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Abstract:

This study presents a GDP per capita level and growth comparison across 17 main advanced
countries and over the 1892013 long period. It proposes also a comparison of the level and growth

of the main components of GDP per capita through an asting breakdownand runs PhilipSul

(2007) convergence tests over GDP per capita andaia components These components are total

factor productivity, capital intensity, working time and employment ra@zer thewhole period,
standards of living as measured by GDP per capita experienced a very marked inceshsamaed
countries, especially because of the surgdatal Factor Productivity (TFPand in Capitalritensity

(capital stock per hours workéed

The main resits of the study arette following: i) All countriesexperiencedat leastone big wave of
GDP per capita growttluring the 28" Century but of different sizes anih a staggered manngii)
Almost all countries have suffered fromsgnificantdecline inGDP per capita growtturing the last
decades of the perigdiii) The GDP per capita leadership changetbng large countriesver the
period, from the UK until WWLo the US since WWII; ivihere is an overall convergence process
among advanced countriemainly after WWiIlyelying mostly orcapital intensityconvergenceand
then on TFPconvergencewhile evolutions in hours worked and even more employment rates are
more disparate v) But this convergence process is not continuanod was particularly scattered
since 1990, as the convergence of the EA, the UK and Japan to the US GDP per capita level stopped at
a large distance, with reforming or structurally flexible countries accelerating thankgheo
Information and Communication Tieeology shockwhile some countries such as Japan lingered in
crisis; viEmployment rates and hours worked did not contribute to theralleconvergence process,
with club convergence very often appearifar these variableamong European countries on ®n
side and Angl&saxon countries on the othebynamics were especially divergent between these two
groups since 1974, as opposite labor policies were implemented

JEL classificatior§10, 047 E20
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1. Introduction

Citizen standard of living comparisorarosgsountries are usuallypased on GDP per capita
indicators.This choice is of course simplistic: it considers only a particular ecort@mwidopment

measure excludingmanydimensiors influencing the citizen welbeing for examplethe trade-off

between work and incomeon one side and leisuren the other, the inequalities in income
distribution, the sustainability2g ¥ RS@St 2 LJYSyd |yR 3INRBgUKIX ¢KSasS f
literature, and the famous Stiglitz, Sen datbussi (2009) report proposed several ways to enrich the
economic and social development measure. These proposals are progressively takaociiat

but, in the current situation of a lack of consensual and homogeneous indicators available on a large

set of countries country comparisos of ecoromic development focus usually on GDP per capita
indicators.

The abundant literature devoted to ®Dper capita countrgomparison has mainly focused on two
non-independentquestions:convergenceof GDP per capitacrosscountries and factors explaining

growth inGDP per capita (see Islam, 2003, for a synthesis). It appears that GDP per cagitivlevel

not necessarily convergacrosgountries, everadvancedones (see for example the seminal pape

from Baumol, 1986, or Barro, 1991n. other words, low GDP per capita coues do notnecessarily

catch upwith high GDP per capita ones, and the gagyeven increase over long period of time. The

literature hasput forwardnumerous factors of GDP per capita growth and convergence. It gives a
particulaty important role to institutional and educative factors (see for example Barro, 1991, Barro

and Sald-Martin, 1997, and, for recent evaluations, Aghieh al, 2008, or Madsen, 2010a et

2010b). Institutional factors correspond for example to property rights, labour and product market
regulations, financial system development and regulatjopsidical systan quality and even

democracy as shown by Acemogkt al. (2014X 9 RdzOl G A2y O2NNBaLRyRa G2
the working age populationnnovations and technical progress depend on these institutional and
educative factors (see Aghion and Howi i = My S HAanc +FYR HAandOd [/ NI 7
suggest that the role of institutional factors could hawvereasedover the last decadesSome

specific institutionsuchas the tax system may also influence the leiswaek tradeoff and for ths

reason may explain somerosscountry differences in terms of working time or participation rates

which contribute todifferences incountry GDP per capita (see for example Prescott, 2004, for a
EuropeUS comparison)Regardinthe United StatesGordon @ T MHX HAMOZXZ HAMMODUL LJ2A
KSIRgAYRaé¢ | NB FftNBFIRe Ay FOUA2y (02 &aft26R24y D5t
the future. These headwinds are: i) A reversal of the demographic dividend; ii) A plateau in
educational attainment; iiiRising income and wealth inequalities; iv) Globalization; v) Energy and
environment risks; vi) Twin household and government deficits. In the other advanced countries,

some of these six headwindse alreadyat play or will soon start tde.

This studypresentsa GDP per capita level and growth comparismiossthe main advanced
countries and over a long periolt.proposes also aomparisonof the level and growth othe main
components of GDP per capita through an accounting breakdown. These compareitsal factor
productivity, capital intensity, working time and employment rate. Such a breakdown allows
characterizing the contributions of these different componettsSGDP per capita differencesross
countries.Thestudy also focusesn testing the convergence hypothesis in terms of GDP per capita
and its components over different syderiodsAccording to Galof1996), three different concepts of
convergence exist: First, the absolute convergence hypothesis entails that GDP per capita converge
to a common steady state equilibrium over the lengn, no matter what their initial conditions
were. Second, the conditional convergence hypothaklie supposethis convergence to a common
steady state independently of initial levels, but only among coastthat share common structural

! See for example the empirical country comparison through a large set of indicators proposed by Fleurbaey

and Gaulier (2009).



OKIF NI OGSNRAGAOE ORSY23INI LKexX LRfAOCes: HSeiBeNl LIKE X0
a situation in which groups of countries with similar initial conditions and identical in terms of
structural characteristis converge to a common steady state equilibrilimthis latter case, multiple

steady states exist and countries can reach one of them if their initialsl&eddbng to thesame

Gol airy 2 Fof asieddyBtadeSele Pyflauf and Jolson, 1995, Galprl996 and Islam, 2003

for more details) How to test for one of these three types of convergence has been a widely
discussed topics sindgarro and SataMartin (1991, 1992 and 1996seminal works.Wo approaches,

the b- or the s-convergenceare usuallyemphasizedb-convergence entails that the lower the level

of the initial indicator the faster its growths-convergence entails that dispersion within the sample
decreases with time.Thelub-convergence hypothesis has been first tested usingtdtenvergence

method (see Durlauf and Johnson, 1995 for an example and Bartowska and Riedip28X2view).

This approachhas its limitation since it requires to identiéy priorthe factors that can explain the

existence of multipleequilibriaand to preselect groups of countries according to these criteria. In

order to avoid mailag such arbitrary choices, more recent methods has been developed to
endogenize the groupsef countries Among themPhillips and Su2007puilt a methodology that

relates tothe family ofs-convergence testsThar methodologyoffers many advantages in addition

to being | GAAYLIE S NBINBa&AEA2Y (Philiisa®RSuROR )y Br§, NHalloh© S (1 S &
analyzing comovementand convergence even in the case of cresstiond heterogeneity when
cointegration tess are no longer useful. Second, with the same test, it enables to distinguish
between global convergence, divergence or club convergence across different economies.

Our dataset is composed of ld@dvancedountries:the ones in the G7 (the United States, Japan,
Germany, France, the United Kingdom, Italy and Canada), the other three biggest countries of the
Euro Area (Spain, the Netherlands and Belgjumd other countries of this Area (Portugal and
Finland) and fiveother OECDcountries interesting for productivity analysis because sofme
specificitiessuchasa high productivity level at the beginning of the period for Australia, a particular
industry structure for Norway and Switzerland and the role of structpdicies for Sweden and
Denmark. In addition, a Euro Area has beeconstituted aggregating Germany, France, Italy, Spain,

the Netherlands, Belgium, Portugal and Finland. This approximation seems acceptable as these eight
countries represent together, i8010, 93.2% of the Euro Area GDP (16 countries in 2010).

The analysis isarried outover the period 189€013on annual data andlso, from 194, quarterly
data. The starting database was the one built by Cette, Kocoglu and Mairesse, (@08&ed and
considerably enlargeth Bergeaudet al. (2014),andoncemore in this studyFor this, we have tried

to make the best use afiational accounting data for the last decades andhaf estimates of long
aggregate historical data series by economists and tigstg in particulaMaddison (1994, 2001,
2003) updated byBolt et al. (2013) The data are bdilat the country level under the hypothesis of
constant bordersjn their last state Series for GDP and capital are given in 2010 constant national
currencies and converted ®010US dollars at purchasing power parity (ppp) with a conversion rate
from the Penn World Tableghis data buildingequirestrong assumptions to reconstitute some
countriesand seriesWe may nevertheless consider that the orders of magnitude of our estimates
and the ensuing large differentials (BDP per capitéevels and growth rates are fairly reliable and
meaningful.

The main originalities of the analysis dhat it is presentedover a long period, on a large set of
countries, with data reconstituted in purchasing power parity and on the basis of, as much as
possible, consistent assumptians

> Then, testing forb-convergence requires to conduct the following regression (see Baumol, 1986):

%{(Iog tgy Wp =| +T log wy + - When no control variables are included, tieconvergence is
AFAR (G2 0SS adzyO2yRAGAZ2YIféd hGKSNBAASET AU A& &l AR O
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This study leads to numerous results regarding GDP per dapéh evolution and convergence. The
main ones are the following) All countriesexperiencedat leastone big wave of GDP per capita
growth during the 20th Centurybut in a staggered manneThe size of the wave seems related to

the starting level: itvas the strongest in Japan, but fraime lowest initial GDP per capita level, and

the lowest in the UK, but from a higher level than the EA and Japan. The EA is in an intermediate
position: a medium wave and a medium starting levelAlost all countris have suffered, during

the last decades of the period, from a huge decim&DP per capita growtii) The GDP per capita
leadership changed over the period: the UK was the leader until WWI and for some years during the
Great Depression, but US hamintained itsleadership since WWII. It makes it interesting to analyze
the reasonsfor these leadership changes; iv) Thereais overall convergence process among
advanced countrigamainly after WWIIfirst through capital intensity and then TFP, whélelutions

in hours worked and even moremployment rates aremore disparate v)Biut this convergence
process isiot continuous. Foexample,it was particularly scattered since 1990, as the convergence

of the EA, the UK and Japan to the US GDP per capéhdtopped at a large distance from the US
level with reforming or structurally flexible countries accelerating thatdkghe Information and
CommunicationTechnology shockwhile some countries such as Japan lingered in ciiis fact

was already iBY 0 A FASR Ay GKS fAGSNI GdzNB 064SS F2N SEIl YLX
the GDP per capita catelp to the leadership position is not alwaym ongoingrocess Vi)
Employment rates and hours worked did not contribute to the ralleconvergene process, with

club convergence very often appearing for these variables among European countries on one side
and AngleSaxon countries on the other. Dynamics were especially divergent between these two
groups since 1974, as opposite labor policies wengémented

Section 2 presents theataset. Section 3 proposes a first descriptive analysis of GDP per capita waves
and convergence on the United States, the euro Area, the United Kingdom and Japan. Section 4
enlarges this descriptive analysis on the veheét of countries andn GDP per capita and its main
componentsthrough an accounting breakdown approach. Sectigorésents Philips and Sul (2007)
convergencetests on GDP per capita and its components, over different-peitiod. Section 6
concludes.

2.  The datd

In order to build series for GDP per Capita and to condsatecompositionwe needediew series

but overa long periodfor the 17 consideredadvancedcountries. These 17 countries correspond to
the ones in the G7 (the United States, Japan, Germany, France, the United Kingdom, Italy and
Canada), the otherthree biggest countries of the Euro Area (Spathe Netherlands and
Belgium),two other countries 6 this Area Portugaland Finland and five other OECDcountries
interesting for productivity analysis because of their specificities: a high productivity level at the
beginning of the period for Australia,a particular industry structure for Noraray Swizerlandand

the role of structural policies for Swedeand Denmark In addition, an Euro Areahas been
reconstituted aggregating series@ermany, France, Italy, Spain, the Netherlamkgium, Portugal

and Finland. This approximation seems acceptabl¢hase8countries represent together, in 201
93.2% of the Euro AréaDR.*

The analysis isarried outover the period 18922013 on annual data andlso, from 1974, quarterly
data The starting database was the one built by Cette, Kocoglu and Mairesse (2009) on the United

See Appendix A for further details about data construction, updates and sources.

* The Euro Area is composed by 16 counties in 2010.



States, Japan, France and the United Kingdom over the-2896 period. Bergeaud, Cette and Lecat
(2014) have updated and considerably enlarged this first datatmaaegotal of 13 countries. For this
study, we added four countries to the dataset (Belgium, Denmark, Portugal and Switzerland) and
updated the series up to 2013aking into accounts recent changes in national accounting
methodologies.

To compute GDP per capita indexes over this long -BBAB3 period, we rely on Maddison (2001)
whose series have been updated by Beital. (2013). Maddison provides data for GIPB and
population (P), most of the time from 1820. Wsupplementedthese daa with national accounts
data. For other series and in particular to compute the total factor productivity indiER (sed in
the accounting breakdown of the GDP per capitaee basic series are needed for each country:
employment (N), hours worked ) and capital K). The capital indicator is constructed by the
perpetual inventory method (PIM) applied to each of the two components (equipnk&nand
buildingskB thanks to the corresponding investment dat&#&nd IB). The yearlydepreciation rates
usedto build the capital series by the PIM are 10.0% for equipment and 2.5% for buildiloggng
Cette, Kocoglu and Mairesse (2009) and are assumed to be constant across time and-iszdlye
damages happening during WWI, WWII, earthquakes in Japantendivil war for Spain are, as
much as information is available for this, taken into account to build the capital series.

Folong aggregate historical data seriewe used data built by economists and historians on
consistent assumptions. Many of thesatd are subject to uncertainty and inaccuracy, not only for
the most distant periods but also for recent ones. The data are built at the country level under the
hypothesis of constant borders, in their last state. It should be noted that however talented

economists and historians are, strong assumptions are required to reconstitute some coaer'ses.

may nevertheless consider that the orders of magnitude of our estimates and the ensuing large
differentials in productivity levels and growth rates are fairly reliable and meaningful. Series for GDP
and capital are given in 20 constant national curnecies and converted to US dollars at purchasing
power parity (ppp) with a conversion rate from the Penn World Talfferences in GDP level may

be significantly affected by the basis year of the PPP conversion rate used, as it reflects the GDP
structureat a specific date in history.

GDP per capita is the ratio of tl@&DP divided bthe population {f/P). The employment rate is the
ratio of the employment divided by the populatiolN/P). We consider two productivity indexes:
Labor Productivity (denotedP and Total Factor Productivity (denoté&p.

The labor productivity indicatoLp is the ratio of GDPY) to labor (): LP =Y /.LLabor is considered
to be the number of hours worked, which means here that it is the product of total employriént (
by the average working time per workédf)(L = N * HLabor is considered homogeneous.

Labor productivity I(P is itself decomposed in two sb2 YLI2 y Sy dasx F2ff2gAay3a |
F O02dzy G Ay 3 | LILINE I OtKettotabfdcdripddudivityidhp and thencapipairta) dbor

ratio (K / L) poweredby the elasticity of GDP to capital)( The capital to labor ratiogs named capital

intensity and its growthcorresponds tothe capital deepeningmechanism The total factor

productivity indicator TFP)is the ratio of GDPY| to an aggregatiorfunction"d.)of the two

considered production factors, capitdf)(and labor I{): TFP =Y / F(K,. [Qapital is here the sum of

two components, equipmentKB and buildings KB: K = KE + KBAssuming a CobDougks

production function, TFPcorresponds to the usual relatiomFP=Y/ (K* L)X 6 KSNB h I y R 1 I N
elasticities of output with respect to the inpuksandL. Assuming unitary returns to scafe ( b )] r

the relation becomesTFP=Y/ (K *L *"). We take as the measure of capit#) (sed in the period

®  Considerfor example the distance of these hypothetical constant border countries from the economic

reality for Germany and even lItaly and France over the period -P89Q.



the volume of the stock of capital installed at the end of the petiqd. TheTFRerm stands for the
impact on growth of autonomous technical progress and of other unmeasured factors, andgly us
evaluated as a residual, while the other components of the equation are individually computed. It is
important to note that the improvement in the quality of labor through education, better health, etc.
is included in thiFFRerm, as our labor inpureflects solely the number of hours worked.

In order to compute thé'FRndex, it is also necessary to measure the output elasticities with respect
to the different inputs. In addition to the hypothesis of constant returns to scale (b ), itid ™
generally assumed that production factors are remunerated at their marginal productivity (at least
over the medium to long term, which is the horizon of the study), which means that it is possible to
estimate factor elasticities on the basis of the sharg¢hefir remuneration (cost) in total income (or
total cost). Given that labor costs (wages and related taxes and social security contributions)
represent roughly twethirds of income, it is simply assumed here that0.3. Here again, it appears

that the results of the study are robust to this calibrationofand remain roughly stable for other
realistic values.

3. GDP per capita growth waves and convergence

From1890to 2013, the GDP per capita increased, in agenger year, by2.1% in the U8ndthe Eiro

Area (EA) 1.9% inthe United Kingdom (UK)and 2.9% in Japanfrom different stating levels.
Nevertheless, this growth waisregular and very heterogeneouscrosscountries. Over the long
period 18902013, numerous global shockscurred suchas WWI andWWII, technological and
industrial revolutions and supply world shocks as petrol price oNesierous large idiosyncratic
shocks als@ccurred suchasthe SpanishQvil War during the 1930s, the Swedish financial crisis at
the end of the 1980sthe Finnik economic crisis at the early 1990s the implementation of
ambitious structural reform programs during the 1990s in Australia, Canada, Finland or Sweden.
Because othese shocks, the GDP per capita growth appears very volatile. For this reason, we start
by characterizing thenain waves of5DP per capitand convergence processeser the long 1890

2013 periodfor the US, the EA, the UK and Japan.

In order to establish the stylized facts @DP per capitgrowth, we smooth the annual growth rate
over the period using the Hodridkrescott filtration (HP). Considering the very high volatility of our
data, the choice of the lambda coefficient, which sets the length of the cycle we capture, is of
paramount impatance. Setting too high a value for lambda would tend to absorb smaller cycles,
while setting too low a value would result in major cyclical effects being considered to be trends,
especially around WWII. We decided to focus ory88r cycles, which imphbea value of 500 for
lambda, according to the HP filter transfer function.

Chart 1represents the distance with the USDP per capitievel for theEA, the UK and Japdthart
2represens smoothedGDP per capitgrowth, from 1890 to 203, for the sameregions and the US

Concerning GDP per capita levels, a first observation is that the leadership changed over the period:
the UK was the leader until WWI and for some years during the Great Depression, hat kkpt

the leadership position since WWH.means that a leadership positidras not to be considered as
necessarihdefinitive, and itmakes itinteresting to analyze the reasons of thessadershipchanges.

A second observation is that there is not a continuous convergence process towardghbstGDP

per capitalevel amongadvancedcountries. A large divergence procdsss taken placduring WWII,

which will be explained later bghe differing impacts of the conflict on TFP and capital intensity,
depending on the fact that the conflict happened or not on the own soil of the considered country or
area.But, more impressive perhaps, it appears that the convergence process of the EA, the UK and
Japan to the US GDP per capita level stopped, durintagiehree decades, at a large distance from
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the US level (15% to 30%hisfact, alreadyidentified in the literature (see for example Crafts and
h Qw2 dzNJ $e&ansHhatthe GDP per capita catalp to the leadership positioiis not always
ongoing andon the contrarycan stay unachieved for lond makes itinteresting to analyze the
reasonsfor this incomplete procesand to offer some answers to the questiowhy the EA, the UK
and Japan seem condemned to suffier so longirom a lower GDP per capitevel than the US?

Concerning GDP per capita growghfirst observation is that the four considereteasexperienced

at leastone big wave of GDP per capita growdiiring the20th Century but in a staggered manner:
first the USin the 1930s and 1940s, followed by the, Bfe UKand Japawith at leasta two decade
delay, after WWIIL.The size of the waveeemsrelated to the starting level: itvas the strongest in
Japan, but fronthe lowestinitial GDP per capitievel, and the bwest in the UK, but from a higher
level than the EA and Japan. The EA isnim@rmediate position: a medium wave and a medium
starting level A second observation that the four considered areakave suffered during the last
decades of the periodyédm a huge decline of the GDP per capita growth. At the end of the period,
the GDP per capita growth is lower than 1%, an unprecedented situation sincefuv\ttié EA, the
Great Depression for the US and WWI for the UK.

We will see later that these GO#er capitalong waves are mainly driven by thEFPones, which
seem quite similar (see Bergeaud, Cette and Lecat, &¥lvhore detail. In the US, the GDP per
capita growth waves correspond for a large part to the major technological revatution

- Theend of the first industrial revolution at the beginning of the period. This first revolution
was associated to the diffusion of the stream engine, to the development of the railways, etc;

- The second industrial revolutionvhich corresponds mainly to trdéffusion of a massive use of
electricity and of the internal combustion engin® the development of chemistry with
petrochemistry and pharmaceuticals, and to the development of communication and
information innovations (telephone, radio, cinemajc,

- The third and last revolution associated to the diffusion of the information and communication
technologies (ICT)t gopears in the 1980s and the 1990%e slowdown of thempact of ICT
on productivity since the early 2000s, before the Great Recessidargsly debated. Some
analyses consider it as structural (see for example Gordon 2012, 2013) and others as a short
step before a new acceleration and even partynasmeasuremen{see for example Byrne,
Oliner and Sichel, 2013). Other explanations of #lowdown are also plausible (for a survey
see Cette, 2014).

In the EA and Japan, thetest wave ofGDP per capita growth iessapparentthan in the US, and for

this reason the GDP per capita level declines since the early 1990s, relatively to lhelJ8 the

UK a the contrary, the last GDP per capita growth wave is more apparent than in the US, and the
GDP per capita restarts since the late 1970s a catalpngrocess to the US level, this process being
nevertheless stopped and evesversed dumng the Great Recession. These differences are largely
related to ICT diffusion, more advamti the US and the UK than in the EA and in J@esnCette

and Lopez, 2012)

One usual question dealt in the literature consists to ask why the US benefits before other
advancedountries from the positive impact of technological revolutions. The answer is usually that

this benefitcrucially requiresadapted institutions as for exagoie an efficientfinancial systempro-

competitve LIN2 RdzOG Y N] S NBIdz I GA2y 606 NNASNAR G2 Syi
highSRdzOF GA2Yy f S@St 2T O0KS g2NJAy3 3S LRLzL A2,
2004).The delay obseed in the EA and Japan and even the UK, compare to the US, to benefit



completely from the positive impact of technologigalolutions is then explained by the delay in
institution adaptation to these new technological conditions.

But the impact of instutions is not limited to the one on TFRstitutionsimpact also largely the
employment rate, the working time and even the capital intensity, all these variables being
AYyFEdzSydAatrt 2y D5t LISNJ OFLIAGE 6a&aSSAn@wewilléen 1 KSasS
the next two sectionthese variables contribute also to explaiountry differences ilsDP per capital

leveland changes over time.



Chart 1
Ratio of GDP per capita in Euro Area, Japan and the United Kingdom with respect to the USA
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Chart 2
Smoothed (by HodrickPrescott filtering) annual growth of GDP per capita in the United States, the
Euro Area, the United Kingdom and Japan
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® We have chosen the HP filter parameter valge: I . Ip addition, to avoid the issue of extreme value at

the beginning of the sample, the filter has been used over the period-2813.



4, GDP per capit@onvergence: a growtlaccounting perspective

Thelong consideredl8952013 period has been an episode of exceptional economic growth, with
GDP per capitenultipliedfromabout 7 in Australia andn UK andip to 23 in JapanrAs can be seen in
the top left graph oftthart4 ’this corresponds to a GDP per capita annual average growtteuf for
UK and Australito 2.6% forJapan

The main contribution to this long growth episode came from total factor productivity with an
average contribution between 1.2 and 1.9percentage point (for details about the growth
decomposition methodology, see box 1), as theriod has seen major innovations waves in
technology, production process, management and finance. However, this TFP indadsbor
encompassesome evolutiols that could be attributed to labor or capital such as improvements
labor quality through education or in capital quality through embodied technologies. The second
contributing factor is capital intensity, with a contritbom between 0.5 and 1.5 percentage point. It
makes up for most of the differences in GDP per capita gr@aetbss countrieswith a much larger
contribution in countries starting from a low GDP per capita level such as Japan or Portugal. Hours
per employeeposted a negative contribution iallcountries over the whole periotbetween0.4 and

0.7 percentage point)but also in most suberiods. Indeed, in all countries, productivity gains have
been partly used to obtain more leisure as well as more GDP p@éac&mployment rate has posted

a negative or positive contribution to GDP per capita growth over the whole petemknding on

the country,but always limited in size.dtcontributionhas been negative in most Euro Area countries
and positive in mosAnglo-Saxorcountries.

As can be seen from the top left graphaifart3, in 1895 the United States were not the GDP per
capita leaderas they were overcome bustralia, followed by Switzerland, The Netherlands, the
United Kingdom and BelgiuritheAustralian leadership was due both to its sectoral specialization in
mining and to the composition of its populatiokl¢ Lean, 2007), while the Swigelgian and Dutsch
advancewasrelated mainlyto their employment rates. For Switzerland, this advancesothe United
States last until 1998 partly reflecting thesignificantshare of cros®order commutersin the
workforce which mechanically increases the employment ratee UK advance is related toe
higher share of agriculturen the United Stateslespite a more productive manufacturing sector,
resulting in a lower overall TFP level (8readberry, 1997, Broadberry and Irwin, 2p06ompared

to the countries in our sample, the United States were aenalizedby a lower employment rate
but were lealing in terms of capital intensity.

" Because data from 1890 to 1895 are very volatile, we decidenéoreémaining sections to consider the series
from 1895. This volatility is particularly perceptile in Australia where the GDP per capita decrease by about
22% between 1890 and 1895.

®  The different periods were chosen on the basis of breaks in producdtigitgls in Bergeaudt al.(2014).
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Box1
Accountingbreakdownof GDP per capita

GDP per capita can tsplitin the following way

f=_&__ ¢ g

06 o 60ll " pro

c| Cx

WhereYis the GDP in constant pricé3the total population,N the number of workersH the average hourg
worked per year and per worker (so thiat= N.Hs the total hours worked per year) aithe capital stock in
constant prices.

The oefficienth stands for the elasticity o6DP with respect to capital in a classic Solow framework w
constant returns to scal€obb Douglas production functiobinder the assumption of perfect competition,
is generally assumed that production factors are remunerated at their marginal tastthus possible tg
calculate the elasticities of outputs on the basis of the share of their cost on total ceslt(%with r
NBLINBaSyiGdAy3d GKS NByidlt 02adG 2F OFLAGEE O Ly Wed
assume herdor all countries and over the all perisd . n ®o

Equation(1) can be rewritten:
(@ 2= "¥6.0'0.0.2

WithTFP= ﬁbeingthe total factor productivity) G- l,jl,,othe capital intensity an%lthe rate of

employment over totapopulation

In this relation (2), GDP per capi(tia) is decomposed in fouelements: i) theTFP ii) the capital intensity
LJ2 6 § NB R'Opthe nimber of hours O ;andthe employmentrate o .

v

From this accounting breakdown, it is possible to decompose the growth rate of GDP per caf
differentiating the logarithm ofhe previous relationship:

@) ¥ ;]3 =Veg +) Yy Q+y

Wherexstands for the logarithm of variabl{x = log(X)and Ycis an usual approximation for the growth ra
of X This relationship is usedcharts4.

We use the operatoS/TWd) which calculates the relative distance between courntand the US for variabig

TV oy 02
Y (W) = T 1.

YY
Suppose now that X is th@roduct of other variable¥YY & can be decomposed as follow:

If Xisequalto ABYY & = Y7o + YVE + YV Y6 | ) ) ) )
If X is equal to ABCYYYé& = YVW§ +YVE +YVVE + Yo YV + YV YVVE +
Yo YYo +¥YVWo YV YV |

And this can be extended to any number of variablesllloases, NAMEA appears to behe sum ofthe relative
distance for each variable and a corrective term of order 2 and more. When cdustcjose to the US as f:
asXis concerned, the correcting term should be very smatly YY ¢ can then be proxied bihe sum of the
relative distance for each variablélowever, in our case, this approximation would be unrealistic bec
some countries (e.g. Japan, Portygsiiffer from avery large distance from the WEDP per capita and it
componentsduring most sukperiods.

All'in all, the breakdown of relative distance for GDP per capita with the US can be written:
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(@) YYY 2 = YYYE00 + YV 00+ VYO + YV S+ 65y

WhereCORR the correcting term defined abov&his is the relationship that is used to computearts3.

From 1895 to 1913, GDP per capita growth was the fastest in the United States, Sweden and Canada,
relying mainly on TFP growth and, for the Unit&thtes, on employment rate increases, as
immigration added workinguige employees to the populatioklence, in 1913, the US GDP per capita

KFa OFdzaAKG dzld gAGK GKS ! YQaX 6AGK &AYAf I N SYLX 2
intensity.

1913 to 1950 is a period of great turbulences, with two world wars, the Great Depression and a
YIF22NI AYyy20FGA2y 61 @S Ay (GKS | yAGSR {{GF0iSa 6D2NJ
benefit to countries not experiencing fights on their soils, as béllil§ey 1 43 Q RSYIFI YR | OO
innovation diffusion, while production was disrupted and capital destroyed in countries at wars
(Bergeauckt al., 2014). Hence, the United States experienced one of the fastest growth of all during

this period, relying mostly on TFP improvement. In 1950, they took the lead in GDP per capita (apart

from Switzerland), but also in TFP (apart from Canada and Australia) pital gatensity. On the

contrary, the contribution of labor (hours per employee and the employment rate) was generally
unfavorable to them.

From 1950 to 1974, GDP per capita laggards experienced the fastest growth of the century, as they
adopted US techwlogies and production processes. Growth reached about 7% in Japan and close to
5% in the Euro Area, heavily relying on TFP and to a lesser extent on capital intensity. The
contribution of labor was limited, with a negative contribution of hours worked andineven but

small contribution of the employment rate. In 1974, the United States remains the GDP per capita
leader (apart from Switzerland), but with a smaller leadTiPor capital intensity, while labor
contribution is still unfavorable to them.

Fom 1974 to 1990, GDP per capita slowed down as the catelgngocess lost its momentum and
two oil shockdisruptedhe production processes. It translated mostly into a TFP slowdown. In the
United States, the contribution of labor turned positive, aspbsgment rate posted a significant
positive contribution to growth, while many Euro Area countries implemented policies aiming at
reducing labor force participation. In 199TFPor capital intensity convergence with the United
States was almost completefdr many Euro Area countrigsthe difference hinged mostly on the
contribution of labor, both for hours per employee and the employment rateese different labor
contributions triggered darge debatein the economic literature. écording to Prescotf2004) the
European tax system discouraged labor supply, while collective preferences for leisure explain lower
labor supply for Blanchar(004). FoirreemanandSchettkat (2005)this divergence hinges mainly

on women participation rate and reflects an @ssubstitutability between domestic labor and
market services in the United StatdSor Alesinaet al(2005),the lower labour supply in Europe
compared to the US results also from employee union interventions, which impose leisure
preferences to workersand firms.Convergence i FPwith the United Statesloes not necessarily
entail thatthe production process ikuro Area countries reached the US performasiaadard as

there are decreasing returns to hours workedtorthe employment rate (Bourles ar@ette, 2007)

the lower contribution of labor in the Euro Areaeans that employment is concentrated on the
most productive workers working shorter hours, which boosts theilevels. For Japan, this is the

° b2NBIl & SOSy 20SNDEYS (KS ! yA tBeRpetilipticé $hrérdase ade it LISNI Ol
profitable for this country to extract oil on a large scale from its continental shelf and consequently this
country hashenefited from the development of thisighly capital intensive ankighly productive activity.
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opposite situation: TFP and capital intensitgneergence has not yet been reached but the
contribution of labor is higher.

From 1990 to 2013, GDP per capita growth slowed almost everywhere below 1.5% per year, but for
various reasons. In the United Statel:-Pand capital intensity accelerated becausf the ICT
revolution, as pointed out first by Jorgenson (2001). However, employment rate contribution turned
negative, as longerm supporting trends, such as thencrease in women participation rate
wereexhausted In the Euro AreaTFPgrowth slowed @wn, while employment rate contribution
turned positive. Indeed, labor market policy reversed to foster labor market participation, leading to
an increasdn the participation of unqualified workers. In Japan, the financial crisis took its toll and
led to a decrease iMMFPand capital intensity growth rate. As a result of these changes, GDP per
capita convergence with the United States halted for the Euro Area and Japan, but went on for
countries which implemented structural reforms such/asstralia (Parha, 2002), the Netherlands

with the Wassenaar agreements between social partngisser and Hemerijck, 199&wedernwith
structural reforms othe State but als@f the product and labor markets (Edquist, 2Qthe United
Kingdomwith the Thatcher reforra (Card and Freeman, 2002)s a result, in 201%DP per capita
levekrelative to the United States regressed for many Euro Area countries and JapanT&fgag
increased, while employment rate contributed less to this gap in the Euro Area.

13



Chart 3

Decomposition of GDP per capita level with respect to the USA for 16 countries and the Euro Area

List of countries or region (from left to right): Euro Area (EA), Japan (JPN), United Kingdom (GBR), Germany
(DEU), France (FRA), Italy (ITA), Spain (E@&Metherlands (NLD), Belgium (BEL), Portugal (PRT), Finland (FIN),
Sweden (SWE), Norway (NOR), Switzerland (CHE), Denmark (DNK), Australia (AUS), Canada (CAN).
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Chart 4

Decomposition of GDP per capita growth for 17 countries @hd Euro Area

The list of countries and the order are the same as in Chart 3 to which the US are added.
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5. Convergence test: methodoloqy, results and robustness

A first hint on the convergence process is given bydbefficients of variatior{(see chart 5)which
normalize standard deviations by the me&Ror GDP per capitthe coefficient of variation is slowly
decreasing from 1890 to WWII, jumps during WWII and is strongly decreasing until the 19@8s. It
been stable since.This reflects an overall-convergencEover the whole period, brutally reversed
during WWII and halted since the 1990s. This overall convergence relies on capital intensity, which
coefficient of variation has strongly decreased since the-£9@s, and TFP, which coefficient of
variation profilefollows the one of GDP per capit®n the contrary,coefficients of variation for
hours worked and the employment rate are almost flat (slightly decreasing for the employment rate),
which reflects an absee of convergence for both indicatorbut from a much lower dispersion
level We need to complement this first hint by looking at more formal $esthich we describe in

5.1, before presenting their results in JaRd various robustness tesamd discusensin 5.3

Chart 5
Coefficiens of variation (standard deviation / mean) for the 17 countriesample

0,9

0,8

0,7 = AN, /_\A

0,6

’
\ \‘\'\
0,5 g
LN

- ’ ~
04 . AN \
4 S Necm oo~ Ne- - ’ Il . N o

\ -~ 7—7 . = \\\

N -

0,3 .

012 . ~ i - -

e
-------------
AL AL T T T TP L T L L LT PO AR L L LA T T

0;1 J——/_\J =t
0 TTTTTTTT I T T T I T I T T T T T T T T T T T T T T T T T T T T I T T T T T T I T T T T T T T T T T T I T T T T T I T T T T i T T T T I T T T T T T T I T T T T T T T T T T T T I T T T T T T T I T T I T T IT I ITIITT Tl

O 5 O O O D A D A 4D D D D D D D AD 4D oD D D 5 D O A
D o O A K O P O P SO0 O &£
NN SN MEXCAGIC AR AR A SN LN G- R SR RXC SN SR AR S S MR G L P AN

- - GDP per Capita ——Hours -+« Employment Rate =~ ——Capital Intensity - - TFP

51 ¢ K$ 2 destodf convergence

Thefive coefficients of variation presented in Chart 5 suggest®nvergence dynamic for at least
GDP per capitacapital intensity andTFPover the whole period. However, during some sudriods,

for example before 1950, this convergence process is less obWoes. this steady evolution result

from the fact that no convergence behavior is observedimy this period or does it reflect the fact

that countries cluster aroundlifferent groups approaching eommon steady statewithin each
group? This question is crucial for our analysis and requires looking deeper into the convergence

% To control for outliersand check for consistency similar graph is presented in appendixsection C.3

This additional graph displays the normalizeciquartile range for each series (see appendix for detail).

' In fact, it can be demonstrated thatconvergence implies-convergence (see Youegal., 2008)
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