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Abstract

The present study contributes to the numerous ahatyses of economic growth and productivity by
comparing France, Japan, the United Kingdom anduhé&ed States over the very long run (since 1890)
and the medium run (since 1980). During the pastuwg, the United States has overtaken the United
Kingdom and become the leading world economy andind the last 25 years, productivity growth has
posted contrasted developments in the four cowmtiteparticular as a result of an unequal growth o
information and communication technology (ICT) stweents.

The past 120 years have been characterised byragid economic growth and large productivity gains
in the four countries; (ii) a decline in productiyiin the United Kingdom relative to the Unitedt8saand

to a lesser extent relative to France and Japanl tine second world war (WW2), and its subsequent
catching-up relative to the United States; (iiigtremarkable catching-up of the United States tgnEe
and Japan after WW2, which was however interruptedhe case of Japan during the 1990s. The
contribution of capital deepening - as it can beaswed- accounts for a large share of these differe
performances, with an increasing share of ICT alpib the last 25 years. This contribution varies
considerably over time and across the four cousfrand it is always less important, except in Japan
than that of the unmeasured factors underlyinglttaator productivity, such as, in particular, labo
skills, technical and organisational changes andwledge spillovers.

At present (in 2006), hourly labour productivitwéds are slightly higher in France than in the Uit
States, and significantly lower in the United Kiongd (by roughly 10%) and even more in Japan (30%),
while TFP levels are very close in France, Unitédgdom and the United States, but much lower (40%)
in Japan.
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1. Introduction

Productivity is a key determinant of the wealthnations. Almost all theoretical and empirical sasdi
that set out to explain the extremely large groart living standard inequalities between countioesis

on the differences in productivity levels and growates. These studies are legion and our stuplstis
another one. Like most other studies, it is simphyd directly based on the traditional “growth
accounting” framework (outlined in the Appendixjs briginality, however, lies in the comparison of
productivity in France, Japan, the United Kingdond dhe United States over both the very long run
(since 1890) and the medium run (since 1980), @ogex century during which the United States has
replaced the United Kingdom as the leading worlohemic power, and the past quarter century during
which the development of information and commundarattechnologies (ICT) has contributed
significantly, though unevenly, to productivity grth..

We have tried to make the best use of the estintdtaggregate historical data series going bacilin
four countries to the end of the™®entury for output (GDP), employment, working tiared investment
in physical capital (see Box on Data Sources).emrds the past 25 years, we relied as much ablgoss
on national accounts data. Many of the estimatestooh our comparison is based are subject to atgre
deal of uncertainty and inaccuracy, not only fa thost distant periods but also to a significanemxfor
the more recent ones. Their orders of magnitude tta@ ensuing large differentials in productiviéyéls
and growth rates, may nevertheless be consideragélaisvely reliable. One important reason to be
confident is the long tradition of statistics gathg in the four countries. Another is that our garison

is limited to the economies as a whole (and thetfat all four countries had reasonably stabletfers
over our study period). Moreover, given the diffims of measuring (physical) capital, as well as
uncontrolled differences in measurement methods,cargsidered it more appropriate to simply re-
estimate capital stocks and services and theiribotibns to growth for the four countries on thasis of
the available investment series, using constantegjul capital stock depreciation rates and shafres
services in GDP (see Box). Similarly, we chosede the same hedonic price estimates (relative t8 GD
price indices) for France, Japan and the Unitedg#fdm as those in the United States for computer
hardware, software and communication equipmentsimvents.

In short, we examine and compare across the fountdes and over different periods the levels and
growth rates of three complementary notions of petidity: labour productivity, both per employeedan
per hour, and total factor productivity (TFP) ijeint labour and capital productivity. We considke
long-run productivity trends in Section 2, while ¥ogus on the past 25 years and the key role played
the spread of ICT in Section 3.

Box
Data Sources

The data sources on which we rely in this studyhéstorical or national accounts series, which wetpgether to
construct indicators over the very long term orthia case of ICTs, over the past few decades.dardo avoid
creating breaks in these indicators, we backcasiet on the basis of growth rates for the moreadisand more
recent periods covered by the available histoacal national accounts series.

In order to compare the levels of variables, wat faxpressed them in constant domestic currennysten the basis
of the year 2000, and then converted them in 2Q@iGstant dollar terms, using the PPP exchange detdged
implicitly from PPP 2000 constant dollar GDP estiesaprovided by Maddison (2003).

The most commonly used databases are those of ManghyPluyaud (2004), Cahn and Saint-Guilhem (2@D@)
Kocoglu (2001), which we respectively denote by (B) and (c) in what follows.

GDP (gross domestic product)

- France: National accounts for the period 1959628d Villa (1994)for the period prior to 1959;

- Japan: National accounts for the period 1994-2@IBCD for the period 1970-1994 and Maddison (2G&TN3)
for the period prior to 1970;
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- United Kingdom: National accounts for the perib865-2008, Groningen Growth and Development Centr¢
(GGDCY) and Feinstein (1976) for the period prior to 1955

- United States: National accounts (BEA) for theiguk 1929-2008and Mitchell (1998) for the period prior to
1929.

Employment (average number of workers)

- France: National accounts from OECD for the pri®70-2006, GGDC for the period 1959-1970 andaVill
(1994} for the period prior to 1959;

- Japan: OECD for the period 1970-2006, GGDC far pleriod 1959-1970 and Maddison (2001, 2003) fer th
period prior to 1959;

- United Kingdom: OECD for the period 1970-2006, BGfor the period 1959-1980 and Feinstein (197&) the
period prior to 1959;

- United States: National accounts for the peri®@2008, GGDC for the period 1959-1970 and Mitchell (1998)
for the period prior to 1959.

Working time (average number of hoursworked per year, per worker)
For the four countries: OECD for the period 197@&0GGDC for the period 1950-1969; Maddison (20fait)
1870, 1913 and 1950; linear interpolation for teeiqds 1890-1913, 1913-1950.

I nvestment

- France: National accounts for the period 19596200addison (1993) for the period 1935-1959, Lewpbyer
(19787 for the period 1820-1935. The breakdown of totBIOE between equipment and buildings is taken from
Villa (1994) for the period 1820-1935;

- Japan: National accounts for the period 1980-2@d6Maddison (1993) for the period prior to 1980;

- United Kingdom: National accounts for the peri65-2008and Maddison (1993) for the period prior to 1965;

- United States: National accounts for the peri®687:2006 and Maddison (1993) for the period prior to 1967.

ICT investment

- France: GGDC (EUKLEMS) for the period 1970-2005;

- Japan: GGDC (EUKLEMS) for the period 1970-2004;

- United Kingdom: GGDC (EUKLEMS) for the period 182005

- United States: GGDC (EUKLEMS) for the period 19205 and trend from the BEA for the market econdany
the period 1959-1969.

Fixed capital

Fixed capital series are constructed on the assomfiiat the annual depreciation rates are: 2.5¢btdldings,

10% for non-ICT equipment, 15% for communicationipgent and 30% for computer hardware and softwire.
coefficients used to take into account WW1 and Withages in France are taken from Villa (1998)r Japan,
WW?2 damages are implicitly taken into account bingthe Maddison (1993) growth rate for the penwibr to

1946. For this country, the WW2 damage coefficiearts those proposed by the Bank of Japan (196@l),themn
Maddison depreciation assumption (1993) are candistith ours.

Prices of ICT products

The relative ICT price indexes (compared to GDRgx]j for France, Japan and the United Kingdomheresame as
those taken from the US national accounts (seecCoi@ and Shreyer 2001 for detailed discussion @abus
hypothesis).

2. Comparing long run productivity trends

We first comment in sub-section 2.1 on the avettagieds over the entire period: 1890-2006. We then
consider in sub-section 2.2 the five following sudriods: from 1890 to 1913, just before WW1,; from
1913 to 1950, i.e. including the years of economeimonstruction and recovery after WW2 in order to
smooth out the most significant effects of the Gonbn production capacities and economic struegur
from 1950 to 1973, just before the first oil shofikm 1973 to 1980, i.e. the period between the dilo
shocks; and from 1980 to 2006, this period beirgmared in more details in section 3. In Section 2.2
we also check our productivity estimates agairsserof a number of other studies.

! The June 2007 version of the database may be dadedi at the following address: http://www.ggdc.net



2.1. .... over the entire period

From 1890 to 2006, the overall growth of labourdarctivity was remarkable in all four countries. The
levels of productivity per employee and per howréased by a factor of respectively 10 and 20 in
France, 25 and 40 in Japan, 5 and 9 in the Unitaddoém and 7 and 12 in the United States (see Table
1). The large differentials between the growth satdé employee and hourly productivity can be
attributed, in accounting terms, to the large aecln average annual working time: by roughly 506 i
France (sliding from 3,110 hours in 1890 to 1,540rk in 2006), by 45% in the United Kingdom (from
2,990 to 1,670 hours), 40% in the United States{f2,850 to 1,710) and 35% in Japan (from 2,734 to
1784). Over these (nearly) 120 years, Japan ptstelaighest average annual growth: 2.8% per employe
and 3.2% per hour, and the United Kingdom the lewk4% per employee and 1.9% per hour, while
France and the United States were in an internediasition, with France (2,1% and 2,7%) ranking
above the United States (1.8% and 2.2%).

Table 1
Productivity levels and average growth, 1890-2006ppp 2000 dollar.
Annual average growth rates, Levels, as a % of the US level
In %, 1890-2006 1890 2006
France | Japan | United| United | France | Japan | United| France | Japan | United
Kingdo | States Kingdo Kingdo
m m m

Labour ~ productivity |, 4 2.8 1.4 18| 647| 222 1298 910 72/6 864
per employee
Labour  productivity | -, 5 3.2 1.9 2.2 59.4| 232/ 1233 1009  69|7 88.6
per hour
Total factor| 1 5 1.8 1.0 16 | 659| 499 203p 908  60/6  105.9
productivity

Source: Authors’ calculation, see Box and Appendix.

In terms of productivity level, few studies are itafale on a long period to allow some comparisothwi
our results. Concerning the productivity per hawlatively to the United States level, results from
Maddison (2007) seem, for Japan and the Unitedddnyg for very close to ours (Table 2 for the result
from Maddison, 2007, and Table 1 and Graphs 1 afat @ur results). Maddison (2007) does not give
level comparison for TFP. But the level comparisgngen by him for productivity per hour and for
capital stock per capita seem to correspond torRfive levels close to our evaluation

Table 2
GDP per hour worked, as a % of the US level —
Scope : Economy as a whole — ppp 1990%

1870 1913 1950 1973 2003
Japan 20 21 16 49 64
United Kingdom 113 84 63 67 79

Source: From Maddison (2007, Table 6.4, p. 305)

In 1890, the level of US labour productivity, whetlper employee or per hour, was about four to five
times higher than in Japan, 50% higher than in ¢é&@ahbut 25% lower than in the United Kingdom (see
Table 1 and Graphs 1 and.2At the time, Japan and France had a much lamp@option of their labour

2 See Maddison (2007, Table 6.4, p. 305). For exaniplthis evaluation, the capital stock per cafiital 990%)
would have been, in the United Kingdom in 1913, 282the US one. This conciliates a higher (by 3 TdtP
level and a lower productivity level in the Unit&éhgdom compare to the United States.

% The relative productivity levels for France, Jajgand the United Kingdom obtained in this studyetiffomewhat
from those mentioned in Cette (2004, 2007). Thesalts do not alter the commented stylised fadte. dauses
of these differences are two-fold. First, the dadarces are different; those used in the presady sire detailed
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force working in agriculture, as compared with tiher two countries. In 2006, these productivity
rankings were very different. The Japanese prodtictievel, though still the lowest, was about two
thirds that of the United States, and the Frendcidymstivity level was close to that of the Uniteci8s,
while the British productivity level was significty lower (by about 10%) than in the United Stetes
also somewhat than in Frafce

Graph 1
Labour productivity per hour, as a % of the US levé
Scope : Economy as a whole - PPP dollar 2000
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Source: Authors’ calculation, see Box and Appendix.

Graph 2
Total factor productivity, as a % of the US level
Scope : Economy as a whole - PPP dollar 2000
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Source: Authors’ calculation, see Box and Appendix.

in the Box above and those used in Cette (200£280d@) are Maddison (1994, 2001 and 2003). Seconakder
to ensure the continuity of historical series, Wese to backcast them on the basis of growth (agesalso Box).

“ Bourles and Cette (2005, 2007) have shown thatdetarstrong productivity performance compared toUnited
States at the end of the period can partly be agaaby shorter working hours and a lower employtmate on
account of strongly diminishing returns for bottrishles. After adjusting for the effect of the diféntials in
these two variables on productivity, it appeard tha2006 hourly labour productivity in France sughly 5%
lower than in the United States.



Growth in total factor productivity (TFP) accourfiés a major share of hourly labour productivity gth
over the past 120 years in the four countries: ibu§0% to 60% in France, Japan and in the United
Kingdom and 70% in the United States, while thetigoution of capital deepening appears much smaller
(see Table 4). Overall, the factors underpinning B8 computed, i.e. mainly a better educated ayihi
skilled labour force, knowledge spillovers, teclahiand organisational changes, make a much greater
contribution to observed productivity gains thapita deepening per se. In 1890, the level of TR w
roughly 100% higher in the United Kingdom, but 3%8er in France and 50% lower in Japan than in
the United States. Given that TFP growth was radftislow in the United Kingdom and fast in France,
the level of TFP in both countries was close ta thathe United States in 2006. Such remarkable
convergence did not occur in Japan, where the lelv&FP has levelled off at about 60% of that af th
United States since the beginning of the 1970s.

In Japan, the productivity convergence processemadl before that in the other three countriese Th
convergence of TFP ended in the early 1970s, vihde of hourly labour productivity came to a hait i
the early 1990s. This can probably partly be attetd to a persistent divergence in sectoral strestu
Low productivity activities, such as agriculturenstruction, trade and catering account for a laspare
of the economy than in the other three countries {&ble 3).

Table 3
Structure of employment, as a % of total employment
France Japan United Kingdom | United States
1970 2004 1970 2004 1970 2004 1970 2004

- Agriculture and mining 14.3 3.7 20.2 54 52 15 5.2 2.8
- Manufacturing, gas and water 25.8 14.4 26.5 17.7 33.0 12.3 23.2 10.p
- Construction 10.2 6.3 8.1 9.0 7.2 6.8 5.0 6.0
-Wholesale and retail trade,

restaurants and hotels 155 17.3 20.9 255 19.0 23.3 21.6 23.8
- Transport and storage and

communication 5.6 6.2 5.6 5.8 6.7 5.9 4.6 4.2
- Other services 28.7 52.0 18.8 36.6 28.9 50.2 40.5 52.8
Total 100.0 100.0 100.0 100.0 100.0 100)0 100.0 100.0

Source : Base EUKLEMS

2.2. ...by sub-periods

Our estimates of employee and hourly productivitgwgh and the respective contributions of capital
deepening contribution and TFP for the four coestare presented by sub-periods in Table 4, atitkin
corresponding Graph 3.

Very few analyses make it possible to draw compagshetween several industrialised countries over a
whole century. As expected, our results are vasgecto those of Maury and Pluyaud (2004), as wd use
largely the data they compiled and harmonized ah@®P and employment to construct the productivity
per employee indicator for each country. They dse aonsistent with the results presented by Gordon
(2003), Cette (2004, 2007) and Van Ark, Frankemd &uteweerd (2004) who measure labour
productivity growth over different sub-periods wugithe real GDP and employment estimates calculated
by Maddison (2001). Lastly, they are consistenhufitose of Maddison (2007) who makes some long-
term comparisons between Japan, the United Kingalodnthe United States (see Table 7), and considers
in particular the same two sub-periods 1913-195D1£850-1973.

More specifically, as regards France, the estimayedubois (1985), which builds on the major wofk o

Carré, Dubois and Malinvaud (1972), are comparableurs, although they cover only market activities
(not the whole economy). According to Dubois (sebl& 5), average growth in hourly productivity was
about 2.0% in the sub-period 1896-1913, slowingrdtm2.0% in 1913-1951 and accelerating to 5,6% in
1951-1973 to slow down again to 3,8% in 1973-198diJe average TFP growth was 1.4% in the sub-
period 1896-1913, 1.5% in 1913-1951, 4.2% in 19913land 2.0% in 1973-1984. The differences with
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our estimates are minor, in spite of the differenbpe as well as our simplified assessment of the
contribution of capital deepening to growth.

For the United Kingdom and Japan, our estimatdabafur productivity and TFP growth are very similar
to the ones of Maddison (2007) over both sub-perib@l3-1950 and 1950-1973 (see Table 7). For the
United Kingdom, our estimates are also consistétiit those of Crafts (2004a, b and c).

As regards the United States, Ferguson and Wag2086d) apply a comparable breakdown of hourly
productivity growth as we do, but for the non-agligral market sector and with slightly differentbs
periods (see Table 7). Their results and ours anetheless not very different. Over the more resaht
period 1950-1973, our estimates of labour prodiugtiand TFP growth are also similar to the ones of
Maddison (2007). However, our estimate of TFP ghooter the more distant sub-period 1913-1950 is
higher than Maddison’s by about 0.7% per year, avbilr estimate of labour productivity differs ‘only
by 0.3% (see Table 6).

Table 4

Average annual labour productivity growth (in %) and contributions (in percentage points),
in France, the United Kingdom and the United States

scope: Economy as a whole

A — France
1890- 1913 1913-1950 1950-197B 1973-1980 1980-2006
GDP 1.9 0.9 5.3 2.9 21
Productivity per employee [a] 1.6 1.0 4.7 2.6 15
Productivity per hour [b] 1.9 1.8 5.2 3.4 2.2
Contributions to productivity per hour :
Capital intensity, per hour [c] 0.5 0.3 1.2 1.6 0.9
Total factor productivity [d] 1.4 15 4.0 1.8 1.3
B — Japan
1890- 1913 1913-1950 1950-197B 1973-1980 1980-2006
GDP 25 2.2 9.3 3.4 2.3
Productivity per employee [a] 1.8 13 7.5 2.6 1.8
Productivity per hour [b] 2.1 1.8 7.4 3.2 2.4
Contributions to productivity per hour :
Capital intensity, per hour [c] 0.9 11 2.0 2.3 1.4
Total factor productivity [d] 1.2 0.7 5.4 0.9 1.0

C — United Kingdom

1890- 1913 1913-1950 1950-1978 1973-1980 1980-2006

GDP 1.9 1.3 2.9 1.0 25
Productivity per employee [a] 0.9 0.7 25 0.9 2.0
Productivity per hour [b] 1.2 15 2.8 2.1 2.2
Contributions to productivity per hour :

Capital intensity, per hour [c] 0.3 0.5 1.6 1.6 11
Total factor productivity [d] 0.9 1.0 1.2 0.5 1.1

D — United States

1890- 1913 1913-1950 1950-1978 1973-1980 1980-2006

GDP 4.1 3.2 4.0 25 3.1
Productivity per employee [a] 1.6 1.9 2.3 0.2 1.6
Productivity per hour [b] 2.0 2.8 2.5 0.7 1.6
Contributions to productivity per hour :

Capital intensity, per hour [c] 0.7 0.5 0.8 0.6 0.7
Total factor productivity [d] 1.3 2.3 1.7 0.1 0.9

[b] = [c] + [d]
Source : Authors’ calculation, see Box 1 and Appendi



Table 5

Breakdown of labour productivity growth in France

scope: Business sector — % per year

1896-1913| 1913-1929 1929-1951 1951-1973 1973-1984
Productivity per employee 1,7 15 1.3 5.2 2.4
Productivity per hour[b] 2,0 2,5 1,7 5,6 3,8
Contributions :
Capital intensity, per hour [c] 0.6 0.7 0.5 1.4 1.8
Total factor productivity [d] 1.4 1.8 1,2 4.2 2.0

[b] = [c] + [d].

Source : Dubois (1985, from Tables 6 and 8, p.ridi2d).

Table 6

Average annual labour productivity growth and total factor productivity growth, per hour (in percentage points)

scope: Economy as a whole

Labour productivity Total factor productivity
Japan United Kingdom| United States Japan United Kingdom | United States
1870-1913 2.0 1.2 1.9 -0.2 0.3 0.4
1913-1950 1,8 1.7 25 0.2 0.8 1.6
1950-1973 7,7 3.1 2.8 5.1 15 1.8
1973-2003 2,6 2.2 1.7 0.6 0.9 0.7
Source : Maddison (2007, Table 6.5, p. 306)
Table 7
Breakdown of US hourly productivity growth
scope: Non-agricultural market sector — % per year
1890-1917| 1917-1927 1927-1948 1948-1973  1973-199995-P003

Productivity per hour [b] 1.5 3.8 1.8 2.9 1.4 3.0
Contributions :

Capital intensity, per hour [c] 0.7 1.0 0.1 1.0 1.0 1.6

Total factor productivity [d] 0.8 2.8 1.7 1.9 0.4 1.4

[b] = [c] + [d].

Source: Ferguson and Wascher (2004, p. 6).

Graph 3
Average annual hourly labour productivity growth (in %) and contributions
in France, Japan, the United Kingdom and the United States1890-2006 in percentage poin
Scope : Economy as a whole

1890-1913

1913-1950

1950-1973

1973-1980

\lCapital intensity per hour O Total factor productivity \

Source: Authors’ calculation, see Box and Appendix.

1980-200¢

If the two sub-periods following the first oil sHoare grouped together, our results confirm they“Bi
Wave” analysis of productivity in the United Staté#tered by Gordon (1999, 2003). Hourly productivit
in the United States and TFP accelerate after 16thBive to the previous period, then slowdown rafte
1950 and again after 1973, while the contributibrcapital deepening to growth is almost unchanged.
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Employee productivity displays a similar patterowever, growth is the fastest during the more recen
sub-period 1950-1973, not 1913-1950. In Franceardamd the United Kingdom, we observe a similar
“Big Wave”, with both hourly and employee produdijvgrowth being faster during the years 1950-1973
than in the previous years 1913-1950. This wavease pronounced in Japan than in France, and in
France than in the United Kingdom. The differenogsroductivity growth between these three coustrie
and the United States, as reflected in the temgshifl of the Big Wave, can be attributed to selvera
factors, among which the later diffusion of electanergy, the later improvement in the average
education and skill level of the workforce (See vaRk, Frankema and Duteweerd, 2004) and a higher
degree of protectionism (see Gordon, 2003, fovaweof the literature). As in the United State&PTis

the main determinant of employee and hourly praditgtgrowth in France, Japan and the United
Kingdom. Capital deepening nonetheless contribsitgsificantly to growth in Japan and in the United
Kingdom. It is worth pointing out that over all spbriods, the contribution of capital deepening to
productivity growth is greater in Japan than in titber three countries, reflecting a higher capital
accumulation rate.

The underlying factors of the different productpviperformance across the four countries vary
substantially depending on the sub-periods constidfrom 1890 to 1913, France, Japan and the United
States recorded similar annual growth rates of ymtydty per employee (roughly 1.7%) and per hour
(roughly 2%). Annual productivity growth was thevest in the United Kingdom, mainly on account of a
smaller TFP contribution and, to a lesser extestnaller rise in capital deepening. In the fourrntaes,

the shares of the contributions of capital deegerind TFP to productivity growth are very similar
(respectively ¥4 to % and Y2 to %). Compared witht thiathe United States, the level of hourly
productivity in France and Japan thus remained amgéd at respectively roughly 45-50% and 20-25%,
while that in the United Kingdom dropped from ardur25% to 105%.

From 1913 to 1950, annual productivity growth (eenployee and per hour) was much faster in the
United States (where it stood at 1.9% and 2.8%ecsly) than in France (1.0% and 1.8%) and Japan
(1.3% and 1.8%) and, in particular, the United Ko (0.7% and 1.5%). Except for Japan, these
discrepancies can be attributed to different TFRtrdmutions, as the contribution of capital deepgni
was identical in all three countries and almosnhigal to that in the previous sub-period. In Japghe
contribution of capital deepening is very high dgrihis sub-period (roughly 70% of hourly produitiv
growth). Consequently, compared to that in the éthiBtates, the relative level of hourly productivit
dropped in 1950 by a few points for France and dapaespectively roughly 40% and 20%, and more
significantly for the United Kingdom to 65%.

From 1950 to 1973, annual productivity growth (perployee and per hour) was very strong in Japan
(7.5% and 7.4% respectively) and in France (4.7% 38% respectively), firm in the United Kingdom
(2.5% and 2.8%) and slower in the United State3%2and 2.5%). Productivity growth in Japan and the
United States can be attributed mainly to TFP gho(ibr more than 70%), while the rise in capital
deepening accounts for about 50% of productivigwgh in France and in the United Kingdom. In the
United States, the contribution of capital deepgniemains quite unchanged. France and Japan thus
appear to be rapidly catching up with the other t@ontries, more via TFP growth than by the spafad
more capital intensive production techniques faradaand the contrary for France. The productivip g
between the four countries can also be explainedhiayges in the countries’ economic structure. For
example, it is mainly during this period that tteuse of agriculture in French GDP declined sigaifiity,
more in line with that in the United Kingdom andck tbnited States. Card and Freeman (2002) estimated
that between 1960 and 1979, the impact on labaduyativity of a change in the weight of employment
in the agricultural sector amounted to roughly pdint each year in France, against 0.1 point in the
United Kingdom and the United States. Consequerghative to that in the United States, the leviel o
hourly productivity in France and Japan improvedkedly to stand at respectively 70% and 50% in
1973; the level in France was identical to thabrded in the United Kingdom, which had posted slowe
productivity growth.

During the short period between the two oil sho€k873-1980), annual productivity growth (per
employee and per hour) slowed significantly in finer countries. It was the highest in France (24%
3.4% respectively) and in Japan (2.6% and 3.2%@rrimediate in the United Kingdom (0.9% and 2.1%)
and very low in the United States (0.2% and 0.7@gtte and Bourles (2007) have shown that the
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slowdown in US productivity growth over this subrpe can largely (for two thirds) be explained by a
rise in the employment rate and a smaller declm&arking hours, both variables showing strongly
diminishing returns. These factors have negativelpacted TFP growth. In Japan and the United
Kingdom, the slowdown in productivity growth is alsiainly linked to the slowdown in TFP growth, the
contribution of capital deepening being almost @mgjed for the United Kingdom or even higher in
Japan compared with the previous sub-period. Ind&athe slowdown in productivity growth is mainly
linked to the slowdown in capital deepening. Inalgpgiven that the contribution of capital deepgnin
actually increased, the slowdown in productivitysiess pronounced than the slowdown in TFP. France
showed the highest TFP gains. Consequently, reldtivthat in the United States, the level of hourly
productivity in France improved markedly to stamnd@und 85% in 1980 and more slightly in Japan and
the United Kingdom to roughly 55% and 75%.

Lastly, during the sub-period 1980-2006, produtyidlowed down again in France and Japan but
accelerated in the United States. In the Unitedgam, only growth in productivity per employee
increased, hourly productivity growth remaining baoged. The ranking of countries according to
average productivity gains varies depending onitldécator used: if one considers productivity per
employee, productivity gains are the highest intmted Kingdom (2.0%), followed by Japan (1.8%),
the United States (1.6%) and France (1.5%), whileims of hourly productivity, they are the highies
Japan (2.4%), equivalent in France and the Unitadydom (2.2%) and smaller in the United States
(1.6%). The slowdown in productivity can be atttémito the slowdown in both capital deepening and
TFP growth in France, and only capital deepeninggipan. In the United Kingdom, TFP accelerated and
capital deepening slowed down. The acceleratiod3$nproductivity is linked to an acceleration of the
TFP. France continued to post the highest TFP gairthe wake of the trend apparent since World War
Il. Consequently, the level of hourly productivigiative to that in the United States increaseckeddly

in France to become equivalent to the one in thitedrStates, and to a lesser extent in Japan atiek in
United Kingdom to roughly 70% and 90%.

3. Looking more closely at productivity growth in the 1980-2006 period

We first focus in sub-section 3.1 on the changgsaductivity growth over the shorter sub-perio88Q-
1990, 1990-1995, 1995-2000 and 2000-2006, thenubsection 3.2 on the specific contribution to
growth of the rapid and pervasive diffusion of imf@tion and communication technologies (ICT) in
these sub-periods..

3.1. Changes in productivity growth

Our estimates of employee and hourly productivitgywgh and the contributions of non-ICT and ICT
capital deepening and TFP for the four countries @resented by sub-periods in Table 8, and in the
corresponding Graph 4 (in a comparable format &¢eT@and Graph 3 in the previous Section).

During sub-period 1980-1990, employee productigtgwth was the highest in Japan with an average
rate of 2.7% per year, followed by France and thagdd Kingdom with a rate close to 2%, and the lswe

in the United States with a rate of 1.4% (stillnach higher average rate than the 0.2% recordékin
previous sub-period 1973-1980). Hourly productivgtypwth was much faster in both Japan and France
(close to 3%) than in the United Kingdom (2.0%) #mel United States (1.4%). The growth differential
hourly productivity between Japan and France orotieehand and the United Kingdom and the United
States on the other can be accounted for by a hiffae (1.6% and 1.8 as against 1.0% and 0.8%), as
well as a greater contribution of capital deepetfing% and 1.2 as against 0.9% and 0.6%).

Over the sub-period 1990-1995, productivity growdiffered widely across countries. In the United
States, it was slightly slower than in the previgub-period 1980-1990, corresponding to slower TFP
growth. In the United Kingdom, employee and hoymgductivity growth increased sharply (by 0.7 and
0.8 respectively). A large share of this accelera(0.6 point) is due to a higher contribution epital
deepening. In France, employee and hourly prodtictgrowth slowed considerably, both by about 1
point. This slowdown reflects almost entirely tiTFP growth (which declined by 1.0%), and prolyabl



corresponds to a strong cyclical component givendigcrease in GDP growth. The French characteristic
of strong TFP growth as compared to the United Hamg and the United States thus disappeared from
the early 1990s. In Japan, employee and hourlyymtodty growth also slowed down considerably, by

1.8 point and 0.7 point respectively. As in Frarles slowdown appears to be mostly related to a
corresponding slowdown in TFP growth.

Table 8

Average annual labour productivity growth (in %) and contributions (in percentage points),

in France, the United Kingdom and the United States

scope: Economy as a whole

A - France
1980-2006 1980-1990 1990-199p 1995-2000 2000-2(
GDP 21 24 1.2 2.8 1.7
Productivity per employee [a] 15 2.1 1.2 1.2 11
Productivity per hour [b] 2.2 2.9 1.8 1.9 1.6
Capital intensity per hour [c] 0.9 1.2 1.0 0.5 0.7
Non-ICT capital intensity per hour 0.6 0.9 0.8 0.2 0.4
ICT capital intensity per hour 0.3 0.3 0.2 0.3 0.3
TFP [d] 13 1.7 0.8 14 0.9
A - Japan
1980-2006 1980-1990 1990-199p 1995-2000 2000-2(
GDP 2.3 3.9 15 1.0 15
Productivity per employee [a] 1.8 2.7 0.9 1.0 1.6
Productivity per hour [b] 2.4 3.1 2.4 1.7 2.0
Capital intensity per hour [c] 1.4 1.6 1.9 15 0.8
Non-ICT capital intensity per hour 1.0 0.3 1.5 0.9 0.5
ICT capital intensity per hour 0.4 0.3 0.4 0.6 0.3
TFP [d] 1.0 1.5 0.5 0.2 1.2
C — United-Kingdom
1980-2006 1980-1990 1990-1995 1995-2000 2000-2(
GDP 25 2.6 1.7 3.2 25
Productivity per employee [a] 2.0 1.9 25 1.9 1.6
Productivity per hour [b] 2.2 2.0 2.8 2.3 2.0
Capital intensity per hour [c] 1.1 1.0 1.5 1.1 0.9
Non-ICT capital intensity per hour 0.6 0.6 1.1 0.4 0.5
ICT capital intensity per hour 0.5 0.4 0.4 0.7 0.4
TFP [d] 1.1 1.0 1.3 1.2 1.1
D — United States
1980-2006 1980-1990 1990-199p 1995-2000 2000-2(
GDP 3.1 3.3 25 4.1 2.4
Productivity per employee [a] 1.6 1.4 1.2 2.0 1.9
Productivity per hour [b] 1.6 1.4 1.0 2.0 2.2
Capital intensity per hour [c] 0.7 0.6 0.5 0.8 1.0
Non-ICT capital intensity per hour 0.3 0.3 0.2 0.1 0.6
ICT capital intensity per hour 0.4 0.3 0.3 0.7 0.4
TFP [d] 0.9 0.8 0.5 1.2 1.2

[d] = [b]-[c]

Source: Authors’ calculation, see Box and Appendix.
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Graph 4

Average annual hourly labour productivity growth (in %) and contributions

in France, Japan, the United Kingdom and the UnitedStates - 1890-2006in percentage poin
Scope : Economy as a whole
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Source: Authors’ calculation, see Box and Appendix.

The sub-period 1995-2000 is characterised by aifgignt rise in GDP growth in France, the United
Kingdom and the United States (by roughly 1.5 paet year) but not in Japan where GDP growth
slowed even further than previously (by 0.5 poihike in the first half of the 1990s, productivigyowth
posted contrasted developments in the four countiethe United Kingdom, productivity growth slogve

by approximately 0.5 point per year, which can tigbauted to a lower contribution of non-ICT capita
deepening and of TFP. In France, productivity growgmained stable, the acceleration in TFP being
offset by a slowdown in non-ICT capital deepenihige latter development could partly result from the
implementation of policies designed to enhancelaheur intensity of growth, in particular reducing
working time and cutting social contributions taegke at low skilled workers (see Cette, 2004). la th
United States, productivity growth gained approxehal point due to faster TFP growth. According to
Gordon (2005), the fact that productivity accelesain the United States but slows in Europe can be
attributed to several factors, among which a pradancte of ICT producing industries, public policies
that promote entrepreneurship and a better synieetpyeen public research, private research and the
financing of innovation. Finally in Japan, since PTFgrowth remained stable, the slowdown in
productivity is entirely due to a slowdown in n@@iTl capital deepening.

Lastly, the sub-period 2000-2006 is characteriged blight slowdown in productivity (by approximbte
0.4 point) in France and the United-Kingdom andighs acceleration in productivity in the two other
countries (by 0.2 point). The factors underlyingg figures are diverse: a smaller contributiohCaf
capital deepening in the United Kingdom, of TFRFiance, a higher contribution of capital deepeiiing
the United States and of TFP in Japan.

To conclude as regard the catching-up processuptioity per employee and per hour figures show tha
the growth was higher in the United States ovemptirgod 1995-2006 than in three others countriasy/(o
over the period 2000-2006 for the United Kingdom fooductivity per hour) therefore the catching-up
process stopped. We can explain this result byghehiacceleration compared to previous period in
capital intensity (ICT and non-ICT) and in TFP (migidue to ICT producer industries see below).
Therefore the success of the United States proditycgrowth relatively to the three other countrmser

the period 1995-2006 is not only due to ICT difésieven though it is an important element.



3.2. The contribution of ICTs to productivity

A large number of studies (see Cette, Mairessekagglu 2002 and 2005 for a review of the literajur
are devoted to the issue of the contribution ofd@ the growth of GDP and productivity per empkaye
These studies conclude that ICTs have had a pesitid significant impact over the past two decades.
According to the growth accounting framework, thdgtribution occurs via two channels:

- Substitution effects linked to the accumulatidn@T capital (capital deepening). The latter stérom
the continuous and rapid improvements in the privdeiperformances of ICT investments, which lead
to a sharp fall in the price of ICT relative to etltapital goods and labour. For example, in theedn
States, the price of computer hardware posted arage annual decrease of 15% over the 1980-2004
period, while the GDP price deflator rose by 3% yer;

- TFP gains predominantly linked to the technolabmrogress achieved in the ICT-producing industrie
and to the productivity gains in the ICT-using istties via spillover effects.

According to Cette, Mairesse and Kocoglu (2000,206he weight attached to these two effects in

growth accounting analyses depends to a large teatethe methodological choices made regarding the
volume-price breakdown of ICT investment serievafue terms. Schematically, the more the volume-
price breakdown takes into account the improvemantCT performances, via hedonic methods for

example, the greater the contribution of capit@p#ming to productivity gains and the lower thal BP,

and vice-versa. In this analysis, given the lackesftoral data, we will only look at the first efe

We will start by briefly presenting the importangeICT investments in the four countries (a) thea t
changes in ICT prices (b) and finally the contrnbatof ICT capital deepening to productivity growdtt).

a) ICT investments

Measuring ICT investment raises a number of metlogiical problems (see Cette, Mairesse and
Kocoglu, 2000, for a detailed review). The mainkpems concern the availability and reliability bt
long series, the breakdown between investment atedmediate consumption of ICT expenditure, the
assessment of expenditure on the personalisatiprepfickaged software and the development of custom
software. The solutions provided by the nationaloaating systems differ from one country to thetnex
as well as over time. For example, at the time ihse 2000 was set up and following the OECD
recommendations on the international harmonisatibrihe methods for measuring software GFCF,
INSEE, the French National Statistics Institutearadped the breakdown of software expenditure between
intermediate consumption and investment on thehamel, and its method for measuring custom software
expenditure on the other. As a result, the amofirdofiware investment in 1999 rose from EUR 11
billion under base 1995 to EUR 21 billion underé@600, i.e. a 90% increase. In the United Kingdom,
Chesson and Chamberlin (2006) showed that the mbelbgical change in the measurement of software
investment, particularly own account software, ted rise in the share of total software investment
GDP from 0.8% to 1.8% in 1999. These methodologasplects also concern, but to a lesser extent, the
measure of hardware. Therefore, the result preddmee, with the newest statistics, show difference
compared to previous studies.

Graph 5 shows the ICT investment ratio in the foountries under review. The following observations
can be made:

- In 1980, ICT investment in the United States actedirfor 2% of GDP against only 1.2% in
France and the United Kingdom and 1.4% in JapaB005, the share of ICT investment in GDP
increased by a factor of two in the four countries;

- The ICT investment ratio displayed a relatively itdm trend across the four countries. It
accelerated from 1980 to 1985 and from 1995 to 2860 remained stable or even declined from
1985 to 1994 and from 2001 to 2005;
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- The bursting of the Internet bubble in 2000-200d.tke a substantial drop in the ICT investment
ratio in the four countries. In the United Kingdaand the United States, the most affected
countries, the ICT investment ratio slid from 4.9863.6% between 2000 and 2005. This drop
may be interpreted as a correction of the oversmotation of ICT capital at the end of the
1990s, which had been partly fuelled by the finahaiarket euphoria and the fears surrounding
the Y2K bug.

Graph 5

ICT investment ratio (in %) in France, the United Kingdom, the United States and Japan- 1980-2005
scope: Economy as a whole
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Sources: See Box.

b) Changes in ICT prices

As mentioned above, one of the main difficultieané consequently uncertainties — of measuring the
contribution of ICT to growth lies in the volumeige breakdown of investment expenditure. National
accounting systems are gradually adopting hedoeitadls to account for the rapid improvements in ICT
performance. However, there are substantial diffege in the way in which countries apply these
methods (see Cette, Mairesse and Kocoglu, 200@)200 prevent these differences from affecting our
comparison, we chose to use as price index for eaehof the three ICT products in France, Japan and
the United Kingdom the price index that correspahdi® an equivalent price trend for this product
relative to the GDP price deflator used in the @8amal accounts. This method, also used by Colacch
and Shreyer (2001), implies that the price tremdech ICT product (excl. general inflation) is g@me

in all four countries.

Table 9 presents ICT price trends by sub-periothénfour countries under review. The price of IGT i
calculated as the weighted average of the pricedsreof computer hardware, software and
communication equipment. The differences betweamtrizs stem from (i) differences in GDP price
deflator trends and (ii) the breakdown of ICT inwesnts between computer hardware, communication
equipment and software. Computer hardware expexiktice largest price fall relative to other ICT



15

products. Over the 1980-2005 period, the average annudindein ICT prices was of the same
magnitude in the United Kingdom and the United &tdtoughly 5%). In Japan, prices decreased faster
on account of the greater weight of computer harefvand the smaller increase in GDP prices (0.7%
compared to 3%). In France, prices decreasedessai degree (4% per year on average) because of th
smaller weight of computer hardware and a largereiise in GDP prices. The most pronounced price
drops were recorded in the 1995-2000 period; theged from 6.7% per year in France to 9.5% per year
in Japan.

Table 9

Average annual ICT price growth (in %) in France, the United Kingdom, the United States and Japan- 1882005
1980-2005 1980-1990 1990-1995 1995-2000 2000-20(')5

France -4.0 -1.5 -5.8 -6.7 -4.5

Japan -5.7 -3.5 -6.6 9.5 -5.3

United Kingdom -5.2 -3.5 -5.9 -8.2 -4.8

United States -4.8 -3.5 -5.4 -7.4 -4.3

Sources and calculations: See Box.

¢) The contribution of ICTs to productivity growth

The contribution of ICTs to labour productivity gvth is shown in Table 8 and Graph 4. The main
findings are the following:

- Over the entire 1980-2006 period, the contributid ICT capital to productivity growth per hour is
greater as that of non-ICT capital in the Unitealt&t and lower in the other three countries;

- The contribution of ICT capital to average annpebductivity growth (per employee or per hour)
ranges, depending on the period, from 0.3 poin@.@ point in the United States and the United
Kingdom, from 0.3 point to 0.6 point in Japan amafly from 0.2 point to 0.3 point in France. TH&TI
investment ratio is roughly the same in the Unkéagdom and the United States (see Graph 5), and
the contribution of ICTs to productivity growth &éso the same. This important ICT impact can be
attributed to the significantly fast average anngadwth rate of the capital stock due to the fast
decrease in the global ICT price index (see TableCempared to previous studies, the result that
contribution to productivity growth of ICT capitdeepening was the same in the United Kingdom and
in the United States can be attributed to the iwgmeent in the measure of ICT investment in the
United Kingdom. The new figure for ICT investmentithe United Kingdom takes better account of the
importance of the services sector, and particulmgncial services, in the UK economy. In Franod a
Japan, the investment ratio is low and the annialtip rate of ICT capital per capita is slightlyMer
than in the United States;

- In all four countries, the contribution of ICTgital is the largest over the 1995-2000 perio@dntiounts
to roughly 0.7 point in the United States and thetédl Kingdom, 0,6 point in Japan and 0.3 point in
France. At the same time, the contribution of otsguipment and buildings declined considerably in
France, Japan and the United Kingdom compared tWwiltprevious period (about 1 point). The faster
decline in ICT prices over this period (Table %mes to have accelerated the substitution betweén IC
capital and non-ICT capital;

- Lastly, after 2000, the fall in ICT investmentdsectly reflected in the contribution of ICT cégdito
productivity growth. This effect is the less pronoad in France (-0.1 point and -0,2 to -0,3 pairthie
other three countries). Except in Japan, this penias also marked by an increase in the contributio

® Between 1980 and 2005, computer hardware pricé®itunited States posted an average annual dexflih&%,

compared with roughly 1% for software and commuindcaequipment.

On average over the 1980-2005 period, computedwee accounted for 25% of ICT investment in France
against 40% in the United Kingdom, 28% in the Uthitates and 45% in Japan.

6
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of non-ICT capital deepening to productivity growthall countries, particularly in the United State

(about 0.4 point).

On the whole, the results presented here are ipikgewith those obtained in the most recent
international comparative studies, such as thosédbgenson and Kuong (2005), the OECD (2003) or
Van Ark and Piatkowski (2004), presented in Talde As regards France, they are consistent with our
previous assessments (see Cette, Mairesse and IKp20@5b). For the United Kingdom, they are not
directly comparable with the recent assessmen@uitpn and Srinivasan (2005) on the market economy;
although their profile is similar, the contributiarfi ICTs is lower than in our estimates. Accordiog
these authors, the contribution of ICT capital @ésepg accounts for 0.7 point of the average annual
increase in hourly labour productivity between 1@n@ 1990 and for 1 point over the 1990-2000 period
As regards the United States, our results are,idenisg the scope difference, very close to thokse o
Jorgenson, Ho and Stiroh (2006, 2008), and Olig&ahel and Stiroh (2007) presented in Table 11. As
regards Japan, our estimates are close to thakergénson and Kuong (2005) for the 1990s but show a
higher decrease in the contribution of ICT capdie¢pening to growth during the period 2000-2006.

Table 10

Average annual ICT contribution to the growth of GDP or labour productivity (in %) in France, United K ingdom, United

States and Japan

Results of some international comparisons

Jorgenson and Kuong (2005)* OECD (2003)* Van Ark ad | Van Ark,
Piatkowski | O’Mahony

(2004)** and Timmer
(2008)

1989-1995 1995-2000 2000-2004 1990-1995 1995-2001 995-2001 1995-2004
France 0.2 0.4 0.4 0.2 0.3 0.3 0.5
Japan 0.3 0.8 0.6 0.3 0.6 na na
United Kingdom 0.3 0.8 0.3 0.3 0.6 0.6 1.0
United States 0.5 1.0 0.6 0.5 0.9 0.7 0.8

* Contribution to GDP growth, ** Contribution to ¢hgrowth of the labour productivity per employee.

Scope: Whole economy

Table 11

Average annual labour productivity growth (in %) and contributions (in percentage points)

In the United States

Oliner Sichel and Stiroh Jorgenson, Ho ans Stiroh (2008)**
(2007)*
1973- | 1995- | 2000- | 1959- | 1959- | 1973- | 1995- | 2000-
1995 2000 2006 2006 1973 1995 2000 2006
Productivity per hour 1.47 2.51 2.86 2.14 2.82 1.49 2.70 2.50
Capital intensity per hour 0.76 1.11 0.85 1.14 1.40 0.85 1.51 1.26
Non I CT capital intensity per hour 0.30 0.02 0.24 0.70 1.1 0.45 0.49 0.6
I CT capital intensity per hour 0.46 1.09 0.61 0.43 0.2 0.40 1.01 0.
TFP 0.71 1.40 2.01 0.75 1.14 0.39 1.00 0.9p

* : non farm business sector

** . private economy

As mentioned above, national accountants are fagcgda number of methodological problems when
assessing ICT investment expenditure and estatjjstiie volume-price breakdown. However, since
national accountants have been following the recenttations of the OECD-Eurostat Software Task
Force, the measure of investment in software isenfmmogenous across countries. For example, the
share of software in total ICT investment is comapé in the four countries (between 50% and 60%),
while the previous data indicated that this shaas twice as high in the United States as that amde
(see Cette, Mairesse and Kocoglu 2002a). Althoulgis tnternational harmonisation has made
international comparisons of ICT contributions toguctivity growth more robust, progress still ne¢al

be made with regard to the measurement of own atsmitware and the quality effect.



4, Conclusion

The results of our study, despite being extremg@yregated and global, are nevertheless rich afidudif

to summarise. The most striking findings are thHWing. The past 120 years have been characterised
by very important economic growth and productiviggins in the four countries under review, the
remarkable catching-up of the United States by égathe fact that the United Kingdom has reached a
par with the United States and France after a letgtive decline, and the impressive catching-up of
Japan which came to a stop in the 1990s.

At present, total factor productivity is very clogethe countries under review except Japan, whese
still significantly lower. However, hourly labourrgductivity is slightly higher in France than ineth
United States and significantly lower in the Unit€cthgdom, and even lower in Japan. Furthermore,
productivity per employee is slightly lower in Fcanthan in the United States, much lower in thetédhi
Kingdom and even lower in Japan. These performarefest the more or less contrasting developments
during the various periods of the analysis, assegdiaith varying contributions of capital deepenany

the downward trend in working hours.

Between 1890 and 2006, the faster drop in workimg taccounts for roughly 25% of the differential in
the growth of productivity per employee betweemErand the United States, and just about 5% of tha
between the United Kingdom and the United Statemil&@ly, over this same period, the lower
contribution of capital deepening explains 15% lodé differential in the growth of productivity per
employee between France and the United Statesliaodts?5% of that between the United Kingdom and
the United States. The other growth factors inaluisethe concept of total factor productivity acobtor
100% of France’s catching-up with US labour protuitgt and for 40% of the decline in British labour
productivity compared with the United States. Theser growth factors (the decline in working hours
and capital deepening being equal) would thus atdou the almost three-fold increase in Frenclolab
productivity compared with the United Kingdom, ian average annual growth differential over 116
years of 1.0%.
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Appendix
The breakdown of the effects of TFP and capital dgening and the growth accounting approach

Solow (1956, 1957) was one of the first to put farevthe breakdown of the effects of TFP and cagiepening on
GDP and the growth accounting approach. The foligvequations concern the breakdown in level andrdroate
terms of GDP and productivity, but for reasonsiofgicity, the commentary only covers the breakdafigrowth.
We assume that the production possibilities mayelpeesented using a total production function \aittotal factor
productivity TFP variable (or autonomous technjmalgress). Production (or output Y) can be wrigisn

Y = TFP. F(K, L))

where K and L represent respectively the volume of j-type capital i-type labour (or inputs). Assuming that the
production function is a Cobb-Douglas productiondtion in linear log form and labour is homogenefwsich is
the case in the present study), we obtain thevatig relation:

y =tfp +2 0.k + B.I first difference: Ay = A tfp + 2 a;.Ak; + B.Al

where y, k | and tfp represent the logs of the volume opattj-type capital, labour and TFP, whéés the first
difference (or annual rate of change) and wiwgrandf3 represent the elasticities of output with respedhe inputs
Kjand L. We assume unit (constant) returns to s¢ile;+ =1.

The growth rate of the economy can be written asstim of the growth rate of each input weighteaating to its
production elasticity and the growth rate of TFP technical progress). Growth accounting can aksgizsenteg
identically in terms of labour productivity accouny (assuming constant returns to scale), as fallow

(y-1)=tp+20;.(k -1) firstdifference: 8y - Al) = Atfp + 2 o;.(Ak; -Al)
whereaq; (k; -I) represents the contribution of j-type capitabpening to labour productivity.

In order to apply this breakdown, it is necessargtitain estimates of production and its factarsnhcroeconomig
analyses, these data are available in nationalatsoThe sources used in this study are detail@&bk 1. It is also
necessary to measure the elasticities of produetitin respect to inputs. In addition to the hypasikeof constant
returns to scale, it is generally admitted thatdpigtion factors are remunerated at their margimatiypctivity (at
least over the medium to long term), which meaas iths possible to estimate the factor elasésitbn the basis gf
the share of their remuneration (cost) in totabme (or total cost). Given that labour costs (waged related
social security contributions) represent roughly tiirds of income, it is assumed thgta; = 0.3 and thereforg
B-0.7.

D

We assume that the capital K used in year t istibek of capital installed at the end of year t-1.

TFP is measured as a residual: it measures theilmatiin to labour productivity that is not attritable to factor
inputs. These types of breakdown are mainly detesipAlthough they do not provide any causal erpt#ons,
they are useful for making comparisons and expigirany differentials in productivity levels and gtb rates
between periods and countries.

In our study, the volume of labour L is writtenlas N.H where N is the level of employment and g tiverage
annual working time. The suggested breakdowns odiystivity concern alternately productivity per doyee or
productivity per hour, and are conducted on thasbafsthe respective relations (where the contidsubf TFP is
identical):

(y - n) = tfp +2 0;.(k; — n) + (1 2 o).h first differencei(y - n) =Atfp + 2 0;.A(k; - n) + (1 25 o;).Ah
(y-1)=tfp+2a;.(k - 1) firstdifference/A(y - I) = Apgf + 2 o;.Adk; - 1)

" For a history of growth accounting and TFP (“thsidual”), see Griliches (1996) and Maddison (2007)



