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ABSTRACT

In this period of uncertainty about future economic growth, we have developed a growth projection
tool for 13 advanced countries and the euro area at the 2100 horizon. This high uncertainty is
reflected in the debate on the possibility of a ‘secular stagnation’. Our projection tool allows for the
modelling of technology shocks, for different speeds of regulation and education convergence, with
endogenous capital growth and TFP convergence processes. We illustrate the benefits of this tool
through four growth scenarios, crossing the cases of a new technology shock or secular stagnation
with those of regulation and education convergence or of absence of reforms. Over the 2015-2100
period, the secular stagnation scenario assumes yearly TFP growth of 0.6% in the US, leading to a
1.5% GDP growth trend. The technology shock scenario assumes that the third technological
revolution will, in the US, provide similar TFP gains to electricity during the second industrial
revolution, leading to a 1.4% TFP trend, to which we add a TFP growth wave peaking in 2040, and
thus to an average GDP growth rate of 3% in the US. In non-US countries, GDP growth will depend on
the implementation of regulation reforms, the increase in education and on the distance to the
country-specific convergence target. Over the period 2015-2060, for the euro area, Japan and the
United Kingdom, benefits from regulation and education convergence would amount to a 0.1 to 0.4
pp yearly growth rate depending on the initial degree of rigidity and of the TFP distance to the US.

Keywords: Growth, productivity, long-term projections, structural reforms, innovation, education
JEL codes: 011, 033, 043, 047, 0O57.

! Banque de France and AMSE
2 Banque de France

Working Papers reflect the opinions of the authors and do not necessarily express the views of the Banque de
France. This document is available on the Banque de France Website.

Les Documents de travail reflétent les idées personnelles de leurs auteurs et n'expriment pas nécessairement la
position de la Banque de France. Ce document est disponible sur le site internet de la Banque de France.



https://www.banque-france.fr/en
http://www.banque-france.fr/

NON-TECHNICAL SUMMARY3

In developed countries, future long-term growth topics have received greater attention over the last
few years in the context of the Great Recession and of lower average growth than at any time since
WWII. The current situation thus logically raises the question: Are developed countries going to suffer
from a long period of low growth or are they once again going to benefit from a wave of higher
growth associated with a new technology revolution? To use an expression coined by Hansen (1939),
and applied to the current situation by Summers (2014, 2015) and Eichengreen (2015) among others,
are we facing the risk of ‘secular stagnation’? Such a ‘secular stagnation’ may have both demand and
supply side origins. The prospect of a long period of low growth is alarming, not only because it
would reduce improvements in purchasing power and living standards, but also because it would
make it harder to face what Gordon (2012, 2013) calls the ‘six headwinds’.

This study deals with future long-term growth and is associated with a user-friendly software tool
that allows the construction of different scenarios.* The originality of our study is twofold. First, it is a
supply side approach that attempts to infer productivity growth from technological innovations in
the US, to which other countries converge as it is considered to remain the technological frontier
throughout the period; education and regulatory reforms being the main drivers of this productivity
catch-up process. Second, the analysis is supplemented by a user-friendly software that enables the
construction of growth scenarios by modeling technology shocks at the frontier (the US) and the
catch-up process of other countries according to education and regulation hypotheses. As it is a
supply side approach that gives a large role to technology waves, the horizon is very long and
scenarios can be built starting from the current period to 2100, with an annual step. We consider 13
developed countries and the euro area, which together represent more than half of the current
world GDP.® Specific scenarios can be developed for each of them.

Users operating the study’s associated software can build diverse productivity scenarios for the US,
the technological frontier. Given exogenous employment growth and an endogenization of capital
growth, US GDP growth is determined by the total factor productivity (TFP) scenario. For other
countries, productivity scenarios depend on the US’s, but also on the country’s specific catch-up
process, itself subject to the hypotheses concerning education and regulation. As for the US, with the
same exogenous employment growth and endogenization of capital growth, non-US country GDP
growth scenarios are associated with these productivity scenarios.

The software presented in the paper is used to build different scenarios illustrating growth
uncertainties at a very long horizon. These scenarios are deliberately extremely contrasted, and show
how wide the range of possible future growth is for the developed countries. In the low-growth
scenario, improvements in purchasing power and living standards would be very small, making it
challenging to face the ‘headwinds’ described by Gordon (2012, 2013). Social and political stability
could be seriously threatened in such a low growth scenario. By contrast, in the high-growth
scenario, gains in purchasing power and living standards would be large, and Gordon's ‘headwinds’
would be easily overcome. Over the 2015-2100 period, the secular stagnation scenario assumes
yearly TFP growth of 0.6% in the US, leading to a 1.5% GDP growth trend. The technology shock
scenario (cf. graph below) assumes that the third technological revolution will, in the US, provide
similar TFP gains to electricity during the second industrial revolution, leading to a 1.4% TFP trend, to
which we add a TFP growth wave peaking in 2040, and thus to an average GDP growth rate of 3%. In

We warmly thank Roxanne Tabouret for her precious research assistance.

Available at www.longtermproductivity.com

These countries are the G7 (the United States, Japan, Germany, France, the United Kingdom, Italy and
Canada), four other euro area countries (Spain, the Netherlands, Belgium and Finland) and two other
advanced countries (Australia and Sweden).
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non-US countries, GDP growth will depend on the implementation of regulation reforms, the
increase in education and on the distance to the country-specific convergence target, namely the US,
as well. Over the period 2015-2060, for the euro area, Japan and the United Kingdom, benefits from
regulation and education convergence would amount to a 0.1 to 0.4 pp yearly growth rate depending
on the initial degree both of rigidity and the TFP distance to the US.

There is no consensus in the literature on the future of growth drivers and, for this reason, it seems
difficult to attribute probabilities to these different scenarios. We assume that the future growth of
developed countries will probably settle between the extreme scenarios described in the paper, but
the literature is not yet very conclusive in helping identify exactly where. But the software can be
used to build more precise scenarios for those who have a specific opinion on what may happen
regarding growth drivers over the next decades.

This software is of course based on a set of hypotheses and simplifications. For example, It does not
yet allow for the introduction of different demographic scenarios nor for explicit account to be taken
of the issue of environmentally sustainable growth. It is the first step in a long research program, the
next two steps being the inclusion of both of these aspects in our basic framework. Bearing this in
mind, it is still a practical tool that enables us to coherently represent different possible growth
paths, and to characterize the associated issues in developed countries.

lllustrative graph of the “Technology shock” scenario
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Notes: this chart presents average yearly GDP growth under the technology shock hypothesis, with
(2) and without (1) reforms (convergence of regulation and average years of education in the
working-age population to the US level). GDP growth is decomposed into the contribution of TFP,
capital intensity, the number of employees (labor) and hours worked per employee (hours).
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REsUME : PROJECTIONS DE CROISSANCE ET DE PRODUCTIVITE A LONG TERME

Dans cette période de forte incertitude sur les perspectives de croissance économique, nous avons
développé un outil de prévision a I’horizon de 2100 pour 13 pays avancés et la zone euro. Cette forte
incertitude est reflétée par le débat sur la possibilité d’'une « stagnation séculaire ». Ce débat a été
nourri par le fait que le choc des technologies de I'information et de la communication (TIC) a été
bref et que la croissance du PIB et de la productivité a été faible dans les pays avancés. Notre outil
de projection permet de modéliser les chocs technologiques, pour différents rythmes de
convergence des réglementations et du niveau d’éducation, avec une croissance du stock de capital
et une convergence de la PGF endogenes. Nous illustrons I'intérét de cet outil par quatre scénarios
de croissance, en croisant les cas d’'un nouveau choc technologique ou d’une stagnation séculaire
avec ceux de convergence des régulations et du niveau d’éducation ou d’absence de réformes. Sur la
période 2015-2100, le scénario de stagnation séculaire suppose une croissance de la PGF de 0,6% aux
Etats-Unis, conduisant a une croissance tendancielle du PIB de 1,5%. Le scénario de choc
technologique suppose qu’une troisieme révolution industrielle conduira aux mémes gains de PGF

éme

que I'électricité pendant la 2°™ révolution industrielle, entrainant une tendance de PGF de 1,4%,
correspondant a une vague de croissance de la PGF atteignant son pic en 2040. Ceci permet de
déboucher sur une croissance annuelle moyenne du PIB de 3% aux Etats-Unis. Hors les Etats-Unis, la
croissance du PIB dépendra de la mise en ceuvre de réformes structurelles, de I'augmentation du
niveau d’éducation et de la distance a I'objectif de convergence, spécifique a chaque pays. Sur la
période 2015-2060, pour la zone euro, le Japon et le Royaume-Uni, les bénéfices de la convergence
des réglementations et des niveaux d’éducation atteindraient 0,1 a 0,4 point de croissance par an,

selon le degré initial de rigidité et de I'écart de niveau de PGF avec les Etats-Unis.

Mots-clés : croissance, productivité, projections de long terme, réformes structurelles, innovation,
éducation.
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1. Introduction

In developed countries, future long-term growthi¢eghave received growing attention over
the last few years in the context of the Great Bgioa and of lower average growth than at
any time since WWII. The current situation thusidadly raises the questiomare developed
countries going to suffer from a long period of Igwowth or are they once again going to
benefit from a wave of higher growth associatechvatnew technology revolutionPhe
prospect of a long period of low growth is alarmimgt only because it would reduce
purchasing power and improvements in living stadslabut also because it would make it
harder to face what Gordon (2012, 2013) namesdiieheadwinds’. These ‘six headwinds’,
which are already in action and could potentiallgypa larger role in the future, are: i) a
reversal of the demographic dividend; ii) a plateaueducational attainment; iii) rising
income and wealth inequalities; iv) globalizatief;energy and environmental risks; and vi)
the twin household and government deficits. These headwinds’ could contribute to low
growth and in turn, low growth would make them mdagnaging.

To use an expression coined by Hansen (1939), aptied to the current situation by
Summers (2014, 2015) and Eichengreen (2015) amtmgrsy are we facing the risk of
‘secular stagnation*?Such a ‘secular stagnation’ appears to have bethadd and supply
side origins.

Concerning demand, it appears to be the consequérecstructural disequilibrium between
saving and investment. A large saving glut couldehaumerous causes: for example, a
growing share of emerging countries (such as Chwi#f) high saving rates in the world
economy, a growing share of large companies wigh Isiaving rates in developed countries
(such as the GAFA: Google, Amazon, Facebook andlédppghe increase of income
inequalities as the saving rate increases withnmggeetc. Other causes may be, among others,
declining investment opportunities or decreasingsment prices. From this disequilibrium,
the natural real interest rate could turn negative in the context of low inflation and of the
zero lower bound limit to interest rates, monetpojicy would not be able to lower the
saving rate. With regard to the supply side, praditg has slowed down in all advanced
countries since the beginning of the 2000s, befloeecurrent crisié. This fact is now well
documented by several recent studies (see for dediopthe US, Gordon, 2012, 2013, 2014,
2015, or Byrne, Oliner and Sichel, 2013, and fobadl/anced countries, Crafts and O’Rourke,
2013, or Bergeaud, Cette and Lecat, 2016a). Thesmties already suffered from
productivity slowdowns at the end of the 1960s,imuthe 1970s, towards the end of the
1980s, and during the 1990s, except for the US eyHeom the mid-1990s, we observe an
acceleration due to faster improvement in infororatand communication technologies (ICT
hereafter) productive performances (Jorgenson, ,2@8@% the first of numerous papers to
stress this last point). Productivity growth is noery low, even close to nil in some
countries, and, for some authors such as Gordoh2(28013, 2014, 2015), this situation
could be the future of long-term productivity.

The causes of secular stagnation risk were fonskla (1939) a demographic slowdown but also a
disequilibrium between saving and investment.

Productivity has accelerated in Spain since 2@@8peginning of the current crisis, for very dfieceasons
(see Bergeaud, Cette and Lecat, 2016a).



This study deals with the topic of future long-tegrowth, and is associated with a user-
friendly software tool that allows the constructiof different scenario$.Previous studies
have suggested future long-term scenarios assdaiatie different types of issues. Duval and
Maisonneuve (2009) proposed a long-term scenattioea2060 horizon for the world divided
into ten areas. The main questions treated instoidy were the crucial role of education and
the growth impact of reforms in non-US areas. FoBenassy-Quéré and Fontagné (2013)
developed scenarios for 147 countries at the 2@szdn. Key issues included the role of
energy, female participation and the internatiotiatulation of savings financing capital
growth.

The originality of our study is twofold. First,ig a supply side approach that attempts to infer
productivity growth from technological innovatioms the US, to which other countries
converge as it is considered to be the technolbfjicatier; education and regulation being
the main drivers of this productivity catch-up pees. Second, as mentioned previously, the
analysis is supplemented by a user-friendly sofwthat enables the construction of different
scenarios related to productivity growth from tealogy shocks at the frontier (the US) and
the catch-up process of other countries from edutatnd regulation hypotheses. As it is a
supply side approach that gives a large role tortelogy waves, the horizon is very long and
scenarios can be built with an annual step fromcilreent period to 2100, the end of the
century. Mainly using the Bergeaud, Cette and Ld2atl6a) databasewe consider 13
developed countries and the euro area, which tegetipresent more than half of current
world GDP. Specific scenarios can be developed for eachesfi?

Concerning possible settings, users operating tbhdy's associated software can build
diverse productivity scenarios for the US, the tedbgical frontier. Given exogenous
employment growth and an endogenization of capitaivth, USGDP growth is determined
by the total factor productivity (TFP) scenario.r Fther countries, productivity scenarios
depend on the US'’s, but also on the country’'s $ipecatch-up process, itself subject to
hypotheses concerning education and regulationfoAshe US, with the same exogenous
employment growth and endogenization of capitawging non-US countryGDP growth
scenarios are associated with these productiviggon

The remainder of the paper is organized as folld@ction 2 presents the model and Section 3
the data. Sections 4 and 5 detail the endogenizatiacapital and the productivity catch-up
process respectively. Section 6 comments some geerauilt with the software associated
with the model. Section 7 concludes.

2. The mode

The model is a supply one based, at the natioval,l®n the following usual two-factor
(capital and labor) Cobb-Douglas production funttiwith constant returns to scale:

(1) Qi,t = TFPi,t 'Ki(,zt—l . (Ni,t -Hi,t)l_a

3
4

Available atwww.longtermproductivity.com

This database can be accessddtpt//www.longtermproductivity.com

These countries are the G7 (the United Statgmn)aGermany, France, the United Kingdom, Italy and
Canada), four other euro area countries (Spain,Nétherlands, Belgium and Finland) and two other
advanced countries (Australia and Sweden).




Wherei andt variable indexes indicating for which countrgnd which yeat the variable is
consideredQ is the volume ofGDP, TFP the total factor productivityK the volume of
capital installed at the end of the yeldremployment, i.e. the number of workers, &hthe
average number of hours worked per year and pekerat is the elasticity of outpu® to
capital K and, as in other studies (see for example Bergeauwal, 2016a), we assume
constant elasticity over time for all countries @he calibrationa = 0.3.

Total factor productivity takes into account thentbution of education to the quality of
labor input through the average years of schoolnghe working age population. This
contribution is calibrated with a 5% return on yeaf schooling, estimated in Bergeaud,
Cette and Lecat (2016b) on the same databaserdthis lies within the range of estimates
of “Macro-Mincer” equations such as Soto (2002)h@wvand Soto (2007) and Barro and Lee
(2010).

This relation (1) can be written in growth ratenmer

(1) 4qi = Atfpie + a.dkyp s+ (1 —a). (Anye + Ahyy)

Or

(") 4qic = Atfpic + a. (ki1 — Anye — Ahyp) + (Anye + Ahyy)

Wherex corresponds to the logarithm of the varialfléx = log(X)), andAx is the usual
approximation for the growth rate ¥f (k; ., — 4n;, — Ah;,) is called capital intensity.

To build a future long-term scenario, for each ¢oun employmentN and working hoursd
are exogenous. The quantification of volume of @pi and of theTFP comes from specific
assumptions and relations.

Concerning capital, we assume that in the long teatnthe potential path, the capital
coefficient (ratio of capital divided bgDP) remains constant in nominal terms (Cette,
Kocoglu and Mairesse, 2005):

(2) Apqi: + Aq;: = Apk;; + Ak;r 4

Where P, is the GDP price (pq = log(P,)) and Pk the investment in the fixed productive
capital price gk = log(Px)).

As in Cette, Kocoglu and Mairesse (2005), we obsénvnominal terms over the last few
decades in the US notable stability in the capdeéfficient (Chart 1). The stability
assumption thus seems reasonable.
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Capital coefficient, at current prices, in the US
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Source: Authors’ calculation, see the data section.

From relation (2), we obtain the relation (2)’, wiiis used to build long-term capital
scenarios:

(2) Akjt_q = Apqic + 4qir — Apki,t

To build long-term capital evolution scenarios gsielation (2’), we need a corresponding
scenario of the relative investment priggk & pg evolution. We assume that this relative
price evolution depends, through an error correctimodel (ECM), onTFP evolution. The
underlying theory is that, in the US, quality impements in investment in terms of
productive performance are at least partly incafeat into the measurement of investment
prices in national accounts through hedonic or matc methods. This is mainly done for
ICT since this investment benefits more than otlien performance improvements (for a
summary on these aspects, see Byrne, Oliner arntelSi2013, and Byrne, Fernald and
Reinsdorf, 2016). So, the investment performandesganpact both investment prices and
TFP. Taking all this into consideration, the relatestimated for the US is the following:

(3) Apyst = Ao + a4.Apyse—1 + az. Atfpyse + as. Atfpyse—1 + ay. (Pus,t—1 -
as. tprS,t—l) + U

Wherepys . corresponds to the relative investment price @l (in logarithm):



(4) Pus;t = PKust — Pqus,t-

Increases irtfpys, lower the relative investment priggs . as the quality-adjusted price of
investment decreases.

Relation (3) is estimated for the US. To build lgegn relative investment price scenarios,
we first build a long-ternTFP scenario for the US and then use the estimatednedeas of
relation (3) to build the US relative price scenafror the other countrias we assume (as
proposed by Schreyer, 2000, and numerous papersafte) that the relative price is the
same as in the US:

4) Pit = Pusit

The long-terml'FP scenarios are exogenous for the US. For the cthartriesi, we assume
a catch-up process represented through an erroection model (ECM) in which intervene
the level of education of the working age populafidegulation of the labor and product
markets and, in the short run, changes in the dgpattlization rate, in the employment rate
and in average working time. The following catchrafation (5) is estimated:

(5) Atfpi, = ay. [tprS,t—l - tfpi,t—l] +a.a;. Ry g [tprS,t—l - tfpi,t—l] + a3. ACUR;; + a,.Ah; +
as.AERi,t + Yi + 8t + ui,t

WhereR is the level of anticompetitive regulation (protuotarket x labor market regulation),
CUR the capacity utilization rateER the employment rate (here employment over
population), and thg; andé,; country and year fixed effects.

In relation (5), the long-termTFP catch-up process to the US level depends on
anticompetitive regulation on product and labor kets (more regulation lower the catch-up
process, the expected signaf being negative). In the short rufE-P growth also depends
on changes in the capacity utilization rate of piitbn factors (with a positive impact, the
expected sign ok; being positive) and on changes in the employmatet and hours (with a
negative impact, the expected signaf and as being negative). These three short term
impacts are estimated in other studies (see BoaridsCette, 2007, or Aghicet al, 2009,

for surveys and estimates). The employment ratewaorlling hours have decreasing returns
as less productive workers are recruited as thelagment rate increases and because of
tiredness effects with regard to working hours. @ouand time dummies capture all the
unobserved factors that may impact the convergtarget: regulation that is not measured in
our indicators (such as tariffs or banking regolas), the quality of management, corruption,
etc. Year fixed effects capture the cycle commoraltocountries in our sample but also
common movement in convergence targets acrosshedlet countries. It may appear, for
example, that the ICT technology shock impactsTiRE level in the United States because of
the share of ICT-producing industries in the USn@eoy, which is lower in most countries of
our sample, leading to a common downward shockencbnvergence target for all non-US
countries. We assume that the US remains the teminteader over the whole period and

® Total factor productivity is adjusted for educatj using the estimated return on years of schoain5%

from Bergeaud, Cette and Lecat (2016b): see equdfiy. The adjustment term for education, when
extracted fromtfp, is hence-0.05 x (EDUUS_t_1 — EDUL-,t_l) with EDU, the average years of schooling in
the working-age population.



that the convergence process continues as duringstimation period (1994-2010), which
corresponds to the first ICT wave.

Relation (5) is estimated over our country pane@nfJS countryTFP scenarios can be built
using its estimated parameters and exogenous saecancerning USFP.

3. Data

These models require the use of national accouata GDP, equipment and building
investment, price of output and of investment iedl productive capital, employment), of
degrees of production factor utilization (capittlization rates, hours worked per employee),
population, education and regulation data.

For national accounts dataGIDP, investment, employment, working hour§DP and
investment prices) and for education, populatiod production factor utilization data, we
essentially use the dataset from Bergeeiudl. (2015, 2016a and 2016b) which gathers data
for 13 OECD countries and the euro area over thi®gd890-2013. These countries have
been chosen for the large share of wa@D@P they represent: the G7 (the United States,
Japan, Germany, France, the United Kingdom, ltalg &anada), four other euro area
countries (Spain, the Netherlands, Belgium andarid) and two other countries (Australia
and Sweden). In addition, a euro area has beemstitded, aggregating Germany, France,
Italy, Spain, the Netherlands, Belgium, Portugal &mland (93.2% of the euro ar&DP in
2010). A detailed description of the constructidrttos dataset is given in Bergeaad al.
(2016a and 2016b).

The capital indicator is constructed using the ptral inventory method (PIM) applied to
each of the two components (equipméfit and buildingsKg) with the corresponding
investment data £ andlg). The yearly depreciation rates used to buildchygtal series using
the PIM are 10.0% for equipment and 2.5% for buaggifollowing Cetteet al. (2009) and are
assumed to be constant across time and spacelyFtha damage that occurred during the
World Wars, earthquakes in Japan and the civil imaBpain are, as much as available
information will allow, taken into account in buiidy the capital series. Chart 2 presents the
yearly growth rate of capital intensity (the totapital stock over hours worked) over the
estimation period; this displays a counter-cyclipattern, as the capital stock tends to be
more inert than hours worked.



Chart 2
Capital intensity yearly growth rate (%)
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For education, we also use data collected by Beyetal. (2016b). Educational attainment
is defined by the average time spent studying éntthal population over the age of 15 of 25
using Van Leeuwen and Van Leeuwen-Li (2014). Aswshan Chart 3, educational
attainment rose continuously over the estimatiomoge with particularly large gains for the
euro area and Japan.

" The calculation starts with primary school an@slaot include kindergarten or any other type afcation

received before the age of 6.



Chart 3
Average years of schooling in the population aged over 15 (in years)
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Source: Van Leeuwen and Van Leeuwen-Li (2014).

For population and employment rate projections a2®60, we use those of the OECD
(2015) and allow for parameterization afterwardse Werefore assume exogeneity of both
these parameters, which may be endogenous to griosetfi or regulation. Age structure
could be a major determinant of long-term employirate projections but is not concerned
in cyclical developments. Lastly, the impact of ukegion should be captured through our
convergence equation.

We use OECD regulation indicators for employmerdtgxtion legislation EPL - OECD,
2013) and product market regulatid®PMR - Koskeet al, 2015). For employment protection
legislation, we use permanent employment legisiadi® it is most representative of the stock
of employment contracts. For product market regutatwe use the composite indicator
encompassing state control, barriers to entreprehguand barriers to trade and investment.
Both these indicators range between 0O (least reg)land 6 (most regulated). Our regulatory
indicator is the product of thiEPL and PMR assuming a non-linear relationship and a
possible offsetting of one regulation by the other.

4. Capital stock dynamics

Capital stock dynamics are assumed to depend ostéhdity of the capital stock t&DP
ratio in nominal terms (see Section 2). Hence, tojegt the capital stock, we need to
determine the trajectory of the relative investmpnte. As seen in equation (3), relative

® 1f one body of regulation is at its maximum (@)dathe other at the minimum (0), the overall retiataindex

will be 0. In practice, both types of regulationdeto be correlated across countries.



investment prices can be relatedrteP through a dynamic error-correction model framework
(ECM), as innovation tends to lead to decreasinvgstment prices, especially when quality
adjustment is taken into account, compared to ayidaes’ It is estimated on US data, not

on a country-to-country basis, as US investmentegri incorporate quality-adjusted

information more efficiently than other countriespecially for recent periods.

Estimates are presented over different periodsn(fi®30 to 1990) in Table 1. We use the
one-step estimate of the ECM, with the coefficiantéirst difference representing the short-
term relationship. Changes in relative investmeitepare fairly inert, as shown by the large
and significant coefficient dkin(p;—,) over all the periods. The short-term relationshith
TFP is complex as the coefficient and the lagged adefft are of opposite signs. In our
preferred estimates (1970-2013), the overall coefit of TFP is negative but small. The
long-term relationship corresponds to the leveliades (n(p;—,) and In(tfp:—1)), the
coefficient forin(p;-,) being the error-correction term. It is negativealhof the columns,
but is only significant for the 1970-2013 periodhel coefficient ofin(tfp,_,) is, from
equation (3), the product af,, the error-correction term, and, the long-term relationship
between the relative investment price and totatofaproductivity. Henceas is significant
and equals 0.73, which implies that technologicapess, as reflected by a lifierease in
TFP, will lead to a long-term decrease of 0.73 per@gatpoint in relative investment prices.
This estimate is consistent with Fisher's (200&ct®n function for investment-specific
technology shocks. 1970-2013 is our preferred §ipation as the period is short enough to
have a stable relationship among the varidBlasd recent enough to have quality-adjusted
data, but also because the period is long enougbstimate the coefficients precisely.
Residual stability tests and cointegration tests also more satisfactory on that pertdd.
Overall, the sign of the coefficients does not veoysiderably from one estimate to the other
but their significance and magnitude can displagdavariations. The results are robust to the
exclusion of the crisis period from 2008 onwards.

°®  The relationship between investment-specific nedbgy shocks and the relative price of investnmeay be

disrupted by several factors, such as mark-up awmmg variation in the use of intermediate inputd a
factors of production in technology-producing sest¢see Fisher, 2009). That is why we expect this
relationship to hold more strongly in the long than in the short run.

Benati (2014) shows over a long time horizon tleddtive investment prices afid-P are not cointegrated
when structural breaks are not allowed; when intoed], long-horizon covariation is either nil or atge.
Cointegration is not rejected only for the regies from 1970 onwards (at the 5% threshold), wihilis
rejected for all the other regressions (resultgaesented with a 20-year interval, but regressadras10-year
interval were also tested).
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Table 1: Relativeinvestment price estimates (equation (3)) on US data

Estimations for 1930 1950 1970 1990
2013 from...
Aln (p,) Aln (p,) Aln (p,) Aln (p,)
Aln (p;_4) 0.463™" 0.581" 0.697* 0.737"
(3.62) (5.57) (5.22) (6.28)
Aln (tfp,) 0.0641 -0.149 -0.268" -0.267
(0.61) (-1.41) (-2.09) (-1.69)
Aln (tfp._,) -0.0753 0.206 0.209 0.410™
(-0.53) (1.66) (1.13) (2.89)
In (p;-1) -0.0166 -0.0211 -0.110" -0.151
(-0.84) (-0.81) (-2.15) (-1.52)
In (tfps-1) -0.00341 -0.00873 -0.0803" -0.0804
(-0.34) (-0.57) (-2.12) (-1.12)
N 84 64 44 24
adj. R? 0.172 0.402 0.546 0.680

tstatistics in parentheses
*p<0.1,"p<0.05 " p<0.01,** p<0.001

Notes: One-step error-correction model estimated)Bndata. First, we test the variables’ integration
order with two different unit root tests: the Augmed Dickey-Fuller (ADF) test and the Phillips-
Perron (PP) test. As both time series are intedrat@rder 1, we model a cointegrated process estd t
its fitting results with Engle’s Lagrange multiplitest, detecting for the presence of autoregressiv
conditional heteroskedasticity, and the Breuschffeégdand Durbin’s alternative tests, both assessing
for serial correlation in the disturbance and fihdt they are reliable from 1950 onwards (all tests
available on request).

5. Catch-up dynamics

Although the TFP dynamics for the United States are exogenouslgroheted by the
technology scenario, thEFP dynamics for other countries are determined byravergence
process towards the technological frontier, defireed the US level. We thus estimate
convergence equation (5), whose results are raparté@able 2. In Chart 4, we see that, for
the euro area, Japan and the UK, catching up WwehUsS level took place until the mid-
1990s, when the ICT shock led to a relative acagtar of US TFP. The euro area and the
UK reached the US level, while others, such asrlamanain far from it, which illustrates
that countries may converge to different targeP levels.

10



Chart 4
Total factor productivity asa % of the US level
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Our baseline specification includes convergencehéofrontier, interaction of regulation and
the frontier, all control variables, country fixedfects and year fixed effects from 1994
onwards. Other specifications include differentipes, the regulation gap with the US rather
than the level of regulation, different time pesodlifferent returns on education and
estimates without control variables.

Convergence to the frontier appears fast, espgdrathe period of the ICT technology shock
that benefited the US more than most of the otlemuties in our panel: ignoring the
interaction between the distance to the technoébdiontier and the level of regulation, about
14% of the gap is closed in one year for most $ipgations. However, this speed of
convergence is reduced by the impact of labor andyzt regulation, whose average level is
7.35 over the sample. The coefficient of the intBom of regulation and the frontier is
negative and significant, as expected. The spe@bmfergence is slower for countries with
stringent labor and product regulations. Hence atlerage speed of convergence is halved at
the average regulation level, at 7% of thEP gap on averag&. Moreover, countries
converge to different levels relative to the USgeaBmates include country fixed effects and
year fixed effects. Another specification choicalldohave been to introduce the level of
regulation directly into the estimates so that lineel as well as the speed of convergence
depend on regulation. However, this is fully captuby our fixed effects, which encompass

12 As our specification is original, these results @ot easily comparable with those in previoudissi
Nevertheless, the sign and amplitude of the intemaderm impact seem consistent with those in iotey
studies, which have also introduced interactiorwben the product of labor and product market reguia
indicators and the distance to thEP frontier indicator. See for example Aghienal.(2009).
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all other unobservable factors not captured inindicators (for example banking regulation).
The use of the regulation gap with the US levelsdoat alter our estimates of the impact of
regulation, but it is not our preferred specifioati as part of the impact of changes in US
regulation should be captured in the TSP level, which is included in the frontier variable.

Table 2: Catch-up estimates (equation (5))

1 (z) (3) (4] (5) (&)
Baselini Regulations gap 1986-2010 1990-2010 Return on Without control
education Fap variables
Aln {tfp, Aln () Aln (tfp) Aln (Efp Aln (e fp,) Aln {tfp.)
Frontier 1.138 0139 00839 0.102™ 0.140™ 0167
187 (4.00) {331) (3.48) (3.97) (4.32)
Regulation - Fronter 0.00920 -0.00453 -0.00483" 000921 -0.0111**
{ y (-2.58) (-2.02) {-291) (-2.9%)
Regulation gap - -0.00980 "
Frontier
(-2.65)
ACUR 0.24 0246~ 0.340 0314 02447
116 (4.18) (7.94) (7.25) (4.05)
Aln{hours) 17 -0.238™ -0.290 -0.273™ -0.244™
4 (-2.41) (-3.19) (-3.00) (-2.48)
AEmployment Rate 0.2 5¢ -0LE5F -0.0399 0.0423 -0.265™
(-2.02 {-2.06) (-0.31) (0.30) (-2.07)
Constant 01297 00130 o.0128™" 0.00967 00114 00167
(3.30 (3.31) (347) (1.51) (3.02) (3.48)
Ubservations % ¥ 192 £HH 25 192 192
Adjusted B2 0.7 1l 0,711 0.579 0.594 0.712 0.632
rEtATiEtiEd 16 par LT
"peOl, " <008, p<0,0], " p < 0001

Notes: 1994-2010 estimates apart from columns (@) (d). Estimates include country and year fixef@e§.
Robust t-stats are reported.

The control variables yield the expected resulepdCity utilization rates capture the country-
specific cycle, which is not encompassed in ther yeanmies which capture the whole
country sample cycle. Due to the imperfect measargrof factor utilization, which biases
our TFP measure (Ceté al.,2015), this control is useful to correct for ajctcal effects. It

iIs positive and significant in all specificationgidaits coefficient is fairly stable. The
coefficients on the variations of hours worked perployee and of employment rates are
negative, due to fatigue effects of longer hourd e recruitment of less productive workers
as employment rates increase. The coefficientsnagative, significant and stable across
specifications, apart from the employment rate,clvhs not significant over 1986-2010 and
1990-2010. The magnitude of the coefficients islnghan in Bourlés and Cette (2007), but
their estimates are on productivity per employee ot TFP.*?

Our preferred estimate is the 1994-2010 one (col(Mn It yields the highest R2 compared
to other time periods, encompasses all controlab#es, uses a return on education more in
line with literature and, as previously explaindde regulation gap leads to complex

B And the employment rate corresponds here to the cétemployment to population and not to the ratfo

employment to working age population, as in Bouded Cette (2007).
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interpretations. Regulation measurement methodedogre also more robust and stabilized
from the mid-1990s.

We may be concerned by a potential reverse cayshétween changes in TFP and
regulation: in times of crisis, structural reformay be easier. However, the literature on the
political economy of structural reforms is not umaous on this point; second, this reverse
causality would bias our coefficient upward, whiglmains negative and significant; finally,
regulations are lagged.

6. Scenarios

The outlook for productivity growth over the negtf decades is subject to large uncertainties
(6.1.). For this reason, very contrasting scenaresuilt with our software (6.2.).

6.1. Largeuncertainties

The future of productivity growth over the next fel@cades could differ at the technological
frontier (the United States) compared to other e countries? It depends dramatically
on improvements in ICT -or other technologies- perfance and on ICT diffusion. For this
reason, the future of productivity growth is highlypcertain, and optimistic or pessimistic
scenarios are both realistic. Gordon (2012, 2002422015), for example, is very skeptical
about the extent of the current technology waveargdes that these contributions from ICT
will be very small. According to him, labor prodivity growth could stay on average close
to 1¥4% per year, which corresponds to what wasrebdeover the sub-period 1975-1995,
from the first oil shock to the ICT productivityawth wave Byrne, Oliner and Sichel (2013)
propose two steady-state scenarios. In the finsetdoound one, the improvement in ICT
performance, measured by ICT relative price growthyld remain on the same path as that
observed on average during the 2004-2012 sub-pdtidcanslates into a slowdown in ICT
performance improvement compared with the 1995-20@#period but also, in a slightly
less pronounced way, compared with the 1974-199%psuod. But it also means an
acceleration in comparison with what we observeore recent years. In the second upper-
bound scenario, the improvement in ICT performaonceld follow an intermediate path
relative to that observed in the 1974-1995 longeitiod and that observed in the favorable
1995-2004 sub-period. The contribution of ICT ttufe productivity growth (both from ICT
capital deepening and fromiFP in ICT producing sectors) differs between thes® tw
scenarios. It ranges from 1.8% to 2.5% for avem@ggual labor productivity growth in the
non-farm business sector. We could imagine morsipestic scenarios than the lower-bound
one (like what Gordon proposes) but also more aptimscenarios than the upper-bound
one.

A more optimistic scenario than the Byreieal. (2013) upper-bound one could yield different
results. The following ones are those primarilycdssed in the literature: the first one stems
from the fact that significant improvements couldppen in the near future in the

semiconductor industry (see ITRS, 2013a, 2013b¢. dxt operational one could be the 3D
chip; it will allow fast improvements in ICT perfoance for many years. This development

14 See Cette (2014, 2015) on these aspects.
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would increase the future contribution of ICT t@guctivity growth, which would engender a
second ICT productivity growth wave benefiting 8. Secondly, large productivity gains
could be generated by the extended use of avaitdiyes and ICT capacities in several new
areas. This development was identified in 2005 ey fTRS as theMore than Mooré
process. Pratt (2015) gives some emphasis to ttengd improvements in robotics and
Mokyr et al. (2015) to the gains in research efficiency. ltoajsstifies Brynjolfsson and
McAfee’s (2014) optimistic approach, which noneéssl stresses the need for appropriate
institutions to reap the benefits from these padégiains. Rapid progress or even revolutions
could take place in other domains, such as bioteckrgy, agriculture... and fuel a “third
technological revolution” scenario.

In the future, non-US advanced countries’ proditgtigrowth could also be positively
influenced by a possible catch-up with the higher Idiffusion level observed in the US.
Numerous studies have suggested reasons for thend@d diffusion in non-US advanced
countries compared to the leading country, inclgdime level of post-secondary education
among the working age population as well as labwt product market rigidities. For
example, efficient use of ICT requires a higherrdegof skilled labor than the use of other
technologies. The required firm reorganizationdtiective ICT adoption can be constrained
by strict labor market regulations. Moreover, logwvdls of competitive pressure, resulting
from product market regulation, can reduce the ntice to efficiently exploit production
techniques. Numerous empirical analyses have coefirthe importance of these factbts.
Among others, Cette and Lopez (2012) show, thraugleconometric approach, that the US
enjoys the highest level of ICT diffusion becaudeaohigher level of post-secondary
education among the working age population and dessictive product and labor market
regulations. This means that the future of proditgtiwill depend, in all advanced countries,
on technological progress, on th®ldre than Moore proce§sbut also on institutional
changes through structural reforms to reap thebfetiefits from these advances. Concerning
non-US countries, these institutional changes cpoléntially play a large role. Indeed, they
would help to speed up the convergence to the WS & ICT productive capital diffusion.

6.2. Twotypesof growth scenarios

Two very different types of growth scenarios arepmsed with the software (see Box for
projection tool user manual) as to illustrate howcin possible future outlooks differ. In the
first one, named “Secular Stagnation”, OEP growth stays indefinitely at the low level
observed both before (1974-1990) and after (20@=pthe ICT productivity growth wave
associated with the ICT third industrial revolutidn the second, called “technology shock”,
the US enjoys another large productivity growth gaassociated with a third industrial
revolution based on ICT or other technologies. Wheéerlying TFP growth is then assumed to
go back to the level observed during the 1990-Zi05period. We add to this trend growth a
technology shock over four decades equivalent @oT#P contribution of electricity during
the second industrial revolution in the"2@entury. For each of these two US growth
scenarios, two sub-scenarios have been built comgenon-US countries. In the first one,
education and regulation stay at their level atlibginning of the period, anbFP catch-up
does not accelerate over the period. In the seaautation and regulations converge to US
levels over the 2015-2030 sub-period, which all@amsacceleration of FP convergence to

> See Aghioret al. (2009), Guerrierkt al. (2011) and Cette and Lopez (2012), who use couetrgt panel
data, as well as Cette, Lopez and Mairg264 6), who employ sectoral-level panel data.
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the US level. For the UK, we did not include a sfietreatment with regard to Brexit, as this
shock is hard to calibrate, but it creates an &t downward risk on all the scenarios
presented above.

“Secular stagnation” scenarios

In these scenarios, UB-P growth is stabilized at 0.6% per year, which cgpands to the
level observed both before (1974-1990) and afté0%2014) the ICT productivity growth
wave associated with the ICT third industrial rexmin, meaning that the US does not enjoy
a new technology shock. We use OECD employmenggtions until 2060 and after that the
contribution of employment stays around 0.5 pp year. The hours worked per worker
decrease by -0.1% per year, which correspondseacatolution observed during the most
recent historical sub-period 2005-2094The average length of education stays stabilized a
12.8 years.

Under these assumptions, over the period 2015-2180GDP growth averages 1.5% (see
Chart 5), with a contribution of 0.6pp from¥P, 0.5pp from capital intensity and 0.4pp from
hours worked (itself decomposed in a contributiérO&pp from employment and -0.1pp
from hours worked per worker).

Chart 5
Average yearly GDP growth and contributionsunder the secular stagnation hypothesis
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Source: Authors' computations.
Notes: this chart presents average ye@&iDP growth under the secular stagnation hypothesig and without
reforms (convergence of regulation and averagesyefieducation in the working-age population to the
level). GDP growth is decomposed into the contributionTéfP, capital intensity, the number of employees
(labor) and hours worked per employee (hours)rasemted in equation (1").

® From 2060 onwards, hours worked per employestatglized.
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Concerning non-US countries, two scenarios areqa®g. In the first one, without reforms,
length of education and regulation remain stakldliaetheir 2014 levels. In the second, length
of education and regulation converge to the USII@ieheir initial 2014 levels are above US
ones, they remain stable) over the 2015-2035 stibgp¥ In both cases, hours worked per
worker growth remain on their 2005-2014 trend uB060, when they are stabilized, and
employment growth corresponds to OECD projections.

These two growth scenarios differ slightly on agerdor non-US countries over the 2015-
2100 sub-period as reforms act on the speed ofergexce, which is low as a large share of
the convergence to the target was achieved by f¥1Bost advanced countries. Reforms
speed up convergence for the lagging countries theeffirst period 2015-2060, withFP
gains higher by 0.2pp in the euro area and 0.1pJapan, but less in the UK. These higher
TFP gains boost the contribution of capital intensiyy1pp in the three areas.

In both reform hypotheses, this secular stagnate®mario corresponds to low futuGDP
and productivity growth in developed countries.nieans that the different headwinds
identified by Gordon (2012, 1013) and mentionedhi@ introduction will be challenging to
face. This scenario would be alarming, leading igksr of social and possibly political
instability.

“Technology shock” scenarios

In the “technology shock” scenario, the US enjogsther large productivity growth wave
mainly associated with the ICT third industrial o&stion. This new wave could result from
“More than Mooré advances (functional diversification of semicontiu-based devices) or
upcoming positive technology shock (3D chips intipatar) as emphasized by the
International Technology Roadmap for Semiconduc{br&S, 2013b). It could stem from
advances in machine learning (Brynjolfsson and M&A\f2014) or robotics (Pratt, 2015). It
could also come from other domains such as biotesbrgy, agriculture, etc. Mokt al.
(2015) emphasize that technological progress id ttapredict, but that professionalization in
R&D activity, developments in new research toold #me overall increase in the number of
world researchers support an optimistic view.

" This reform effort is not exceptional: such aar@ase of the average length of education and suigtrease
in the regulation index were observed in the 198f@isthe 2000s in these countries.
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Chart 6
Average yearly GDP growth and contributionsunder the technology shock hypothesis
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Source: Authors' computations.

Notes: this chart presents average ye&DP growth under the technology shock hypothesis, waitd without
reforms (convergence of regulation and averagesyefieducation in the working-age population to te
level). GDP growth is decomposed into the contributionTéfP, capital intensity, the number of employees
(labor) and hours worked per employee (hours)resgmted in equation (1").

In this scenario] FP growth is assumed to return to the pace observadgithe 1990-2005
sub-period, from which we remove the contributioonf the ICT technology shotkin the

US over that period (yielding a 1.3% per y&&P trend, which is also the 1995-2014 average
growth rate). This contribution is removed as dietogy shock is added over this trend as a
technology shock which is assumed to take place foue decades, with overallFP gains
associated with the ICT third industrial revolutiequivalent to those observed for electricity
during the second industrial revolution in thé"2fentury, as estimated in Bergeaud, Cette
and Lecat (2016b). The overall technology shockcbeamounts to a 27% increaseTiRP
over these 40 yealS.Hours worked per employee are assumed to be stabiieis scenario,
the US average annu@DP growth is 1.8pp higher than in the secular stagnascenario
during 2015-2060 and 1.2pp higher during 2060-2100.

In this scenario (see Chart 6), the yearly GBP growth rate accelerates to 3% over the
2015-2100 period, with a 1.4pp contribution framP, 1.1pp from capital intensity and 0.5pp
from employment. Thus, the contributions fronfFP and capital intensity are more than
double those in the secular stagnation scenario.

18 As estimated in Bergeaud, Cette and Lecat (2016b)
¥ This figure corresponds to the overall gains frelectricity, from which we remove the gains fro@Tl
already accounted for up to 2015.
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Here again, two sub-scenarios have been built for-WS countries. In the first one,
education and regulation stay at their level atltéginning of the period, and tA&P catch-

up process takes place at its current pace. Isgbend, education and regulations converge to
US levels over the 2015-2035 sub-period, whichvadl@an acceleration GfFP convergence

to the US level.

This acceleration takes place mostly during the522a60 period, with th&FP contribution
0.2pp higher in the euro area and Japan, and fh&aketensity contribution 0.2pp higher in
the euro area and 0.1pp higher in Japan duringsthisperiod. The gains are more limited for
the United Kingdom (0.1pp forFP) as regulation levels are already close to USl¢ev@ver

the whole 2015-2100 period, tli&DP growth rate would come out at a yearly average of
2.5% in the euro area, 3.0% in the United Kingdam 4.9% in Japan. This pace would
correspond to the 1974-1990 trend growth ratetierduro area, and the 1950-1974 rate for
the United Kingdom, but would remain much lowerrttany 28 century trend growth rate
for Japan, as the overall contribution of labor lddue negative.

In the first scenario (no change in education ke\aid no reforms), average annGiP
growth is higher than in the secular stagnatiomingu2015-2060, by 1.3pp in the euro area,
1.1pp in the UK and 1.4pp in Japan. These gap&.2m in the euro area, 1.1pp in the UK
and 1pp in Japan during 2060-2100.

In these technology shock scenarios, there is nbtdihat the different headwinds set out by
Gordon (2012, 1013) and mentioned in the introductvould be easy to face, in the US and
also in non-US countries, if there were a convergeof education and regulation to US
levels.

Box:
The projection tool: a user-friendly software

The software is a user-friendly projection toolttladlows the user to compute different growth
scenarios for 13 developed countries based on tegpuyiarameters concerning the technological
frontier's growth path and the follower countriexdnvergence process. This software is freely
available atvww.longtermproductivity.com

In an Excel format, the file contains 16 sheets tha be separated into 3 categories:

» The hypothesis sheet where parameters are entenegraing the projections for each country
with regard toTFP and the follower countries’ convergence, relatprices, average hours
worked per year and per worker, employment, labod @roduct market regulation, and
education.

» The individual countries’ sheets where the user ohserve visual output of his inputted
parameters in the hypothesis sh&&DP annual growth ratelFP annual growth rate and level,
capital annual growth rate, total employment grovette, average hours worked per year and per
worker annual growth rate, relative price annuawgh rate, annual product and labor market
regulation indexes, and annual level of educatioyeiars).

* TheTFP sheet recapitulating all of the countrid®P growth rates in data format and charts.

To program a long-term growth scenario, the ussrithdanput assumptions into the hypothesis page.

The user is first invited to enter his assumptiaheut the technological frontier, the United States
with regard toT FP, relative capital prices, average hours workedypar and per worker, educatipn
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and employment.

For the leading country, the user can implementn@) a technology shock and control for
magnitude and duration, in addition toT&P trend. There are four parameters: the trend’slye
growth rate, the wave length in years, its peak,@ad its height over the trend.

For the trend’s yearly growth rate, the user cdheeichoose to directly input a percentage
clicking on ‘manual entry’, or he can compute atfgend by clicking on ‘past trend’ and enter ir
the input box a start year and an end year. Ifuger simulates a technology shock, he input
duration in years in the box labelled ‘wave lengih’ which year it reaches its peak and by w
percentage in the boxes labelled respectively ‘waeeak year’ and ‘wave peak height over trend
the user does not wish to have a technology shuelsimply inputs 0% in the ‘wave peak heig
over the trend’ box.

For the relative capital price, the user can eitdh@ose to manually enter a yearly growth ratectv
can be directly inputted or computed on a pastifrenchoose the paper’s modelized trend.

Concerning average hours worked per year per wotkeruser is asked to enter three parame
the yearly growth rate, the target number of h@umg its catch-up start date. For the yearly grg
rate, the user can either enter it manually or admja past trend in addition to a minimum an
maximum number of hours worked per year per worKethe user wishes to make assumpti
about working hours legislation, he can input geanumber of hours that the country will conve
towards starting from the year inputted in ‘catghatart date’. If not, he simply manually inputs (
in the ‘yearly growth rate’ and the country’s pmys number of hours in the ‘target number,
hours’, which is indicated in the adjacent box.

The user can also make assumptions about the avégagth of education by entering a tar
education level in years and the date at whichcthentry starts converging towards it. If not,
simply inputs the previous education level in tterdet education level’ (displayed in the adjag
box).

Finally, the user is asked to make assumptions tath@uemployment rate from 2060 (when 1
OECD'’s projections end). He can either input a nadeatry or compute a past trend.

The user can now make assumptions about the fall@eentries’ convergence process to
technological frontier. All countries have the sapaameters related to assumptions aligtR,
relative capital price, average hours worked per yand per worker, education, market regulat
and employment.

For TFP, the user can either choose to manually entecdhb@try’s catch-up parameters or he
choose the paper's modelized trend. If he chodsesmanual entry’, he will control the trend
yearly growth rate (manual entry or past trend},dhte at which the country starts converging ¢g
leader’s targeted@FP level, the targetedFP level, and the speed of convergence.

The relative capital price can either be manuatitered, by actually inputting a yearly growth r
or computing a past trend, or can follow the paparddelized trend.

Average hours worked per year per worker are setugh three parameters: the yearly growth r|
the target number of hours and its catch-up stid.d

For the yearly growth rate, the user can eitheremakmanual entry or compute a past tren
addition to a minimum and a maximum number of hawwsked per year per worker.

If the user wishes to make assumptions about wortkours legislation, he can input a target nun
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of hours to which the country will converge, stagtiat the ‘catch-up start date’. If not, he sim
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manually inputs 0% in the ‘yearly growth rate’ atfg country’s previous number of hours in the
‘target number of hours’, which is indicated in #djacent box.

The level of education may converge to the UnitedeS’ targeted education level if the user enters
a catch-up start date, a convergence speed, aadyet level. If he does not wish the country’s
education level to vary, he simply enters 0% in‘tiomverging speed’.

The user can implement up to two market regulatefiorms on both the labor market and the
product market. To do so, he first clicks on ‘redigins 1’ and enters the catch-up start and end|yea
into the new inputted index. For a second reformndtep is repeated. If the user does not wigh to
introduce market reforms, he simply re-enters tentry’s previous index (indicated in the output
box).

Finally, the user is asked to make assumptions tath@uemployment rate from 2060 (when the
OECD'’s projections end). He can either input a nahieatry or compute a past trend.

At the end of the hypothesis sheet, in the parametrtion, the user can see an ON/OFF switch for
the HP function. We advise you to only turn it Ohte you have entered all the assumptions as the
Hodrick-Prescaott filter is rather time consumingemcomputing data.

7. Concluding remarks

The analyses proposed in this paper illustrate hadwe growth in advanced countries is
driven by technology improvements at the technalalgfrontier (the US) and the catch-up
process to this frontier in terms of productivity ather countries. However, their respective
paces are very uncertain in the future. In the iU&pends on new technological changes, in
particular in the ICT industry, and on the extensod the use of available ICT capacities in
several areas (thanore than Moore’ procejsin other countries, it also depends on the
institutional economic environment and on the cdpato implement large-scale and
ambitious structural reforms.

The user-friendly software presented in the papaes wsed to build different scenarios
illustrating these uncertainties at a very longzwn, from the current period to 2100, the end
of the century. These scenarios are deliberatahgmely contrasting, and show how wide the
range of possible future growth is for the devetbpmuntries. In the lower scenario,
improvements in purchasing power and living stadglavould be very small, making it
challenging to face the ‘headwinds’ talked abouGmydon (2012, 2013). Social and political
stability could be seriously threatened in sucbvadrowth scenario. By contrast, in the upper
scenario, gains in purchasing power and living daatls would be great, and Gordon's
‘headwinds’ would be easily overcome.

There is no consensus in the literature on theduddi growth drivers and, for this reason, it
seems difficult to attribute probabilities to thedigerse scenarios. We assume the that the
future growth of developed countries will probaldgttle between the extreme scenarios
described in the paper, but the literature is matwery conclusive in helping identify exactly
where. But the software can be used to build moeeige scenarios for those who have a
specific opinion on what may happen regarding ghoavivers over the next decades.

This software is of course based on a set of hygseth and simplifications. It does not yet
allow for the introduction of different demograpltgcenarios nor for explicit account to be
taken of the issue of environmentally sustainalotevgh. It is the first step in a long research
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program, the next two steps being the inclusiobath of these aspects. Bearing this in mind,
it is still a practical tool that enables us toresent different possible growth paths, and to
characterize the associated issues in developedrasl
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