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INTRODUCTI. !

Merchandise in the form of goods and services is exchanged in markets, and each of
these 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-
izad countries, income earned by working represents the largest component—around
two-thirds—of total income. Tbe remaining third is made up of income from invested
capital. In addition, a large part of the population is made up of wage-earners, or
those aspiring to become wage-earners if they have not yet left the educational system
or are looking 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% in 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 of labor, 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.

Labor 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 functioning 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 psrfectly 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 uecessary to offer a wage high enough to get
workers to perform it. Thus, according to Smith, wage differentials are explained by
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FIGURE 1

Wage-earners’ share of the working-age population in six OECO 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 on all subsequent thinking about
wage setting and the functioning of the labor market, and is still an essential point of
reference today. Tt has also provoked opposition, leading tu attempts to elaborate
alternative thearies.

The marginalist revolution, which laid the groundwork for modern 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 Economics, published by Alfred
Marshall in 1890, retains the “incoherence” found in Smith (Reynolds, 1988, p. 134).
In theory, wages equalize supply and demand for lahor, but Marshall was driven by
realism to recognize the role played by coalitions of employers and workers. He
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; notahle 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 cconomics emerged as an autonomous discipline in the United States in
the 1940s, at the hands of John Dunlop, Clark Kerr, Richard Lester, 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 Economics 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). In their books the descriptive aspect was considerably reduced, and the
chapters were organized around topics that claimed to apply general principles of
cconomic 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 cal-
culational capacities of modern 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 of labor 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 has also been termed “neoclassical,” in recognilion of a certain
continuity between it and the founding fathers of the Lausanne school, Léon Walras
and Vilfredo Pareto. Buyt it has aroused, and continues to arouse, a strong reaction that
condemns any sort of “economic” approech 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
“allernative” 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 econormics is set out in Kaufman, 1999, and Rutherford, 2001).
The alternative approaches rely on two important currents of economic thought,
Marxism and institutionalism. In 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 weight of history (for a critical presentation of this current, see Rebitzer, 1893).
The institutionalist approach, developed between 1300 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 sociolngy, economics, social psychol-
ogy, and ergonomics. The history and methodological principles of institutionalisin
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 the 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 are 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 {Docringer 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 differont 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
are 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 ol cconomic analysis, gives pride of
place to teaching methods based on mathematical models. This textbook conforms
to that rule. At least three reasons may be cited in justification. The first, and by
no means the least compelling, lies precisely in the quasi-monopoly held by this
approach. The student owes it to himself or herself to become familiar with it, if he or
she wants to be able to read specialized journals in the field. But the dominaton of
formalized economics is not the oulcome 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 cconomists generally demand
answers with empirical content: Is wage inequality rising? ls competition from low-
wage countries destroying jobs? Are 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 cstablish a linkage belween
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 waut 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 the toolkit needed to
understand all the models utilized in the text. Finally, we have lried to articulate our
theoretical and empirical lines of reasoning. Readers should be aware that, beginning
in the 1970s, labor cconomics has become the preferred arena in which to apply the
most advanced econometric methods (mnicroeconometrics 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 betwecn factual
data and theoretical reasoning. For each problem studied we present the facis, a theo-
retical model, ways of assessing 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. Metliods of assessing this model
empirically, and the main empirical results, 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 assistance on the labor supply.

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

First, as mentioned above, labor economics and all of economics have under-
gone profound theoretical restructuring in recent decades, beneliting especially from
advances made in the study of dynamics, strategic behavior, and decisions in uncer-
lain environments. The analysis of labor supply, labor demand, wage formation, and
the deterninants of employment and unemployment have been decply influenced by
these advances. Our aim is to set out all these developments within a unified didactic
framework, and to show lhat they have measurably improved our understanding of
the [unctioning of the labor market.
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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 States. 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 sume 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 belween consumption and leisure is especially im-
portant for understanding fluctuations in the participation rates of different categories
of the population and the choices 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 jusl to transmit knowledge
that improves productivity and socialization, but also to select individuals within dif-
ferent productive 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 lock at important questions such as the impact of the costs of
the factors of production on lahor 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 to perfect compe-
tition, arising in particular from hindrances to frce entry and imperfect information,

IHTRODUCTION

xXXix



XXX

INTRODUCTION

B

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 hargaining, focusing on the behavior of unions and
the manner in which we formalize the bargaining process. It analyzes the impact of
Lhe 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 delrimental 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 macrosconomic 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 and wages
in a labor market in which jobs are ceaselessly destroyed and 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 and globalization do not
affect all wage-carners in the same way.

The fourth part of the book is dedicated to labor market policies and the 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 policies, 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).

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}.

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

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-
Heal discrimination {section 3), and empirical work on compensating
differentials {section 4.1), on discrimination (section, 4.2), and on inter-
industry wage differentials (section 4.3).

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).

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 intertemporal 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 cquation, with the 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 {chapter 12).
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INTRODUCTION

To hold a paid job, you musl first have decided to do so. This is the starting point of
the so-called “ncoclassical” 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 ouiside the
labor market, and even the familial environment also play a decisive role.

Tn 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 and 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, ctc.), 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 aiso multiplied in the course of the last
twenty years. The development of these studies—exhaustively reviewed in Blundell
and MaCurdy {1993)—has profited from advances made in the application of econo-
metric methods to individual data, and fromn a desire to cvaluate 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 to contrast them with more traditional programs
called simply welfare, have given a powerful incentive to empirical research on lahor
supply in the United States and Greal 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 tradiional microeconomic
model of consumer choice. The hasic 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 docisions. The basic model is also enhanced into a “life-cycle” model inte-
grating the decisions taken by agents over 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 [ramework for analyzing decisions taken from the onset of a career
to retirement. The sccond section of this chapter 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 arca, and concludes with a review of
the principal quantitative results arrived at by studies of labor supply.
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1 THE NEGULASSICAL THEORY OF LABQHE 3¢¥PrLY

The theory of labor supply is based on the model of a consumor making a choice
between consuming more goods and consuming more leisure. 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 heen 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 hetween 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 sulficiently
high. Further, the study of the trade-off between consumption and leisure makes it
possible to grasp the factors that detcrmine participation in the labor market.

1.1.1  The Basic Model

We indicated, in the general introduction to this chapter, that the (raditional approach
to labor supply arises, fundamentally, out of the idea that cach 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 it 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 leisure is shown with the help of a utility
function proper to each individual, that is, U{C,L}, where C and 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, i then given by h =Ly — L. It is generally supposed that an
individual desires to consume the greatest possible quantity of goods and leisure; bis
or her utility function therefore increases with each argument. Moreover, the same
individual is capable of attaining the same level of satisfaction with much leisure and
few goods, or little leisure and many goods. The sot of pairs (C,L} by which the con-
summer obtains the same level of utility U, i.c., such lhat U(C,L) = U, is called an
indifference curve. A curve of this type is shown in figure 1.1. Its properties follow
divectly from those of the utility function (for more detail, consult Varian, 1992, and
Mas-Colell et al., 1995). In particular, the properties listed below will be useful for
what follows:

LABOR SuPPLY i 5
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FIGURE 1.1
An indifference curve. L

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

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

(iii) The increase in the utility function in relation to each of its components
implies that the indifference curves are nogatively sloped {sce appendix 1 at the end
of this chapter). The slope of an indiffcrence 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) 1t is assumed that Lhe individual is ready to sacrifice less and less con-
sumption for an exlra hour of Jeisure when the amount of time dedicated to leisure
rises. This property signifies that the marginal rate of substitution between consump-
tion and leisure diminishes with leisure time, or again that the indifference curves are
convex, which is equivalent to the hypolhesis of Lhe quasi-concavity of the utility
function (the relation between the shape of the indifference curves and the utility
function is studied in appendix 1 at the end of this chapter).

Choices

An individual’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 inconie, transfer income,
even gains deriving from undeclared or illegal activitics are examples of what an
individual may acquire outside the labor market. We will designate the set of these
resources expressed in real terms by the single scalar R.
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Note that for a married or cohabiting person, a part of the income of his or her
parlner is capable of heing integrated into this set. Thus the budget constraint of the
agent takes the form:

C<wh+R
This constraint is also expressed in the following manner:
C+wL<Ry=wlo+R &)

In this way we arrive at the standard concepts of the theory of the consumer.
The fiction is that the agent disposes of a potential income Ry obtained by dedicating
his entire endowment of time to working, and that he or she buys leisure and con-
sumer goods using this income. From this point of view, the wage appears to corre-
spond equally to the price and the opportunity cost of leisure. The solution of the
consumer’s problem then follows the path of utility optimization subject to the budget
constraint. We thus derive the functions of demand for consumer goods and leisure
(for more details, see the microeconomics textbooks by, for example, Varian, 1992,
Mas-Colell et al., 1995). The decision of the consumer is expressed:

‘[\gaLx U(C,L) subject to the budget constraint €+ wL < Ry
We begin by studying the so-called *‘interior” solutions, such as 0 < L < Ly and
c>0.

The Interior Solutions
For an interior solution, the consumer puts forth a strictly positive supply of labor.
Using 4 > 0 to denote the Lagrange (or Kuhn and Tucker) multiplier associated with
the budget constraint, the Lagrangian of this program ist:
Z(C, L) = U(C,L) + p(Ro ~ C — wL)

Designating the partial derivatives of the function U by U, and Ug, the first-
order conditions are expressed as:
Un(C,L)y—pu=0 and U(C,L) - uw =0

On the other hand, the complementary-slackness condilion is expressed as:
sHo—C—-wL)=0 with =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 lirst-order
condition is equivalent to 4 = Ug(C,L) > 0. Thus, the solution is situated on the bud-
get line of equation C + wl = Ry. We obtain the optimal solulion (C*,L*} by using this

last equality and eliminating the Kuhn and Tucker multiplier u of the first-order con-
dilions, so that:

UL(C, L)
Ue(G*, L)

=w and C" +wL”=Rq 2

LABOR SuppPLY

7



8 i PART ONE ! CHAPTER 1

-

fe— Lo |

FIGURE 1.2
The trade-off between consumption and teisure.

Figure 1.2 proposes 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 indifference curve corresponding to the level of utility obtained
by the consumer. For the comparative statics of the model, it is worth noting that any
increase in wresults in a clockwise rotation of the line AB around point A, of abscissa
Lg, 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 = Ly). Now,

the convexity of indifference curves implics that the marginal rate of substitution
betweeu consumption and leisure, Up/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 striclly positive quantity of hours of work if
and only if the following condition is met:

L/AN
Uc/s

‘The marginal ratc of substitution at point A is called the reservation woge. It is
thus defined by:
Un(R, L)
wy = DEdl Lo) o)
* Ue(RiLo)
According to this model, assuming that the allocation of time Ly designates a
fixed quantily, the reservation wage depends only on the form of the function U at
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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 RH. 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 normal? 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
helerogeneity 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, Ro). The corresponding labor supply, i.e., k* = Ly — L*, is often
called the “Marshallian” or “‘uncompensated” labor supply. The impact of aun increase
in non-wage income R on time given over to leisure is indicated by the partial deriva-
tive of the function A{w,Ry) with respect to its second argument, i.e., Az{w,Rg). It
may be positive or negative. By definition, leisure is a norma/ good if its demand rises
with Ry (see appendix 2 to this chapter). In the opposite case, i which the time dedi-
cated to leisure decrcases 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 impact of a variation in wages is obtained by differentiating function
A{w, Hy) with respect to w. Taking account of the fact that Iy = wilo 5 R, we arrive at:
%=A1+Az% with %:Ln>0 .(lo)

Figure 1.3 traces the movement of the consumer’s equilibrium when wages go
from a value of w to a value of wy > w. The partial derivative of the function A with
respect to w, denoted A4, 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 the sign of this derivative, it is best to reason in two stages.
In the [irst stage, we suppose that the potential income R; does not change: the

LasoRr SupPpPLY ! 9
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FIGURE 1.3
The effects of a wage increase.

consumer then faces a new budget line A,Ry. For him or her, it is as though his or her
non-wage income had decreased from R to R.:= R— (w; — w)Lo. Income A, is de-
scribed as compensated income and the line A1Hg is called the compensated budget
constraint. [n the sccond stage, we assume that the potential income grows from By to
Iy = R+ wiLo.

Reckoning first with Ry 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 wy {at point E' the tangent to the indif-
ference curve is parallel to the budget line AqRy). The shift from point E to point E’
corresponds lo 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 wy, 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 the consequence of a fall in income, the demand for leisure must
diminish. Thus, the substitution effect and the {indirect} income effect work to pro-
duce the same result: an increase in wage leads to a diminution of lhe time allotted
to leisure, or in other words, to an increase in labor supply. Consequeuntly, in relation
(4), we will have Ay < 0 if leisure is a normal good. Finally, the increase in potential
income from Rp to Ry causes the equilibrium to shift from point E” to point E;. What
we have is a direct income effect identified by the partial derivative A; of the demand
for leisure with respect to He in relation (4). If leisure is a normal good, then hy defi-
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nition Ay is positive and any rise in wage leads to a rise in the consumption of leisure,
and thus to a fall in labor supply. This direct income elfect runs counter to the usual
substitution and “indirect” income effects of the theory of the consumer. In sumn, a
wage increase has an ambivalent effect on labor supply. In figure 1.3 the abscissa of
point Ey 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 increasc labor supply, since this factor is better remunerated
(the substitution effect). 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 cxpenditure, given an exogenous minimal level of wtility U. The Hicksian
supply of labor, denoted f, is then the solution of the problem:

?{ng}l C+wl subject to constraint U(C,L) = U

The Marshallian supply depends on the wage and on non-wage income, whereas
the Hicksian supply of labor depends on the wage and on the level of utility U. The
Hicksian elasticity of the labor supply, defined by :7’,5,: (w/R)(dh/dw), vepresents
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 (o stay on the
same indifference curve. The Marshallian elasticity of labor supply, defined by 72" =
(w/h*)}(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 E, 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 wrillen thus:

. .
=l el

A demonstration of this equality is presentc‘d in appendix 3 at the end of this
chapter. The Slutsky equation shows that Marshallian elasticity is to be interpreted
as the sum of two effects. The substitution effect, represcnted by the Hicksian elastic-
ity 11{[,, is necessarily negative. The (global) income effect, represented by the term
(wh‘/Ru)q,’;;, is positive if leisure is a normal good.

LABOR SUPPLY ; 11
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FIGURE 1.4
The individual labor supply.

The Shape of the Labor Supply Curve

We can now offer a plausible graph of labor supply. It is shown in figure 1.4. When the
hourly wage rises just ahove the reservation wage, the substitution effect prevails over
income cffects, and labor supply grows. But the global income effect swells with the
wage, and it is reasonable to believe that when the lalter reaches a certain level, it will
dominate the substitution effect. 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 remunerated at the same rate as
normal ones, and on the other hand income 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 asscssment (see
below, section 2.1.3).

Another element that may alter the foregoing analysis comes from the relative
absence of freedom of choice in the numher of hours worked. The majority of wage-
earners hold full-time employment, other workers hold part-time jobs, but the reality
is always a far cry from a hypothetical complete flexibility in hours worked. To it-
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 Ly, or not working at all.

Let us designate by E the nonconstrained optimum of the problem of the agent.
1f this point is situated to the left of Ef, the agenl agrees to furnish (Lo ~ Ly) hours of



FIGURE 1.5
Coastraint 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 Ey, he or she agrees to work the quantity of fixed
hours offered if, and only if, the point E4—corresponding to the intersection of the
indifference curve passing through A with the budget line—lies to the left of E;. 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 would have wished to {since L* > L¢). On the other hand, if the point
Ea were to lie to the right of Ey, he or she would choose not to participate, since he or
she would have preferred to supply (Lo — L*) > 0 hours of work. This individual is in
a gituation that we can call “involunlary nonparticipation,” since he or she does wish
to supply a certain quantity of work at the current wage and faces constraints that
keep him or her from supplying them. The abscissa and the ordinate of point Ef being
equal respectively to Ly and w(Lq — Ly) + R, the reservation wage—which we will still
denote by wa—is defined by the equality:

UIR + wa(Lo — L), Ly] = U(R, Lo)

Aggregate Labor Supply and the Labor Force Participaton 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 (hat the elasticity of the 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 fixed length of time k= Lo — L; and not working at all. In a population of large
size, the reservation wages differ from one individual to another, for preferences and

LABOR SUPPLY 1 13
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non-wage incomes are not identical. Let us imagine that this dxvérsity of reservation
wages wy € |0, +oc) may be represented by a cumulative distribution function &(-). By
definition, the quantity ®(w) represents the participation rate, that is, the proportion
of individuals in the population of working age whose reservation wage is below the
current wage w. Since the function ® is increasing, the participation rate climbs as the
wage increascs. If the size of the total population is N, the quantity N®(w) represents
the labor force and the aggregate labor supply is equal to ®(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 elasticily 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 oftered to workers are not entirely flexible. From an empirical point of view this
result has a certain importance, since it implics 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 particularly by
Heckman, 1993).

1.2 LABOR SUPPLY WITH HOUSEHOLD PRODUCTION AND WITHIN
THE FAMILY

The basic model of a trade-off hetween 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 dedicated 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 members 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 lime. In reality, leisure is
not the sole alternative to wage labor. Time devoted to household tasks is (generally)
distinguished from leisure. Now, these tasks are not always unavoidable. The bulk of
the goods and services produced domestically can be purchased. It is possible, for
example, to eat a meal that one has prepared oneself, or go to a restaurant, 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-




lyze the consequences o. time devoted to household production by modifying cur
basic model of labor supply at the margin.

The Consumer’s Program
Individual preferences are always represented by the utility function U(C,L). Goods
consumned may be purchased, in quantity Cy, or produced domestically, in quantity
Cp, with C = Cp + Cy. The total endowment of time available Lo breaks down into
paid working time hy, household working time hp, and leisure L, hence Lo = hy +
hp + L. The cfficiency of household tasks is represented by a “production function,”
Cp = f(hp), linking the ainount of the good produced to the time spent on household
work. This production function is increasing and concave; thus we will have f' >0
and f” < 0. Income is made up of wage earnings, why, and non-wage ones, R. The
consumer must choose the quantities Cy, Cp, hp, fiy, and L that maximize his or her
utility under the budget constraint Cy < why + R. Let us further designate potential
income as Ry = wLy + R; since hy = Ly — hp — L, the budget constraint is again written
Cm + wL < whyy + Ry. Taking into account the identity Cy = C— f(hp), the con-
sumer’s program then takes the following form:

(Mﬂaﬂ(} U(C,L) subject to the budget constraint C + wL < [f(hp) — whp] + Ro
i D

In this program the choice variables of the consumer are tofal consumption C,
leisure L, and the time hp 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 Ry and the “profit” derived from houschold activities. Since house-
hold production only comes into the consumer’s program through tbe expression of
this profit, its optimal value h} is that which maximizes the value of this profit; hence
it is defined by f/(hf) = w. Given time h}, 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 A by R = Ro + f{hp) — wh}. The optimal solutions C* =
Cy + f(hp) and L* are then defined by the equalities:

%E)F w=f'(hy) and C' 4wl =f, )

This resull is close to the one described by equation {2) in the basic model. At
the optimum, 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'(hp) = w sbows that the
allocation of working time between household and waged activities is determined by
the relative productivities of the two types of activity. Consequently the wage reflects
the individual productivity of wage labor. The agent thus has an interest in devoting
his or her working time to houschold aclivilies to the extent that the marginal pro-
ductivity f/(hp) of an hour of this type of work is superior to an hour’s wage. There-
fore he or she augments the length of time given to househnld work to the point where
Fthp) = w.

LABOR SuPPLY i 15
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Elasticity of the Labor Supply

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

dL' . dR . dRo
ErR R ™

Because f/(hp)=w implies that dhp/dw = 1/f"(hp), the identity hj = Lo—
hp, - L* cntails:

=Lo—hj

dh; L1
R e ] @

The term —(Aq -+ AzLq) 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 cffects 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
(8) is positive il leisure is a normal good (that is, if A, > 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 studies show that
the wage clasticity 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 opli-
mal “corner solution,” with a null supply of domestic labor h}, = 0. This might be the
case if the productivity of household work were far below the current 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 model richer. It should be emphasized, however, that the model presented
herc remains very rudimentary. For 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 activilies 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 timne
among different activities with great precision (on this subject, sec the syntheses of
Gronau, 1986 and 1997).

1.2.2  Intrafamilial Decisions
The family has considerable influence 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 account the influence 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.
The 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 & sole agent having its own utility function. The 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 membher ofit.

The Unitary Model
This approach cxtends, as simply as possible, the basic model proposed hitherto. Let
us imagine a family composed of iwo persons: we then postulate that the preferences
of this entity are representable by a utility function U(C,L,,L,), where C represents
the fotal consumption of goods by the household and L; (i = 1,2) designates the lei-
sure of individual 7.7 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 4, let us denote his or
her wage and non-wage income respectively as w; and R;; the optimal choices are then
determined by maximizing utility under a single budget constraint. The program of
the household is written as:
(C%i)l(.z) (G, L1,Lz) sc. C+wly+wile, SR+ Ry 4+ (w1 +wallo

Scrutiny of this program reveals that the unitary representation of the household
implies that the distribution of non-wage incomes has no jmportance; the only thing
that counts is their sum R; + H,. This hypothesis, known in the literature as “income
pooling,” signifies, for example, that it is not nccessary lo know which member of
the couple iy the heneficiary of transfer income. Now, the fact is that empirical studies
refute this hypothesis for large segments of the population. Fdr example, Fortin and
Lacroix (1997) find that the unitary model only fits couples with pre-school-age chil-
dren (sce 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 purpose of describing decisions
made within a family.

The Collective Model

The most highly elaborated form of the collective model is duc to Chiappori {1988,
1992). This model starts from the principle that household choices must arise out of
individual prefercnces. In making the household the sole locus of decisions, the uni-
tary model arbitrarily aggregates the preferences of ils members, and hence does not
respect the basic principle of “methodological individualism.” Conversely, it one
does 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  Uy{Cy, L)
{CiCaln. Lo}

Subject to constraints:
Ux(Cy, L2) 2 U,
Cy + Gy + wiLy + walp < By + Ry + (wq + wy)lg

In this program thc parameter U, represents a given level of utility, and we may
suppose that it depends on the parameters w; and ;. Chiappori (1992, proposition 1)
then shows that the cfficient 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 overall income of the household. More precisely, the program of
agent i takes the [ollowing form:

(béfi’,‘; Ui(C;,L;)  subject to constraint  C; + w;L; < wiLg + ®;

where ®; is a “sharing rule,” depending on the parameters w; and R;, and such that
®; + ®, = By + Hy. In other words, it is as if cach 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 collective 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 total consumption of the household, which are observable enti-
ties. Hence, the simple observation of the supplies of labor and individual incomes
allows us to determine the sharing rules within households. Knowing these rules, it
becomes possihle 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 basis of Canadian data, that differences of age and income among the members of
households, as well as the wealth of households, appeur to be the sole elements that
affcct the sharing rules ;.

The Additional Worker Effect
Models of intrafamilial choice throw a revealing light on decisions to participate in
the 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 are 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
cven motivate him or her to participate in the labor market if he or she was not
already doing so before the income fell. In principle, a fall in wages may thus entail
an increasc 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 housahold. 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 indeced 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 how
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 be analyzed suitably using a dynamic
model of labor supply within which we have redefined the flow of income and legal
constraints.

1.3.1 Intertemporal Labor Supply

The dynamic theory of labor supply gives a central role to the possibility of substitut-
ing for the consumption of physical goods and leisure over time. We highlight this
possibility using a dymamic model in discrete time. This model likewise allows us to
grasp 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
theory 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 date, conventionally
taken as equal to 0, and end with an independent terminal date, annotated T. Assuming
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that the period t unfolds between the dates (¢t — 1) and ¢, the succession of periods is
then given by the index t=1,2,..., T. The date ¢ 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 %(C,...,Cy,...,Cr; Ly, ..., Le,..., Lt), where
C and I, 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 ulility function of the consumer is temporally separable, in which
case it is written Zf;r U(Cy, Ly, t). Under this hypothesis, the term U(Cy, Ly, t) tepre-
sents simply the utility obtained by the consumer in the course of period t It is
sometimes called the “instantaneous’ utility of the period £ 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 Hotz 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 the absence of decisions about training. Training increases the
human capital of an individual and raises his or hor wage-earning prospects, so trad-
ing off must take place between leisure, working lime, and time dedicated to training
(we examine this question in detail in chapter 2, section 1).

In this dynamic model, we will assume that individuals have the opportunity to
save, and we will use r; to denote the real rate of interest between the dates t — 1 and .
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 t are equal to (1 — L;). If we use A, 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 A, for the assets, the evolution of
the wealth of the consumer is described by:

Ar=(1+1r)Ae1 +Bi+w{1-L)-C, YVt =1 (]

This equation can easily be understood as follows: on date ¢, the increase in
wealth A, — A4 is due to income wi{1 — L;) from wage labor, to income r;A,_; from
savings, and to other income B;. Consumption C; for the period has to be deducted
from these gains. The non-wage income R, for the period ¢ is thus equal to By -+ 14,1,

Optimal Solutions and Demands in Frisch’s Sense

The consumer atlempts to maximize his or her intertemporal utility subject to the
budget constraint described, on each date, by equation (7). If we use v to denote the
multiplier associated with this equation, the Lagrangian of the consumer’s problem
takes the form:

t: =T
£ =3 UC,L,t) =Y wlA = (1+1)Ais = By - wi{1 - L) + C

1= =1

I
-

-



The first-order conditions are obtained by equatiug the derivatives of this Lan-
grangian to zero with respect to variables Ct, L;, and A,. After a few simple calcula-
tion, we arrive at:

Ue{Cr Lt £} = v and Up(Ce, Ly, t) = viwe 8
vy = {1+ M)V ©)

Relations (8) imply Ur/Ug = w;. The equality between the marginal rate of sub-
stitution and the current wage is thus maintained at every date, but 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:

Ge = G(we, v, t) and Ly = L{wy, e, t) (10)

For a given level of marginal utility of wealth, in other words, for a given »,!
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 elasticily of function
R{ws, v, £) = 1 — L{wy, v, t), assuming that v remains constant. This elasticity is often
called “intertermporal substitution elasticity.” If we take into account the fact that v; is
really an endogeneous variable depending on, among other things, the current wage,
by analogy with the static case we may define the “Marshallian” elasticity of labor
supply as being the current wage elasticity of function h(w;, v, t), taking into account
the dependence between v, and w;. In order to definc this elasticity, it is necessary to
specify this dependence.

Equation {9), which is known as the Euler equation, shows that the mulitipliers v,
depend solely on the interest rate. More precisely, successive iterations of the loga-
rithms of equation (9) entail:

r=t

Iy =— Zln(l +r)+nvy 1)
=1

This way of writing the law of motion of v proves extremely interesting from the
empirical point of view, since it shows that v, can be broken down into a fixed indi-
vidual effect v and an age effect — 7= In(1+r,) common to all agents (see suh-
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 v, 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 vy 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 vp on all wages. On the other hand, variation in
a single wage, for example w;, ought to have little influonce on % and elasticity in
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Frisch’s sense will certainly measure the effect of a change in a single wage w; on
labor supply h(wy, v, 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 Permanent Shock

Let us suppose that the real interest rate {s constant (r; = r, ¥t > 0), that the consumer
is receiving no exogeneous income (B; = 0,Vt > 0), and that his or her instantaneous
utility takes the explicit form:

U(Ct, Lo, ) = (1 +p)‘f(1n Ce T%L&"‘W’), c>1,p20

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

s
Co—l amd L= [_]

(1+p)'w (1+p) vewe

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 g. With a constant interest rate, the Euler equation (9) then gives v, = /(1 + ',
and the demand functions are expressed, as a function of vy, in the form:

t 77
c,=1<1+r and L= |— (1L a2
v \l+p VoW \1+p

In order to obtain an implicit equation giving the value of v, we have to write
the intertemporal budget consiraint of the consumer. This constraint is arrived at by
eliminating assets A, through successive iterations of the accumulation equation {7).
With r; = r and B; = 0 for all ¢ > 0, we arrive at:

T T
DA Corwl) =3 (141w 3
=1 =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 vy is obtained by bringing the expressions of C; and L, given by (12}
into the intertemporal budget constraint {13). It is implicitly defined by the following
equation:

T _t 1-0 _t
R 1+r (141 ’ _

;(1 +p) {1 + |:<—_1 +p) vow,} <———1 +/,) \gw[} =0 (4)

It emerges clearly that the multiplier vy 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 the
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 diifercnce be-
tween these two types of shock, let us imagine that a permanent shock corresponds to
a multiplication of all wages by a single positive quantity; relation (14) shows that vy
will be divided by this quantity. But relation (12) then indicates that the optimal level
of leisure—and therefore that of hours worked—remains unchanged. 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 w; to change. This shock has only slight influence on
the value of v, and relation (12) shows that leisure at date ¢ 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
elfsct 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 temporary changes in the wage.

Labor Supply nnd Real Business Cycles
Since the first publications of Lucas and Rapping (1969}, a number of authors have
studicd changes in the lahor 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 “rcal business cycles” saw the mechanism of
intertemporal substitution of leisure as the principal cause of fluctnations in the level
of employment. Following‘this linc of thought, the economy is always the object of
multiple shocks (on technology, or on preferonces) 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 increase their éupply 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, sce
Hall, 1999). This theory is simple, even seductive, but it runs up against a sizable
obstacle. If it is to agrec 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 cm-
ployment o be very sensitive to small changes in the wage. Relation (12) shows that
this will be the case if the absolute value of the intertemnporal elasticity of substitution
of leisure ' is large. Now, the majority of empirical studies arrive instead at smail
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 Blundell
et al., 1993, find levels ranging from 0.5 to 1 for married women in the United King-
dom). In 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 iuterest 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 utility function of the consumer is temporally separa-
ble; the first-order conditions {8) then imply:

ur(Cr, L, 1)

Puit Sk o e A2 Vi=1,....T
uc(Cy, Ly, t) !

If the wage does not change, it can easily be verified that this expression defines
an increasing relation between consumption and leisure if these are normal goods.
In this case, movements in labor supply supposedly due to the variability of interest
rates alone would be accompanicd by an inverse movement of consumption. Here too
we run up against contradictory 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 (ormulation of the problem of the trade-off
over time between consurption 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 explanations of variability in employment bascd 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 the flow of income specilic to retirement are brought into clear 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, cnabling workers to receive incorne when they retire frorn the labor market. For
example, in the 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 at age 62. This ratio increases by 6.67%
cach year between 62 and 65. Every individual has the opportunity to supplement this
public retiremen! payout with private pensions, contributions to which are negotiated
between employer and employee at the moment the labor contract is signed. Taken



as a whole, these contributions represent considerable financial accumulations—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 have mado. In other countries like the Netherlands end I'rance, 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 these isolated figures are taken).

The 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 which 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
rule, he or she receives a smaller pension the farther the age at which he or she coases
to work is from the logal 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 us 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 date s = r. The
evolution of his or her wealth starting from date t is always given by equation {7),
provided that we redefine certain variables of this equation. So, to simplify, we will
suppose that the agent does not work at al after date s; we will then have L; =1 for
t > s. In practice, the pracess 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 By(s) to denote the income expected, in the period t > s,
composed of pension payments over the period ¢ 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 B,{0} to designate the
non-wage income of the agent while he or she is still wcrking, hence for t < 5, and we
will use C,; and G, respectively to designate his or her consumption of physical goods
before and after retirement. For given s, the agent solves the following problem:

5-1 T
Max [Z U(Cor, L, ) + Y U{(Cy 1, 1)
t-8

Cor Gl | £

Subject to constraints:
B {(1 +T)A A+ B0+ we(1- L) —Cor Hfrt<s—-1
T 41)Ary +Bils) ~ Co fsst<T

Let us designate the value of the welfare of the consumer at the optimum of
this problem by V,(s), and finally let us denote the legal age of retirement by Tp, after
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which it is not possible to work any more. An agent age 7 chooses the date s on which
to end his or her working life by solving the following problem?:

Max V(s) subject to constraint Ty =s=>1 15)
s

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 relire is made in an environ-
ment marked by numerous uncertainties (changes in one’s professional and married
life starting from date £, 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 (t + 1) to be different from the decision taken at age 7.
Let us denote by s* 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 {z + 1) and reconsider his or her decision then, in which case the opti-
mal solution is of the kind s* > 7.

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 if s* = 7, the agent stops working immediately, and on the other hand
if 3* > 1, the agent continues to work and reconsiders his or her decision at age (t + 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;(z). 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 Focts 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 the normal age for stopping work) have had little effect. The reason
perhaps lies in the fact that private pension plans encourage workers to teke 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 the highest pensions are those 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 retivement do in fact extend their working lives. Here, too, the quanti-
tative effects are faint: a 10% rise in expected income over the entire {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 Lhat, for reasons of productive efficiency, firms
may offer pension plans that make it advantageous to 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 unanticipaied changes in their retirement conditions. For example, Lums-
daine et al. (1990) studied a large Amorican firm that, in 1982, offered a “window” to
its employees over 55 and enrolled in the pension plan, through which they could
retire early; the financial 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 cstimates 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 new 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
impacls 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 cmpirical studies have been carricd 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).

21.1 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:

Inh=a,lnw+apIn B +x0+¢ (16}

In this expression, # is a measure of incomc other than the current wage, x is
a vector of dimension (1,n)—one row and n columns—describing the n individual
charateristics or control variables used, and ¢ is a vector of dimension (n,1) compris-
ing n parameters to be estimated. The coefficients a,, and ap are also parameters to be
estimated, and finally, ¢ designates a random term reflecting individual heterogeneity
that is not observed. Certain studies take h as a dependent variahle rather than In h
and/or income w and % rather than In w or In #. These different specifications corre-



spond to different restrictions on preferences (sce Blundell and MaCurdy, 1999) that
do not alter the principles guiding the estimation of equation (16). In order to fit 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 #, indicat-
ing income apart from the 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 forming 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 elements have to be incorporated into variable 4. The
important thing is to know how to carry out this incorporation.

One solution might he 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, denoted by R,, is composed of income from savings, which, for
date ¢, are denoted by r;A,. 1 (denoting by r; the rate of interest between periods ¢ ~ 1
and ¢, and by A the assets of the agent in period t — 1), and exogenous income B;.
To set & = Ry = riA;—1 + B, 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 «,, while taking % to
be only non-wage income at the date of the investigation does not give pertinent
information about the real reactions of labor supply. It is possible to make up for this
drawback by defining indicator # differently. To that end, it will help to return to
what we learned from the life-cycle model laid out in section 1.3.1.

A Reexamination of the Life-Cycle Mode! ,

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 budgeting.” In the first stage, analogous to the basic static
model, we define a potential income €, for each period £ in such a way that the con-
swner’s program consists of maximizing his or her instantaneous utility for the period
t under a budget constraint, of which the non-wage income would be exactly ;. In the
sccond stage, the consumer optimizes the series of Q;, given the resources, present or
anticipated, at his or her disposal. To arrive at such a program, we must frst point out
that the intertemporal budget constraint {7) of the life-cycle model can be rewritten in
the following way:

Cr+ why = {14 r)Aq + B — A,
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Let us set & = (1+1:)As.q + By ~ Ay; the two-stage procedure by which the
consumer resolves the program then emerges quite naturally. In the first stage, the
consumer makes his or her choices for period ¢ while maximizing instantaneous util-
ity U(Cy, 1 — hy, t) subject to the “static” budget constraint C; + wih; = ;. At the con-
clusion of this first stage, the consumer thus attains a level of indirect utility V(£ t).
In the second stage, he or she selects the optimal path for his or her assets A; by solv-
ing the program:

=T
Max Y V(Q:t) sc. Q={(1+r)Aw1+B— A, Vt

(A} =5
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 Q2 when he or she can observe the value of the consumption of physical
goods C; and the hours worked hy, since Q; = C¢ + wih,. If that is not the case, or if
they cannot be known precisely enough, it is possible to estimate &, hy taking as ex-
planatory variables the value A,_, of assets at the outset of period t, the interest rate ry,
exogenous income By, 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 the
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 % as an estimator of potential income
Q. In other words, if t designates the date of the survey, the income indicator #; to be
taken into account in the basic equation (16} must then be estimated by a relation of
the type:

Ry = R(Are1,Te, By X, Zy)

Here, Z; represents the vector of the anticipated values of r, w, B and x. Note
that, according to the 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 clasticity of
labor supply with respect to one particular wage (ot one expected wage), but does not
allow us to know the effects of a change in the overall wage profiie, since under this
hypothesis, potential income €, 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 geuerally any measure of economic policy likely to become per-
manent. Before answering this question, we will show how fo measure elasticity in
Frisch’s sense.



Bstimating 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 lahor supply & depends on the current
wage w; and the marginal utility of wealth v, so that by = h{wy, v, t). According to
relation (11) of this model, the logarithm of v; breaks down into an individual fixed
effect equal to In v and an age effect 3°=; In(1 + 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 intertemporal elasticity of substitu-
tion, we view the marginal utility of wealth v as exogenously given, independent of
the current wage. Following relation (11), we see that that amounts to supposing that
In o is also independent of the current wage, bul evidently does depend on individual
characteristics. This property suggests substituting In v + pt for In 2 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-differences, which
is written:

Aln by =p+Ax0 + A Lt wy + Aey

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 impacl of a change in the overall wage
profile, for a change of this 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 vy depends on individual preferences and all antici-
pated income; it may be approximated by the equation:

T
Invg= ya, -+ 27550 In w; + ¢Ao
=0

In this expression, y, o, and T (T = 1) designate respoctively 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 A, desig-
nates the initial value of the stock of wealth, ¢ is a parameter, and E represents the
expectation operator. Replacing In # by In v, +p! in the basic equation (16), this
equation becomes:

T
In b = o In wy + %64 ya, + ZJ’:‘EU Inw; + 9Ag + pt+ & 17
=
Expected wages, which are evidently not observed, can themselves be approxi-
mated by an equation of the form:

Eoln wy = ap + ast + axt® + uy (18)
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In this equality we have set g; = 2¢;, j = 0,1, 2, where z is a vector of observable
characteristics unchanging over time, ; is a vector of parameters, and u, is a random
element. The term t? is introduced to account for a possible nonlincarity 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 parameters needed to assess the impact
of an overall change in wages on labor supply. Parameter «, measures the impact of
a change in the current wage w;, while paramcters y; measure the consequences of
changes in the 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 see what
type of elasticity the model utilized allows us to estimale. 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
it neglects to take into account participation decisions. If we want to ohtain 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 to 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 squares to
equation {16) alone. Until the 1970s most studies proceeded in this way. But it is not
a correcl method, for it fails to distinguish decisions ahout participation in the labor
market from those about the number of hours an agent is prepared to offer. The ques-
tion that faces the econometrician is, given a sample of individuals, how to 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; =0 for these persons. In other words, these studies took thc 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 i; and w;. Tt is precisely this last hypothesis
that is false. Equation (16) is only valid for wages above the reservation wage, and for
ail other wages, labor supply is null, Making do with cquation (16) and setting h; = 0
for episodes of nonwaork thus leads to specification errors. An alternative solution
was simply to exclude the unemployed, and nonparticipants in the labor market, from
the sample. Bul in this case the econometrician commits a selection bias, forgetling
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) does not
authorize us to set it aside purcly and simply. The solution is to employ an enupirical



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. We then write the
budget constraint, from which we deduce, by the usual maximization procedure, lahor
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 C'“#L# 1> f> 0, and the
budget constraint continues to be written €+ wl = wlo + A We assume that the
explanatory variables and the random term intervene via the coefficient § according to
the linear form g = x0 + ¢. Following the static model of section 1.1.1, we know that
the resorvation wage w, is equal to the marginal rate of substitution Up/U taken al
point (R, Lo) and that the maximization of utility subject to the budgel constraint gives
the optimal value of leisure. After soveral simple calculations, we find that:

R
ﬂ(L(>+—) if wa wy
L= w

| =

Wa = 1‘%—/3 and

I~

0
Lo if w<wy
Since the coefficient § is a function of the random term ¢, the inequality w > wy
is equivalent to an inequality on the values of ¢, which is written:

wlq

R+wLg —x0

W= Wa &<

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

R " wlq
Lg—(xo‘f'ﬂ)(l;o’rw) xfﬁsH+wL—o_x0
h= (19)
. wlLg
° Mex ™

This expression of labor supply is related, as regards the interior solution, to
the basic equation (16). Bul we see that taking account of participation decisions
consirains 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 econometrician has at his or her disposal a sample of individ-
uals, N in size, specifying that individuals { =1,...,] have worked h; hours and that
individuals i=/+1,...,N have not worked. Let us denote by F(.) and f(.) respec-
tively the cumulative distribution function and the probability density of the random
term ¢ {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 term has taken the value g = wy{Lg — h;)/(R; + wile) — x;0. In
this case its contribution to the likelihood of the sample is equal to f(e;). If agent 1 has
not worked, that means that the random term is bounded above by the value & =
[wiLo/{R; + w;Ly)] — x;6. In this case, its contribution to the likelihood of the sample is
given by Pr{h; = 0} = 1 — F(§). Setting F = 1 - F, the likelihood function of the sam-
ple is written in logarithmic form:

i=/ N
oo willo —h) ploilo
j_lenf[R;+w,vL(, %0 +j=]ZHlnF B wic x;0 (20)

i

The maximization of the likelihood function by appropriate techniques {in this
case of the probit type, since 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 clearly the mistakes made in
failing to formalize participation decisions completely. If we set h; = 0 for persons
who do not work, that amounts to believing that their contribution to the likelihood is
equal to fl(wiLlo/(R; + wilg)) — x:0}, 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 arc 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 7=
J+1,...,N who do not work. However, relation (20) shows that it is necessary to
attributc a fictitious wage to these individuals if we 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 oxplain the wages of individuals
participating in the labor market by a regression of the type w; == y;6, -+ u; in which



the vector y; represents the characteristics of an individual i participating in the labor
market, and 0, designates the vector of the parameters to be estimated. Let us use fpto
denote the vector of the estimates of §; we can then use this vector §, to calculate the
wage wi of a nonparticipant k, using the vector y; of his or her characteristics and
setting wy = yké,p This simple technique unfortunately presents a selection bias, since
it assumes that the regression equation w; = yif, + 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 samme 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 national wage attributable to a noopar-
ticipant. One way to correct this bias consists of making simultaneous estimations of
equations explaining wages and decisions to supply labor (see Heckman, 1974, for an
application).

213 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 contrihutions and transfors
make this constraint (at best) piecewise lincar. 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 Incomes

In all countries, the systems of tax and subsidy that agents come under present im-
portant differences according to income, so that, [rom the point of view of empirical
cstimations, 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 madel 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
coustraint of an agent is piccewise linear. By way of illustration, let us cousider the
example of a tax system in which an agent whose income does not exceed an exoge-
nous threshold Ryux is not taxed, whereas if his or her income crosses this threshold,
his or her wage will be taxed at rate 7. Let us use w and R to denote respectively the
wage and the non-wage income of this agent. Our example of a fiscal system starts to
tax the consumer frorm the point at which his or her working time surpasses the value
hmax defined by whyax + R = Rpax. To this maximal value of working time there cor-
responds a value for leisure of Liin = Lo - Bmax. 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 rate
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:

_{w11+R i h < Fmax
T \wh(1— )+ B+ wthpay if B> hpax

\

When the consumer chooses what he or she will consume in such a way as
to maximize his or her utility U(C,L) subject to his or her budget constraint, figure
1.6 shows that an interior solution may be situated at points E; or E;, according to
whether or not labor supply is such that the consumer is taxed. This figure also indi-
cates that point Ey corresponds to the optimum of the consumer whose hourly wage
would be cqual to w(l —1) and who would receive a virtual non-wage income R,
cqual to A+ wrhmax = B+ 1{Rmax — R). Tt 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 ¢(w, R) the expression of labor supply if there were no taxes,
that is to say, its value at point E,. Let us again denote by w, the reservation wage,
which is once more equal to the marginal rate of substitution between leisure and
consumption evaluated at the point of nonemployment. Since hpox == {Rmax — B)/w,
labor supply in the presence of our rudimentary fiscal system is then written:’

0 if we<wy
h={pw(l-1),R] il p(w,I) 2 (Rmax — R)/w
¢{w,R) if p(w, R} < (Auax — R)/w
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If we add other explanalory variables and a rendom 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, relies on an approximation of the budget constraint
by a derivable function (see, for example, MaCurdy et al., 1990, to see how such an
approximation is constructed). The curve denoted GB(h) in figure 1.7 represents a
function of this type. Point E of this curve, where hours worked are equal to h, can be
linked to a virfual 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 Lo. 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 the optima of the consumer’s pro-
gram are then obtained by maximizing his or her utility under a (virtual) budget con-
straint wrilten € = w(h}h + y(h}. For the interior solutions, lhe hours worked are then
given by the implicit equation:

h = gjw(h), y(h)]

This equation suggests a procedure for estimating labor supply: afier 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 these explanatory variables are manifestly not indepen-
dent of hows worked, one has to resort to procedures utilizing instrumental variables.
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This strategy, though simple in principle, poscs 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 informabion 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 wecks worked during the year. But this procedure is very arbitrary: in par-
ticular, it takes no account of voluntary or involuntary abscnces. As regards wages, the
available data most often yield no more than a gross annual or monthly wage, when
the explanatory variable that really counts ought to be the net hourly wage. Here
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
crrors extend to all the procedures by which labor supply is estimated, and not solely
the one under study here). The upshot is that virtual wages and {ncomes are them-
selves the object of measurement errors. In these conditions, one solution lies in
estimating a system of equations that takes the following form (see, for example,
Bourguignon and Magnac, 1990):

h=olw B xpen),  o={0x,6) and  y=dhxe)

In this system, x, and x, arc two vectors of control variables that do not neces-
sarily coincide with vector x4 of the control variables that appear in the equation
defining labor supply. The random terms (e, o, &) capture the measurement errors
and the nonobserved heterogeneity among individuals.

flaving presented the problems cncountered 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 thesc estimates lead.

2.2 MAIN RESULTS

The econometric methods laid out above have made it possible to know better the
value of the clasticity of labor supply. At the present time, the results obtained have
converged toward a relative consensus. ‘“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.

221 Form and Elasticity of Labor Supply

A consensus is emerging around the idea that movements in labor supply are princi-
pally owing to variations in the participation rate, and that the clasticity of the supply
of female labor, especially that of married women, is greater than that of mern.

The Hump-Shaped Curve

Noes an individual’s supply of labor take the form of a hump-shaped curve, as
depicted in figure 1.47 The study of Blundell et al. {1992) suggests that it does. Using
data from research on the expenditures of British familics, these authors focus on a
sample of single mothers, whose weekly supply of labor they estimate, distinguishing
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Source: Blundell et al. (1992},

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 the 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 fgure 1.4. For other
individuals in the sampie the resemblance is less marked, but the essential point
remains: for low hourly wagoes (on Lhe 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 cffect 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 tbe olasticity of labor supply of certain
groups belonging to the population of working age (see Heckman, 1993, and Blundell
and MaGurdy, 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
Authars Sample wage elasticity elasticity
Hausman {1981) us. 0.995 -0.121
Arrufat and Zabalza {1986) UK. 2.03 -0.2
Blundell et al. {1988} U.K. 0.09 -0.26
Arellano and Meghir (1992) U.K. (young children) 0.29 —0.40
Triest (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 frecly supplied and ones that workers are 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 emerges 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 the global cffect of a wage change highlighted in equation (4) in section
1.2.2, that is, (w/h*)/(dh*/dw). Income elasticity measures the impact of a change
in income on labor supply, that is, with the notations in 1.2.2, (Ro/h*}{8h*/GRy) =
(Ro/h*)Az. 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 turn to the-
oretical models, these results indicate that within the household, fiscal reforms affect
principally the participation decisions of women, since on average they have accoess to
lower wages than those of men and in all likelihood possess a comparative advantage
whon it comes to hausehold production.



Table 1.2
The elasticity of the labor supply of married men.

Uncompensated income
Authors Sample wage elasticity elasticity
Hausman (1981) u.s. {0; 0.03] [-0.95; —1.03}
Blomgquist (1983} Sweden 0.08 [-0.03; -0.04)
Blundelt 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  Naturat 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
problemns arising from the utilization of the results of natural experiments; see also
the surveys of Heckinan et al., 1999, and Rosenzweig and Wolpin, 2000). Within the
framework of a natural experiment, the effect 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 MaCurdy (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 which a group of size Ny has
been affected by a change in cconomic policy, while the control group of size N¢ has
not been so affected. Suppose that we want to find out the effects of this change on a
variable y (for exaniple, hours worked or participation in the labor market). Let us
denote by y; the observed value of this variable on an individual 7 at date t, and let us
use J; to designate the dummy variable, which equals 1 if the policy change applies 1o
individual / at date ¢, and 0 if it does not. We can then try to evaluate the impact of the
policy by estimating the following equation:

Vit = 20 + X0 + 7+ L 4 & @1

Parameter « is an indicator of the impact of the change, y; is a fixed effect proper
to individual i, {, is a temporal effect proper to all agents, x; is the vector of the
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observable characteristics of individual 7 at date ¢, 0 is a vecior of parameters to be
estimated, and ¢ designates an error term distributed independeuntly among the indi-
viduals and also independent of y; and {,.

Let us denote by A the difference operator; by definition Ax, = x; — «y.¢ for any
variable x, 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 y;. We thus obtain:

Ayie = aldip + (Axy)0 + AL + Aey @2

The general principles of econometrics with longitudinal data could he applied
to equation {22}, but the dummy variables §; 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 (f — 1) the same
economic policy applies to all individuals, while in period f, economic policy is
altered for individuals i e M. For individuals { € 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 (Ax; = 0), and let us posit § = A, u; = Aey;. Equation (22) is now written:

Ay; = S+ aAd; + u;

By definition, the estimator of ordinary least squares of coefficient « is then
given by:

5 (Ad; — Ad){Ay; — Ay) + T {Ad; — Ad)(Ay: — Ay
&=CDV(A(5,AY)=)'52AI/{( ! )4y ¥) i;.'( ' o)Ay Y)
var(Ad) T (Ad; — Ad)? + 3 (Ad; - AS)?

ieM i€C

where Ad and Ay designate respectively the average values of AJ and Ay. Since
Ad; =1 for ie M and Ad; = 0 for i € C, after several simple calculations we got:
> Ay YAy
feM jet

G lEM 1€l

Ny N @

Estimator & is called 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 (). We may then conclude that the change of
economic policy has had no effect. It is necessary, however, to look at the order of
magnitude of & carefully, for a change of economic policy often affects certain compo-
nents of vector x of abserved explanatory variables (for example, wages). It is also
possible that the nonobserved heterogeneity included in the disturbance &; depends
on variations in economic policy {for example, the entry into the labor markel of less
motivated persons may be favored by an increase in unemployment benefit). It is best,



Table 1.3
Participation rates of single women,

Pre-TRA86 Post-TRA86 Difference a
Treated group 0.729 0.753 0.024
{0.002) (0.008) {0.006)
Controf group 0.952 0.952 0.000 0.024
0.001) {0.001} {6.002) {0.006)

Standard errors in parentheses.
Source: Eissa and Liebman (1996, table 2).

therefore, to specify carefully the content of exogencous variables in the estirnation 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, scction 3, of the present work, which is dedicated to
the problem of evaluating labor market policies and discusses the conditions under
which the dilference-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 States in 1986 on labor force participation rates and hours worked.

The Tax Reform Act (TRA) of 1986 profoundly altered the system of earned
income tax credits {EITC) by piving grealer financial encouragement to take a low-
wage job, but only to those with children in their care. To avoid difficulties arising
from intrafamilial decisions (sce section 1.2.2), Fissa and Licbman studied only single
women. The control group therefore consisted of single childless women, while the
treated group comprised single women with at least one ¢hild to care for. lissa 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 (excluding 1987, which was considercd the year of the change-
over). The treated and control groups comprised respectively 20,810 and 46,287 indi-
viduals. The stages by which the difference-in-differences estimator 4 was calculated
are summarized in table 1.3.

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 these averages after and before the reform.
In this column, the figures 0.024 and 0.000 thus tespectively represent the terms
(X ienr AV Ny and (3¢ Ayi)/Ne of relation (23). The differcnce-in-differences esti-
mator is then deduced and reported in ¢olumn 4. In order to guarantee the robustness
of their results, Eissa and Licbman then estimated an equation of the probit type anal-
ogous to {21). In their study, y; is a dummy variable equal to 1 if person 7 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 d; is equal to 1 if person i is eligible for EITC during period ¢, and equal to 0
in all other cases; the term {, is captured by the indicator variables relative to the years
covered in the study; and vector x; of ohservable characteristics containg 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, hy 1.9 percentage points (which is of the same order of
magnitude as the 2.4 pcrcentage 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 (1996) and underline even more the importance
of financial incentives in decisions to return to employment.

For France, 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 Parentale d"Education,
or APE) starting in 1994. The APE 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 under 3), whereas before that date a family had to have at least three children in
order to be cligible. 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 be 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 at 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 ycar 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 Projoct can be found in Card and Robbins,
1996; sce also Blundell et al., 1995, for studies of natural experiments in the United
Slates and Groat Britain).

To complete this rapid survey, we must note that natural experiments are not
confined to the evaluation of public policies; they may also be applied lo spontancous
events such as climatc change. In this case aconomists 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 behav-



jor of farm familics, 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 negalive effect of parenthood on
labor supply hy 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 capahle 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 the ahsence of theory. From this perspective, the structural approach and the
methodology of patural experiments are complementary. The structural approach,
starting from an explicit model and relying by definition on particular hypotheses,
leads to the 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 different public initiatives. The mothodology 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 madel of labor supply discussed thus far throws light on significant
shifts in participation vates, 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 pnpu-b
lation for the category concerned. This [igure 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, accompanied by a fall in Lhe relative price of goods that
can replace household work (washing machines, child care, ete.). In these conditions
we have scen that, in the model with household production, the substitution effect
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FIGURE 1.9
The evolution.in participation rates in the United States for persons 16 years of age and older, 1948-2001.

Source: Bureau of Labor Statistics.

near the borderline of nonparticipation is very important, and induces a rise in par-
ticipetion in the labor market.

Figure 1.10 presents the evolution of participation rales for the whole of the
population aged 15 to 64 in the United States, continental Europe (Germany, France,
Ttaly), and Japau 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 femnale participation rates approximately cancel
each other out, and the total participation rate fell only slightly, by about two points.
This observation does not apply to North America, where the very strong rise in
the female participation rate has regularly caused the ovorall rate of participation to
advance.

The data on labor force participation also confirmn certain predictions of the
model of the trade-off between consumption and leisure. Under the hypothesis that
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 hushand’s income rises, his wife’s tabor
supply falls off.

The Trend in the Amount of Timme 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 varies 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 litlle
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 Thélot, 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 abandoncd 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



Table 1.5
Hours worked annuaily 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 hours of work after the industrial revolution can be interpreted as the
consequence of an income effect due to 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 it 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 noliceably lower than
men'’s (see chapior 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 mnarried 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 countrics, women’s share of part-time work often exceeds 70%. Of
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Number of hours worked per persan and per year

Germany Italy Sweden France United United
Kingdom Slates

FiGURE 1.11
Amount of time worked annuafly in six GECD 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: QECD data.

Table 1.6
Women’s share of part-time labor (in percentage terms),

1979 1990 2000
Belgium 88.9 89.6 81.1
Canada 721 710 69.1
France 82.2 83.1 80.4
Germany 91.6 90.5 84.5*%
Japan 70.1 73.0 67.5
Sweden 87.5 83.7 79.2
United Kingdom 92.8 87.0 79.9*
United States 68.0 67.6 67.5

Source: QECD data.
*1999.
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course, other factors come into play to explain this slate of affaics—in our day, house-
hold chores and the raising of children are still most frequently the tasks of women—
but the value of women's relative wage must not be left out of account.

SUMMARY AND CONCLUSION

Yas

. 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 the current wage exceeds the reservation wage, which depends
on preferences and non-wage income. If labor supply is positive, the marginal
rate of substitution between consumption and leisure is equal o the hourly
wage.

. The relation between the individual supply of labor and the hourly wage is
the result of combined substitution and income effects. The substitution effect
implies an increasing reletion between the wage and labor supply, while the
income effect 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-
responds (o the propartion of individuals whose reservation wage is less than
the current wage. The fact Lhat hours of work are offered 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 devote a part of his or her endow-
ment of 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 elfect
on labor supply, whereas the transitory component affects this variable more
strongly.

. ‘The 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 principully from variations in participation rather than from vari-
ations in hours worked by individuals.

. The methodology of natural experiments conlirms the results of more traditional
econometric studies, showing that financial incentives significantly influcnce
labor supply Ly women.
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. Finally, the neoclassical theory of labor supply permits che 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-
neots 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
the chapter 3.

4 RELATED TOPICS IN THE BOOK

4 Chapter 2, section 2: [{uman capital and wage-earnings prospects

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

. Chapter 3, scction 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 Ug(C,L} >0, and Uy(C,L} > 0, the indifference curves are then negatively
sloped. Consequently, the indifference curve associated with level of utility U is
composed of the set of couples (C, L) satisfying U{C,L) = U. 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:

_LiGL)

/ _
L) = -G <O )

The indifference curves are indeed negatively sloped. We obscrve that the abso-
lute value of the slope C’(L) of en indifference curve is equal to the marginal rate of
substitution Uy/Ug 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(CG,L) = U and equation (24). We thus get:

Since C”(L) is of the sign of the term between square brackets of the numerator

(25)

of the right-hand side of equation (25), the quasi-concavity of the utility function cor-
responds to the condition:

U{(C, L) quasi-concave < 2Ucr — Up Uey _ Uce L >0 26
%3 Ue

6.2  APPENDIX 2: PROPERTIES OF THE LABOR SUPPLY FUNCTION

For an interior solution, relations (2) allow us to obtain the demand for leisure L*. We

thus have:

wUc(Ro — wL*,L*) — U(Ro — wL", L") =0 2n
This equation implicitly defines L* as a function of Ry = wLo + R and of w.

We denote this function A(w, Ro) = L*. Its partial derivatives are obtained by differ-

entiating equation (27), which implies:

dL'(—WZ Ucc + 2wUg — Up) + dw{Uc — L{(wUgc — Ucr)] + dRo{wUcc = Ucr) =0 (28)
By replacing the value w defined by (27}, so that w = U/U¢ in (28}, we get the

expressions of the partial derivatives of function A:
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According to relation (26), the quasi-concavity of the utility function implies
that the denominalor of the right-hand side of equations (29} and (30) is positive. A,
then has the sign of Uq U ~ UgcUp. Tt is positive if and only if leisure is a normal
good (L* then grows with Ry). 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

Az

(30)

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, Ug Us — UgcUp > 0, the two effects work in the same way and A is
negative. If leisure is an inferior good, A; 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:

%thr)\ C+wL subject to constraint U(C,L) = U [E2)

Let us use L{w, J) and C(w, D) to designate the solutions of this probleny; the
expenditure function, denoted e(w, U), is defined by the identity e(w, U) = C(w, ) +
wi{w, J). By coustruction, the Hicksian and Marshallian demand functions, respec-
tively L(w, 0} and L*= A(w,[i), given by the equation {2), satisfy the identity
Alw, e(w, 0)] = L(w, 0). If we derive this identity with tespect to w, we get:

A[w, e{w, D)+ ey (w, D) Az [w, e(w, 0)] = Li{w, T) @2)

We may point out that function d(w) = C(x, ) + wk{x, ) — e(w, ) reaches a
minimum for w = x, which implies d'(w) = 0 for w = x, and thus e;{w, U} = [(w, 0).
In order to simplify these notations, let us simply use L. and h == Ly — L to designate
the solutions of problem {31). Multiplying both sides of relation (32) by w/h, we get:

w wL W,
'F/\x +TA2 :qu (3

Moreover, since L* = A(w, R + wl,y) and L= L(w, 1), the Marshallian and Hick-
sian elasticities of labor supply are respectively defined by:

w éL*

h aw

. w 2
gl = =-pAtLoAz)  and ph === (34)
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)
Comparing (33) and (34), we finally arrive at the equality:

v h o wh o
T =y + o A, (35)
In this expression 7' = ~RyA,/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 7’ (also called compensated elasticity} to the Marshallian
elasticity #7 (also called noncompensated elasticity).
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INTRODUCTION

A decent amount of education, certified by a recognized diploma, is often secn as a
basic necessity for winning a well-paid job. There may be several reasons for this.
According to the theory of hwman capital that became popular following Becker
(1964), education is an investment that produces knowledge acquisition and increased
productivity, which in turn lead to higher income. Soine economists, though, see this
concept of education as very reductive. Much of what is taught in primary, secondary,
and postsecondary institutions brings no immediate payolf 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 type 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 cmployers. If education scrves both to acquire knowledge and to
select individuals, then we must try to delermine 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 asscss 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
the 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 QECD
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 choioes will be scen 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 plaved by the educational system as a selection mechanism. In
this context, individual choices about education are generally socially inefficient and
may lead, in certain circumstances, to overeduecation—something that may appear
paradoxical, given the degrec to which the state strives to favor access to education,
The fiual scction of this chapter is devoted to empirical studies that attempt lo esti-
mate the returns to education and assess the causal linkape between education and
income. These studies suggest that the educational system does make a significant
contribution to improving the cfficiency of individuals in the labor market by trpart-
ing knowledge to them. Thus they highlight the relevance of the 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, tc a certain ex-
tent, state intervention in this area.



EDUCATION AND HUMAN CAPITAL

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 dcfinition (OECD, 2002,
p. 366), spending on educational institutions includes expeaditure on instructional
educational institutions as well as expenditure on noninstructional educational insti-
tutions. Noninstructional 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, fnancial aid to students, curriculum
development, cducational research, building operations and maintenance services,
transportation of students, and student mecals 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 dirccted 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 the twenty-first century, a majority of the population in the majority of
OECD countries have obtained a diploma signifying the completion of upper second-
ary education. 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 differencos
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 considercd here. Educational
levels are advancing, for in all countries the proportion of the population with at least
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secondary schooling is higher in the age range of 25 to 35 yeal'é)than it is in the age
range of 55 to 64 years. In 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 seventecn 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 535 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-
tiary 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 [rom 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 schoaling were still
widely dispersed: the United States had the highest figure, 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 vet
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 tertiary-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 fall as educational level rises. In 2001 the average
rate of unemployment for those with a tertiary diploma was 2.9% in the sevenleen
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 faclual 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 €he 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), starls 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 enrol] 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 devoled 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 form of higher remuneration.

We begin by showing how the mechanisms of competition allow individuals to
make their investments in training pay off. We will prove that individual choices
about training are socially efficient if markets are perfectly competitive. Next, we ana-
lyze the dynamic dimension ¢f 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, secondary, and postsecond-
ary). In this seiting, 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 1o add to their cducation 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 cycle 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 systeratically to sn 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 perfectly mo-
bile.! In reality, a worker who has acquired competencies and cxpertise that improve
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his 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 cmployer 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 onc 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 whaole 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 | for a particular job, 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 occu-
pies that particular job. Whenever he or she is not holding a job, each worker obtains
z units of goods at every instant. The production function y(i} is assumed to be
increasing, concave, and such that y(0) = z. For simplicity’s sake, the amount of time
needed to make an investment in training is assumed to be zero.

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 7 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
him 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 there is no unemployment, the discounted present value of earnings of
a person who has invested an amount § at the time of his or her entry (which date
is taken equal to zero) into the labor market comes to [ y(i)e”® dt = y(i)/r. Optinal
investment maximizes {y(i)}/r] ~ i, and is thus defined by relation:

y'i=r ®
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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
clearly 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 [[y({) — wie™" dt — i = {{y{f) — 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 incorne 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 the 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 = 0. Since y(0) > 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 atl every moment. If the planner dedicates
an amount { of resources to the training ol an individual, his problem is written as
follows:

Q -
Max i + [ y(ie™ dtﬁMax—-i+X£—‘)-
i Jo i

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 the market sets a premium. Morcover, 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 capital throws light on the choico of the duration of studies. It
shows that the length of time spent in school is influenced by individual characteristics
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such as aptitude and inherited human capital, by the discc )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 ¢ = 0 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 > 0. 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 equation®:

k() = Oh(t)s() @

In this equation, s(t) is an indicator function with a value of 1 if the individual
studies at date ¢ and zero if not. The parameter 8 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 humen 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 knowledge 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 = > 0 be the date at which the agent decides to undertake training for the
last time before retirement, and let x > 0 be the duration of his or her training starting
on that date (with z+x < 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(z)e®* 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:

Q= J{Ah — s(t)}h(tye " dt + JT Ah(z)e® e dt @

0 T+X

We can now calculate? the marginal return of education at date z:

Q

_Ah(f) OX11 g ) pr{THx) —rT
E_Te [(8-r)e — e~ @
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For all 7, the optim.. .ingth of time spent on training ought to be such that
(8Qy/8x) = 0, with (8°Q/dx?) < 0. It can easily be verified that these conditions entail
8 > 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, i.e., (8Q/dx) = 0, into account, we can also verify, by
taking the derivatve of {4) with respect to 7, that the marginal return to education
decreases with the date at which study is begun, or 8°Q/dxdr < 0 when 0 > r. In con-
sequence, if the rate 8 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
© > 0 is inferior to the marginal return to the same investment made at the initial date
7 =0, 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 during an interval of time [0, x} should devote to school-
ing, it suffices to find the value of x, denoted by x(0), which sets the marginal return
(4) on education to zero for r = 0. We thus find:

[

T+11n(;’) > -
r 1

9 —e T

*(6) =
[0} otherwise

This equation shows that the duration of schooling increases with the duration
of life T and with the efficiency parameter 8. Hence the most efficient individuals
spend the longest amount of time on education. We also note that x(#) is positive only
if r < 0(1 —e~'T), 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 hg throughout his or her life, which pro-
cures for him or her a discounted gain equal to Ahg(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 hpe®™®, and thus that the
wage of an individual of type 0 is worth w(0) = Ahoe®™® at all dates t > x{0). Wage
w(8) increases with the efficiency 4 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 individuals
study longer, We also sce that the wage depends on the inijtial stock of knowledge hg.
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 the life cycle presents the same characteristics
(Psacharopoulos, 1985). After an initial period of education during which no wage



74 i PART OHE ! CHAPTER 2

60,000 T J

o
=]
=3
S
&S

i

|

|

i

i

i

40,000 { ———-—--——— -~

30,000

iBtsiege” ]
B High schoal

Annual average wage (1996 Dollars

' —

38-42 48-52 58-62
Age {years)

FieuRE 2.7
Average wage gains for coliege and high schaol graduates in the United States in 1996.

Source: Ashenfelter and Rouse (1999).

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} and 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 serninal 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 [¢, ¢ + 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 {0,1]. More precisely, if an
individuai dedicates a fraction s(t) of period [t + df} to education, he or she works
during a fraction 1 - s(f) of this period, and so receives income A[1 - s(t)}h{t) dt.
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Thus, his or her gain dis. ted over the whole of his or her life cycle is henceforth
defined by:

Q= [T Al - s(Dlh(De " dt ®

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.
Let & = 0 be the rate of depreciation of knowledge; this law of motion is now defined
by:

h(t) = Ogls(h(t)] —oh(t), g >0,g"<0 ®

The term s(t)h(t) represents the effort made by an agent at date ¢ 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 0 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 é > 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 ¢ the fraction
5() €{0,1] 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 A(t) be the multiplier associated with this last
equation. The Hamiltonian* of this problem is written:

H = AL - s(]h(De™™ + A(1){Bgls(t)h(8)] - 5h(1)}

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

oH

o 04 —Ae™™+ UD0g [s(hh(t)] =0 )
s = 0 & AL = s(0e™ + K0 (6 H)A(E)] ~0) = =) ®

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

WT)=o0 o

If we suhstitute the expression of i(t) defined by (7) in (8), we arrive at the linear
differential equation §A(t) — A(f) = Ae™™. It appears that i(t) = Ae~"/(r +3) is a partic-
ular sclution of this equation. A(#) = ce®, where ¢ is any constant, is a solution of the
homogeneous equation d2(t) — A(t) = 0. The general solution is cbtained by adding
the particular solution to the solution of the homogeneous equation, which gives us
A(E) == ce®* + Ae ™/(r + 6). Finally, the transversality condition (8) yields the value of
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7
the constant ¢. After some calculations we find ¢ = —Ae™* -T/(r +4), and the multi-
plier A(t) is thus expressed:

A", — gle=IT-0) 10)

e
U =T5h

The multiplier A(t) represents the marginal value of human capital at date t. 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 date T, the time spent on education
shows only loss of income without any future gains, which entails that s(T) = 0. 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{#), thanks to the
first-order condition (7) and the law of motion of human capital (6). Wage income
w(t) = A[1 - s(t)]h(t) is immediately deducible.

Calibration Exercises

1t 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 reaiity. By way of illustration, figure 2.8 represents
the evolution of s(t), w(t), and h(t), assuming g(x) = x%7*, A = 0.75,§ = 0.06, r = 0.05,
ho =5, T =60, and § = 0.5. The model is thus calibrated on annual data with a dis-
count factor r worth 5%. The 60-year horizan 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 cowrse of studies—
5(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 hetween the behaviors and
the earnings of college and high school graduates by modifying only the value of
the efficiency parameter 8. Figure 2.9 does indeed show that when ¢ has the value 0.4
(the values of all the other parameters remaining unchanged), 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, the heterogeneity in
abilities reflected by pararueter ¢ explains to a large extent both educational behavior
and the labor incormne that flows from it.

Extensions of the Human Capital Model
The modél of human capilal 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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As we pointed out  de beginning of this section, the theory of human capital
rests on the hypolhesis that wage differences reflect productivity differences, which
are themselves influenced by the acquisition of competences by workers. The theory
of humar 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, highlighled in figure 2.5, between duration of studies and
income does not prove the existence of a causal relationship between these two vari-
ubles. 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 the 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 cducation also—and perhaps even primarily—serves
to seloct individuals, without really influencing the productive efficiency that they
will display in their future professional lives. The productive efficiency of a person is
seen as a sort of intrinsic qualily, which may certainly depend on 4 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-
tively in active life are also the ones who perform best while studying. If productive
efficiency is not observable by 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
pursues 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 correlation hetween duration of studies and
income is just that more efficient individuals have higher incomes. The standpoint
of the theory of human capital is completely at odds with that of signaling theory,
because for the latter a prolongation of one’s studies does nothing to increase one’s
productive capacity; all it does is send a signal lo employers. Signaling theory also
arrives at very different conclusions 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 efficiency, il 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 timnc 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 & continuum of individuals whose pro-
ductive abilities are different. The size of the continuum is normalized to 1. A worker
with ability & 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 0 < A~ < h*.

Workers do have the possibility to achieve a level of education s> 0 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
education s.

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~ > 0 entails that
all workers are employed independently of the signal s which they may send. In con-
sequence, in the first stage of the sequence of decisions, no one has any interest
in utilizing resources to send a signal s > 0 and so they all choose a zero level of
education.

Equilibrium When Ability Is Unobservable

When ubilities are unobservable, on the other hand, the signal becomes a way for the
high-ability workers to bring themselves to the attention of firms. To that end, it is
sufficient for them to choose a lovel 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 cand 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”] = h~, while by sending a
signal s* identical to that of high-ability workers, he or she obtains u[w(h*),s*,h™] =
h* — (s7/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~) < 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{ht) = ht. »

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. In 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

In the example we gave, it is easy to show that education is a waste of resources that
has no social utility. To reach that conclusien, it is enough to compare the allocations
obtained with and without the opportunity to become educated when individual
abilities are not observable.

Let A be the 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™ > 0, everyone par-
ticipates in the labor market and obtains an identical wage w given by w = E(h) =
ARt + (1 - A)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 In. At the separating
equilibrium, in which the high-ability workers get educatcd, 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 As*/h*t = 2h~(h* — h™)/h*. 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,0,h™)=E(h) or
uiw(h™),0,h7] = &7, in the ahsence 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,0,h")=E(h) or u[w{h*),s* hf]=
[(h*)® = h*h~ + (h™)*/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 ulw(h*),s*,h*} > u{w.0,h"), which is equivalent to 1< {h* —h~)/h*.
High-ability workers thus benefit from education if their proportion is sufficiently
small with respect to the ability gap betwcen them and the low-ability workers.

So the model of Spence (1873) 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 casc 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
the preceding model at the margin by assuming that the opportunity cost of labor
is something other than zero. The preferences of warkers are now represented by
the wtility function u(R,s,d,h) = R-+ d — {s/h), where R designates income, equal to
wage w if the individual is employed and zero otherwise, d is an indicator 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", such that 0 < i- <1 < h*, with E(h) < 1.
Under these hypotheses, when abilities are not observable 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 the
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, aud so improve the allocation of labor. Let us take
a closer locok at this situation.

When the equilibrium is scparating, workers with low ability stay out of the
market, for their productive ability k™ does not permit them to obtain a wage greater
than the opportunity cost of labor {free entry diclates w{h™) = A~ < 1). These workers
thercfore send a zero signal s, since a positive signal brings them no gaiu. 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(0,0,1,h7) = 1.
By sending a signal s* identical to that of high-ability workers, he or she obtains
ulw(h*),s*,0,h7] = b~ — (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 A" — (s*/h7) <1,
which is equivalent to s* > h~(h* ~ 1). Knowing that, workers of type h* have an
interest in sending the smallest signal that workers of type h~ have no intcrest in imi-
tating. This signal is given by s* = 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(0,0,1, h~) = 1—while the high-ability workers obtain u{w(h*),
5%,0,h*] = [(h*)? ~ h*h~ + h-|/h* in separating equilibrium, which procures them a
pain exceeding the opportunity cost of labor when A* > 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 inceative
to acquire education while preserving positive levels of education.

A Mode! 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 the absence of cross-
subsidization, the separative equilibrium of the previous subsection corresponds 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
gainof d=1.

1t is possible to improve this situation by declaring that workers whose level of
edncation is at least equal to s? reccive wage w and that workers whose level of edu-
cation is less than s’ receive a subsidy of amount x if they do not work. This situation,
labeled B in 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-abilily workers hy getting an education. Cross-
subsidies are thus a means of limiting the incentives to overeducation. In our model, it
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FIGURE 2.10
Overeducation in the madel 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 types of workers, the wage w(s) linked to a level of education
s 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~) <
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) — (s/h*) — 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) € [1,h7] and a subsidy x = w(s} - 1 leads to a separating equi-
librium with a signal the cost of which is arbitrarily Jow. Such cross-suhsidies, 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 prohlem of adverse selcction.

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 representation of education.

For one thing, it is evident that the signaling scrvices supplied by education do
not necessarily lead to overeducation of the high-ability workers. The result thal there
is overeducation rests on the hypothesis that employers do not hire individuals while
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they are 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 equifibrium 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 hesides 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 ils main function is
to select the most efficient individuals, without teaching thom a great deal.
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4.1 THE THEORY oF HUMAN CAPITAL: FROM THE . _DEL

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 investrment 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(¢) be the potential income associated with an amount of time ¢ spent in school. If we
assume for the sake of simplicity that the cost of education is identical to the loss of
potential income undergone during the time ¢ spent in school, the cost of education at
date ¢ 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 ¢ of the incremental gain y{(¢} discounted at rate p is
given by y(#) JT e#t=9 dr = j(t)[1 — e-#T-1]/p. The internal rate of return to educa-
tion equalizes the gain and the cost, and is thus defined by the equation:

¥ 1

m = p‘l — e=p(T-1)

U we assume that T is much greater than ¢, the right-hand side of this equation is

approximately equal to p, and it appears that income satisfies the differential equation
p = y(£)/y{t). Integrating this last equation, we finally get:

In y(t) = In y(0) + pt (11

Knowing income y(t) and the associated length of time spent in school, it is
possible to estimate equation (11) by tho method of ordinary least squares. If ¢ 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
suggesls Lhat 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: ¢ 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
nonagricuitural sector in the United States in 1959 (t-statistics in parentheses).

Iny =758+ 0.070t R? = 0.067
(43.8
iny= 620+0 107(—0081)(—00012)(2 R?=10.1285
{72.3) (75.5) {-55.8}
Iny =487+ o 2555 —0,0029¢? + o 143x —0.0018x2 — 0.0043xt R? = 0.309
-7 (-66.2) 318]

Source: Mincer (1974, table 5.1).

The Importance of Experience

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 the proportion of one’s time dedicated to schooling from
the time one enters the labor force. Let s(z) € [0,1] be the portion of time dedicated to
further training by a person with ¢ years of experience who has already spent ¢ 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 + t} of this person is described by Lhe differential equation:

h(t+7) =ps(D)h(t+7), Vee[0,T—{

In this expression, the constant coefficient p, is interpretable as the rate of return
to training after leaving school. The integration of this differential equation between
dates T =0 and ¢ = x then gives h(t + x) = h(t)e”“f 4t Assuming again that income
y(t+ 1) is equal to A[1 — s(z}]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:

FE+3) = [1 - s(x)]p(t)els b 0 e

In order to arrive at an explicit wage equation, Mincer assumes s{x) = so—
so{x/T}. Under this hypothesis, the fraction of time dedicated to the accumulation of
hurman capital decreases in linear fashion with the amount of time passed since leav-
ing school. We then have [ s(r) dt = sox — (so/2T)x2. Taking the logarithms of the two
sides of relation (12), and bearing in mind that income y{t) after ¢ ycars of schooling
satisfies the law of motion (11), we arrive at the wage equation:

e p (£ + x) = In y(0) + pt + pysax — pys0/2T)x% + In[1 — 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 asswne herc --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 het kient 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 In[1 — 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 by equation (13) is grounded in the hypothesis of a
constant rate of return 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 t?
and a term of interaction £x between experience and the duration of schooling. We see
that the rate of return to education decreascs 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 tu.. garameter 4 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, duration of education and income are codetermined by individual capecities:
the correlation between the duration of studies and income simultaneously reflects
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 by 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:

In yiz=a+pti+eg, {14)

In this expression, y;, t; and & 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 roturns to education, p, is unbiased if # and the error
term & are independent. But as we have just seen, the theoretical models suggest that
individual capacities (measured by the term ¢;) 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 abilities 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 Jongest 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 less 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 least squares method leads to an underestimate of the
return to education for those who study for long periods and an overestimate for those
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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 the garage
owner.

How to Correct for Biases?

Ideally we could correct the biases 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. In 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 term ¢; in equation (14) and correlated as closely as possible
with duration of studies. We then regress the duration of studies # onto the instru-
mental variable, and so obtain the predicted values &. In the next stage, we regress
income y; onto the predicted values f; of the duration of studies, and thus arrive at the
intrumental variable estimator. It must be emphasized that this method is valid only if
the instrumental variable is indecd independent of the error term, yet corrclated 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 Krueger generally obtain slightly higher coef-
ficients, but not significantly differcnt at the threshold of 5%. These results point to
the conclusion that ability and selection hiases do not have huge quantitative effects, a
conclusion on which the numerous debates provoked by their study have failed to
cast sorious doubt (see Card, 1999).
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{i1) The second me jconsists 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 heing pegligible, are not domi-
nant in the educational process.

4.3 THE THEORY OF HUMAN CAPITAL: MEASURING THE BENEFITS
AND COSTS 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. Tt 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 léad 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 fuily 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. Jt 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 their
work schedules are heavier.

Taking exclusively the monetary and individual benefits of education into ac-
count also introduces biases that probahly lcad to underestimates of the individual
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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) (0.001)
R? 0.328 0.222 0.403
Women
Coefficient {inked 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 varions political, psychological, and
philosophical problems. These concepts do not necessarily have any direct impact on
earnings won in the market, but they may contribute to an improvement in welfars.
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 Meuasurement of the Costs and the Quality 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 gengrally 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, thesc 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 France, 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 école (an elite postsccondary institution) leads to
wages 25% higher than the degree awarded upon completion of the deuxiéme 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 highest scores on tests measuring knowledge obtain higher incomes in the
labor market (Murnane et al., 1995, 2001; Currie and Thomas, 2000).

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
QECD 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
within 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 individual. Moreover, numerous
studies show there is no robust statistical relation between the quality of education
and the performance of pupils on knowledge tests. Hanushek (20062) 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 studeuts.

These results suggest that the heterogencity in the average performance of
schools comes partly from the fact that some schools attract the best pupils while
others attract the worst ones. If therc does exist a positive interaction between the
performances of pupils, and if these performances are themselves positively influ-
enced by parental income, this selection may result in a phenomenon of scgrega-
tion, in which the wealthiest persons mostly send their children to the same schools
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FIGURE 2.11

Variatien in student performance between schools and within scheols on the Programme for Iaternational Student
Assessment (PISA) reading literacy scale, year 2000. Information on the PISA scale is available at http://www.
pisa.oecd.org.

Source: OECD (2002, table A7.1, p. 90).
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Table 2.3 )
Percentage distribution of estimated effect of key resources on student performance, based on 376
studies.
Statistically significant

Number of Statistically
Resources estimates Positive (%) Negative (%)  Insignificant (%)
Classroom resources
Teacher-pupil ratio 276 14 14 72
Teacher education 170 9 5 86
Teacher experience 206 29 5 66
financial aggregates
Teacher salary 118 20 7 73
Expenditure per pupit 163 27 7 66
Other
Facilities 91 9 5 86
Administration 75 12 5 83
Teacher test scores 41 37 10 53

Source: Hanushek (2002, tabte 6).

(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). In 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 econometrician. Still, it should
be noted that empirical studies focusing on the influence of peers on individual per-
formance in educational settings do generally detect positive interactions (Hlanushck
et al., 2003; Zimmer and Toma, 2000). :

4.4 SoMmE EMPIRICAL RESULTS

In recent decades, empirical work has essentially been dedicated to the estimalion of
the private returns to cducation, following the lead of Mincer. Although problems of
interpretation continue to be raised, this work gives a fairly precise idea of the 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 & whole.

Private Heturns to Education
Numerous studies have focused on estimating the private returns to education. They
use very diverse methods, such as ordinary least squares, instrumental 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.? We see as well that returns to 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 educational 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 tbat 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 student has no earnings while studying. The costs equal forgone earnings net
of taxes adjusted for the probability of being in cmployment 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 ave 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. The
results, presented in figure 2.14, show that the marginal returns to education are
highly dependent on the duration of studies. The marginal returns to years spent in
coliege arc clearly greater than those to years spent in high school. The marginal
returns to the early years of schooling are extremcly 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 rcturns to cducation, 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 that the phase of de-
crease resulted from a considerable expansion of secondary schooliﬁg al 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 .4 after the Second World War helps to explain the in-
crease in the returns to cducation hetween 1950 and 1995.°

The Sociul Returns to Education
Estimates of the private returns to cducation no doubt fail lo 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 privale ones. Nevertheless, it is also possible that the social returns
to education are inferior to the private ones, if the role of the educational system
essentially consists of selecting individuals as a function of personal characteristics
that employers cannot observe, as pointed out in section 3.

Empirical 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 thet the social returns to education are superior to the private ones. Thus,
Currie and Morelti {2002) estimate, while controlling for selection biases, that better
cducation of mothers has a positive impact on the health of their offspring. Lochner
and Moretli {2001), likewise controlling for sclection biascs 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 arc a source of growth (Nelson and Phelps, 1966; Aghion and Howitt,
1998). Rescarch on growth places a great deal of emphasis on the central role of edu-
cation in this domain. Empirical 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 possihle 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 information about this prob-
lem. Rauch (1993), Acemoglu and Angrist (2000}, and Moretti (2002) have attempted
to assess the difference hetween 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)
cstimates, through a comparison of the incomes of individuals situated in different
cities, that knowledge externalities inctease the returns to education by three to fve
percentage points. The studies of Acemoglu and Angrist (2000} and Moretti {2002}
focus especially on the problem of the endogeneity 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. slales between 1920 and 1960 to
pinpoint exogenous variations in the environment that may influence 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 obsetvation, 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 (ONCLUSION

. 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 training over the
course of the life cycle. The profile of wages thus should he concave with re-
spect lo age, something solidly verified in practice.

. If the productive characteristics of individuals are 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-subsidics aimed at limiting spend-
ing on education. In practice, the significance of overeducation remains to be
proved. Empirical studies suggest that signaling activity, although not negligi-
ble, does not play an overwhelming role in the 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 studics 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, amoug other things, the
duration of schooling and professional experience allows us to assess the refurn
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 returns to education are very likely not constant.

. The few empirical studies available suggest that education does entail positive,
but small, externalities.
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6 RELATED TOF. .5 IN THE BOOK

. Chapter 1, section 1.3: Labor supply over tbe life cycle
. Chapter 5, section 4.2: Wage discrimination between men and women
. Chapter 6, section 4.3: Experience, seniority, and wage

. Chapter 10, section 2: Wage inequalities

. Chapter 11, section 2.3: General training, specific training, and labor market
equilibrium
. Chapter 11, section 3.2: Evaluation of training policies

7 FURTHER READINGS

Becker, G. (1964), Human Capital, New York: National Bureau of Economic Research.
Card, D. {1999}, “The causal effect of education on earnings,” in Ashenfelter, O., and
Card, D. {eds.), Handbook of Labor Economics, vol. 3A, chap. 30, Amsterdam: Elsevier
Science/North-Holland.

Hanushek, E. (2002), “Public provided education,” in Auerbach, A., and Feldstein, M.
(eds.), Handbook of Public Economics, vol. 4, chap. 30, pp. 2045-2141, Amsterdam:
Elsevier Science/North-Holland.

Manski, C. (2000}, “Economic analysis of social interactions,” Journal of Economic
Perspectives, 14(3), pp. 115-136.

Spence, M. (1974}, Market Signaling, Cambridge, Mass: Harvard University Press.

REFERENCES

Acemoglu, D., and Angrist, J. (2000}, “How large are human capital externalities? Evi-
dence from compulsory schooling laws,” NBER Macroannual, pp. 9-59. .
Aghion, P., and Howitt, P. (1998), Endogenous Growth Theory, Cambridge, Mass.: MIT
Press.

Altaniji, J., and Dunn, T. {1996), “Using siblings to estimate the effect of school quality
on wages,” Review of Economics and Statistics, 78, pp. 665—671.

Angrist, J., and Krueger, . (1991), “Does compulsory school attendance affect
schooling and earnings?”” Quarterly Journal of Economics, 108, pp. 976-1014.
Ashenfelter, O., Harmon, C., and Oosterbeek, H. {2000), “A review of the
schooling/earnings relationship, with tests for publication bias,” NBER Working Paper
7457.

Ashenfelter, O., and Rouse, A. (1998), “Income, schooling and ability: Evidence from
a new sample of identical twins,” Quarterly Journal of Economics, 113, pp. 253-284.

1
1
H

103



104 I PART ONE ! CHAPTER 2

Ashenfelter, O., and Rouse, A. (1999), “The payoff to education. Bimco, Princeton
University.

Becker, G. {1957), The Economics of Discrimination, Chicago: University of Chicago
Press.

Becker, G. (1964), Human Capital, New York: National Bureau of Economic Research.

Belzil, C., and Hansen, J. {2002}, “Unobserved abilily and the return to schooling,”
Econometrica, 70, pp. §75-591.

Benabou, R. {1993), “Workings of a city: Location, education, and production,” Quar-
terly Journal of Economics, 434(3), pp. 619-652.

Benabou, R. (1996), ‘“Heterogeneily, stratification, and growth: Macroeconomic impli-
cations of community structure and school finance,” American Economic Review,
86(3), pp. 584-609.

Ben-Porath, Y. (1967}, “The production of human capital and the life cycle of earn-
ings,” Journal of Political Economy, 75, pp. 352—365.

Brock, W., and Durlauf, S. (2001), “Interactions-based models,” in Heckman, J., and
Leamer, E. (eds.), Handbook of Econometrics, vol. 5, pp. 3297—3380, Amsterdam:
Elsevier Science.

Brunello, G., and Comi, S. (2000), “Education and earnings growth: Evidence from 11
European countries,” IZA Working Paper No. 140: www.iza.org, forthcoming in The
Economics of Education Review.

Brunello, G., and Comi, S. (2001}, **The returns to education in Italy: A new look at the
evidence,” IZA Working Paper No. 130, http://www.iza.org, in Harmon, C., Walker, I.,
and Westergard-Nielsen, N. (eds.), The Returns to Education in Europe, Edward Elgar.

Card, D. (1999), “The causal effect of education on earnings,” in Ashenfelter, O., and
Card, D. (cds.), Handbook of Labor Economics, vol. 3A, chap. 30, Amsterdam: Elscvier
Science/North-Holland.

Card, D., and Krueger, A. (1992}, *‘Does school qualily matter? Returns 1o education
and the characteristics of public schools in the United States,” Journal of Political
Economy, 100, pp. 1-40.

Cho, K., and Kreps, K. (1987), “‘Signaling games and stable equilibria,” Quarterly
Journal of Economics, 102, pp. 179-221.

Currie, J., and Moretti, E. (2002}, “Mother’s education and the intergenerational trans-
mission of human capital: Evidence from college openings and longitudinal data,”
NBER Working Paper No. 9360, forthcoming in Quarterly journal of Economics.

Currie, J., and Thomas, D. (2000), “Early test scores, socioeconomic status, school
quality, and future outcomes,” mimeo, Department of Economics, University of Cali-
fornia, Los Angeles.

Foster, A., and Rosenzweig, M. (1996), “Technical change in human capital return
and investments: Evidence from the Greer Revolution,” American Economic Review,
86, pp. 931-953.

Goldin, C. {2001}, “The human capital century and American leadership: Virtues of
the past,” Journal of Economic History, 61, pp. 263~292,

Goldin, C., and Katz, L. (2001), “Decreasing (and then increasing) incquality in Amer-

ica: A tale of two half centuries,” in Welch, F. {ed.}, The Causes and Consequences of
Increasing Income Inequality, Chicago: University of Chicago Press.



EDUCATION AND HUMAN CaPITAL

Goux, D., and Maurin, E. {1¢ ;“Educau'ou, expérience et salaires,” Economie et
Prévision, 116, pp. 155-179.

Hanushek, E. (1986), *The economics of schooling: Production and efficiency in pub-
lic schools,” Journal of Economic Literature, 24, pp. 1141~-1177.

Hanushek, E. (2002}, “Public provided education,” in Auerbach, A., and Feldstein, M.
(eds.), Handbook of Public Economics, vol. 4, chap. 30, pp. 2045-2141, Amsterdam:
Elsevier Science/North-Holland.

Hanushek, E., Kain, J., Markman, J., and Rivkin, S. (2003}, “Does peer ability affect
student achievement?” Journal of Applied Econometrics, forthcaming.

Hanushek, E., and Kimko, D. (2000), **Schooling, labor force quality, and the growth of
nations,” American Economic Review, 90, pp. 1184-1208.

Hanushek, E., Rivkin, S., and Taylor, L. (1996}, “Aggregation and the estimated effects
of school resources,” Review of Economics and Statistics, 78, pp. 611-627.

Heckman, J. (1976), “A life cycle model of earnings, learning and consumption,”
Journal of Political Economy, 84, pp. 11-44.

Jaeger, D., and Page, M. (1996), “‘Degrees matter: New evidence on sheepskin effects in
the returns to education,” Review of Economics and Statistics, 78, pp. 733—740.

Juhn, G., Murphy, K., and Pierce, B. (1993), “Wage inequality and the rise in returns to
skill,” Journal of Political Economy, 101, pp. 410-442.

Kennedy, P. (2003), A Guide to Econometrics, 5th ed., Cambridge, Mass.: MIT Press.

Krueger, A., and Lindahl, M. (2003}, “Education for growth: Why and for whom?”
Journal of Economic Literature, forthcoming.

Lochner, L., and Moretti, E. {2001}, “The effect of education on criminal activity: Evi-
dence from prison inmates, arrests and self-reports,” NBER Working Paper 8606.

Manski, C. (2000}, “Economic analysis of social interactions,” Journal of Economic
Perspectives, 14(3), pp. 115-136.

Mas-Colell, A., Whinston, M., and Green, J. (1995), Microeconomic Theory, New York:
Oxford University Press.

Maurin, E. (2002}, “The impact of parental income on early schooling trausitions: A
re-examination using data over three generations,” Journal of Public Economics, 85(3),
Pp- 301-332.

Mincer, J. (1974), Schooling, Experience and Earnings, New York: National Bureau of
Economic Research.

Moretti, E. {2002}, “Estimating the social return to higher education: Evidence from
longitudinal and repeated cross-sectional data,” NBER Working Paper 9108, Journal of
Econometrics, forthcoming.

Murnane, R., Willett, ]., Braatz, M., and Duhaldeborde, Y. {2001), *Do different
dimensions of male high school students skills predict labor market success a decade
later? Evidence from the NLSY,” Economics of Education Review, 20, pp. 311-320.
Murnane, R., Willett, J., and Levy, F. {1995}, “The growing importance of cognitive
skills in wage determination,” Review of Economics and Statistics, 77(2), pp. 261~
266.

Nelson, R., and Phelps, E. (1966), “Investment in humans, technological diffusion, and
cconomic growth,” American Economic Review, 56, pp. 69-75.

105



106 ! PART ONE { CHAPTER 2
\
OECD (2002), Education at a Glance, Paris: OECD. /
Psacharopoulos, G. (1985), “Returns to education: A further international update and
implications,” journal of Human Resources, 20, pp. 583-604.

Rauch, . (1993), “Productivity gains from geographic concentration of human capital:
Evidence from the cities,” Journal of Urban Economics, 34, pp. 380—400.

Solon, G. (1999), “Intergenerational mobility in the labor market,” in Ashenfelter, O.,
and Card, D. {eds.), Handbook of Labor Economics, vol. 3A, chap. 29, Amsterdain:
Elsevier Science/North-Holland.

Spence, M. (1973), “Job market signaling,” Quarterly Jaurnal of Economics, 87, pp.
355~374.

Spence, M. (1974), Market Signaling, Cambridge, Mass: Harvard University Press.
Swinkels, J. (1999), “Education signaling with preemptive offers,” Review of Eco-
nomic Studies, 66, pp. 949-970.

Topel, R. (1999), “Labor markets and economic growth,” in Ashenfelter, O., and Card,
D. (eds.), Handbook of Labor Economics, vol. 3C, chap. 30, Amsterdam: Elsevier
Science/North-Holland.

Weiss, A. (1983), “A sorting-cum-learning model of education,” Journal of Political
Economy, 91, pp. 420—442.

Weiss, Y. (1986), “The determination of life-cycle earnings: A survey,” in Ashenfelter,
0., and Layerd, R. (eds.), Handbook of Labor Economics, vol. 1, chap. 11, pp. 603—
640, Amsterdam: Elsevier Science/North-Holland.

Zimmer, R. W., and Toma, E. (2000), “Peer effccts in private and public schools across
countries,” Journal of Policy Analysis and Management, 19(1), pp. 75-92.



CONTENTS

1 Basic JoB SEARCH THEORY 109

2 THe EQuiLiBRIUM SEARCH MODEL AND THE THEORY OF OPTIMAL
UNEMPLOYMENT INSURANCE 125

3 EMPIRICAL ASPECTS OF JOB SEARCH 146

4 SUMMARY AND CONCLUSION 164

5 RELATED TOPICS IN THE Book 165

6  FURTHER READINGS 166

7  APPENDIX: THE DiSCOUNTED COST OF AN UNEMPLOYED PERSON 166

In this chapter, we will see:

What the behavior of a person Jooking for work is

How the duration of unemployment depends on the reservation wage

The trade-off between insurance and incentive in designing an unemployment
benefits schedule

"T'he principles of the econometrics of duration models
How unemployment benefits influence the duration of unemployment

What the effects are of job search help and checking on job search effort

INTRODUCTION

The ncoclassical 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

PTER



108 i ParT ONE l CHAPTER 3

cover home production—remains the sole alternative to wag,. A}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 Jooking
for work. Such a description of the labor market implicitty 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 the
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 interést). It was Stigler (1961, 1962) who first highlighted this
common process in all markets where 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 conlinuing to search. The duration of the search depends on his or her
preferences and the overall characteristics of the environment in which the scarch
takes place. The theory 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 “employed” and “nonparticipant.” In this way it sheds sup-
plementary light on the decision to participate in the labor market, 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 onc. A good synthesis of this theory can be
found in Mortensen (1986) and Mortensen aod 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 the job search, while the second
looks al the behavior of the authorities in charge of the system of uncrployment in-
surance. For a long time the theory of the job search developed within the 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 arive at a description of labor market cquilibrium. By
attributing 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 Morlensen, 1989 and 1998). On the other hand, the basic job search model takes



the value of unemploymen. .asurance 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 by 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 fuctuations 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 experience
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 account of the econo-
metric methods specific to “duration models,” and lays out the principal results
obtained in this domain.

1 BASIC JOB SEARCH THEOQRY

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 henefits, they are not allowed
to select the intensity of their search, and they cannot lock for (another) job once they
are employed. Finally, the basic model is sitnated 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 MopeL

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 cconomic 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 discern the effects of economic policy on the
duration of uncmployment. 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
nonparticipation, unemployment, and work.
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1.1.1 The Search Process and the Reservation Wage J
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

The main hypothesis of the job scarch model is that the job-sesker 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 postulaling that the job-seeker knows only the cumulative distribution of
the possible wages. We further assume that this distribution is the same at each date,
and that successive wage offers are independent draws from this distribution. This
stationarily 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-neutral, 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 inlerval of time, dt in length, the agent attains a
level of instanlaneous satisfaction equal to w dt. Let us further assume that over each
short interval of time df, any job whatsocver can disappear at the rate gdt, where
g > 0 is a constant exogenous parameter. Over each short interval of time dt, a waged
worker thus loses his or her job at the rate gdt. 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 ¢ brings in 1 + r dt dollars in t + dt. The discounted value of a
dollar at date ¢ that will be available at date t + dt is thus equal to 1/(1 + rdt). The
term 1/(1 + rdt) 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 relation:

%:%{dt[wdt+(l—th)vg+th%] @
This relation indicates that the discounted expected utility stemming from being
hired is equal to the discounted sum of the flow of income w df over the interval of
time dt, and the discounted expected future income. With probability (1 — g dt) this
future income does coincide with the expected utility V. associaled with continued
employment, and with complemeniary probability gdt it conforms instead to ¥, the
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:

Ve w+q(Vy— Vo) @



This equation is easy w interpret.? 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 g{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:
w—rV,

) - Yo =

[€)]

1t 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 [alls 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 ¢, he or she continues looking. This
behavior results from the stationarilty of interlemporal utility V.

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

Since a job-seeker’s expected utility V; 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 sirategy amounts to the
adoption of a “stopping rule” that dictates accepting wage w if and only if it is supe-
rior to a threshold value x defined by:

x =1V, @)

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, Vo(x) = V,. As
in the theory of labor supply laid out in chapter 1, wage x continues to be called the
reservation wage, but we will see in section 1.1.3 that it means something tangibly
different.

The Discounted Expected Utility of a Job-Seeker

The existence of the stopping rule makes it possible to deduce numerous characler-
istics of the search process from those of the reservation wage. In order to make the
factors that delermine the reservation wage explicit, we need to specify more precisely
the discounted expected utility V; of a job-seeker. Accordingly, we shall designate by
Athe arrival rate of job offers. This rate encapsulates the difficulties encountered while
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one looks for a job. It reflects the general state of the labor m. .\ét, 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 X 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 ahout,
for example, or buying specialized magazines, or sending out applications. But it is
equally necessary to include the opportunity cost of tbe 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 ¢ > 0. Tbere are 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 — ¢).

At any moment the status of a job-seeker may change with rate A. 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

X +0
V= L V, dH(w) +J Va(w) dH(w)

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

1

Vi =m[zdt+,{dtl& +(1 - idt)Vy]

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

+c0
V=2 +zj [Va(w) ~ Vi) dH{w) ®

Like relation (2), defining an employee’s discounted expected utility, this equa-
tion also has to be 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
1V, at any moment, while if “invested” in the labor market they will procure income 2z
augmented by the value 2(V; — V;) of the average gain linked to the chiange of status of
a person who is looking for work.

Reservation Wage, Hazard Rate, and Average Duration of Unemployment

With the help of relations (3} and (4), which define respectively the intertemporal
utility V,(w) of an employee and the reservation wage x as a function of the dis-
counted expected gain V, 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=2z+

+cC
r+q.L (w— xydH{w) ]

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 need
merely observe that relation (5) defines V, 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, for it brings out clearly the optimality of
the search strategy adopted by the job-seeker.

The values of two cther 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 i—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 A[1 — H{x)} at any moment. When the number
of job-seekers is large, this rate approaches the hazard rate. The average duration of
unemployment, denoted Ty, is then given by:

1

= A= H0]

[

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 ten weeks.? Relation (7) also shows that the average
duration of unempioyment 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:

+o0
®(x,z,1,4,9) =0 with @(X,Z,I‘,).,q)EX--Z"L[ (w — x)dH(w) ®)
I+qJx
We can easily verify that the partial derivatives of the function ® possess the
following properties:

®; >0, ¥, <0, >0, ®; <0, and D, >0

As relation (8) implies dx/0i = —®;/®,, i = z,r,2%,q, we immediately obtain the
direction of the variations in the reservation wage as a function of the parameters of
the model, or:

0x ox ox
—>0, =>0, —

ox
% o R 6r<0’ and a—q<0 ()]
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With the help of relation (7), we deduce from this the . i comparative statics
properties of the average duration of unemployment. The result is:

8Ty Ty 3T,
—-— — <0 d
aZ>O, ar< , ain. 6q<0

The rise in the reservation wage and the average duration of unemployment 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 he or
she spends looking. This strong prediction of the theoty 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
unemnployment 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. Morsover, 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 to have
an inverse effect on their reservation wage (a point rigorously established in section
1.2.1 of this chapter, which deals with the cligibility 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 unem-
ployment. We will see later that in general this elasticity is slight when the amount of
unemployment benelits 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 spends less time looking for
work. When the job loss rate g 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 average duration of unemployment. On the other hand,
relation (7) shows that an increase in 1, the arrival rate of wage offers, has an ambigu-
ous effect on the amount of time devoted to looking for a job. In this case, job-seekers
revise their reservation wage upward, which entails a lowering of the term [1 — H(x)]
representing the probability of accepting an offer. The direction of consequent change
in the rate of exit from unemployment A{(1 —~ H{x)] and the average duration of unem-
ployment T, = 1/4{{(1 — H(x}] is then unknown. It should be noted, however, that if the
frequency with which job offers arrive has little effect on the reservation wage, the
average duralion of unemployment decreascs with this frequency. Empirical studics
do seem to indicate this (see section 3.2.2 below).



1.1.3 The Choice Among ..d’npanicipation, 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 hetween 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 w and the reservation wage wy defined by relation (3) in
chapter 1. In this theory, decisions to participate can be summarized in the following
manner:

> wy = empl,
{w A employee a0

w < wy = nonparticipant

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 Q. 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 4, the interest rate r, and the job destruction rate g. Thus, in symbolic terms we
may write Q = Q(H, z,g,4,r) and x = 2{Q). The choice between participation and non-
participation is based on a comparison between the expected utility of a job-seeker V;,
and that of a nonparticipant V;. If the latter receives a constant income F; at each date,
his or her expected utility is defined by the equality rV; = R;. This can easily be com-
pared to that of a job-secker, which is such that rV, = x. An agent decides to partici-
pate in the labor market if and only if V; < V,, which translates into the inequality
x(Q2) = Ry. It is apparent that the decision to participate in the Iabpr market is made by
comparing the reservation wage to the “‘alternative income” R; that a nonparticipant is
capable of obtaining at any moment, Individual decisions hence take the following
form:

x(Q) = R; = participant
{() 1 = participan an

x{€2} < Ry = nonparticipant
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 an
12
x(Q) = w => unemployed
The theory of job search suggests that the rate of participation depends on the
set Q of all the factors affecting the labor market. For example, some studies reveal
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that a rise in unemployment insurance benefits (an increase v. %s often accompanied
by a rise in the 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 unemployinent
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 rates deduced from the labor supply model, in
which the lowering of wages in bad economic times gives individuals incentive to
withdraw frcm 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 the 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 wages Ew = |7 w dH(w) to the “current” wage, we
can conclude that jndividuals for whom x{Q) < R; < Ew form the category of dis-
couraged workers. More generally, the “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} > R;
is satisfied).

Numerous studies allow us to obtain an estimate of the number of discouraged
workers. It suffices to identify, among the individuals who claim to be looking for
work, those who have not made efforts that count as really “significant” (see OECD,
1994, volume 1, for a precise definition of this adjective}. Table 3.1 shows that their

Table 3.1
Discouraged workers and joh-seekers in 2000 {as a percentage of the labor force}.

Discouraged

Country warkers job-seekers
Denmark 0.2 45
Spain 0.8 13.9
France 0.1 10.1
Sweden 1.7 5.9
United States 0.4 4.0
Jjapan 31 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 Nonparticipation and Job-Seeking

The existence of discouraged workers suggests that the frontier between nonpartic-
ipation and participation in the 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-sceker? The varying definitions of unemployment supply different and perforce
arbitrary answers to this question. Measurcments of unemployment derive from
investigations in which, to be considered unemployed, you have to have been without
work (dwing the 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
sacond, pertaining to the process of looking, can have different meanings. Thus, in the
Uniled States, individuals who employ passive methods (such as looking in the want
ads) are classified as nonparticipants, while numerous OECD countries consider job-
seekars craploying 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 carried 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 pcople 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 hy 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 market participation, and nonparticipants. Individuals marginally
attached to labor market partlicipation, 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 tahle 3.2. It is appar-
ent that individuals marginally attached to labor marketl participation behave differ-
ently on average than nonparticipants, because they have a much higher probability of
returning to full participation. The rates at which individuals on the margin of partic-
ipation do relurn to employment arc closer to those of the unemployed than to those
of genuine nonparticipants. Jones and Riddell also cmphasize that the category -of
individuals marginally attached to 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 thers are no jobs inatching their qualifications
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Table 3.2 ‘
The transition matrix between different states in the labor market. Monthly rates for the year 1992
in Canada.
From To — Nonparticipant +
1 Employed Unemployed Marginally attached
Unemployed 0.112 0.708 0.180

{0.004) (0.005) {0.005}
Marginally attached 0.098 0.171 0.731

{0.008} {0.007) {0.008)
Nonparticipant 0.026 0.030 0.944

{0.001) {0.001) (0.002)

Standard errors are in parentheses.
Source: Jones and Riddell {1999).

available in their region.” It is apparent that those who are waiting for a job have a rate
of return to employment higher than that of the unemployed (equal to 0.200), whercas
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. Tn 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 MODEL

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 for 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 of the fact that unemployment insurance benefits are not stationary.

1.2.1 Eligibility and Unemployment
In most countries, those who work in exchange for wages have to pay premiums into
an unemployment insurance system that allows a wage-carner to receive compensa-



tion if he or she loses his .u’her 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 eligible falls when the benefits paid to the unemployed who do meet the
eligibility requirements rise.

Two Types of Job-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 z, < 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 represents the benefits paid by the unemployment insurance system, while
2, is determined by the welfare system, which generally pays out smaller amounis.
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 behavicr of a noneligible job-seeker is not so simple, for his or her
expected utility, denoted by Vi,, depends on that of an eligible job-seeker, 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:

rVo(w) = w4+ gV, — Vo(w)] {13}

1t 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 lcast
once. For given V,, relation (13} indicates that Vi(w) increases with w, and that the
reservation wage of a noneligible job-seeker, denoted by x,; satisfies the equality
Ve(%n) = Vin. Since we always have x = rV,, cquation {13) allows us to express the
expected utility of a noneligible job-sceker as a function of the two reservation wages,
x and x,. The result is:
Vg = M (14}

r+gq

Assurmning that the frequency with which a noneligible job-seeker receives job
offers is always equal to A, his or her expected ulility is defined by the following
equation, which is analogous to relation (5) in the basic modal:

)

W =20+ 2] (Vilo) = Vi) 1) )

Xn
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The Reservation Wage of Noneligible Job-Seekers }
Observing from (13) that rV,(w) = {rw + gx)/(r + g), 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 x, of a noneligible person as a function of that
of an eligible person. It is written:
+0
Xp={r+q)zn—qx+ 1 [ (w — xq) dH{w)
Jxa

It is easy to verify that this relation impiies a negative linkage between x, and x.
Since x increases with the instantaneous income z of eligible job-seekers, the reser-
vation wage x, 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 z, 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 are 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 her present wage.

The Behavior of Agents

Let us assume that an employed person receives job offers with a frequency of A, and
that he or she risks losing his or her job, at any time, with an exogenous constant
probability of g. 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 income w deriving from his or her waged labor, the second is the aver-
age discounted expected gain (Vi — Vo(w)] due to job loss, and the third is the dis-
counted expected earnings 1,,_[:“’[%({) — Vi{w)] dH{&) consequent upon a change of
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emplover (which occurs Nx}every wage offer that exceeds the present wage w).
Finally, Ve(w) is defined by the following equation:

o) = w qlV = )] | VA(E) = Vi) dHCE) i

Deriving this relation with respect to w, we get:

1
N S TR H o

In this way we easily verify that the discounted expected utility Ve(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
tate of job offers is equal to 1, for a job-seeker, and again designating his or her
instantaneous gain by z, his or her discounted expected utility V, continues to be

defined by equation (5), so that:
+0
o=zt | (W) - UIAHE a
X
Making w = x in (16) and comparing (18), we immediately get:
+00
x=2+ (-1 (U - W)dHE an
x

Compared to the basic model, this equation indicates that a job-secker must
henceforth weight the discounted expected utility of the job search [F™[Vi(¢) -
Vu] dH (&) by the difference 4. — A, of the rates with which job offers arrive.

Properties 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 cumulative distribution function H{.) is endogenous. In this
regard, it is useful to determine precisely the expression of V;{£) - V; appéaring 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:

X2+ (o= )R - Wl + [T AV @]
As we still have V(w)-V, = ]’f V/(¢)d¢, utilizing (17) and assuming that
limgeoo H(&)[Ve(¢) — V] = 0, we finally have:
P H®
x=z+ iE)J; r+q-+ AH(E)

This equation implicitly defines the reservation wage as a function of the param-
eters Ay, de and the cumulative distribution function H{.}. When i, = @, that is, when

dé  with  H{&) =1-H(©) (20
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there is no on-the-job search, we come back to the reserva ; wage of the basic
model. Conversely, if 1. > 0, the job-seeker takes account of the possibilities of future
incoms associated with continuing to look for a job while employed. Adopting this
stance has the effect of lowering the reservation wage. If 1, = i, 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 i, > 1, 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-secker. 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
Ay = % is the most probable. For example, using data from the Netherlands, van den
Berg and Ridder (1998) find that 4, differs very little from 1., while Bontemps {1998)
and Kiefer and Neumann {1993} cstimate, using French and American data, that 1,
is respectively ten times and five times higher than Z.. 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 (4, > 0) has the
effect of diminishing the size of the reservation wage in comparison to the one that
emerges from the basic model (4, = 0}.

1.23 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.

Optimai Effort

If we designate the intensity of the job scarch by the scalar e, the notion that more job
offers should result from greater effort devoted to search amounts to postulating that
the rate at which offers 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 i = ad(e) with
A'>0and 4" < 0. The parameter « > 0 we interpret as an indicator of the state of
the labor market, indépendent of individual efforts. Tbis 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 cffort e, with ¢’ > 0 and ¢” > 0. Thus, henceforth the in-
stantaneous utility of a job-seeker will be written [b — ¢(&)]. For ease of exposition, we
will also assume that there is no on-the-job scarch~-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 cfforl e is given. The reservation wage x is always
implicitly defined by the equation (6), which will henceforth be written:

x=b-cle)+

ﬁ"; J:w(w - x) dH(w) Q1)



This relation gives  /value of the reservation wage associated with a given
amount of effort &. Now the optimal value of effort ought, by definition, to maximize
the intertemporal utility V, of a job-seeker. Since V, = x/r, this value is reached by
differentiating relation (21) with respect to e and looking for the value of e for which
dx/de = 0. The result is:

/ al'(e) J*“’

= ~ x) dH 22
c'(e) r+qx(w x) dH(w) @2

The reader can verify that the hypotheses made about the functions 4{.} and c(.)
guarantee that the amount of effort defined by this rclation is indeed a maximum,
With the help of {21), we further obtain:

Ae)
(

_bo 1oy
x= b+ 5oe/(e) ~ofe) an

The Properties of Optimal Effort

In what follows, it will be helpful to view equations (22) and (23} as forming a sys-
tem determining in an implicit manner the reservation wage and the optimal effort,
respectively written as x(«, b) and e(«, b). By differentiating relation (23) with respect
10 @, it is easy to show that dx{x, b)/da and de(x, b)/d« are of the same sign. With the
help of this property, differentiating equation {22) with respsct to « implies:

de(a, b)

>0
123

9x(a,b) >0 and
[

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 (sec also van den Berg and van Ours, 1994).

Differentiating relation (22) with respect to b, we deduce that 8x(e, b)/db and
de(x, b)/db are of opposite signs. Using this result, differentiating relation (23) with
respect to b further implies:

——axg’;' b >0 and _69(;2 b <0

Thus, as in the basic model, a rise in the income of a job-seeker raises the reser-
vation wage—see further {9)—bul we also observe that such a rise tends to reduce the
search effort. This results from the fact that an increase in b increases the inter-
temporal utility of the job-seeker. He or she can thus reduce the amouut 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 simulta-
neous lowering of « and b has an ambiguous effect on optimal effort. It can indced
happon that certain categories of persons (the long-term unemployed in particular)
find themselvas facing a reduced number of job offers and a reduction in their
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unemployment benefits. Observation shows, however, that tuey 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 numiber 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) < z(t/) forall t = ¢/,

In this nonstationary environment, the discounted expected utility of a person
entering unemployment, or V,(0), is no longer necessarily equal to the discounted
expected utility V,(t) of a person who has already been unemployed for a period £ > 0.
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 stmplicity that there is no on-the-job search, it is
defined by the following equation:
rValw) = w + g[Va(0) - Vo(w)] @

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}, Ve(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(#) the reservation wage of a
person whose duration of unemployment is equal to ¢ this wage is then characterized
by the equality V.{x(t)] = V.(t). Since the function V.(.) is increasing, the reservation
wage x{t) varies in the same direction as the discounted expected utility V,(f). Now,
intuition suggests that V,(t) ought to decrease with the duration ¢ 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 A continues to designate the rate at
which job offers arrive, wo then have:

Z{(t) dt+2 dr( [ Vo(w) dH{w) + Vo(t+ dt)H(s)] +(1=AdDV,{t+dt)
ax ] 1+ rdt

Vilt) =

In the maximization problemn appearing in this equation, the discounted ex-
pected utility V,(t+ dt) at date (¢-+ 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
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with respect to s of the term Jetween brackets in expression (25} of V,(f). After several
simple calculations we arrive at V,[x(t)] = V,(t + dt), which corresponds exactly to the
characterization Ve[x(t)] == V,(t) of the 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 V,{t) < V,(¢') necessarily obtains for every ¢ = {’. Since his or her
reservation wage and discounted expected utility vary in the same direction, we can
deduce that x{f) < x(t} for every t = t'. Hence reservation wages fall with time spent
scarching for a joh when unemployment insurance benefits are regressive. This result
implies that the rate of leaving unemployment, or A{1 — H(x(#))], 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 categorics 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 uneraployed have, in gen-
eral, a smaller probability of exiting from unemployment than do the short-term un-
cmployed. This phenomenon can be explained by the fact that job offers arrive less
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 rom 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 henefits are paid.® For example, if this period is
shorlened, 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 sume length, and for the same amount of
benefits, a shortened period of cntitlement 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 extond Lhe basic job scarch model in two ways. The aim of the first
of these extensions is to render endogenous the dispersion of wages for individuals
endowed with identical productive abilitics and preferences. This perspective is im-
portant, inasmuch as the theory of perfect competition, which will be presented
in greator detail in chapter 4, predicts that identical individuals with identical jobs
should receive the same wage. We shall see that this conclusion no longer necessarily
holds in a universe where information about the characteristics of jobs is costly and
where employers set wages. The second extension exploils the job scarch 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 ver:. k. 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 JoB SEARCH AND LABOR MARKET EQUILIBRIUM

The basic job search model focuses solely on the behavior of job-seekers and takes the
distribution of wages 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 irms, and consequently alter
the distribution of existing wages in the economy. Equilibrium searchb 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 determirned.

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 (voluatarily) 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... .hat, for the most part, describe only the wages accepted
by those who are 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 the
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 ammong the workers {(Albrecht and
Axell, 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 taken into account (see, for example, Krueger and Sumimers, 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 which the job search takes place
while the secker is employed. In this model, it should be noted that a irm 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 nondegenerated 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 Murket

The economy is composed of a continuurm of firms and a continuum of workers. Ior
simplicity, these two continua are assunied to be of unitary mass. This hypothesis
allows us to account simply for the fact that there exists a large given 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, g always des-
ignates the instantaneous job destruction rate, and the paramseters A, and A, 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 #{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) =
[ ¢(&)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 to w. 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 1y, 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 A.u[t — H{w)]. Similarly, for workers employed at a wage below w, the
number of these entriés amounts to A, L{w){1 — H(w}]. In total, entries into firms pay-
ing a wage higher than w are equal to {i,u+ A, L{(w)|H(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—wbich occurs at the exogenous rate g—the
number of exits reaches the value g{1 - u ~ L(w})]. At stationary equilibrium, the equal-
ity of the flows of entries and exits is thus given by the following equation:

[t + 2 L(W)H{(w) = ql1 — 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) = [5 £(&) dH(¢) satisfies L'(w) = H'(w)¢(w), we then get:

lg+ A B W) H{w) = Ayu + 4o Jwt’(é) dH(E)  with  H{(w)=1-H(w) 26
Q

The equality of the flows of entrics into and exits from employment thus fur-
nishes a link between the employment function #(.) 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 unemployrent u does not
depend on any particular wage, the derivation of this relation with respect to w leads
to the following differential equation:

£(w) _ 2H!(w)

2w) " q+ A H(w)

@7



This differential equ. fa implicitly defines all the functions #{.) and H{.) com-
patible with equilibrium of flows on the labor market. Examining the behavior of firms
allows us to specify the properties of ¢(.) 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
also 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 /{w) workers in a
firm that pays wage w, the instantaneous profit of this firm works out to (y — w)¢(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
Aus Ae and g). Under this hypothesis, each firm sets its wage in such a way as to max-
imize its stationary instantaneous profit (y — w)¢(w), with the wages being paid in the
other firms being 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:

£(w) 1
£(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
{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 .1 — H(x)]u = A,u. The sta-
tionary unemployment rate is then given by:

9

u=lu+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 1/4,. These results arc the
simple consequence of the coincidence between the reservation wage and the lower
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bound of the distribution of wages. In these conditions, all ¢ s are accepted, and
only the frequency 4, with which offers arrive affects the duration and magnitude of
unemployment.

The employment function /{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
£(w). Quantity ¢/(w)/¢(w) representing the derivative of In/(w), and the integral
of (y-w)™" being equal to —In(y —w), this equation is written [In/(w)dw =
- [ In(y — w)dw, or In#{w) = —In(y — w) + a, where a is a constant. Taking the ex-
ponential of the two sides of this equation, we get £(w) = A/(y — w), with A = exp{a).
The value of the constant A is deduced from that of £(x). Making w = x in equation
(26), we find that /(x} = lsu/{q + A.), and in consequence A is equal to A,u{y — x)/
(g + A.). Teking account of the value (29) of the stationary unemployment rate, the end
result is:

_ kg y-x
M) = T 9T r-w

The intuitive view proves correct: employment does indeed increase with wages.

a0}

Moreaver, we note that the profits (y — w)¢(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 otfers com-
patible with both equilibrium of flows on the labor market and strategic behavior by
firms in setting wages necessarily salisty, for any value of w, relation:

_qth

2(y - w)H'(w) + H(w) = ™ G

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 written”:

Hw) = A/T=w + if—‘
o

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

Hw) = q;r A [1 _ \/_};—__v:] 62



The upper bound of wee tistribution of wages, denoted by W, satisfles H{w) = 1.
It is defined as a function of the reservation wage by the formula:

q 2
W=y—(y—X)<q+ie> (33)

If the reservation wage is less than the instantaneous production of a worker y
(which is a necessary condition of the existence of equilihrium), we can verify that the
upper bound # of wages is likewisc smaller than individual production y. Taking into
account (32}, the equilibrium wage distribution takes the form:

_qtie 1
NN )
The equilibrium distribution H’(.) of this model turns out to increase as the

H'(w) G4

level of wages rises. This result is a consequence both of the property that all agents
are homogencous 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 cmployment in the other firms. This movement leads to an
increasing relation between the wage and the 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:

PRSI

(g+2e)” + (Au = Ao)de

If there is no possibility of on-the-job search, or A, = 0, we have x = z, and, fol-
lowing (33), W = z. We thus come back to the paradox pointed out by Diamond {1971},
namely, that the only possible cquilibrium in the partial job search model occurs
when the distribution of wages is entirely concentrated at the level of instantancous
gain z of an unemployed job-seeker. When i, — +o0, there is no Iriction 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 = # = y). Searching while working is thus point-
less {1, = Q). Thess characteristics describe a perfectly competitive equilibrium where
there is no unemployment (z = 0) and where the wage equals the marginal produc-
tivity of labor.

2.1.4  Final Remarks on Equilibrium Search Models
Compared to the partial model, the equilibrium search model presents a number of
advantages:

1. In the equilibrium search model, the wage of an individual employee rises only
when he or she moves from onc job to another. Although in practice, that is not
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the only reason for individual pay to rise, this phenomb“uf; is in fact observed
in the majority of transitions of this type (see, for example, Topel and Ward,
1992). Moreover, in this model the wage is positively corrclated with the size of
the firm, which fits well with observations that tell us that, even aflter having
controlled for the heterogencity of workers and firms, bigger firms pay higher
wages than smaller ones (Abowd et al., 1999).

Wages rise, on average, as workers gain seniority. Assuming that new entrants
begin as job-seekers, 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 worker's wage increases with the time
he or she has spent in the labor market {Abowd et al., 1999).

The lower bound of the equilibrium wage distribution being equal to the 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, which do in fact
find that the probability of accepting an offer is close to 1 {(see section 3.2.2
below for more details).

Unlike the partial model, which only looks at the behavior of unemployed job-
seekers, the equilibrium search model integrates 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 agents’ 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 increase in the amount of
unemployment insurance benefit has an analogous effect.

The wage offer distribution H(.) is entirely determined—see relations (32) and
(35)—by knowledge of the structural parameters of the model iy, 2, g, y, and z.
Data obtained by following up & sample of individuals over a sufficient period
allow us to estirhate 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 consequences of policies that change the reservation
wage.

Ttie scarch equilibrium model does, however, present one major flaw: the den-

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

diction turns out to conflict with all observations, which reveal that this density is

increasing at frst, then decreasing, with a maximum generally not too far [rom the
lower bound. To remedy this flaw, one solution lies in introducing heterogencity

among agents (a good illustration of this approach can be found in van den Berg and
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Ridder, 1998, and Bontemp. e)t al., 2000). The model, however, clearly becomes less
workable, and most often it is impossible to obtain explicit solutions. What is more,
even 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 workers who may be thinking of quitting because they have made
contact with another employer (Postel-Vinay and Robin, 2002a, 2002b). These hypoth-
eses no doubt fit realily 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 hetercgeneity 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 4y, e, and g 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 are set. The job destruction rate g 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 authoritics 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 beery inadequate. At the
theoretical level, 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
couclusion, 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 the
unemployed person, and because workers have low risk aversion.

A relevanl analysis of unemployment insurance should also focus on the time
prolile of the benefit payments, which can provide at least as much incentive as their
amount. This is the reason most unemployment insurance systems limit the period
during which the unemployed can receive benefits, and provide for such benefits to
tai] 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 (19986)
do in fact prove that optimal unemployment benefits must necessarily decrease with
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the length of the unemployment spell. Using a model insp. i by Hopenhayn and
Nicolini {1997), we 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 unemployment insurance systems, we have
chosen the framowork of the “principal-agent” model, in which the principal pro-
poses a contract to an agent that the laiter can only accept or refuse {see chapter 6,
section 3.1). Assuming that a contract should offer cach person who enters into un-
employment an expected exogenous utility, denoted by V 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 V. 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 optimal contract when
the effort made cannot be verified.

221 An Agency Model for the Study of Unemployment Insurance

The offort an agent makes to find a job can take no more than two values at any
moment: either the constant value a > 0, in which case the agent finds employment at
rate pdt over each short interval of time [t,t + dt], where p > 0 is an exogenous con-
stant, or the value 0, in which case the agent gets no job offers and remains unem-
ployed. Our supposition is that the “principal”—in othor words, the agency charged
with managing unemployment insurance—proposes a contract to every person enter-
ing unemployment (by convention, unemployment begins on date t = 0} specifying
the values b(t) of the unemployment benefit received if the person is still looking for &
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 transfers
g(t) should employment resume are both conditional on the length ¢ of the unem-
ployment spell. We must also point out that if g{#) < 0 what we have is a tax, and if
g{t) > 0, a subsidy.

The bechavior of the principal and the agent differ according to whethor the
search cffort 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 paymenl of unemploy-
ment insurance benefits conditional upon those efforts. In other words, when the
offort 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 efforl actually made by the agent, who might be
receiving benefit payments without really looking for a job. In practice, the checks
carried out on the eflorts of agents are imperfect, which leads us to privilege this sec-
ond hypothiesis. Thus the agency has to propose a system of benelit payments such
that the client has a real interest in looking for work rather than receiving the pay-
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ments and not searching a. Zin which case he or she has no chance of finding a job.
In other words, the agency has to dssign an incentive contract.

Workers’ Behavior

It 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 camplete 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 outside 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, ¢ + d¥, it is possible to write the
equation giving the discounted expected utility of a job-secker, V;(¢), in the following
manner:

V,(t) = {[v(z + b(t)) — al dt + p dtVa(t + dt) + (1 — pdt) V(L + db)} 36)

1

T+rdt

In this expression, r designates the discount rate and function v{.) represents
the inslantaneous utility of the agent when at date ¢ he or she receives wage z and
unemployment insurance benefit b(t). If the agent is risk-averse, function v(.) is such
that v’ > 0 and v” < 0. Equation (38) indicates that a job-seeker producing effort
a during an interval of time [t,t+ dt] attains, over that period, the utility level
[v(z + b{t)} — a} dt. With probebility pdt, he or she can then find at date t + dtf waged
cmployment that procures an expected utility equal to V,(¢ + dt). With the comple-
mentary probability (1 — pdt), he or she remains unemployed, and his or her dis-
counted expected utility then amounts to V,(t + dt). Making dt — 0 in {36}, we thus
find that V,(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):

Y, =v{z+b)—a+p(Ve— Vo) + Va 67)

We will assume that all jobs offer the same exogenous censtant wage w, that
there is no job-seeking by persons already on the job, and that jobs are never destroyed.
tf a job-seeker finds employment after an unemployment spell of duration ¢, 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 joh after an unemployment spell of
duration ¢ is thus given by:

Volt) = J;r viw + g(Ble 0 dr = viw + g(t))/r (38)

The Cost of an Unemployed Person

In order to definc 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 uncmploy-
ment. More precisely, in our modsi the exit fron: unemployment follows a Poisson
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process whose constant parameter p is identical to the exit . Zfrom 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 ¥'. 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(0) = J‘m W, b(t)]e-"ﬂ’)' dt
o LT

This formula is intuitively clear: the probability of still being unemployed on
date t being equal to e7P!, 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 !, 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 to ™7,
we got the formula giving C(0).

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

Uuder the hypothesis of verifiability of effort, the principal minimizes the discounted
expected cost of an unemployed agent, given the constraint linked to the promise
velue, or V;(0) > V. Formally the principal’s problem is written (owitting the variable
t so as to lighten the notation):

'+ g
Max ~-C(0) = — J (—p + b) e~ (F+P)t gy
(b,g} o \I

Subject to constraints:

Vu=(r+p)Vu-v(z+b)+a—prrw 39

v, (0) =V (40)

Relation (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 V,(0) 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 V; at
date ¢ plays the role of state variable. The differential equation (39) is the so-called
transition .cquation, and the constrainl (40) represents the initial conditions of this
dynamic problem.



Mathematical appena.a {3 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 u the multiplier associated with the transition equation (39). The Hamil-
tonian of the principal’s problem is thus given by:

H= —(§p+b>€_"*")'T;z[(r+p)Vu —v(z+b) +ﬂ_pw

The first-order conditions are written:
9H 8H o0H ,

i E =0 and Firie -1

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:
- {r+p}t ’ B =

e +uv'{z+b)=0 @)

et ' wag)=0

Comparison of these last two equalities immediately implies:
vizg+by=vi(w+g)e>z+b=w+g

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 prefercnces are represented
by a utility function v(c,¢), where ¢ and ¢ designate respectively the consumption of
physical goods and time devoted to leisure, the equalization of the marginal utility of
consumption is written v.(b + 2,4,) = v.(w + g, %), where ¢, and 7 represent the dura-
tion of leisure for an unemployed and an employed person, with £ < 4. It is then
apparent that the equalization of marginal utilities does not entail identical incomes
unless v, = 0. More generally the equalization of marginal utilities implies that the
incomes of unemployed persons are higher than those of employed ones if consurp-
tion is a substitute for leisure in Edgeworth’s sensc (v, < 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 v = 0.

The Euler equation of the principal’s problem is obtained by differentiating the
Hamiltonian with respoct to V,, which produces:

Hr+p) =4 @®2)
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In order to characterize the time path of unemploymer. .nsurance 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:

pv'(z+ by = [p{r+p) + {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
V, expected by an unemployed person is stationary and equal to ¥ at each date t. The
optimal value of unemployment insurance benefits is then found by making V, =0
and V, = ¥ in the transition equation (38). We thus find:

5 ra
viz+b)=v(w+g) :rV+m

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. The 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
cffort made cannot be verified. Faced with a contract offering utility V at every date,
and specifying the payment of the same benefits 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 & job and obtains, at every moment, an inter-
temporal utility superior to V. This consideration suggesls that the optimal contract
cannot be stationary in a context where the search cffort is not verifiable.

2.23 The Optimal Contract When the Search Effort Is Unverifiable

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

The Incentive Constraint

When the search cffort is not directly checked on by the agency, the unemployed per-
son has the opportunity to “cheal” by making no effort while continuing to receive
unemployment insurance benefits. At each dale, an uncimployed person chooses to
make scarch effort a only if he or she thus obtains an expected utility V,{¢} superior
to the utility denoted V() that he or she obtains by “cheating.” These discounted
expected utilities are defined by the two following equations:



hY

V(1) = [v(z + b(t)) dt + Max[Vu(t + dt)., Vit + db)]] )

1
1+rdt

Vu(t) = ———{[v(z + b(t)) — a] dt + pdtVe(t + dt) + (1 — pdt)Max[V,(t + dt), V(t + dD)]}

(a4)

‘1+rdt

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, ¢ + 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(f))dt. He
or she therefore has no chance of finding a job at date ¢ + dt and so obtains, on that
date, the discounted utility expected by an uncmployed person, or MaxjV,(t + dt),
Vi(t + dt)].

To provide incentive to the unemployed person to make effort ¢ at any date
t 2 0, the agency musl offer him or her unemployment benefits and a transfer giving
him or her an intertemporal utility V,(t) superior to intertemporal utility V;(¢). Making
the difference between equations (44} and (43), we get:

Vidt) - Vi(t) = {—adt + pdt[Va(t + dt) — Max(Vy(t + dt), Vi(t + db)]}

1+r dt

1f we make dt — 0, the incentive constraint, V,(f) — Vi(f) = 0, V¢, is finally wril-
ten (omitting the index t for the sake of simplicity from now on):

Ve-Vy2 - (45)
p

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 lcads to full insurance, such that w + g = h+ 2, we deduce on
the basis of definitions (37) and (38) of V, and V, that we then get V, — V, = a/(r + p).
It is apparent that the full insurance contract gives no incentive, since the difference
Ve - V, does not satisfy 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 V,(0) > V linked to the promise value V. Consequently, with the help of (38),
the incentive constraint (45) takes the form:
M Vo= % @6)

The terms w and a/p being constants, equality (46) implicitly defines g as a
function of V,, which we shall denote by g(V,,), with:

Voo V=

V) =-
&) vima g 2
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Moreover, the incentive constraint (46) allows us to ,)e the equation {37) in
the simple form:

Vy=viz+b)+V, (9)

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 unemnployed 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. This lower bound might correspond to a situation of gutarky, in
which the unemployed person would look for employment without any benefits and
transfers (see Hopenhayn and Nicolini, 1997, and Ljungqvist and Sargent, 2000). The
lower bound Viin 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
Vi 2 Viin. 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-
cmployed. 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 V,{0) =
V > Viun. Consequently he principal’s problem is now written in the following

manner:
-+
Miax -C) = —J [g———(;/”)p + b] e~ (r+Pt gy
4 0
subject to:
Vy =tV - v(z + b) 9)
Ve 2 Vin (50)

Let us again denote by u tbe multiplier associated with transition equation {49)
and let us designate by ve~"*P} the multiplier associated with the participation con-
straint (50). The Hamiltonian can now be written:

V, .
H=- [g—A(L“) pt b} P UV, ~ iz 4 ) + e PV, — Vi)



The first-order conditw.g are therefore:

éH oH R
b= 0 and Fi7 ~f
To which must be added the complementary-slackness conditions:
(Vi — Viin) =0 with v>0 (51)

Bearing in mind that g i$ a function of V, satisfying (47), the first-order con-
ditions come to:
e P L vz 4+ b) =0 (52)
{ P —(r4+p}t .
_— =- 53
I. V,(w+g)+ve +pr=—4 (53)
Differentiating (52) with respect to t we find:

vi(z+b);

(r+P)ﬂ+ﬂ=—uv,(z+b)

And (53) then implies:

1 - . v"(z+b);
- (4Pt _ yp = — = g
e A N R R R e
Since according to (52) we have g = —e~("*P*/v!(z + b), the definitive result is:
vi(z+b): viiw+g)~v'(z+b)
i+ B T P s gz 1 b) &8

Bearing in mind that g is in reality a function g(V;) 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, b = 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 secn that the participation constraint (50) is binding in
the stationary state, or V; = Vinjn. In making V, =0 in (49), we gel v(z + b*) = rVin.
The incentive constraint (46) then gives the stationary value w + g* of the net wage, or:

v(w+g") :F(Vmin+%) (55)

The stationary value v* is obtained by making b =0 in (54). Note finally that,
whatever the stationary state, we always have v(z+b*)=rV; =rVin > v(z). Tn
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FIGURE 3.1
The dynamics of optimal unemployment insurance in the presence of unverifiable search effort.

consequence, b* is posilive. Conversely, the sign of the stationary value g* of the
transfer is undetermined. Equation (55} shows that g* may be positive or negative
according to the relative importance of wage w and the reservation utility Vpin.

Having defined the stationary values of the variables in which we are interested,
we can then study the dynamics of V, and of b, represented in figure 3.1. It is apparent
that the dynamics® of the unemployment insurance schedule is saddle-path stable.
There is thus no more than one trajectory converging toward the stationary state. On
this trajectory the initial value b(0) of unemployment insurance benefit is fixed by the
(exogenous) value of utility V. Confining ourselves to the only admissible points for
which V; = Vnin, we can then construct the phase diagram?® of figure 3.1 using the
dynamic equations {49) and (54). Making V, =0 in {49) we obtain the stationarity
locus of V,, denoted By, defined by rV, = v{z + b}; it is an increasing curve in the
(Vi b) plane. As well, (49) implies that V, > 0 {or < 0} for all points situated below (or
above) B,. Making & = 0 in (54) and noting that v = 0 for the points of the trajectory
where V; > Viun, we obtain the stationarity locus of b, denoted by B,, defined by
v'(z + b) = v/lw -+ g(V,)]. Relation (49) implies as well that b > 0 (respectively < 0) for
all points situated above (respectively below) By. Utilizing condition (46) defining
8(Vh), we can easily show that B, is situated below B, in the (V,, b) plane. We can thus
ostablish, referring to figure 3.1, that there exists a sole trajectory passing through the
point with abscissa Vi, and ordinate b*.

Figure 3.1 shows that unemployment insurance benefits are decreasing (b < 0
on the stable arm) and converge toward a nscessarily 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 decreb...a’g—see (47)—it results that the transfers can be positive
{or 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 type. 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 Grecce 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 declines
as the spell of unemployment persists (with a maximum henefit period of four months).
In Australia and New Zealand there exist special premiums reserved for the long-term
unemployed who find a job (OECD, 1996, chapter 2). Finally, the United States has
tried out similar systems locally, and il has been found that they do in fact encourage
the unemployed to find work more rapidly {a dotailed study of these experiments can
be found in Meyer, 1995).

A Calibrated Model for Optimal Unemployment Insurance

The model utilized to this point shows that unemployment benefits ought to diminish
as the term of unemployment 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). Thesc authors take the view, moreover, that job search cffort is a
variable thal can be assigned any positive value, a hypothesis that adds considerable
cnmplicétion 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 66% and benefits are paid
for a maximum period of twenty-six weeks. In their basic calihration, Hopenhayn and
Nicolini posit a utility function v{c) = ¢*~9/(1 — 5}, with ¢ = 1/2. They assume that the
exit rate from unemployment depends on job search effort g, according to the formula
pla) =1 — e where p is selected in such a way as to reproduce the estimated un-
employment benelil elasticily of the probability of exiting from unemployment. It thus
becomes possible to calculate the value ¥ promised at the moment of entering unem-
ployment by the system in place. Hopenhayn and Nicolini then compare two unem-
ployment insurance systems that offer the same discounted expected utility V. In the
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Table 3.3 ;
The optimal profile of the replacement rate in presence of moral hazard.

System with tax on wages System without tax
Weeks of Replacement Tax on Replacement rate without
unemployment rate (%) wages {%) tax on wages (%)
1 99.0 -0.5 85.8
2 98.9 -0.4 80.8
3 98.8 -0.3 76.3
4 98.7 -0.2 721
5 98.6 -0.1 68.2
6 98.5 0.0 64.7
7 98.4 0.1 61.4
8 98.3 0.2 58.4
12 97.9 0.6 48.2
16 97.5 1.0 40.5
26 96.5 2.0 27.7
52 94.0 4.5 13.4

Source: Hopenhayn and Nicolini {1997, p. 426).

first system, which approximates reality more closely, the agency cannot make trans-
fers (this hypothesis amounts to positing g = 0 at 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 taxes on those who find a job.

Table 3.3 presonts 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 of unemployment lasting 52 weeks (at that time horizon, the prob-
ability of being unemployed is close to zero, according to the calibrations used in this
model}. The third column of table 3.3 also shows that the transfers are subsidies when
the period of unemployment does not exceed six weeks {the taxes appearing in this
column arc negative), and that they becorme deductions after six weeks of unem-
ployment. Hopenhayn and Nicolini underline as well that the optimization of the
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-carners are not authorized, and 28% when they are.



The contribution o. Jpenhayn 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
cfforts of the unemployed, but also to the assiduousness at work of those who are
employed, for they may be tempted to shirk in order to lose their jobs if uneraploy-
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

1t 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 the 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 the 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 the search effort of job-
seekers and lowers their reservation wage, which on the contrary promotes employ-
ment {Cahuc and Lehmann, 2000; Fredriksson and Holmlund, 2001). Changes in the
rules regarding unemployment insurance thus have important consequences, and it is
apparent that 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 effects just mentioned. When calibrated equilib-
rium models with an endogenous search sffort, analogous to the 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
(Cahuc and Lehmann, 2000; Fredriksson and Holmlund, 2001).
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3 EMPIRICAL ASPECTS OF JOB SEARCH

In estimating job search models, the econometrician has at his or her disposal data
on wages and/or the duration of uncmployment 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 directly 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 the 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 possihle wages, so the econome-
trician must be able to estimate this distribution. Because he or she only knows what
wages were accepled, and perhaps also the reservation wages (as conveyed by the
surveys just mentioned) he or she cannot, on the basis of these incomplete data alons,
“recover” the true distribution of wages offered. The econometrician faces an identiBi-
cation problem known as the “‘nonrecoverability 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 heing 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 does not 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 rain 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 over a certain
period.™ It will be tustruclive, however, to set these data and explanatory variables
aside for the time being and concenlrate instcad on the probability distribution gov-



crning the duration of the ‘,A}xenomeuon under study. Then the explanatory variables
can be brought in with the help of particular specificationus, the prevalent ones heing
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 the notion of “duration dependence.”

Hazard and Duration Dependence
In what follows, we will denote the continuous random variable representing Lhe
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 every ran-
dom variable, the duration of an individual’s unemployment spell is characterized
by knowledge of its cumulative distribution function denoted by F(t), or its probahil-
ity density f{t) = F'(t). Readers will recall that the cumulative distribution function is
defined by F(t) = Pr{T < t}, and so represents the probability that the unemployment
spell lasts less than t units of time. Theorstical 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 ¢. For exampls, in the
model in section 1.2.4, in which unemployment insurance benefits are not stationary,
the hazard function is equal to 2[1 — H{(x(t)})], where x{t) designatcs the reservation
wage after an unemployment spell equal in length to t. More generally, designating
the hazard function by ¢(.) and knowing that the individual has been unemployed
for at least a period of length t, the conditional probability ¢(t) df that the duration
of unemployment is located within the small interval of time [t ¢+ dt] is defined
by ¢(t)dt =Pr{t < T < t+dtiT > t}. Applying the definition of conditional proba-
bilities*? gives us:

Prit<T<t+dt By di
iyt = {—pr{r‘z‘a -

The hazard function is thus characterized hy the equality:

fit

o(t) :mz

with  F(6) =1-F(t) (56)

In this expression therc appears the survival function F(t), tepresenting the
probability that the unemployment spell lasts at Jeast a period of length t. We will see
below that it is useful to link the survival function to the integral ®(t) of the hazard
function. This integral, also called the “integrated hazard,” is defined by ®(f) =
fé #(&) d&. Relation (56) cau also be written ¢(t) = ~J[In F(t)}/3t. Integrating this equal-
ity, we find:

O(t) = —In F(t) [£%)]
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The integrated hazard is thus equal to the opposite of }logarithm of the sur-
vival function.

In practice, it is importanl to know il the duration of the phenomenon under
study, in this case the duration of an unemployment spell, increases, diminishes, or
remains constant with time already spent unemployed. The bazard function allows
us to characterize this notion of “duration dependence” very easily. If ¢'(f) > 0, the
probability of exiting from unemployment increases with the amount of time ¢ already
spent unemployed, and we refer to “positive duration dependence.” Conversely, if
p'{f) < 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 examnple, in which uncmployment
benefits tail off as the time spent looking for a job lengthens, exhibits positive duration
dependence. It should be noted that the hazard function is not necessarily monotonic:
it may increase for certain values of ¢ 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 scarch model in section 1.1, where the exit rate from unemployment
A1 — H(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 y > 0, its hazard function is a constant equal to this parameter, and
it therefore presents no duration depondence. For that matter, it is easy to verify that
it is the only law with this property by integrating equation {56) with ¢ constant.
But since it depends only on a single parameter, it allows only limited flexibility in
econometric applications. For example, the mean and the standard crror of this prob-
ability distribution are both equal to 1/y. One cannot therefore estimate the mean and
the standard ervor 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 duratiocn models.

Distribution 1G] F(H Plt) ot}
Exponential ye ¥ et yt
Weibull yata-te-vt* e yee
L ‘G 1 1
Log-logistic ya In{1 5-yt9)

1+yte)? 1+yte




yand « (y > 0,a > 0) if the 1. 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 a < 1. The Weibull distribution thus
allows us to take duration dependence into account, but only in monotonic fashion.
The log-logistic distribution {which also depends on two parameters) permits a non-
mornotonic hazard function. For « > 1, the hazard is increasing then decreasing,
whereas for 2 < 1 it is always decreasing.

3.1.2  Parametric Estimation

The econometrics of duration models are applied most often to estimating the hazard
function. Gurrent 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 tesis that try to assess the
relevance of the form adopted. However, in the preliminary phass, it is now common
to proceed to a direct nonparametric estimation of the hazard 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 cstimation proce-
dures derives from the fact that a number of observations are [requently incomplete
in the surveys. This is the problem of “censored” observations, which we will now
examine.

The Likelihood Funiction with Censored Observations

Let us assume that we know the durations of unemployment spells for n individuals
between two dates 79 and 71, on the 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
[t0, 71). The principle of so-called parametric estimation consists of specifying a priori
a probability density f(t,0) for the duration of unemployment dependent on a vecter
of parameters that has to be estimated. Let us denote by #; the duration of unemploy-
ment of individual 1 as it is reported in the survey. If the unempldyment spell for all
individuals in the sample lies strictly between the dates 1y and 1y, the likelihood
function of the sample is then written []1, f{t,0). But in reality some individuals are
already unemployed at the commencement of the survey, and others are still unem-
ployed at its conclusion. In these conditions, the unemployment durations reported
by the survey are censored data. We speak of “left censoring” when the (unknown)
date of the start of the unemployment spell falls prior to the date 74 on which the sur-
vey commences, and “‘right censoring” when an individual is still looking for work on
date ,, when the survey stops. If observation ¢ is censored, the survey simply roveals
that the duration of unemployment 7; 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; = #;} =
F(t;,0). Let us define the dummy variable ¢; by ¢; = 1 if the observation is not cen-
sored, and by ¢; = 0 if it is. In logarithmic form, the likelihood function of the sample
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H

is then written3:

2

n
L = ciInf{t,6) + > (1-ci) In F(t,0)
i=1 =1
It is possible to express this likelihood function solely with the help of the haz-
ard function ¢{¢,#) and its integral, the integrated hazard ®(t,8). Relations (56) and
{57) thus give In f{#;,0) = In p(t;, 8) ~ In F(t;, 6) with ®{¢;,0) = ~In F(#,0), and the like-
lihood of the sample becomes:

L@ =3 clnplt,o) - > o1,0) (58)
i=1 i=1

In practice, the estimator 8 of vector @ of the parameters corresponds to the value
of § that maximizes this likelihood function. This maximization most often gives no
analytical solution, and it is necessary to fall back on numerical methods (the expo-
nential distribution is a notable exception). It is possible to show, under a set of stan-
dard hypotheses, that the estimator & of the maximum likelihood is consistent and
that the random variable \/ﬁ((j— ) asymptotically follows a normal distribution with
zero mean, the variance of which can be estimated by ~[n~!52L(6)/3050']"*.

An Example: The Exponential Distribution

By way of illustration, let us consider the simple case of an exponential distribution of
parameter 7. Table 3.4 indicates that the hazard function and the integrated hazard are
defined by ¢(t;,7) =y and ®(t;, y) = yt;, for all i. Bringing these equalities into cxpres-
sion (58) of the likelibood of the sample, the laticr is written: '

[ n
Ly)=> clny-y3 4
f=1 i=1

Setting to zero the derivalive of {unction L{y) with respect to y we find the value
of the estimator 7 of the parameter ¥, or:

n n
=2/ Y
= /e
If we had not taken the censored observations into account (which would have
meant assuming that ¢; = 1 for all i}, the estimator would then have been equal to
(n/31L, ;) = §. 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.'*

Different Properties According to Specifications

Table 3.5 presents estimations according to three different specifications of a duratiou
modsl produced on the basis of French data for the period 18801993 by Bonnal ot al.
(1998}.7% The first thing lo note is that if only the exponential specification had been
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Table 3.5
An example of the estimation of a duration model.

Exp. Weibull Log-L
Y 0.0629 0.0105 0.0120
a 1 1.6818 2.1163

Source: Bonnal et al. (1999, table 4).

used, the fact that the model exhibits duration dependence would not have ewmerged,
since the estimation of parameter « 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 Jead 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  intreducing Explanatory Variables

In duration models, the explanatory variables have a bearing on hoth the character-
istics of the labor market {sucb 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 argument the triplet (t,x,8),
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, ).
Formally, whal we have done to this point remains true on condition that we replace
the pair {t,0) by the triplet (¢, x,0). But remaining at this level of gencrality hides the
difficulties linked to the estimation of parameters in the presence of explanatory vari-
ables. In practice it is necessary 1o state exactly how the explanatory variables and the
parameters combine if we really want to cstimate the latter and interprel them from an
economic point of view. Two classes of models allow us to meet these objectives.
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The Proportional Hazard Mode!l !
In the proportional hazard model, we assume that the vector § of the parameters is com-
posed of two subsets, §; and 8,, and that the hazard function takes the following form?6:

o(t, x,8) = p(x, 0 )oq (1, 60) 59

Function ¢, is called the “‘baseline hazard” becausc it is identical for all 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 f; is identical to the pair of parameters « and
7- 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, 8}, indepen-
dent of the duration ¢ of unemployment. A specification frequently used for the scale
factor is p(x,6x) = exp(x0y), which has the advantage of being positive and supply-
ing a simple interpretation of the components of the vector 8. If we denote by x; the
kth component of vector x, relation {59} defining the hazard function shows that
(2 In ¢/6xi) == Ok, where 6, designates the kth component of vector 0. If we have
been careful to specify the explanatory variables in terms of logarithms, vector 8, then
represents the vector of the elasticities of the hazard function, that is, the clasticities of
the conditional probability of exiting unemployment with respect to the explanatory
variables.”

The estimators of vectors 8, and 6, are obtained by maximizing the likelthood
function of the sample with respect to the components of vectors 6x and 6. 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;6), in logarithmic terms the likeli-
hood function is then written:

n

n
L(Bx,60) = > cil(xi6) + In go{t:, 60)] — > Doty 60) exp(x:fly)
i=1 i=1
In this expression, function ®; represents the integrated hazard of the baseline
hazard g,. 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.

The 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(¢, x, 8} thus takes the form Fyltp(x, 8)]. It is then
easy to verify, using relation (56), that the hazard function is writtten:

o(t,x,8) = p(x, )pyltp(x, 6)] (60)



In the frequently « _4ed case where p(x,6) = exp(x6), it is possible to find a
linear version of the accelerated lifetime model. For that, we must first point out
that Pr{T < t} = Fo[t exp(x8)]. Using the change of scale t = t exp(x6), we then have
Pr{T exp(x6) < t} = Fy(r). It thus is apparent that the distribution of the random vari-
able T exp(x6) is independent of the explanatory variables. If we set exp & = T exp(x0),
the lifetime accelerated model {60) is equivalent to the linear model:

InT=-x0+¢ with expr- F() 1)

In this form, we note that if the variables linked to individual characteristics
are written in logarithmic terms, the usual specification p(xf) = exp{x8) allows us to
interpret each component of vector # 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 ¢ does not follow a normal distribution. More precisely, the cumulative
distribution function of the random variable ¢ satisfies Pr{e < v} = Pr{exp e < exp v} =
Fo{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 ¢; corresponding to a censored observation f; has a prob-
abiliy density different from that of an error term ¢; linked to a noncensored observa-
tion 4. In other words, if one applies the linear relation (61) for observations i and
J, cumnulative distribution function Fy; is different from Fg;. 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 ®, to designate the integrated hazard of the hazard function
9, the reader can verify that the likelihood function is written:

n n M
L) =" aifln p(xi,0) + In gotip(x1, )]} = 3 p(xi, ) Doltip(xi, 6)]
i=1 f=1
We pursue the estimation of the lifetime accelerated model by choosing func-
tional forms for p et g,. For example, g, may be deduced from a Weibull distribution
or a log-logistic distribution, and as we have already pointed out, the usual choice for
p is exp(x6).

Time-Dependent Explanatory Variables

Soms 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 regressive 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(f). Thus the hazard function is written gt,x(f},4]
and the integraled hazard ®[t,x(f), 8] is then equal to [} g[€, x(¢), 6] d&. However, the
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lifetime accelerated model is no longer equivalent to a linear lel, and consequently
vector § of the parameters can no longer be interpreted in terms of elasticity. The
likelihood of the sample takes the general form:

n n
L(O) = ciln gl xi(t). 8] = 3 Ot xi(5), )
i=1 i=1

When the explanatory variables are time-dependent, the maximum likelihood
method most often creates 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 rerains: 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 formaily 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 difficulties we may assume that the probability density of the depen-
dent variable is written {leaving out vectors x and ¢ for the sake of simplicity} f(tlv),
where v is a random variable of density p(.) marKing the unobserved heterogeneity
among agents. For 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
o(t,x,8) = p(x, 0c)py(t,00)v. We thus oblain the mixed proportional hazard model
studied in detail by Lancaster (1979) and van den Berg (2001). The probability density
function p(.} of the random variable v is unknown and must therefore be estimated. In
practice a discrete form (v, p) is often used, with py =Pr{v=w} for k=1,.. K,
and we estimate the vector {v,....vk; p1,..., px) 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. Svme surveys do in practice give both an individual's
duration of unempioyment 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 link each destination d to a dura-
tion Ty of unemployment, Lhe exit from which would be d. To be sure, only one spell
of unemployment and only one destination at exit from unemployment are observed
for each individual. If we use S to designate the set of possible destimations, we do
in fact observe lhe outcomes of the random variablos T=min(Tylde §) and D =
{d|Ty < Txyk € S}. Assuming that the random variables T; are independent of the
regressors and tbe nonobserved 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 (1, d;), it becomes possible to write the likelihood func-
tion and thus to proceed to make estimations {see Florens ct al., 1996).

3.2 MaiN ResuLTs

The numerous econometric studies carried out within the framework of job search
models have made it possible to clarity 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.

3.21 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 information.

Insurance and Sociol Assistunce

When we atiempt 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 insurance 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 the “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 to
quit their jobs. Benefits are generally stopped, moreover, when a job offer is refused
without good reason, and recipients have to furnish proof 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 i paid over relatively long periods to persons whose income is judged
inadequate.

Factual Elements .
In applied work, the considerations just adduced lead to 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 7 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 8

Source: OECD (1999}, Martin (1996).

the relationship between the benefits paid out to an unemployed person and the wage
of an employed one (sce OECD, 1994, chapter 8, 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 benefits 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.?® We should keep in mind the limitations of such a
global indicator, which provides no more than a partial and necessarily arbitrary 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 the lengths of time over
which these benefits are paid. Clearly the replacement ratios diminish as unempioy-
ment persists. The coexistence of unemployment 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 sludies have been carried out for the purpose of estimating the
elasticity of reservation wages and/or the average duration of unemployment with
respoct to the income of unemployed persons. This income appears lo have little
influence, and in consequence the probability of accepting a job offer proves in the
majority of cases to be close to unity. Empirical studies also throw light on the effi-
ciency of certain measures designed to help job-seckers find work, and on the sanc-
tions applied (o 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 Data Elasticities
Lynch (1983) U.K. (youth} 0.08-0.11
Holzer (1985) U.S. (youth) 0.018-0.049
van den 8erg (1990) Netherlands (30-55 yr) 0.04-0.09

Source: Devine and Kiefer (1991, table 4.2, p. 75).

Table 3.8
Estimation of the relation between the reservation wage and the instantaneous income of unemployed
persons, using an equilibrium search model.

Age (y)
16-22 23-29 30-38 39-70 Average
x/z 0.92 0.91 1.08 1.0 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 that end, they
relied on data from surveys in which unemplayed persons were asked to answer more
or less directly the question, “What for you is the lowest acceptable wage?” Table 3.7
gives the magnitudes of the clasticity of the reservation wage with respect to the in-
come of an unemployed person for three studics that use this type of data.? It shows
that, as the basic model predicts, this clasticity is positive. Its magnitude is, however.
very slight.

More recent studies estimate the reservation wage using the equilibrium search
model laid out in section 2.1 above. Table 3.8 shows the value of ratio x/z between the
reservation wage and the nct 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 the job offer arrival rates, 2, and 4,,
differ little between the unemployed and those who have a job. 1n this case, the elas-
ticity of the reservation wage with respect to income z of an unemployed person
would be practically equal to 1 (but we must bear in mind that in the equilibrium
search model, z has no influence on the average duration of unemployment). Using
French data, Bontemps (1998) finds on the contrary that A, is almost ten times larger
than 4., and Kiefer and Neumann {1993), using American data, find that 1, is approx-
imately equal to 57. In this configuration of the parameters, reservation wage elasticity
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Table 3.9
Some empiricat studies using duration models.

Elasticity of Elasticity of
unemployment duration of
Authors Data benefits benefits
Lancaster {1979) U.K. {not specified) 0.43-0.6
Narendranathan et al. {1985) U.K. {men} 0.08-0.65 ™~
Moffit (1985) U.S. (men) 0.16-0.36
Meyer (1990) U.S. {men) 0.60-0.83
Katz and Meyer (1990} U.S. {men) 0.8-0.9 {youth) 0.36-0.48

Source: Devine and Kiefer (1991, table 5.2).

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 conciusion that unemployment insurance benetits exer-
cise a {slight) positive influence on the duration of unemployment. In general, the exit
rate from unempioyment decreases with the duration of unemployment (the duration
dependence is negative), but its order of megnitude 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 benelits at the end of two years would increase the average duration of
unemployment by somethiiig on the order of five wecks {as opposed to vne week for
benefits paid in the first year of unemployment). Nickell (1979), however, reaches an
opposite result, since he finds that the amount of unemployment insurance benefits



has no significant effect ou L{xe exit rate from unemployment {after a period of 20
weeks in that state).

In general, unemployment insurance 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 insurance 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 increase
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 duration 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
roughty 60% of the minimum monthly wage. Figure 3.2 shows that the probability of
exit rises significantly as the 14th month approaches. Further, this effect s much more
marked for job-seekers who previously carned high wages. Two causes contribute to
this phenomenon. First, better-qualified workers, 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 rclative importance of these two
causes remains open.

Overall, these empirical results suggest that the effects of unemployment insur-
ance benefits on the average duration of unemployment do indéed follow the pre-
dictions of theory: a reduction in benefit shortens the duration of the job search for
eligible job-seckers, but this effect is modest in size.

The Probability of Accepting an Offer

Studies grounded in the labor market experience 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 lhe partial model and is always
equal to unity in the equilibrium search modecl. Table 3.10 summarizes the results of
threc different studies. We see that the probability of accepting an offer is close fo 1,
which means that the first cmployment offer is practically always accepted, a result
that confirms results obtained by observing the attitude of employers. Iu general, the
rate at which applications to fill vacant jobs are rejected is very high. For example,
Stern (1989), in a study of a sample of young Americans in 1980, found a rate of

Jon SEARCH i 159



160 l PART ONE i CHAPTER 3
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FISURE 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 comresponds 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 Data Probability
Devine (1988) u.s. 0.91-1.0
Wolpin (1987) us. 0.88

van den Berg (1990) Netherlands 0.89-1.0

Source: Devine and Kiefer (1991, table 5.3, p. 138, and table 6.4, p. 174).



rejection between 0.78 ana 0.958. That signifies that, on average, more than eight
times out of ten, applications to fill vacant jobs will be turned dowmn.

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, A[1 — H(x)] in the partial model, and thus the average
duration of unemployment T, = 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 tight of this, the majority of OECD countries have adopted measures aimed at
increasing the efficiency of the 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 sclected 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 flow 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 cach of these components is
generally difficult to isolate. The same problem arises in evaluating the Restart pro-
gram set up Lo 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 Type of help

Nevada (1977-78) Weekly interviews, checks on eligibility

Charleston (1983) Two in-depth interviews and a 3-hour session an job searching

New fersey (1986-87) Obligation to contact the employment agency regularly, offer of training
Nevada (1988-89) Improved counseling by permanent personnet

Minnesota (1988-90) intensive help from permanent personnel

Source: Meyer {1995, tables 4a, 4b, pp. 111-112).

Table 3.12
Effects of job search experiments on weeks of benefits; measured as treatments minus controi. {Stan-
dard error in parentheses.)

Place Weeks of benefits
Nevada {1977-78} -3.90
0.41)
Charleston (1983) —0.70
) 039
New Jersey (1986-87) —0.50
©.22)
Nevada (1988-89) -1.60
{0.30)
Minnesota (1988-90) —4.32
0.16)

Source: Meyer {1995, tables 5a, 5b, pp. 115-116).

job-seeker and a counselor from the local employment agency after six months of un-
employment. Job-seekers receiving bencfits 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 thal of the treatment group
during the six months subsequent to the omitted interview. Nonetheless, it is difficult
Lo identify the respective roles of counseling and surveillance.

The study of Black et al. (2002} on the 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 itsell 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 the unemployed are actually



cnrolled: the treatment gre .. . i selected from them, and the control group cousists of
unemployed persons excluded from the program. Black et al. find that on average, the
treatment group receives 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, the disagreeable prospect of having to have regular contact
(two to three hours per 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

1t is not clearly established that strengthened checks on eligibility for unemployment
benefits and on job search effort significantly increase the exit rates from unemploy-
ment, since job search effort is a variable difficult to verify. Job-seekers may follow the
rules in appearance but do things that prevent them from being hired, such as apply-
ing for jobs for which they are unsuited, or behaving in such a way at their job inter-
views that the result is failure. How elfectively job search effort can be checked on is
thus essentially an empirical question.

Studies focused specifically oun the impact on exit rates from unemployment of
strengthened checks on eligibility for unemployment henefits and job search effort
come to qualified conclusions. Some find substantial elfects. Van den Borg et al. {2001)
have studicd the 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 to 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 (wo-week period. Still, these studies encounter the same difficulties
mentioned ahove, in that they do not succeed in distinguishing the impact of sanc-
tions from that of measures that help job-seekers louok for work (see Meyer, 1995). The
contribution of Ashenfeller et al. {2000) eliminates these ohstacles 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
lreatment groups and a control group. The control group met the usual counditions of
eligibility for unemployment insurance benefit. But the job-seckers from the two
treatment groups, during the 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 trealment groups were treated
differently. For one, contacts with employers reported by the job-seekers were verified
by a telephone call, while this was not done for those in the other treatment group.
The job-seekers who could not prove that they had contacted an employer lost their
beuefits temporarily or permanently. Ashenlelter et al. found that the rates of exit [rom
unemployment for the individuals in the two treatment groups were nol statistically
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different. Further, the savings generated by excluding indiviuuals 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 benelit when they are actually hired.
Social experiments have been conducted in the states of Illinois {1984}, New Jerscy
(1986—1987), Washington {1988—1989}, and Pennsylvania (1988-1989) to evaluate the
impact of such measures. Thesc experiments, presented in detail by Meyer (1995),
conclude hy estimating that the premiums have a significant negative cffect 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 search 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 atfecting 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, onc musl in general have
worked previously and contribuled to an unemployment insurance fund for a
specified period. One is then eligible for unemployment insurance benefits, A
rise in the 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 the wage-sctting process and thus making possible the
analysis of the overall effects of economic policy. It affords a better fit than the
partial model with empirical obscrvations, accordling 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 8 nonparametric estimation of the
distribution of wages.

. Most often the body that administers unemployment insurance can only do very
partial checks on their clients’ eflorts to find a job. This means that the body in



question is faced wiw a “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 of 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 tbe existence of censored data.

Empirical studies show that the reservation wage and the average length of an
unemployment spell are (moderatcly) 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 the arrival rate of job offers.

Unemployment insurance influences the arrival rates of job offers hy its effect
on the intensity and efficiency of the job search carried out by 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.

RELATED TOPICS iN THE BCOK

Chapter 1, section1: The reservation wage and the choice between consumption
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Chapter 6, section 2: The agency model and the trade-off between insurance and
incentive
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Chapter 11, section 3: The methodology of natural experiments
Chapter 11, section 4: The macroeconomic effects of unemployment benefits

Chapter 12, seclion 1: Minimum wage, labor market participalion, and job
search effort
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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 ¢, the principal
must pay him or her a discounted present value of transfers, which, at that date,
comes to [;° g(f)e~"~% dr = g(t)/r. Let us assume that a person entering unemploy-
ment on date ¢ = 0 receives an unemployment insurance benefit payment b(t) on cach
date t for which he or she is looking for work. The discounted present value of the
cost of an uniemployed person on date t = 0 is then written:

= - -pt © n8B)
C(U):J U b(r)e™"™ dr] pe~P dl-}-J e pe etdt (5]
o lJo [

This expresion can be simplified using the integration-by-parts formula, i.e.,
Judv=uv— [vdu. Let us posit u= J'; b(r}e~" dr and dv = pe~Ptdt; we then have
du == b(t)e~" dt and v = —-e"P!, The first term of the right-hand side of equation {62)
thus becomes:

w [l t «© 0
J U b(r)o'"dr] pe*P'dt=[—e-Pf J b(r)e'"dr] + J B(t)e # dt ©
V) a 0 ] a

Assuming that the transversality condition lim. b{t)e™™ =0, is satislied, the
first integral of the right-hand side is equal to zero, and bringing {63) into (62); we get:

(o) = [ J: bt)+ i:) p] e gy
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