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1. Introduction

Growth accounting has long been an important toalisentangle the proximate sources of
economic growth (Solow: 1957, Griliches and Jorgensl967). However, the method
requires several assumptions about perfect congretit markets, the functional form of the
production technology in use, Hicks-neutral tecbgadal change and constant factor shares
in income. The majority of growth accounting stwdleas assumed that output is produced
according to a two-input Cobb-Douglas aggregatedyetion function. This reliance was
guestioned by Duffy and Papageorgiou (2000), whmdothat they could reject the Cobb-
Douglas specification using a panel of 82 countoisr a 28 year period. Furthermore, cross-
country evidence suggests large variances in labbares of countries at various stages of
development (Gollin: 2000). In addition, growth agnting results tend to be biased in the
presence of inefficiency in the production prodgaosskopf: 1993).

Given some of the above-mentioned draw-backs, KuandrRussell (2002) argue in
favor of using a non-parametrical approach to gnowtcounting that neither requires
assumptions about absence of market imperfectian about the specific form of the
production technology. In this study, we follow itheeasoning and argue in addition that the
notion of relative efficiency, or inefficiency, shiol be taken into account when performing
historical growth accounting exercises, in paracuuring times of disintegration and war.
In such turbulent situations institutional framek&r access to world markets, war
participation and the general economic environnaeatmore likely to influence how efficient

a country can transform the use of inputs into oistp



The interwar and immediate post-war periods arer@sting to study from this
perspective since this period saw limited techniclgdiffusion as countries became
increasingly closed from world markets. In additidghe period was one of very modest
capital growth in a majority of countries. In techwygical leading nations as USA and UK
capital per worker hardly accumulated at all. Imeyal, the period 1929-1950 saw the least
capital growth per worker since 1890 (see Maddisb®95). Nevertheless, there were
increases in labour productivity during this peri@buntries like Sweden, South Africa and
Portugal nearly doubled in labour productivity beém 1929 and 1950 whereas increases in
Canada, Finland, Norway, Brazil, USA and New Zedlarere substantial as well (around 50
percent). Foreman-Peck (1995, pp. 182-83) notepdnadox in that declining international
trade, unemployment and general instability wasoexanied by considerable real income
increases in many countries. Foreman-Peck argusptiosperity of the time period was
based upon the adoption of the revolutionary teldgies from the late 19 century,
especially the applications of electricity, theemmal combustion engine and the factory mode
of production that offered scopes for catching-up.

However, the scope for catching-up could be depandm the general “social
capability” of a nation, as argued by Abramowit®&&). The general social capability of a
nation can be seen as a component of human capii@h can abridge the process of
technology adoption for late-comers. At the stdrtthe 20" century the rich nations had
converged in terms of elementary-school enrolmant$ many of the poorer countries had
started to expand mass primary schooling (Goldb012 p.265). These educated cohorts
started to enter into the workforce during the 192d 1930’s and could have affected the
general propensity for catching-up in certain naijalespite the world disintegration.

In this article we aim at clarifying the inter-wagrowth puzzle, especially focusing on

the sources of catching-up and on the growth effedm human capital. There is a strong



case for measuring inter-war growth from 1929 t6By means of non-parametrical growth
accounting that do not require perfect market agpsiams but take factor accumulation and
efficiency changes into account. Moreover, we artna¢ the process of catching-up can be
measured as increases in efficiency relative td#s practise nations in the sample. We also
investigate the exogenous determinants of suchhicgtaip effects, hypothesising that
institutional frameworks and war participation nea¢id, but also that countries with high

human capital components were better equippedctease productive efficiency and catch-

up.

2. Method

2.1 Data Envelopment Analysis (DEA)

The study utilizes Data Envelopment Analysis (DE#jich is a data-driven non-parametric
linear programming method that neither requires amyiori specifications of the functional
form of the technology nor any assumption aboutketastructure and absence of market
imperfections. It does however require an assumptd the returns to scale of the
technology.

This non-parametrical approach to growth accogntvas pioneered by Fare et al.
(1994) who decomposed the labor productivity insesain 17 OECD countries 1977-1988
into technical change and efficiency change. Theongposition has recently extended to
incorporate capital accumulation (Kumar and Russ¥)02, Los and Timmer: 2005) and
human capital accumulation (Henderson and Rus2@ll5) as sources of labor productivity
growth in a sample of countries post 1965.

More formally, assume that the production set sngigd by a set of input and output
vectors. More formally, letV ={(X,Y) O RN“V'}. That is, the set dfl inputs, measured by the

vector X, can producé outputs, measured by vectér All efficient production plans lie on



the boundary (frontier) of the production st (Debreu: 1959). The relative efficiency

scores, A are calculated from a set of observatid(s, y,);i =1...n} by solving a linear

programming problem, wherg and y denotes the sample input and output vectors,

respectively, anah denotes the number of observations in the sankies(et al.: 1994Db).
More precisely, the estimated DEA scdv%széi_l;i :l...,n} of the attainable se¥ are

defined as:

éi(xi,yi)zsudHKXi@i)Dlﬁ];i =1i...,n, (1)

where the subset¢y is spanned by the sample input and output vectors
{z,Z/ =(x,y,)00M;i :L...,n}. The index is the inverse of the maximal proposicaimount

that outputy; can be expanded given the input quantitjesd the existing technology.

2.2 Decomposition Analysis

In order to disentangle the proximate forces oblabproductivity growth, we follow the
methodological approach of Henderson and Russ@D52pp.1178-1180). Exploiting the
constant returns to scale assumption, we use ttaneld productivity frontiers and relative
efficiency scores to decompose productivity growtito four components: technological
change (shifts of the production frontier); teclogital catch-up (movements towards or
away from the production frontier), capital accuatidn and human capital accumulation
(movements along the production frontier) betweenlenchmark years. Disentangling the
contributions from technological change, capital Aanman capital accumulation are standard
to growth accounting analyses, although we measera without any assumptions about the

functional form of the production technology. Maraportantly however, the addition of



relative efficiency enables us to analyse the d¢atecbhp and decline of nations compared to

the technological frontier as well.
Following Henderson and Russell (2005, pp. 117831 1& 9b(I2b) and 9C(RC ) denote

output per efficiency unit of worker angh and e, the estimated efficiency indices in the

current,c, and base periodh, respectively. By definition, the potential outger efficiency
unit of worker in the two periods ar?b(lzb):yb(lzb)/eb and yc(ﬁc)zyc(ﬁc)/ec. We can

therefore write the ratio of labor productivity tine current to the base period as the product

of the estimated efficiency indices and the potgmtutput in each period

L = eC X yc (lzc) (2)
Yo S yb(kb)

Now, define the potential output per efficiencytusfiworker at the current period capital
per worker ratiosgiven the technology that was in existence at #e®e lperiod as Vb(lzc).
Similarly definelzc =K, /(L.H,), thus the capital per worker ratio in the curneetiod under
the counterfactual assumption that the human dagiigmentation did not change since the
base period. Multiplying the top and bottom of (&jth Vb(lzc) X Vb(lzc) results in the

following decomposition of labor productivity growtper efficiency unit of worker

&: ecxyc(l’(’:c)xyb(k—:c)xyb(gc) ) (3)
Yo & X Yu(Ke) X ¥y (Ky) * Y, (K.)




Growth in labour productivityy, =Y, /L, can in turn be decomposed into the growth of

efficiency output per worker and the growth of theman capital augmentation factors.

ﬁ:#xi (4)
Yo Yo Hp

Combining equation 3 and 4 yields the following a®position of labour productivity

growth into four factors:

Ve _& Yelk) |, Vok) | Fu(k)xH,
Yoo & VoK) Volks) Vo(k)xH,

()

= EFF xTECH x KACCx HACC

corresponding to movements towards or away fromptiogluctivity frontier (the efficiency
change EFF); the shift of the productivity frontier at thercent periods capital per efficiency
unit of worker levels (technical chang€ECH); the capital accumulation along the base
periods productivity frontiel{ACC); and the effects of human capital accumulafldACC).

This decomposition measures technological changeuaient period’s capital per
efficiency unit of worker levels and capital accdation along the base period’s productivity
frontier. However, the composition can also be mgmeother way around (thus technical
change at the base periods capital levels andatagmtumulation along the current frontier).
The two decompositions will not yield the same hesnless technology is Hicks neutral, i.e.
augmenting capital and labour by the same propoetdalifferent capital per worker ratibst
shall however be emphasized that this problem demic to the task of growth accounting

and is usually resolved by simply assuming Hickstradity of technical change.

! See Henderson and Russell (2005, p. 1179) forre detailed description of the path-dependenchetwo
decompositions.



Following Kumar and Russell (2002) and Hendersah Ruassell (2005) we resolve the
ambiguity of choosing between the two decomposstiby taking the Fisher average of the

decomposed factors in the following way:

Ye = EFF x (TECH® [TECH®)¥2 x (KACC® [KACC®)Y'2 x (HACC® THACC®)¥2  (6)
Yo

3. Data

For this study we have put together a unique deteok GDP, labour, capital and human
capital for 41 countries around the world for trenthmark years 1929, 1938 and 1950. We
have collected GDP and labour figures from a nuntbesources, however relying foremost
on the Maddison: 1995 dataset.

Since internationally comparable data on physiegdital stocks is unavailable for a
large number of countries before 1965 we estinfateatmount of physical capital on basis of
energy consumption data taken from Darmstadter1()19lhis strategy has originally been
developed for estimating socialist and communisintaes’ physical capital (Gregory: 1975)
but we show that it can also be applied to earfyy @ntury “white spots”. The advantage of
measuring capital stocks from energy consumptiota dais first of all that data is
internationally comparable, thus avoiding the issoé differing average service lives and
depreciation speeds in capital stocks (O’Mahon®@6) and problems of sectorial deflation.
Secondly, energy consumption provides a directnegé of the share of the capital stock that
enters into useful production, which makes ourneste lie closer to the notion of capital
services than capital stock. We believe that théasare is even more accurate in growth

accounting studies. See appendix Al for a detaiéstription of the capital stocks.
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For human capital stock estimates we follow ther@@gh of obtaining human capital
augmentation factors by Hall and Jones (1999). p@oach builds on the Psacharopoulos
(1994) world wide survey of the returns to educatmd Lindert's (2006) data on schooling
enrolment (and the suggestions for interpolatioéyuske and Baten 2006), from which we
estimated average years of schooling in each popualtor our benchmark years. In appendix
A2, the estimation of human capital augmentatiahois is described.

The average increase in the augmentation factoosiirsample was 6 percent between
1924 and 1945 and there was a weak convergencenrar capital accumulation, with
France and Sweden showing very modest increasethandrgest increases in Japan, Chile
and Finland (16 percent). Figure 5 displays theutated human augmentation factors for all
41 countries in 1925 and 1945. Human capital irsgeavere also large in countries like
South Africa, Turkey and Sri Lanka. The French hancapital evolution stands out in this
figure, mainly because of its special demograplEeetbpment. Lindert (2004a) found that
the French schooling rate before WWI was often vestenated, because earlier studies did
not take the rapid decline of the number of chitdie the school age over the™8entury
(age 5-14) into account. Lindert corrected thogeris, and estimated a higher value. Those
pre-war schooling investments led to a elevated bmrnof school-year of the labour force
(age 25+) in the 1920s. In contrast, the post-W\Wegnment in France had substantial
economic problems, which — among other factorsl tdemore average schooling investments
in the early 1920s, which filtered into a lower &tof school years available in the adult

labour force of the 1940s.

4. Results

4.1. Technical frontiers
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Figure 1 and 2 shows the estimated productionigmin 1929 and 1950 respectively. Figure
1 displays the frontier estimated using only cdpatad labour as inputs whereas figure 2
shows the frontier after we have included the huwggital augmentation factors. Note that
the scale of the production frontier changes aftemeasure capital and output per efficiency
unit of labour. The assumption of constant retumscale and labour augmentation of the
labour force allow us to display the constructezhfiers in two-dimensional space. Several
features stand out from the figures. First of @ale can identify the technological leading
nations as the countries that determine the fromiesvery benchmark year. We find that
United States lies on the technological frontiedidterent capital levels for all benchmark
years. This remains true both if we include humapital and if we do not. It appears that our
identification of the frontier countries (the tecihogical leaders) remains relatively robust to
the human capital inclusion. In 1929 Argentina, i¢elands, and United States determined
the production frontier at relatively high capipsr worker levels, both with and without the
inclusion of human capital. Switzerland was howeasariuded from the production frontier in
1929 after we included human capital in the proidacprocess. In 1950 the same countries
determined the frontier using both specificatiolygart from the case of Switzerland in 1929,
this indicates that the frontier countries werdyfeixploiting the returns to human capital and
that their technology remained “best practise” eaérr controlling for the higher value of
their workforce due to education.

At low capital per worker levels the frontier istélenined by Thailand and Sri Lanka in
1929 both with and without human capital inclusign.these low capital per worker levels
the frontier does not shift at all during the invgated time period, showing that technology
was non-neutral and that there were limited scdpegechnological change for the least

productive nations in the time period.
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When investigating how the frontier shifted oveanéi we find that including human
capital into the productivity analysis severely nfied the shifts of the production frontier
(the expansion of potential output, which can herpreted as technical change). Between
1929 and 1950 the frontier shifted by a third atimen capital per worker levels when we do
not control for human capital, but only by a fiftth medium levels after the human capital
inclusion. Thus, slightly less than half of theeets of technological change could be
attributed to human capital increases at mediuntadgper worker levels between 1929 and
1950.

We have also calculated the production functiontfi@ benchmark year 1938, but we
find that the frontier does not shift at all betwe929 and 1938 after we include human
capital, showing the negative effects that the BPsgpion had on potential output (after

controlling for human capital accumulation).

4. 2 Technical Frontiers and Relative Efficiencythvand without human capital

Table 1 lists the efficiency indices for our 41 nties in 1929 and 1950 calculated under the
assumption of constant returns to scale. For coisgarpurposes we present the relative
inefficiency of countries both with and without theclusion of human capital in the
production function. Countries with efficiency ieds of 1 it are fully efficient given their
relative inputs and thus determining the technalalgfrontier at the given time period. As
seen from the table, the inclusion of human capit@iroves the efficiency of the majority of
countries (those in bold text), especially in 1958is finding points to the fact that low levels
of human capital relative to the frontier countrn explain a substantial amount of the
estimated country-level inefficiency and that theportance of this gap was growing with

time.
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Some countries look better in terms of efficienttgrawe took their low human capital
into account: The largest difference after accayntor human capital in 1950 were found in
South Africa, Mexico, Nicaragua and Chile. In castr the efficiency of Japan and Hungary
declines after we include human capital in 1950ammey that these two countries did not
fully utilize their stocks of human capital effioiy in relation to similar countries. This
might have been a result of the war events takiagepdirectly before 1950.

The finding that the efficiency in most countrigsproves after we include human
capital indicates that low levels of human capitauld explain parts of the estimated
inefficiency levels. Thus, there is a level effée@m human capital to the level of relative
inefficiency. However, in order to assess the ghowdntributions from changes in capital,
capital, efficiency and technical shifts, we coognwith the decomposition analysis outlined

in section 2.2.

4. 3 Decomposition Analysis

In table 2 the results from the decomposition asialputlined in section 2.2 are given. We
have carried out the decomposition between 19291860 for all of our 41 sample countries
and for comparison purposes we present the resthtwith and without human capital. As

seen from the averages of the relative contribstitm labour productivity growth at the

bottom row of the table, the 41 countries increasdxbur productivity by 24 percent on

average, but were relatively falling behind theduativity frontier as the relative efficiency

contribution was — 19 % on average when we do nctude human capital in the

decomposition. The moderate contribution of techinahange comes from the fact that the
frontier shifted relatively little during our timperiod. In addition, controlling for human

capital cuts the contribution of technical changeabthird. This shows that some of the

modest shifts of the frontier could be accommoddtedby quality improvements of the
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workforce. Adding human capital to the productigmedfication severely modifies the
growth contribution of capital accumulation, prolyabecause capital per efficiency unit of
labour decreased in many countries between 1929 @5l

Thus, between 1929 and 1950 the relative growthtribanions of capital
accumulation and technical change appear to hage bwdest. This fits well with the fact
that the world was disintegrated and turbulentaaddition many countries were falling behind
the productivity frontier, showing how world disagration and wars contributed to efficiency
collapses in many countries. The strongest posgifect comes from the fact that human
capital continued to increase as the educated tohbthe 1910’s and 1920’s entered into the
workforce. The effects of human capital accumutatieere however counteracted by slow
capital accumulation and efficiency collapses, égample in Poland, Japan, and China. It
seems that although human capital had strong velgtiowth effects during this time period,
the effects were counterbalanced by slow capitaumaclation and efficiency collapses,
features that can mainly be attributed to the d$jgeconditions of our investigated time
period.

Table 3 summarizes the correlations between thedecomposed sources with labour

productivity growth between 1929 and 1950.

Table 3. Correlations between labour productivityvgh and the decomposed sources 1929-50

EFF TECH KACC HACC

0.68 0.14 0.57 -0.42

The first element in the table displays that ey changes correlate very well with
productivity increases. Thus, although the majoofycountries were falling behind the

production frontier, there were a few growth miescthat caught-up with the technological
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leaders and increased output. Sweden and SoutlrtaAshow strong efficiency and
productivity increases, but we find similar pateem New Zealand, Norway, Canada, Mexico
and Switzerland.

The next element indicates that the relative cbations of frontier shifts are
ambiguous. As mentioned earlier, the frontier dod shift at all between 1929 and 1938 and
the shift was modest for the full period, espegiali low capital per efficiency unit of worker
levels. Thus, we find low contribution from techogy in Thailand and Sri Lanka, since the
technological frontier hardly shifted at their dapper efficiency unit of worker levels. In the
rest of the sample, the shift of the frontier atimas capital per worker levels does not show
any systematic correlation to productivity increasRather, it seems that the movements
towards or away from the frontier, the “catching-fgrces”, were more important in
explaining productivity increases.

In the two last columns in table 3 we correlateitehand human capital accumulation
against labour productivity growth. The ratherostg correlation between capital
accumulation and productivity growth designates #ithough the size of the relative effects
of capital accumulation was relatively small ansdmstimes even negative, countries with
positive gains from capital also experienced prtiditg growth. On the other hand, the
growth effects from human capital increases weeatgin magnitude, but the most prevalent
effects were found in countries with collapsingaurctivity and efficiency levels. The story is
consistent with the evidence from Poland, JapanGinda. Human capital accumulation was
the only productive accumulation force that wasatreély undistorted in countries were
capital was destroyed and efficiency collapsed. el@v, increases in human capital alone
could not drive productivity increases.

This section concludes that although the contrimgi from factor accumulation

played a role, the accumulation of capital was sliommmany cases capital per efficiency unit
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of worker actually decreased. Moreover, technolalgoahange took place at a slow rate and
shifts in the production frontier do not appeaexplain why some countries were still able to
achieve labour productivity growth. Rather, we fitltht this period was one in which
inefficiency was a substantial element in the potidun process and that many countries were
falling behind the production frontier. In additioefficiency increases correlate well with
labour productivity growth, indicating that we ne¢al understand the determinants of
efficiency change, especially in a time period tdws factor accumulation and limited

technological change.

4.4 What determines efficiency in the de-globalsaand war period?
In this section we explore potential determinaritsefficiency growth or decline between
1929 and 1950. We will use regression analysigderoto find the determinants of efficiency
change. This approach, where efficiency is estichatehe first stage and thereafter regressed
upon various exogenous covariates is generally knaw/ the two-stage approach (see for
example Ray 2004). We are particularly intereste¢plhenomena which might have kept
markets from working, hence retarding the adoptibnew technologies.

We imagine that a protectionist policy might betsacforce in the interwar period: if
a country lifts its tariff barriers to abnormallygh levels, it might not only benefit from
“beggar your neighbour” effects, but it might aldeter the imports of capital good and new
technologies. For example, the extreme cases ¢f taigffs were the countries Colombia,
Portugal and Brazil. Argentina’s import-substitutipolicy in the 1940s and 1950s is another
example of tariffs driving up equipment prices ahepriving the industry of technology
import (Taylor: 1992).

However, as argued by Collins and Williamson (20pf, 77), tariffs can have

different effects on the relative price of capigmlods depending on the time and the place.
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Collins and Williamson investigate the connecticgivween tariffs and the relative price of

capital in 11 OECD countries 1870-1950 and find thaffs generally favoured capital goods

relative to consumer goods to the extend that thetprted relative prices prior to 1950. Thus,

the effects on tariffs on efficiency and technol@gloption is ambiguous for the period prior

to 1950. In order to test how tariffs affected @éncy growth for our larger dataset (that has
the advantage of including a number of Latin Amamicountries) we use average tariff rates
from the Clemens and Williamson (2004) dataset. tEnéfs are measured as the share of
customs revenues (import duties only) in total impalues. Figure 5 shows the average tariff
rates in 1929 and 1938 for a majority of the caestm our dataset.

Another big source of market distortions was theo&d World War. What happened
to those countries that had particularly high bldoss? Or that participated longest in the
Second World War and other major conflicts betw&889 and 1949? Was there a special
efficiency loss among the losers of wars? Did gaphic location and being outside Europe,
where a large share of the war activity took plawcatter for efficiency growth?

We model those questions by considering the loghmurof battle deaths per pre-war
population, the log number of war days per countrythis period, a dummy variable
indicating whether a country lost any war durings tperiod, and a dummy variable if the
country was situated outside of Europe. The dateeming the war variables were taken
from the Correlates of War Dataset (www.correlat®ao.org). We assume that all those
factors were detrimental for economic efficiencgdave argue that if a country lost a war,
but won others, the losing effect was strongeradapould be an example here.

Apart from the variables that measure impedimeatghe function of international
markets, there are a number of internal factors thay hamper efficiency growth, for
example civil wars. We added a dummy variable f@il evar conflicts during this period

(such as the Spanish civil war).
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We also imagine that domestic price volatility wibuhave strong effects on
uncertainty, making an efficient choice of the magpropriate production plan more difficult.
Hence, we analyze the effect of internal econoraibulence by adding a pricevolatility
variable that captures the ration between the Isighad lowest recorded price during the
investigated time period. Price data are taken fkditchell.

A large recent literature has also focused on tbetributions of a stable and
competent state as a contributing factor to econaymwth. Bockstette et al. (2002) have
compiled a comprehensive data set of state institsit They were particularly interested in
the antiquity of states, interpreting the efficigraf governance institutions as function of the
experience a certain country had with governmemtsistory. For example, China and Italy
had long run experiences with state organizatiohereas Zambia had only recently
developed government institutions which covereargd share of its territory. The authors
find that the antiquity of states has a strong tpasiimpact on the 1960-90 growth rates,
ceteris paribus. While we imagine that state aitiyqecould have had a positive impact on
efficiency growth in the interwar and war period,e wvould also formulate the
counterhypothesis: Countries with a historicallposy national government might be more
involved in the war conflicts of the Second WorldakV mobilizing more resources for
warfare. More decentralized and newly settled aoesitmight on the other hand be less
involved, and a smaller share of their resourcasbeamobilized for warfare.

Finally, inspired by the concept of social capapidis a source of catch-up and, we are
interested in the social and institutional facttivat may facilitate the diffusion and adoption
of technologies. For the post-war period Toniol®98) has convincingly argued that a
favourable ratio of human capital to physical calpwas conducive for European catch-up
with the USA during the Golden Age. Toniolo argtiest USA as a technological leader was

long characterized by a much higher capital to datratio than the rest of the world. The
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difference increased due to the Second World Wiacescountries on the Continent suffered
considerable losses in industrial plants and pubagpital. However, since schools and
universities continued to function rather well thi#erence in human capital levels was not as
large as it was in physical capital between USA #madrest of the world. This gap between
potential output and actual output per worker, ez as the relative ratio of human capital
to physical capital is a typical condition favouelor catch-up growth and efficiency
increases. We are interested in examining whethierhypothesis can also be verified as a
source of catching up in the inter-war period. As First World War resulted in losses in
physical capital simultaneously with the educatetiocts born in the early 20century
entering into the labour force, we hypothesise #mintries with relatively high human
capital to physical capital in 1925 were generaligre likely to experience the “brain to
capital gap” and efficiency catch-up with USA as technological leader. We measure the
propensity for “brain to capital gap” as the rabetween the number of school years in 1925
and the capital stock in 1929. A frequent probleth vatios is that one variable has a much
larger variance, hence the overall variance isrdeted by this variable. For example, if you
calculate the ratio of literacy and GDP, and litgravould always be 100%, then all the
variation in the ratio variable would come from G order to avoid this problem, we used
the log of capital stock, and standardized bothabées to an index between 0 (=minimum
value) and 100 (maximum), before calculating thra

Many of the above-mentioned variables are onlylalbe for a subset of countries
between 1929 and 1950. Hence we can only perfoptoeatory regressions that cannot take
all possible determinants into account. In theolwlhg, we will focus on cross-sectional
regressions. We considered whether to transformdata set into a panel format, and
estimate fixed effects, in order to avoid the usprdblems of unobserved heterogeneity.

However, at least two counter-arguments prevetritams chosing a FE specification: first of
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all, most of our explanatory variables are timeainant, hence they would drop out of a
simple FE approach. Secondly and more importanbwtyr panel analyses with FE
approaches have been criticised, as they put s& mace emphasis on the variation over
time, and ignore mostly the variation between coest(Durlauf 2005). The variation over
time though, it has been argued, is more likelybt distorted by measurement error,
compared to the variation between countries. Thisspecially true when it comes to factors
as hard to measure as human capital, and institutio

The regression results are found in Table 3. Maddel Il refer to the whole time
period, whereas models IV to VI focus specificadly the most turbulent war years 1939-
1950. First of all, it is evident from the tableaththe brain to capital gap variable is
significantly and positively related to efficiengyowth in all six regressions. Thus, countries
that had a relatively high human capital to caprttio in 1925 (“brain to capital gap”)
achieved higher efficiency growth in subsequentoplsr no matter whether we focus on the
war years or on the full sample period. This vdeals not only statistically, but also
economically significant: a standard deviation cem the brain to capital gap is 0.35 (Table
4). Such a change would imply an efficiency chaofy8.12 (using the coefficient of Model
). This is a substantial proportion of the ovesttindard deviation of the efficiency change
between 1929 and 1950, which is 0.27.

In contrast, protectionism measured as averagi tates apparently did not play a
strong role for efficiency growth, as the coeffitieof variable is insignificant in the first
model. This result is in line with the Collins anWilliamson (2001)-argument about
ambiguous tariff effects prior to 1950. In modelMé include the state antiquity variable but
find that this variable cannot explain efficienapgth in our time period.

However, the other market distortion and turbulenegiables receive stronger

support. Market distortions measured as the effettwar is significant with the expected
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sign in different combinations in most models. Iogsbne war has a negative effect for the
full period in model Ill when we do not control ftariffs and the war durations is negatively
related to efficiency growth for the war years 1988 However, the blood toll was not a
significant contribution to efficiency decrease (@b VI).

From all six model specifications we find that stag a civil war appears to have been
a very consistent and significant method of ruinengountry’s efficiency. Again, not only
statistical, but also economic significance is dlegiven. Being outside of Europe where
most of the battles took place also appears to hadea positive impact on efficiency in most
models.

Finally, price volatility in 1929-38 had the expedtnegative impact on efficiency
growth in all specifications, apart from the fimbdel in which we control for tariffs but are
restricted to 27 observations. Statistical sigaffice is given for the 1938-50 efficiency

change.

5. Summary and Conclusions

We have employed a non-parametrical approach wwtgraccounting for 41 countries during
the inter-war and war years 1929 to 1950. We hawesvs that inclusion of human capital to
the production function modifies growth accountnegults (a level effect of human capital).
The majority of the sample countries improve inagéhcy after human capital was included
especially for later period. This is a sign thaw Ievels of human capital partly explain the
estimated inefficiency and that the effect was gngvwith time. Adding human capital also
cut the relative contribution of technological cgan(shifts in the production frontier) by a

third on average in the sample.
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However, the countries that were determining thehrielogical frontier were not
affected by controlling for human capital, indicagithat the leading countries were fully able
to utilize their human capital levels in the protioic process.

Looking at the relative contributions of changesfficiency, technology and human
capital accumulation using the decomposition metBbdws a slightly different picture.
Although the growth effects from human capital e@ases were large in magnitude, the
countries that showed the largest contributionsnfttuman capital increases were not the
same as the countries that had the strongest lgboductivity growth during the time period.
Instead, it appears that the possibility to mowsatals the production frontier and increase
efficiency was more important in explaining produity growth during the interwar and war
years. This finding shows that much of the produistiincreases in the inter-war period
stemmed from the forces of catching-up, perhaps tduéhe successful adoption of the
technologies from the late ®9century (electricity, combustion engine, factorpde of
production) and the possible effects of brain tpiteh gap due to capital destruction in the
First World War and human capital investments & ttrn of the century. The growth
contributions from countries catching-up with tleehnological frontier also underlines the
importance of adding the notion of inefficiency dnthe growth accounting framework,
especially when technological change and factourmcdation is limited and distorted by the
effects of war.

Explaining the efficiency changes with the use @gression analysis confirms this
view. Countries with long war duration, civil waasd countries that lost wars exhibit lower
efficiency improvements, or even declining effie@gnOn the contrary, having a high initial
level of human capital before the war relativelythie capital stock appears to have created a
gap between actual and potential output that wdsshmilar favourable effects for catching-

up in terms of efficiency increases as we have s&ethe post World War 2 period.
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Thus, exogenous global phenomena as wars certagtitgr for productive efficiency,
but we find strong level effect from human capdalboth productivity growth and efficiency
growth as well. Hence, we need to distinguish betwgrowth effects and level effects of
human capital. Growth effects influenced labourdmadivity directly, but only modestly
during this period, whereas the level effects inpdof countries ability to catch-up with the
technological leaders and thus indirectly on laboaductivity. This result is robust even in

times of turbulence and death.
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Table 1. Efficiency indices

1929 1950
WITHOUT HC  WITH HC WITHOUT HC  WITH HC

ar 1.00 1.00 0.71 0.83
at 0.57 0.52 0.41 0.40
au 0.84 0.75 0.83 0.84
be 0.68 0.74 0.65 0.70
bg 0.50 0.46 0.25 0.23
br 0.58 0.60 0.44 0.51
ca 0.83 0.78 0.90 0.90
ch 1.00 0.87 1.00 1.00
cl 0.78 0.90 0.67 0.79
cn 0.31 0.32 0.16 0.16
co 0.76 0.75 0.53 0.54
cr 0.56 0.56 0.43 0.49
cu 0.36 0.40 0.35 0.40
de 0.74 0.68 0.48 0.49
dk 0.86 0.81 0.76 0.83
es 0.73 0.71 0.37 0.39

f 0.81 0.82 0.53 0.59

fr 0.66 0.59 0.59 0.65
ar 0.94 0.91 0.43 0.43
gt 0.60 0.59 0.44 0.50
hu 0.47 0.45 0.30 0.35
id 0.69 0.73 0.37 0.38
in 0.42 0.44 0.23 0.24

it 0.80 0.78 0.66 0.67
ip 0.42 0.41 0.31 0.29
Ik 1.00 1.00 0.50 0.49

mx 0.49 0.54 0.48 0.65



29

ni 0.62 0.63 0.35 0.42
nl 1.00 1.00 0.80 0.88
no 0.60 0.57 0.68 0.71
nz 0.85 0.75 0.99 0.97
pl 0.33 0.31 0.26 0.30
pt 0.53 0.53 0.45 0.51
ro 0.22 0.22 0.15 0.17
se 0.59 0.53 0.72 0.83
th 1.00 1.00 0.62 0.62
tr 0.63 0.67 0.32 0.32
uk 0.81 0.88 0.74 0.80
us 1.00 1.00 1.00 1.00
uy 0.93 0.95 1.00 1.00
za 0.28 0.39 041 0.59
mean 0.68 0.67 0.54 0.58




Table 2 Decomposition results 1929-1950

30

Prod change EFF-1*100 TECH-1*100 KACC-1*100 HACC-1*100

ar 10.34 -16.77 11.70 -1.23 20.16
-29.12 30.96 18.87 X

at 0.04 -23.94 13.68 -54.19 152.55
-27.98 33.42 4.10 X

au 32.48 11.86 15.20 -0.38 3.20
-0.74 28.35 3.98 X

be 25.41 -6.17 20.22 -16.22 32.70
-3.34 28.47 0.99 X

bg 25.51 -49.91 36.14 -42.30 218.97
-51.24 42.47 80.67 X

br 57.83 -15.63 40.90 -8.68 45.40
-20.90 49.31 33.63 X

ca 53.84 14.82 21.46 -5.78 17.07
7.64 28.57 11.16 X

ch 41.94 14.59 13.56 20.85 -9.74
0.00 30.92 8.41 X

cl 15.60 -12.10 13.63 -10.67 29.56
-14.36 30.84 3.17 X

cn -21.92 -49.16 27.14 -77.30 432.28
-48.09 29.41 16.24 X

co 96.22 -27.69 26.07 95.73 9.96
-24.44 16.33 123.24 X

cr 24.12 -13.59 17.61 -36.27 91.64
-23.96 34.29 21.56 X

cu 23.18 1.59 13.66 -54.60 134.98
-3.95 30.58 -1.79 X

de -13.72 -28.16 14.35 -37.17 67.18
-16.15 12.66 -8.66 X



dk

es

fi

fr

ar

gt

hu

ip

mx

ni

nl

19.00

-23.51

46.27

16.28

-4.56

21.18

0.59

-28.32

-14.82

32.70

3.23

-6.19

41.92

-7.67

6.20

2.12

-11.56

-44.76

-50.20

-28.26

-35.67

9.76

-10.09

-53.00

-55.13

-15.69

-23.63

-21.31

-35.72

-47.25

-46.66

-45.42

-44.69

-13.07

-12.83

-27.58

-27.71

-50.73

-50.34

19.25

-2.72

-33.57

-44.28

-11.62

-19.74

31

13.68

29.69

16.04

30.72

28.27

42.68

13.57

28.26

42.30

50.29

20.97

32.31

15.71

30.93

25.19

24.49

30.76

30.43

30.89

40.58

21.88

30.67

1.65

16.52

13.64

29.58

17.11

35.52

14.36

28.28

-3.53

3.75

-51.51

17.49

-8.07

59.36

-32.92

0.84

-21.53

41.55

-28.58

19.92

-55.43

19.51

-48.66

7.95

-63.74

18.07

-9.46

8.28

-65.93

9.29

-3.78

62.12

-24.93

12.58

-46.02

22.27

3.46

3.14

6.26

146.06

72.89

39.05

81.86

66.37

147.86

111.43

229.20

28.81

243.24

94.66

39.49

119.86

1.56



32

no 45.31 24.74 13.56 -20.07 28.34
12.74 32.45 -2.69 X

nz 50.93 29.47 13.35 10.40 -6.84
16.84 28.27 0.71 X

pl 22.79 -2.55 13.09 -67.06 238.24
-22.06 27.62 23.46 X

pt 95.71 -2.39 35.01 2.25 45.24
-16.32 46.31 59.85 X

ro 28.55 -24.61 34.32 -75.74 423.19
-34.79 48.55 32.69 X

se 82.56 57.18 12.32 0.70 2.69
23.30 27.53 16.10 X

th 6.39 -37.70 -5.97 4.25 74.22
-37.91 0.00 71.36 X

tr 4.96 -51.65 28.93 -32.70 150.16
-49.62 30.45 59.70 X

uk 16.98 -9.46 21.72 -21.14 34.62
-9.41 28.52 0.48 X

us 36.67 0.00 27.84 5.19 1.64
0.00 32.62 3.05 X

uy 20.82 5.81 33.15 13.52 -24.46
7.43 47.31 -23.65 X

za 100.20 49.44 18.07 -26.67 54.74
45.19 29.48 6.49 X

mean 24.03 -12.76 20.41 -21.85 90.15
-19.32 31.38 21.20 X
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Table 3 Regression results. Dependent variable is effaiggrowth:

M odel | 1929-50 11 1929-50 111 1929-50 IV 1938-50 V 1938-50 VI 1938-50
Coeff. p-val. Coeff. p-val. Coeff. p-val. Coeff. p-val. Coeff. p-val. Coeff. p-val.

Tariffs 1929

and 1938 0.38 0.63

State

Instititutions -0.16  0.47

Lose one war

dummy -0.18 0.10 -0.14 0.25 -0.20 0.03 -0.13 0.09

Log battle

deaths per 1000

pop. 0.00 0.94

Log war

duration -0.02 0.03

Civil War

Dummy -0.29 0.01 -0.29 0.01 -0.30 0.01 -0.24 0.010.23 0.01 -0.24 0.00

Brains to capital 0.33  0.03 0.28 0.03 0.25 0.03 0.21 0.02 0.21 0.05.230 0.01

Non Europe

Dummy 0.04  0.66 0.05 0.67 0.12 0.16 0.14 0.04 0.10.02 0.18 0.01

Price volatility

1929-38 -0.19 0.36 -0.13 0.20 -0.14 0.11 -0.16 0.030.18 0.02 -0.20 0.01

Constant 0.97 0.01 1.06 0.00 0.99 0.00 0.99 0.00 97 0. 0.00 1.07 0.00

Adj.R-sq. 0.43 0.34 0.37 0.39 0.33 0.43

N 27 32 37 37 37 37
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Table 4.Descriptive Statistics, regression variables

Variable Obs M ean Std. Dev. Min M ax
Efficiency Growth

1929-50 41 0.87 0.27 0.47 1.57
Efficiency Growth

1938-50 41 0.89 0.22 0.45 1.32
Tariffs 1929 and 1938 29 0.17 0.06 0.07 0.27
State Instititutions 36 0.56 0.28 0.12 1.00
Lose one war dummy 41 0.22 0.42 0.00 1.00
Log battle deaths per

1000 pop. 41 0.42 1.89 -5.93 3.93
Log war duration

(months) 41 3.75 3.52 0.00 8.43
Civil War Dummy 41 0.17 0.38 0.00 1.00
Brains to capital 40 0.62 0.35 0.00 1.28
Non Europe Dummy 41 0.51 0.51 0.00 1.00
Price volatility 1929-38 37 1.45 0.44 1.06 3.61

! Tariff data lacking for be, bg, ch, cr, fi, gt, i, pl, ro, tr, za

2 Data lacking for hu, cu, bg, pl, ro

% Thailand was excluded since its capital stock wasenthan 100 times smaller than any other capitaiksin

the sample.

* Data lacking for th, Ik, ni, cr
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Figure 2. Human capital inclusioffechnical frontiers in 1929 and 1950, capital atbut at efficiency units of

workers. 1000'’s of international 1990 US dollars
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Appendix A. Physical and human capital stocks

Al: Energy based capital stocks 1929-1950:
First we estimate the relationship between theotognergy consumption per worker and the
non-residential physical capital stock from PennrM/tables for 46 countries in 1965, which
is the earliest year that we have data on starstddiapital stocks and energy consumption
for a large number of countries. The following eeggion was estimated:
Log (capital/worker) = 13.2+0. 77*Log(ener gy/ worker) +0. 74*Bel gium + e

We add a dummy for Belgium-Luxemburg in 1965, sitlce capital stock of Belgium-
Luxemburg is very large in the PWT 5.6, probablyedio the specific nature of the
Luxemburgian economy. The regression has an adjitequared of 0.78. Figure 4 shows
that there was a very close correlation betweenahhef capital stock per worker and the log
of energy consumption in 1965 for the 46 countries.

We use the estimated relationship between enengguroption and capital to predict
historical capital per worker series for our sangfld1 countries for which we have historical

energy consumption data (Darmstadter: 1971) fob#mehmark years 1929, 1938 and 1950.
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Figure 4.The log of energy consumption and capital stockwerker in 1965 for a sample of 46 countries.
Energy consumption is measured in kilograms of eqgalivalents per worker (Darmstadter 1971). Thesjulay

capital stock per worker is measured in 1985 U&rirdtional dollars (Penn World Tables 5.6).
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Table 4 shows that our capital stocks grow at sintihites as the non-residential capital
stock per worker and per efficiency unit of workgovided in Maddison (1995) for US, UK
and Japan for the three benchmark years. The &lbte shows that capital growth per
efficiency unit of worker was very modest betwe®29 and 1950, both using our capital and

the Maddison capital stocks.

Table 4. Growth in capital stock per worker andcéghcy unit of worker 1929-1950

Growth in K/L USA UK Japan Growth in K/eL USA UK Pgan
Maddison 1.05 1.08 1.58 Maddison 0.98 1.02 1.36
Enflo & Baten 1.24 1.03 1.18 Enflo & Baten 1.15 ®.9 1.01

A2: Human capital augmentation factors 1925-1945:

In order to calculate the human capital augmenmatators as suggested by Hall and Jones
(1999) we need the average number of school yeaitsei population of every country. For
this, we used the close correlation between theuamaof primary and secondary schooling,
and the average number of school years of the tafmyaoe 25 years later, using Barro’s
schooling data. The adjusted R-Square in a regmessf school years on primary and
secondary schooling is 0.84, and this relationghrglatively time-invariant. Hence, we argue
that the number of school years can be estimateddban Barro’s schooling data as (the

constant of —0.1267 was not statistically signiiiga
school years; = 4.2328*Primary schooling,.,s + 7.6492* Secondary schooling;..s

We use this relationship to estimate the averagebeun of schooling in the population of our
41 countries using Lindert (2006) and Labuske aateB (2006) data on schooling for the
benchmark years 1925, 1935 and 1945. Thereafteiphosved the strategy of Hall and Jones
(1999) to calculate augmentation of labour foraeme by human capital, by using Mincer

equation results. Those (reviewed in Psacharopdifi®g) indicate that each of the first four
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years of schooling augment the income by 13.4%nthd four years 10.1%, and years of

schooling beyond that 6.8%.

18

Bhc_1925
B hc_1945

Figure 5 Human capital augmentation factors in 1925 artb19



