
q+~.H(>•J q y-x 

9. The dynamics and the construction of the phase diagram are presented in math­
ematical appendix E at the end of the book. This appendix considers only mod­
els in discrete time, but the results are not qualitatively different for models in 
continuous time. For a presentation of these models, the reader may consult the 
references given in appendix E, in particular Gandolfo (1997). 

10. For the sake of simplicity, we will not prove formally that stationary equilibrium 
is a saddle point. This proof can be accomplished by adapting the procedure 
given in appendix E to continuous time. 

11. Good introductions to the econometrics of duration models can be found in 
Kiefer (1988), van den Berg (2001), and Bonnal et al. (1999). 

12. Given two events A and B, this definition is written: 

p {AIB} = Pr{AnB} 
r Pr{B} 

With A= {ts T < t+ dt} and B= {T ~ t}, we find the formula given in the text. 

13. This expression of the likelihood function assumes that the censoring mecha­
nism is independent of the duration T; of unemployment. 

14. The estimated variance is given by: 

V=-(a'~)-1 =~)' = t,c;' 
ay Y-i f, C; (t. t;) 

15. The sample comes from the Employment Survey of INSEE (the body that gathers 
statistics in France), which makes it possible to follow the trajectory on the labor 
market of around 20,000 households month by month for three years. 

16. This hypothesis amounts to assuming that the cumulative distribution function 
· of the random variable T takes the expression F( t) = 1 - e-r(K.•,J J~ ..,c,,0,,1 d<. 

17, Recall that the elasticity of function f(x): JR" - JR, with respect to x; is 
(x;/f(x))(of(x)/ox1) = oln(f(x))/oln(x;). 

18. To see this clearly, consider an example in which there is a fraction p of the 
population which has a constant hazard function y1 and a fraction (1 - p) which 
has a constant hazard function y2 • The hazard function of the whole sample is 
equal to: 

py,e···y,I .j. (1 - p)y,e-'•1 
qi(t) = --pe.:;,1 + (1 -·p)e-,,1 . 

It is easy to verify thal qi'(!) < 0. Consequently, the omission of unobserved het­
erogeneity can falsely introduce a negative duration dependence, since in realily 

NOTES I 813 
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the individual probability of finding a job is indepenuont of the amount of time 
spent unemployed. 

19. The same type of indicator is also frequently calculated for gross incomes. 

20. These are averages of estimates for Lynch {1983) and Holzer {1986). The study 
by van den Berg {1990) estimates the value of reservation wage elasticity at the 
onset of a period of unemployment in relation to the future income of an unem­
ployed person. 

Chapter 4 

1. The second derivative of the profit is written II"(L) = (1 + ~~)(F"'P' + F"P). 
Since P' < 0 and F" < 0, the second-order condition II"(L) < 0 dictates that we 
have (1 + ~~) > 0. 

2. See as well relation {76) in appendix 2. 

3. lt,is possible to obtain an expression of the elasticity of substitution depending 
only on the partial derivatives of the production function using optimality con­
dition {5). We then find: 

<J = FKFi(KFx + LFi) 
KL(2FKiFKFi - FKKFf - Fu.Fl) 

When the production function is homogeneous of degree 1, the elasticity of 
substitution takes a particularly simple form: 

FxF1. 
a= YFn 

4. Deriving profit {14) with respect to Y gives: 

ITy(W, ll, Y) = P(Y)(l + ~~) - Cy(W, R, Y) 

The first equation of (7) implies that the marginal cost Cr is linked to the aver­
age cost C/Y by the identity Cy = ( C/Y)/O. To find the value of the second 
derivative of the profit at a point satisfying the first-order condition {15), we 
replace Cy by C/OY in the expression of Ily and we differentiate with respect to 
Y. Taking into account {15), the result, after several calculations, is: 

The second-order condition is thus satisfied, since v > 0. 

5. With the help of expression {14) of the firm's profit, we can verify that the 
second-order condition implies [P'(Y) - vCyy] < o. Differentiating equation {15) 
with respect to W, we find that iJY/iJW is of opposit" sign to CWY. 

6. A line of reasoning analogous to the one that allowed us to establish th" direc­
tion of the scalo effects in relation {19) would show that ;;{;~l has a sign opposite 



.. 
that of CwyCR •. l.iow, following Shephard's lemma (6), the latter quantity is 
equal to the product (i!L/aY)/(iJK/i!Y). We have seen in section 1.2.2 that the 
conditional demands for factors rise with the level of output when the produc­
tion function is homogeneous. In all other cases, the sign is ambiguous. 

7. Rigorously speaking, the term iilv means something measurably different from 
what it represented before: the elasticity of the labor demand, expressed in 
terms of hours or number of employees, with respect to its cost. Now, L refers to 
a number of units of efficient labor. But the function !in king the demand for 
labor to its cost is, by construction, identical to that linking the demand for effi­
cient labor to the cost of efficient labor. The elasticity ;;fi, is thus Lhe same in the 
two configurations. Relation (12) indicates that iil;, = -(1 - s)a, where s desig­
nates the share of labor cost in total cost and a the elasticity of substitution be­
tween capital and labor. We will sec later that the majority of empirical studies 
suggest that a is smaller than 1, and even close to 1 on the basis of macroeco­
nomic data. The absolute value of iilv is thus likely smaller than 1. 

8. More precisely, in this case we estimate~~ defined by relation (20). 

9. See Takayama (1986, chapter 5) and the mathematical appendix B at the end of 
this book. The Euler condition is also sufficient if function f is concave in L and 
t, which is the case here. 

10. Readers are reminded that the solution of a linear second-order differential 
equation af"{t) + hf'(t) _,_ cf(t) = d, where a, b, c, dare given constants, is found 
by first calculating the solution of the homogeneous equation af" + bf' + cf = 0. 
This solution is of the form f(t) = A 1e"•' + A2e"', where A, and A2 are arbitrary 
constants and .!1 and .!2 are the roots of the "characteristic" equation a.l 2 + 
bl+ c = 0. We then calculate the solution of the nonhomogeneous equation, 
which is equal to the sum of the solution of the homogeneous equation and a 
particular solution of the nonhomogeneous equation. Hero a particular solution 
is d/c. So the general solution is of the form f(t) = A1e;.,, + A2e''' + (d/c). In 
the end we get a particular solution on the basis of a l<nown value (generally the 
initial or teminal value of f(t). The constants A, and Az are determined by the 
initial conditions and the stability conditions. 

11. The properties of a Poisson process are set out in mathematical appendix D at. 
the end of this book. 

12. In a discrete time model, the median lag is equal to ·-In 2/ln .!. 

Chapter 5 

1. Readers will recall that in ardor to .differentiate the expression /(x) = 

J:/:/ g{x, t) dt, where a, b, and g are throe continuously differentiable functions, 
it is necessary to apply the formula f'(x) = b'(x)g[x, h{x)] - a'(x)g[x, a(x)] ·r 

J~~1((8g(x, t))/Dx) clt. 
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2. The second-order condition is satisfied if L'L'" - 2(L")' < o. 

3. Bargaining theory is presented in chapters 7 and 9. 

4. It would have been possible to obtain this equality directly by applying Bayes' 
formula: 

Pr{h = H1-lsuccess} 

_ Pr{ successlh = h+} · Pr{ h = h+} 
- Pr{ successlh = h+} ·Pr{ h = h+} + Pr{ successlh = h } · Pr{ h = h-} 

5. The utility function w ~ Be which we have used in presenting the hedonic 
theory of wages does not incorporate any income effect (see chapter 1). 

6. See chapter 7, section 2.3.1 for a definition of this concept. 

Chapter 6 

1. Firms and their wage-earners sometimes enter into contracts the purpose of 
which is to protect, or to make possible, certain investments, for example in­
vestments in training. These contracts pose specific problems having to do with 
the fact that one of the parties could capture a part of the benefits from the in­
vestment without necessarily having to bear the costs. This question, known as 
the holdup problem, is dealt with in chapters 6, 8, and 9 from different angles. 

2. Note that this hypothesis is satisfied if we assume that function f, hours h, and 
performance y are verifiable, since y = f(h,e). 

3. For the contract to be self-enforcing, it would also have to include the possibility 
that the principal could break it in certain states of nature. We examine the 
consequences of this eventuality below. 

4. The horizontal part of the profile of contractual wages necessarily intersects 
with the curve representing the outside wage, otherwise the contract would offer 
a gain inferior to outside opportunities. 

5. At this point the reader may wish to refer to mathematical appendix C, section 
3.3, at the end of tho book, which establishes the main properties of normal and 
log-normal distributions. Ilere we simply note that the probability density of a 
random variable X following the normal distribution .#'(rn, CT) is given by f(x) = 

{1/(CT,/2i)) exp[-(x- rn) 2/2CT2]. The random variable exp{X) then follows a log­
normal distribution with the mean oxp[m + (CT2/2)). 

6. Mathematical appendix C, section 3.3, points out that if X .#'{0,CTx), then exp(X) 
has a log-normal distribution with mean exp{<Tk/2). 

7. Readers will recall that a variable x1 is a random walk if it satisfies x, = x,_, + e,, 
where e, is a random variable with zero mean, the distribution of which is iden­
tical at every dale t. 



8. 
) 

The peaks at arm ••• ,; 55 years of age correspond to the payout of "retirement 
capital." 

9. It is easy to verify that the deposit C/ pis equal to the present value, discounted 
at rate o(l - q), of the sum of the bonuses. 

10. The existence of this equilibrium assumes, for one thing, that the exit rate from 
unemployment, equal to qL'/(N - L•), is inferior to unity, and for another, that 
the horizontal line with ordinate w' intersects the cnrve (IC); this occurs when 
the following condition is satisfied: 

y-(1-o)CK > z+ c+.0'. r-1--1) 
P Lo<1- qJ 

Chapter 7 

1. Plentiful information is available at the site Compensation and Working Condi· 
lions Online of the Bureau of Labor Statistics: http://www.bls.gov/opub/cwc/ 
cwchome.htm. 

2. This result can, as an exercise, be demonstrated simply by using appendix 2, 
with the hypothesis that the players have no preference for tbe present and !hut 
gains are zero during the unfolding of the negotiation. 

3. Since In x "'x -1 when x is close to 1, we can accept the approximation 
A"' In Wu - In Wn for wages that differ little. 

4. Let N and w respectively be the size of the sample and the average of the loga· 
rithms of the wages. We thus have: 

(
1 ;-N ) 1 ;~N 

v= -Lwl --w2 with w =-Lw1 =ot:Wu + (1-a:)wn 
N i=t N i=t 

Let 'Pl (respectively A') be the sel of unioni•ed (resp. nonunionized) workers. 
The variances Vu and Vn satisfy the following equalities:· 

1-N 

~twl =~L:wl +~ L:.wl = a(v. + w~)+ (1 -a)(v,. + w;) 
i=l ie'fl ie:f 

Substituting this expression into relation (32), we have: 

v ~ a(vu + w~) + (1 -· a)(vn + w;) - [aw.+ (1 - a)wn] 2 

Developing and rearranging terms, we find formula (33). 

Chapter 8 

1. This method does not correct biases arising from the endogeneity of the inflation 
rate and the unemployment rate, because econometric work carried out in this 
area generally shows !hat those biases al'e small (ORCD, 1997). 

NOTES l 817 



818 I NOTES 

2. The gamma function takes the expression r(x) = f;;' z• ) dz. For every whole 
positive n, r(n) = (n - 1)! The gamma function can thus be interpreted as a gen­
eralization of the factorial function. 

3. The figures in parentheses are the t-statislics. The estimates were made using 
OECD data. 

Chapter 9 

1. We leave out problems related to discounting by implictly assuming, in order to 
simplify, that the interest rate is null.. We return to these problems again in sec­
tion 4 of this chapter. 

2. If a variable can change state at rate p, it will, on average, remain in the state it 
is in at the present moment for an interval of time equal to 1/ p (see mathemati­
cal appendix D at the end of this book, which is dedicated to the properties of 
Poisson processes). 

3. See mathematical appendix D at the end of this book. 

4. This is a problem of dynamic optimization that is studied in mathematical ap­
pendix B at the end of the book. 

5. Moene (1997) considers a more general case, where the entrepreneurs in the 
same labor pool can offer -different wages but, at equilibrium, offer the same 
wage. 

Chapter 10 

1. Mathematical appendix D at the end of this book includes a rigorous proof of 
this type of formula, based on the assumption that certain well-specified random 
events follow Poisson processes. 

2. We could, in like manner, have taken the view that the optimal life span of a job 
maximizes the surplus S(O, t, T) for all t e [o, T). That would again give us rela­
tion (17). 

3. Deriving equation (18), we note that ali/og is of the sign of (r - g)rTe-g'' + 
r(e-·'T - e-gT). For given T, this expression amonts to zero if r = g. Moreover, 
the derivative of this expression with respect tog is equal to -(r-g)T2e-g1' < O 

for r > g. In consequence aO/og is positive. 

4. Formula (23) is found by noting first that ge-'T - re-sT = c-•'l'[ge-<'-g)'I' - · rj. 
In tho neighborh<md of 0, e-<,·-g)T is equivalent to 1 - (r - g) T and thus 
ge··fl - re-sT is equivalent to -(r - g)(l + gT)e-g"l', When r tends to g, the 
bracketod expression in (18) is thus equal to 1 - e-gT -gTa-sT. 

5. Since In( ab)= In a+ In b, this relation is equivalent to a(d ln a - d In m) = 

d In"+ d In A, which yields equation (25). 



6. The concavity o: ,htails F;; < O, and deriving equation (34), we get dwh/dv = 

IXAhFhh(c<v, 1) < 0 and dwtfdv = llAtFth(c<v, 1) = -Ah(1/ixv) 2Fu(1, 1/ixv) > 0. 

7. Readers will recall that the elasticity of substitution between capital and labor 
can be written u = FKFL/YFKi when the production function is homogeneous of 
degree 1 (see chapter 4). Moreover, homogeneity of degree 1 of F entails LFu = 

-KFKi· Since w = Fi, the wage elasticity of labor demand is 11; = FL/LFu = 

-u/(1 - si) with s" = wL/Y = 1 - (KFK/Y). Assuming that u = 1 and that 
si = 0.7, we get 11; = -1/0.3"' -3. One can remark that 11; stands here for the 
elasticity of the unconditional demand for a given capital stock, that is different 
from the elasticity of the conditional demand, denoted by ~; = (1- si)u (see 
chapter 4, sections 1.2.2 and 1.3.1). 

e. Since F(N) = J,;' Fi(<!) d.;. 

9. Following the Euler theorem, we have F = L,F, + LhFi.. Deriving this equality 
with respect to L,, we get Lt Fu+ LhFth = 0. Since the concavity of F entails 
Fu < 0, we will necessarily have Fth > 0. 

Chapter 11 

1. In what follows, we will refer indifferently to the mass or the number of 
agencies. 

2. Let us recall that if g(x) = J:t;/ /(x, i) di, where /,a, and b are con­
tinuously derivable functions, then g'(x) = b'(x)flx, b(x)] - a'(x)flx, a(x)] + 
f~~/ (af(x, i)/ax) di. 

3. The principles of dynamic optimization are set out in mathematical appendix B 
at the end of the book. 

4. It is easy to verify that employers have no interest in reinvesting in workers who 
are already trained. If they did, they would maximize a net surplus defined by 
((y(i) + qV.(i))/(r + q)) - i - Vu(i), which necessarily giv~s a level of investment 
inferior to im, since V~(i) > O. 

5. The technique uf dynamic optimization is set out in mathematical appendix B at 
the end of the book. 

6. Evidently it is not possible either to determine E(YTID = 0), which represents 
the response without treatment of a person treated. 

7. "Social experiments" must not be confused with "natural experiments." The 
latter term applies to studies that use an exogenous change in a policy measure, 
such as a rise in the minimum wage or a tax reduction, to estimate the effects of 
this measure on a given population. The treated group is then the set of persons 
belonging to the population who benefit from this change, and the control8roup 
is the set, or a subset, of the persons in the same population to whom it docs not 

NOTES I 819 



820 I NOTES 

apply. The data produced by natural experiments t .ht, therefore, automati­
cally respect the conditions imposed by randomization, and must be consid­
ered as nonexperimental data. Chapter 1, section 2.2.2, gives more detail 
about the way certain properties of the labor supply are estimated using natural 
experiments. 

8. In fact, this hypothesis is sufficient but not really necessary. Heckman et al. 
(1999, p. 1901) supply two hypotheses, measurably less stringent, for which the 
experimental data make it possible to obtain unbiased estimators of the average 
gain from the treatment. 

9. This last property is easily established from the equations describing labor mar­
ket equilibrium in the basic model. 

10. Variables u1 are not unemployment rates per category; for that we would have 
to relate the number of unemployed of type i to the size of the labor force i 
concerned. 

Chapter 12 

1. The convexity of function c(.) ensures that we do indeed have a maximum of 
v.(t). 

2. The fact that the support has the upper limit •• is not essential. We follow the 
presentation of Mortensen and Pissarides (1994) here, which makes the exposi­
tion somewhat easier. 

3. For more on random variables and Poisson processes, see mathematical appen­
dices C and D, respectively, at the end of the book. 

4. Let us recall that the employment rate equals the ratio of the number of jobs to 
the working-age population (see chapter 8, section 1). 

5. To determine the slope of this curve, we use the second-order conditions, which 
entail that ari.' ( w,t)/iJt < o. 

6. Here again we. use the second-order conditions to get this result. 

7. The United Kingdom. belonged to the EUCON group until 1980, then to the 
ANGLO group subsequently, with the passage from Labour to Conservative 
governments. 

8. Using (56) and (53), it is possible to show that, if r = O, w; is also equal to 
w;(1 - u;) + u;z, which corresponds to the sum of the incomes of the workers 
present in sector j. This quantity is also the criterion of a "utilitarian" union 
representing all workers in the sector. 

9. If we want to introduce preference for tho present, we must solve an explicitly 
dynamic program (see chapter 8, section 6.2.2). Apart from the calculations 



involved, this )ution presents no particular difficulty, and readers arc there­
fore invited to perform it for themselves. They will find that equation (58) al­
ways defines the equilibrium value of the labor market tightness, provided that q 
is replaced by 1· + q. 

10. The 20 include 15 European countries: Austria, Belgium, Denmark, Finland, 
France, Germany, Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Swe­
den, Switzerland, and the United Kingdom, and five non-European ones: Aus­
tralia, Canada, Japan, New Zealand, and the United States. 

11. This notion is defined precisely in chapter 10. 

12. This means that, for example, the estimated average unemployment rate rose 
from 3% lo 10.3%. 

Mathematical Appendices 

1. Readers are reminded that the integration by parts formula is: 

I" Jb a udv = [uv]:- a vdu 
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