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How Important Are Capita and Tota Factor Productivity for Economic Growth?

How much of the growth in output per worker is associated with growth in physica and human
capital per worker and how much is due to technology, ingtitutional change and other factors? An
economy’ s output is a pogtive function of physica and human capita given the technology. Assumptions
of congtant returnsto scale and competitive factor markets make it possible to caculate the growth rate
of output implied by the growth of physica and human capitd; deviations of actua output fromthisimplied
growth rate are due to changes in technology, inditutional change, fallure of the twin assumptions of
congtant returns to scde and competitive factor markets, and other factors. These deviations are called
growth in total factor productivity (TFP) adthough these deviations include much more than what is
suggested by theword“productivity” and probably are morefarly caled the “resdud” or “ Solow resdud”
in growth.

Thistypeof andyss, cdled“ growthaccounting”, preceded the theoretical contributions to growth
theory by Solow (1956) and Swan (1956), but many more papers succeeded them. Abramovitz (1956)
found that only 10 percent of output growth per person in the United States from 1869-78 to 1944-53 is
associated withgrowth of factors of production, and 90 percent of output growthis associated withgrowth
of TFP. Solow (1957) found that the accumulation of physica capital accounts for roughly 12 percent of
output growth per hour worked in the United States from 1900 to 1949 with the remaining 88 percent
attributed to growth of TFP. While later work has reduced this unexplained residud, it is far from zero
(Kendrick 1961; Denison 1985; Jorgenson, Gollop and Fraumeni 1987; Maddison 1995; Klenow and
Rodriguez-Clare 1997a; Jones 1997). In short, such estimates indicate that the part of economic growth

associated with growth of physica and human capitd is dwarfed by the unexplained part.
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The purpose of this paper is to estimate the rdaive importance of physica and human capital
growth and TFP growth for output growth using a new, more comprehensive data set than has been
previoudy available. Our dataset covers more countries for alonger period than other data sets. Our data
set dsoindudesthe growth of humancapital, as do some recent andyses of growth but not larger data sets
currently in use. Our computations are smilar to those presented by Abramovitz (1956), Solow (1957),
Kendrick (1961), Denison (1985) and others.

Perhagps most gtartling, we find that TFP growth is an unimportant part of average output growth
acrossdl countries. Wefind that weighted-average TFP growthis only about 0.13 percent per year, which
is about eight percent of growth of output per worker. Eight percent isfar from previous estimates of 50
percent or more of growth of output per worker. If not weighted by the Sze of the labor force and the years
for whichwe have data, average TFP growth across these countries actudly is negative: -0.71 percent per
year: Thismeanstha, if one of our 145 countriesis chosen at randomwithequal probability, the expected
growth rate of TFP is -0.71 percent per year. This hardly is suggestive of technologica progress, unless
one thought that much of recent history is technologica regress. Thisisimprobable, and wethink that this
declinein TFP ismogt likely due to indtitutiona retrogresson and armed conflicts.

This gartling overdl finding, however, masks a far more interesting tale by countries, which are
aggregated into regions for some of our andlysis. TFP growth is: 25 percent of output growth per worker
for the Western Countries induding the United States, 20 percent for Southern Europe; and 18 percent
for Newly Indudtridized Countries. While not onthe order of 50 percent or more, thisis not essentialy zero
either. On the other hand, Central and Southern Africa, Centrd and Eastern Europe and the Middle East
have negative TFP growth even when weighted by the size of the |abor force and years. Something more

than introduction of new technology is necessary to explain much of these data.
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Eventhough unimportant in terms of average output growthfor al countries, the variance of output
growth per worker across al countriesis more closdly associated with the variance of TFP growth per
worker thanwiththe variance of physica and humancapita growthper worker. Asfor the average growth
rates, the analyss by regions reveds patterns. This predominance of the importance of variation of TFP
growth is confined to Central and Eastern Europe, Central and Southern Africaand Lain America. For
the Western Countries, Southern Europe, the NI Csand North Africa, variaion of growth of physicd and
humean capital per worker may account for 90 percent or more of the variation of output growth per
worker. The predominance of TFP growth for explaining the variance of output growth for some regions
may seem contradictory to the low mean of TFP growth, but it isnot. The low mean of TFP growth and
nontrivid variance of TFP growth suggest that negative TFP growth is an important part of the variaion
in growth across countries, a conclusion reinforced by the andysis by regions.

The structure of the paper is smple. The firgt section briefly discusses the logic of the caculations
and the andlytical underpinnings of our new data set.* The second section presents the growth accounting
in andyss of mean growth rates. The third section presents our analysis variance decomposition across
countries. The paper ends with a brief conclusion.
|. ACCOUNTING FOR GROWTH AND THE DATA

The data set that we useinthis paper has more depth and more breadth than previoudy available
dataused for growthandyss. The andysis of growthrequires many years of data. Inorder to be surethat
relatively highfrequency phenomena such asbusiness cyclesare not affecting the outcome, asngle growth

observation should cover at least 10 years, and more likely 20 years.

1 A detailed Data Appendix which provides information on our data sourcesis available on request and
at our web sites.
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The heavily used data set provided by Summersand Heston (1988, 1991, 1998) is alarge cross
section with limited time-series information. Summers and Heston' s deta set contains information on 152
countries but no information on any country prior to 1950. At ten year intervas, Summers and Heston's
data include 487 observations. Ther data set also has one important deficiency: it does not contain
informationon humancapitd. Information on human capitd isavailablefrom Barro and Lee (1993), which
contains informationonly since 1960. Themerged dataset using the informeation on human capitd avallaole
inBarro and Lee contains 397 observations. At twenty year intervas, the number of observationsfalsto
about 200 observations ince1960. Our data set includesquite afew more observations. 752 observations
a ten year intervas and 321 observations at twenty year intervas. While our data set contains only 145
countries, we observe per worker values of output, physica capita and human capital for each country for
an average of 57 years. Our data on 145 countries extend backward beyond 1900 for 24 of the 145
countries.

Andternative long coverage datasetisMaddison (1995). A drawback to Maddison’ sdataisthat
it primarily contains information on per capitaoutput. While informative for some purposes, there are no
corresponding data on aggregate inputs: physical and human capital. Maddison includes data on the
physical capitd stock for Sx countries and a function of years of schooling for three countries but no data
on human capitd. As a result, Maddison's data themsdlves are not sufficent to andyze the rdationship
between output and inputs including humean capitd.

The countriesinour dataindude 98 percent of the popul ationof the world in 1999 (Brunner 1999).
For each of these countries, we calculate output per worker, physical capital per worker, and human

capita per worker. In this paper, we summarize many of our findings withresultsby regionin addition to
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reporting results for each country.? Each of the 145 countries is included in one of nine regiond groups.
Fgure 1 shows the countries included in our analyss and the groups in which they are included. While
these groupings are arbitrary to some extent, the basic criteria are geographical proximity, dataavailability
for Smilar durations and Smilar levels of income in the 1990s3

Our primary source of dataiis B. R. Mitchdl's three volumes, International Historical Satistics
(19984, 1998hb, 1998c). Mitchell provides data on income, the labor force, population, the demographic
breakdown of the popul ation by age groups, investment rates, and school enrollmentswhichwe useinour
investigation. We update these data to more recent years and supplement them by data from Maddison
(1995), Summers and Heston (1998) and the World Development Report 2000/2001 (World Bank
2000). These data are used to caculate per capita output in 1985 United States dollars, per worker
output in 1985 United States dallars, the stock of physical capital per worker in 1985 United States dollars,
and the average leve of education and experience acquired by people employed.* While subject to
measurement error, these data provide information on a broad set of countries over periods that cover
about al the years possible with currently available data. As a check on the rdiability of these data, we
compare the overlapping years of the data set with other existing data sets.

The overlgpping years of our dataare highly correlated withexisting data sets, whichgivesus more
confidence that the data for the non-overlgpping years are reasonable measures of the data they intend to
represent. Our numbersonoutput per worker share origind data sources with Summersand Heston’ sdata;

hence our finding a correlation that is essentidly unity reassures us that there are no dramatic transcription

2 Appendix Table 1 provides average values for al of the data for the countries individualy.
3 Our groupings are Smilar to those in L ucas (1998).

“We convert each currency’ sreal vaue into United States dollars using Purchasing Power Parity calcul ated
by Summers and Heston in the overlgpping years.
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differences but is not very informative otherwise. More informative is the correlaion of 0.97 between the
overlapping vaues of our red output per worker (whichequasincome per worker) and Maddison’ svaues
of real income per person, which suggests that any differences between these estimates is relatively
unimportant. The invesment numbers underlying the physicd capitd stock dso are from the same
underlying sources as Summers and Heston's data, so this corrdation again mainly assures us that
transcription differences do not loom large. The correlation of overlgpping estimates of our average
education and Barro and Lee' s estimates is 0.84 (25 and older) and 0.85 (15 and older.)

A. Growth Accounting Framework

We use income per worker rather thanthe more usual messure of economic growth, income per
person, asdo recent contributions by Mankiw, Romer and Well (1992) and Klenow and Rodriguez-Clare
(19974).° We assume that the relationship between output and resources can be summarized by an
aggregate production function which can be written

Y (1) = A(t) F(K(t), H (1)) D

where Y(t), K(t) and H(t) are output, physica capital and human capital at t and the parameter A(t)
represents the leve of technology, TFP, att. Writing the production function thisway restricts changesin
the production function to Hicks-neutral changesin TFP. If social margina products equd privete ones
and there is perfect competition, equation (1) implies that

a=y-ak- (1-a)h, )

® Kuznets (1966, p. 1) defines economic growth as a sustained increase in output per person or per
worker.
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where "' is capitd’s share of income and alower-case letter denotes the growth rate of a variable per
worker.® Whilethe factor shares, a and 1- a generdly vary over time, we assume that such variation
is relatively unimportant for our estimates. The growth rate of TFP per worker, a, in equation (2) is a
residual computed from the other variables which are observable.” We use equation (2) to estimate the
growth rate of TFP per worker aswell as the variation in its growth over time and across countries.

The TFP growth rate per worker inequation (2) need not represent only technological change and
may not represent technological change at dl. Measurement errors in output and physica and human
capital can appear in TFP growth. Deviations of socid and private margind products can but need not
result in termsincluded in TFP growth (Barro 1999), as can increasng returns.  In addition, changesin
property rights and economic regime can result in gpparent TFP changes, dthough it is not clear whether
such changes might be interpreted as changes in the difference between the socia and private margind
products. Furthermore, changesin technology can bereflected in the growth of physicad and human capitd.
In short, there are many possible explanations of changesin TP per worker.

For our estimates in this paper, we use acapital share ** equa to one-third. Thisisintherange
of the careful cross-country estimates by Gollin (2001) of 0.25t00.35. Using acommon capitd sharefor
al yearsfor dl countries may seem like adramatic restriction. Neverthdess, if we limited our andysisto

countries for whichwe canrdiably estimateincome shares, that andyss would use asmal fraction of our

¢ Almogt al estimates of the importance of TFPinclude some adjustment for expansion of the economy.
Some attempt a further adjustment. For example, Klenow and Rodriguez-Clare (1997b) and Hdl and
Jones (1999) present estimates based on output per unit of human capita, a formulation suggested by
Solow’s model with endogenous K growth and exogenous A and H growth. This andyss atributes dl
exogenous changes in output per unit of human capita to technology. It is not sef-evidently desirable or
plausble to make such exogenaity assumptions. We think it is more likely that human and physica capita
and technology dl have endogenous and exogenous components, whichmeans such transformed numbers
are likely to be less informative than numbers not so transformed.

"The framework does not assume that aggregate production is Cobb-Douglas.
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data. Furthermore, the datarequirementsinmany countrieswould be overwheming, becauseit would be
important to separate sole proprietors’, including farmers’, income into labor and capital components. It
is not obvious that the errors introduced by such estimates of labor and capital income would be less than
those introduced by using common income shares across countries.

B. Output Per Worker

Mitchdl (19983, 1998b, 1998c¢) provides both nomind and real income per personthrough 1992.
We use the overlapping years with the Summers and Heston data set to calculate real exchange rates
between the loca currencies and the Summers and Heston (1991) vaues in 1985 United States dollars.
We then gpply this real exchange rate back through time. For 1999 incomes, we use the vaues in the
World Devel opment Report 2000/2001 (World Bank 2000) and convert these vaues to 1985 United
States dollars using the United States Gross Domestic Product deflator.

Our andyds focuses on the growth rates of output and inputs relative to the labor force. For
amplicity, we often will refer to, for example, output per worker by which we mean output per member
of the labor force. Using output per worker instead of output per person smplifies our empirica andyss
with no obvious loss in the informativeness of that andyss.

Figure 2 shows the behavior over time of the growth rates of output per worker for the nine
regions. The dopes of the linesin Figure 2 are growth rates because the vertical scaleis proportiond. In
order to get reliable estimates of the growthrates, we have to undertake some involved computations. The
vaue in the figure for output per worker in 1999 is the weighted average of the countries output per
worker in1999. The weightsare the 1999 share of the labor force in the region, whichgives countrieswith
larger |abor forces moreweight inthe region. We then compute the weighted average growthrate for 1990
to 1999; the leve of 1990 output per worker in the figure isthe 1990 leve of output per worker implied

by this average growth rate. We then compute the weighted average growthrate for 1980 to 1990 for the
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countries with datain both 1980 and 1990; the level of 1980 output per worker in the figure is the 1980
leve of output per worker implied by this average growthrate. We apply thisprocedureaslong aswe have
dataon countriesthat are at least 50 percent of the 1999 labor force. With this estimation procedure, the
growth rate of output per worker for every period aways isthe growth rate of output per worker for the
countries for which we have data over that time period. Onthe other hand, the level of output per worker
for any years other than 1999 and 1990, whenwe have data for dl countries, is not necessarily the actud
level for the countries for which we have data® Besides not having data available for the same periods for
al countries, we do not dways have data for exactly the same year for dl countries. When data are not
avallable for aparticular year, weuseoutput per worker insurrounding yearsto interpolate the data.® While
this procedure would be problematic for some purposes such as atime-series andyss of the data, it has
no effect on any of our conclusons. Perhaps the most obvious side effect for our purposes is
interpolation’s smoothing of the growth rates.
In Figure 2, the region caled the Western Countries away's has the highest output per worker.*°
Some regions narrow the gap with the Western Countries while other regions fal behind, aresult smilar

to that emphasized by Quah (1996), Pritchett (1997), Jones (1997) and Lucas (2000). Overdl though,

8f the figure Smply showed the weighted average leve of output per worker ineachyear, the growthrates
generdly would not bethe same as the growthrates computed for countriesfor whichwe have dataat both
the beginning and end of a period. If countries added to the data set have output per worker higher or
lower than the average for the other countries, the growth rate over the period would be higher or lower
because of the addition of the countries .

We repeated the computations with 1988 weights, 1980 weights and the average of 1970, 1980
and 1988 weights and the differences were smdll.

® When necessary, we assume a constant growth rate between the surrounding years and interpolate to
obtain datafor the precise year used in the figure. We use the same procedure for all the series other than
schoaling, for which we assume congtant arithmetic growth.

19 The region caled the Western Countries includes Northern and Western European countries as well
as the United States, Canada, Audtraiaand New Zedand.
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we think that we see a genera pattern of convergence. Perhaps the most gtriking thing to us in Figure 2
occursinrecent years. real output per worker decreases for severd regions. Measured output per worker
fdls in the Middle East from 1980 to 1999. These decreases in output reflect decreases in output per
worker in Iran which has 42 percent of the labor force inthe Middle East, and Iraq which has 13 percent
of the labor force. Perhaps not surprisingly given the turmoil associated with the downfal of Communism,
measured red output per worker in Eastern Europe fals from 1990 to 1999. More surprising, at least to
us, is the 14 percent decrease in real output per worker in Latin Americafrom 1980 to 1999 and by 13
percent inCentral and Southern Africa from 1980 to 1999.1 In the modern history represented in Figure
2, thereis nothing similar to these decreases other thanfor the decade induding World War 1. The recent
decreases in output growth have been noted by Rodrik (1999), Carpena and Santos (2000), Eagterly
(2001), Evrensdl (2001) and others. There is no settled explanation, athough Figure 2 makesit clear that
the recent period for these regions is atypical compared to other times and places. Hence, there is no
support in our data, whichis dl or virtudly dl of the data available, for a conjecture such as Eagterly’s
(2001, p. 154) that “the 1980-98 period represents a return to the long-run tendency of rich and poor
countries to diverge.”
C. Physical Capital Per Worker
We use the perpetud inventory method to calculate the capital stock per worker. We have data
on investment for dmog dl years. We compute the capita stock at the end of each decade by assuming
that theratio of invesment to incomeis equd to the average vaue for available yearsin that decade. The
annud depreciation rate is 7 percent and the growth rate of output per year is constant between

obsarvations.

1 Thereare no countries added to these regions after 1970, so compositiond effectsdo not explainthese
differences.
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Figure 3 showsthe evolutionof capital stocks per worker for the nine regions. AsinFigure2, we
weight each country ineach region by the 9ze of itslabor force rdative to the total |abor forceinthe region.
The Western Countries start with the highest stock of physica capital per worker, but are overtaken by
the Newly Industridized Countries (NICs) by 1999.2 Similar to output per worker, some regions have
higher growth rates than the Western Countries, but not all do. Decreases in the measured capital stock
per worker are not the sources of the decreases in output per worker in the Middle Eadt, Lain America
or in Central and Southern Africafrom1980 to 1999. The growth rate of capitd is negdtive in the Middle
East from 1990 to 1999, but the measured leve 4ill is higher in 1999 than in 1980. While the growthrate
of cgpita in Central and Southern Africaiisless from 1980 to 1999 thanfor earlier years, it dill is pogtive
and comparable to the growthrate inthe Western Countries. Thegrowthrate of capital per worker inLatin
Americadso islower from 1980 to 1999 than for earlier years, but this lower growth rate il is positive
and does not reflect the time series pattern of output per worker, which fals from 1980 to 1990 and the
increase from 1990 to 1999.
D. Years of Schooling, Experience and Human Capital Per Worker
Our measure of human capita per worker in each country reflects both average education and
average number of yearsemployed. We compute education using formulas smilar to those used by Barro
and Lee (1993). The average number of years of schooling for an employed person is calculated from
enrollmentsin primary and secondary schools and higher educationin combinationwiththe age distribution
of the population. These data are used to cdculate the fraction of the population that has some primary
schoaling, some secondary schooling, and some college education.  We use the age digtribution of the

population to estimate the age distribution of those employed because the data available to us do not

12 The Newly Industridized Countries include Hong K ong, Japan, Singapore, South Korea and Taiwan.
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include the age distribution of the labor force.®®* We aso use the same leve of education for men and
women because we do not have enrollment data by gender.

Figure 4 shows the average years of schooling completed per worker for the nine regions. The
Western Countries have a history of much higher education than the rest of the world. The Western
Countries have an average education of 3.18 yearsin 1870, higher thanthe initid vaue for any other region,
and this region has an average educationof 12.4 yearsin 1999, the highest inthe figure. Only since World
War 1l has other regions average education risen to the Western Countries level of education in 1870.

Human capitd per worker iscomputed fromaverage education, Ed, and average experience, Ex.
We do not have dataonwagesinthe individua countries, whichwould alow us to compute contributions
from increased education as suggested by Jorgenson and Griliches (1967). The transformation from
educational attainment and experience to human capita instead is based on estimated parameters of
earnings regressions. Theevidenceof substantial diminishing average returns to years of schooling indicates
that it is important to distinguish between primary, secondary and higher education. Average years of
schooling completed, Ed, is divided into years of primary schoaling, P, years of intermediate schooling, I,
and years of secondary and higher education, S** We assume that primary school must be completedin
order to attend intermediate school and that primary and intermediate school must be completed in order
to attend secondary and higher education. We further assume that primary school attendance continues
for up to four years, secondary school attendance continuesfor up to four moreyears, and secondary and

higher education continuesfor dl later years. Withthese assumptions, knowing average attained education

13 We have no reasonto think that our estimates of humancapita are sarioudy compromised even though
changesinthe age digtribution of the labor force are not just mirror images of changesinthe age distribution
of the labor force.

14 Higher education is not necessarily college education. Ed is the average number of years of school
completedinacountry and Ed =P +1 + S.
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is sufficient to compute the average number of years of primary, intermediate, and secondary and higher
education.’ We compute average experience using Mitchell's demographic datato compute average age
less average years of schooling and six years before atending school.*® With subscripts for country and

year suppressed for amplicity, human capitd then can be computed from

H =H,exp(f P +f | +f S+| Ex+| ,Ex?) (3)

whereH ishuman capital, Hy isthe level of human capital with no schooling or experience, N, N; and N
are parametersonyears of primary, intermediate, and secondary plus higher education, and 8, and 8, are
parameters on years of work experience, Ex, and experience squared.

We estimate human capita per worker usng equation (3), rdying on the results of estimates of
wage regressons from different times and places for the estimated parameter values. Psacharopoulos
(1994) summarizes the very large body of evidence on the relationship between wages and years of
schooling and wages across countries in the world. Following Hall and Jones (1999, p. 89), we use the
falowing numbers as the point estimates: for the firg four years of schooling, each additiona year of
schoaling increases earnings by 13.4 percent; each additiond year for the next four years of schooling
increases the wage rate by 10.1 percent; and every year theresfter increases the wage rate by 6.8

percent.t’  Klenow and Rodriguez-Clare (1997a) report estimates of the returns to education and

15| the average number of years of schooling is less than four years of schooling, thenP=Ed, | =Q,
and S=0. If the average number of years of schooling is greater than four but less than eight, then
P=4,1= Ed- 4adS=0. If the average number of years of schooling is greater than eight,
thenP =4, 1 =4, and S=Ed- 8.

16 Knowing average years of schooling in the adult population, Y,, and the average age of the population
6 to 64 not inschool, Age, plus an assumption that school attendance begins at Six yearsof age permitsus
to compute average years of work experience from Y, = Age- Y, - 6.

17 Psacharopoul os (1994) also presents estimates that vary by broad region of the world, which could be
(continued...)
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experiencefroma cross section of 48 countries. These coefficients on experience and experience squared
are0.0495 and -0.0007. Insum, weusef | =0.134, f, =0.101, f_ =0.068, |, =0.05, andl , =-0.0007
in equation (3).

Fgure5 shows humancapita for the regions. The leve of humancapitd itsdf does not have much
content because there is anormalizationassociated withthe level of humancapita with zero schooling and
labor-force experience, H,. Hence, we set the leve of human capita for the Western Countries to unity
in 1870 and use the same normdizing congtant for the other regions.’® The leve of human capitd is
uniformly higher in the Western Countries dthough the growth ratesin other regions generdly are higher.
The percentage differences betweenthe Western Countries and three other regions epecidly —the NICs,
Central and Eastern Europe, Southern Europe, and Latin America — are less in 1999 than at any time
earlier inthe 1900s. After adramatic growth rate from 1950 to 1960, the growth rate of human capita
in the region with the least human capitd — Central and Southern Africa— il is positive but it actudly is
lower thanfor any other region. Hence, decreases in human capital are not behind the decreasesin output
in Latin America and Central and Southern Africa
E. Total Factor Productivity Growth Per Worker

Figure 6 showsthe levds of TFP for the regions. TFP does not increase uniformly for any of the
regions. Even for the Western Countries, the range of TFP growth rates over decadesisfrom 1.7 percent
per year from1950to 1960 to -1.1 percent per year from 1910 to 1920. Some other regions have more

sustained decreasesin TFP at times. The most sustained decreasesin TFP are for Centra and Southern

7(...continued)
the basis of a more refined andyss.

®ThissetsH = H exp(f [P+f, 1 +f S+ Ex+| ,Ex*) tounityfor the Western Countriesin
1870, not H,. If wesetH, = 1 for the Western Countries, the scales of the figures would differ by a
normalizing congtant and the tables later in the paper would not differ at dl.
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Africa, aregion that has negative growth of TFP at arate of -1.85 percent per year for the 29 years from
1970 to 1999. Even before the decrease in redl output from 1980 to 1999, Centra and Southern Africa
stands out in terms of having little growth and negative TFP growth. It is not necessary to suppose
deteriorating technology to explain decreases in TFP. Many other factors, induding decreases in
competitioninmarkets, increasesingovernment regulaion, and disruptions inprivatemarketsdue to armed
conflict, canaccount for these developments. That said, just as the decreases in red output in Central and
Southern Africaare atypicd, these large, sustained decreasesin TFP are aypica. We conclude that the
avalable data imply that it would be anachronigtic to suppose that this divergence in real output and
especidly TFP across regions is anything other than a phenomena of the period since World War 11.
I1. GROWTH ACCOUNTING
How much of economic growthis associated withgrowthinaggregate input — physica and human
capital weighted by factor shares — and how much withgrowthin TFP? Any average can be mideading.
For dl of our data, the weighted average growth rates of output and TFP per worker are 1.65 and 0.13
percent per year.® While thisamost negligible growth rate of TFP seems alittle surprising inlight of Figure
6, wefind it less surprisng knowing thet the growthrates of output and TFP per worker are 1.62 and 0.40
percent per year for the Western Countries — a non-negligible growth rate of TFP relative to the growth
of output per worker. For the United States, we estimate growth rates of output and TFP per worker of
1.68 and 0.53 percent per year. For al countries, eight percent of output growth is associated with TFP
growth. For the Western countries, 25 percent of output growth is associated with TFP growth. For the

United States, 32 percent of output growth is associated with TFP growth.

19 We use aweighted average acrossthe countries, with weights equal to 1999 labor force and the number
of years for which we have datarather thana ample average across countries. We explain our reasonsin
this section.



16
A. Comparison with Earlier Estimates

How different are our estimates than those made by others? There have been many breakdowns
of economic growth into parts associated with aggregate input growth and parts associated with TFP
growth. We compare our estimates with selected earlier estimates. Table 1 presents some influentid
estimates of output growth, input growthand TFP growth by Abramovitz(1956), Solow (1957), Kendrick
(1961), Denison(1985) and Maddison (1995.) Different methodsare used by thesevariousauthors. Still,
the estimates by Abramovitz, Solow, Kendrick and Denisondl indicatethat therehas been substantid TFP
growth in the United States and that output growth bears little relationship with the growth of physica and
humancapitd. Abramovitz s esimate isthat growthof inputsaccountsfor 10 percent of output growth per
person; Solow’sis 12 percent of output growth per worker; Kendrick’s is 20 percent of output growth
per person; and Denison’sis 32 percent of output per person employed. The only numbers dramaticaly
different than the others are those by Maddison, whose estimates are for tota output, not for output per
personor per worker. Maddison' sestimateisthat growth of inputs accountsfor 82 percent of total output
growth in the United States from 1820 to 1992.

Table 2 compares these estimates to ours. Our estimate for the United States is that TFP growth
accounts for only 32 percent of output growth per worker, which isafar cry from the earlier estimatesin
Table 1. In Table 2, we decompose the differences between our estimate and these earlier ones into the
pertinent factors. The firs and last columns provide our estimate and these earlier estimates. The columns
in between provide changes in TFP growth relative to output growth associated with the various factors.
We gart from our estimate. The factors that can account for differences in the fraction of output growth
can be dlocated reidbly into differencesin the time period, the growthrates of cgpital and human capitd,
and aresdud category. This residua category reflects differences in growth adjustment, differences in

income shares, possibly differencesin the definition of income, and no doubt many other differences. This
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resdua category is not sysematicaly large relaive to the difference between our estimate and earlier
estimates, which a the least means that these resdud differences are not overwhelming.

Table 2 seemsto split up in anatural way betweenthe earlier estimates by Abramovitzand Solow
and the later estimates by Kendrick and Denison. The differences between our estimates and those by
Abramovitzand Solow arefairly evenly solit between differencesin time period, growthof physica capital
and growth of humancapitd. Our adjusment for schooling and experience and Abramovitz sand Solow’s
lack of oneisthe mgor conceptud difference between our figures and theirs. The difference due to time
periodisinteresting and large: TFPis 50 percent of growth using data up to either 1950 or 1953, and only
32 percent of growth if data through 1999 are included in the computations. If more recent estimates of
investment are more accurate and our estimate of the implied capital stock isno worse, thencapital growth
is more important thanthey estimated. The differences between our estimates and those by Kendrick and
Denison are less due to time period and the growth rate of human capita, athough these differences
remain.® Differencesin the growth rate of physica capita loom relatively large. If we used Kendrick or
Denison's edimate of the growth rate of physica capita with no dlowance for conceptua differences
associated withthe differencesinincome measure, our estimates of the relative importance of TFP for their
time periodswould increasefrom38 and 37 percent, respectively, to 65 and 76 percent. These estimates
asowould imply, though, that the ratio of physica capitd to output decreases over time, aresult that seems

implausible and would be quite surprising (Kuznets 1966; King and Levine 1994).

20 Kendrick includes growth of human capital through changes in relative earnings across industries.
Denison (1985, p. 15) uses relative earnings to estimate the contribution of education to output and does
not attempt to estimate the effect of experience.
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Maddison estimates the importance of inputs for total output, and our estimates in Table 2 are
estimates usang output per worker. Hence, they are not directly comparable. Even so, there is less
difference between our estimate and Maddison’ s than with the other estimates.
B. Estimates of Average Growth and Total Factor Productivity Growth for Regions

Table 3 showsweighted and unweighted averages of the data for the regions and for the world.
The weighted averages weight the data for each country by the country’s labor force in 1999 and the
number of years for which we have data. The unweighted averages give the same weight to the smalest
country, Guyana with 254 thousand workers, and the largest country, China with 696 million workerd
Averages weighted by labor force give more importance to the larger countries, which we think is helpful
for interpreting the data. We dso have big differencesin the number of years for which we have dataon
countries. We have dataon 16 of the 145 countriesonly since 1990 and for 103 of the countriesonly since
1950. We dso have data for 24 countries for over 100 years. The unweghted averages give the same
weight to the 16 countries for which we have datafor 119 or more years and the 16 countries for which
we have data for 9 years. Nine years is unlikdy to be representative, especidly if the country is new.
Weighting by the number of years gives more weight proportionately to countriesfor whichwe have more
data. These averages weighted by labor force and number of years can answer the question: What
happened to the typica worker in atypica year for which we have data? Because unweighted averages
aso can be informative, we report them as wdl. Unweighted averages can answer the question: What
happened to the typica country for the period for which we have data on each country?

Weighting isimportant for evauating the overdl average as well as for evauaing the averagesfor
individua regions. The unweighted average growth rate of TFP per worker in Table 3 is an astounding -
0.71 percent per year. Thisis quiteincongstent with our impressionfromFigure 6, whichhas negative TFP

growthrates but not predominately so. The welghted averages show that our overdl impression of positive
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TFP growth per worker is correct even if the weighted average isnot exactly large: only 0.13 percent per
year. Across dl countries, our data support a statement that little of output growth per worker can be
associated with TFP growth. For the Western Countries, though, the weighted average TFP growth per
worker is 0.40 percent per year, which is about 25 percent of the growth of output per year. For afew
regions, the weighted averages show noticesble smilarities in the share of growth in output per worker
asociated with growth in THP: 25 percent for Western Countries; 20 percent for Southern Europe; and
18 percent for the NICs. A plausble generdization for these regions is that about 20 percent of output
growth per worker is associated with TFP growth. Latin Americafdls somewhat bel ow these regions with
growth of TFP per worker being 14 percent of output growth. The other regions with positive growth of
TFP per worker have TFP growth on the order of 10 percent of output growth: North Africawith TFP
growthwith11 percent; and Asawith 10 percent. The other three regions do not even have positive TFP
growth for the data available.

Ovedl, we concludethat TFP growth per worker isa somewhat important part of average output
growth per worker, but the lion’ s share of the growthinoutput per worker can be attributed to growth of
aggregate input per worker even for the Western Countries, Southern Europe and the NICs. For the rest
of the world, TFP growth has been noticegbly less important on net when it is even positive,

The weghting is important for the averages for some regions, perhaps most obvioudy Latin
America and Centrd and Eastern Europe in Table 3. The unweighted average TFP growth rate for Latin
Americais negative and the weighted average is pogitive. The unwe ghted growthrates of output, physica
capital and TFP are negative for Central and Eastern Europe; the weighted growth rate of only TFP is
negdtive. The individud data by country inthe Appendix show why the waighting hasthese effects. InLatin
America, the countries with substantial negative growthrates of TFPare amdl. Centra and Eastern Europe

hasalarge number of new countriesin 1990, and the unweighted average is dramatically affected by these
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countries. The averages without these countries also are informative because 1990 to 1999 is a short
period, and this is a period with substantial disruption for these countries. The remaining countries are
Bulgaria, Czechod ovakia, East Germany, Hungary, Poland, Romania, Russaand Y ugodavia All weighted
and unweighted average growth rates for these countries, most of which have data extending backward
to the 1920s or further, are positive.?*

[1l. ESTIMATES OF VARIABILITY ACROSS COUNTRIES

While TFP does not account for alarge fraction of the average growth of output per worker, it may
account for muchof the variance across countries as argued by Klenow and Rodriguez-Clare (1997a) ad
Eagterly and Levine (2000). They suggest that variance of aggregate input growthexplains dmost none of
the variance of output growthacross countries; variance of TFP growthexplains virtudly dl of the variance
of output growth across countries.
A. Possible Estimators of Relative Variances

What is an informative way to relate the variation of the growth rates? Let y be the growth rate
of output per worker, x be the growthrate of the aggregated inputs per worker, i.e. x = gk + (1- a ) h,
and a be the growth rate of TFP per worker. By definition,

Var(y) = Var(x) + 2Cov(x,a) + Var(a) 4

which impliesthat

1= Va(x) , Va(a) 2SD(x)SD(a) ,
Va(y) Valy) Va(y)

(5)

wherer a isthe correlationof the growth rates of x and a. If the correlation of TFP growth and output

growth due to aggregate input growth were zero, the first term would be the fraction of the variance of

21 Even though the region’s average is affected by deleting these countries, the world average is little
affected.
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output growth due to variability of aggregated input growth, whichasoisthe R fromaregressionof output
growthon aggregate input growth, and the second term would be the fraction of output growthdueto TFP
growth. In short, theleast-squares decomposition would gpply with TFP growth intherole of theresidudl.
More genardly, the least-squares decomposition does not apply because the correlation of TFP growth
and output growth due to aggregate input growth is not zero. As a result, it is impossible to uniquely
estimate the fractions of output growth due to aggregate input growthand TFP growth absent some other
assumption about the correlation of output growth due to aggregate input growth and TFP growth. One
srategy would be to use the rddive variances and ignore the covariance. This strategy would result in
relaive variances that do not add up to one if the corrdation is nonzero; the relative variances can be
greater than one if the correlation of aggregate input growth TFP growth is negative. Another drategy is
to alocate one half of the correlation to each relative variance, a solution advocated by Klenow and
Rodriguez-Clare(1997a). This strategy creates rddive variancesthat aso canexceed oneifthe correlation
IS negative.

We take a different tack by creating two aternative estimates of the relative variances. These
esimates dternatively attribute dl of the correlation of aggregate input and TFP growthto either aggregate
input or to TFP growth. Asaresult, each of these estimates of the rdaive variances has a complement with
which it adds up to one. One way of explaining the underlying logic of these decompostionsis Satisticdl:
the firgt representation assumes that al changesin output growth that are predictable by aggregate input
growth are due to aggregate input growth; the second representation assumes that dl changes in output
growth that are predictable by TFP growth are due to TFP growth. Another way of gating it is the firg
decompositionassumesthat the correl ation of aggregate input growthand TFP growthreflects unmeasured
effects of input growth; the second decomposition assumes that the correlation of aggregate input growth

and TFP growth reflects unmessured effects of TFP growth.
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The firsd decomposition attributes to aggregate input growth dl output growth predictable by

aggregateinput growth, whichis consstent with amode of endogenous technologica growth arisng from

capital accumulationin Romer (1986), L ucas(1988) and Tamura(1992,2001a,b). This decompositioncan
be written:

(SD()+SD(@)r )" | (1- ris) Var(a) -1,
Var(y) vary)

(6)

Thefirg term in equation(6) isthe fraction of variationin output growth due to variation in aggregate input
growth if dl correlationof aggregate input growth and TFP growth reflects effects of growth in aggregate
input. The second termisthefraction of variation in output growth not due to aggregate input growth; with
this assumption about TFP growth, this fraction due to TFP growth is itself a fraction
of Var(a)/Var(y) that goestozeroas r  goesto one.?

The second decomposition is the fraction of variation of output growth due to variation of TFP
growth if dl correlation of aggregate input growth and TFP growth reflects effects of TFP growth.  For
example, the corrdation might reflect differences in input growth rates induced by differences in TFP
growth, whichis conggtent with the standard neoclassical growth modd augmented to include exogenous
technologica progress. It isaso consistent withendogenous technol ogical change models such as Romer
(1990). Some insgght into this decomposition can be gained from the representation:

2

(1- r2,) Var(x) . (SD(a) +SD(x)r,,) . -

Var(y) Var(y)

22 One way of seeing that the least squares decomposition holds for this representation is to note that the
vaiancedecompositionisVar (y) = b 5 gVar (y)+Var (e, ;) where b, ; istheregressioncoefficient
from aregressonof yony and €,y istheregresson’sresdud, TFPin this gpplication.
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The second term inequation (7) isthe fractionof variationinoutput growth due to variationin TFP growth

if dl correlation of aggregate input growth and TFP growth reflects growth in TFP. The fird term is the

fraction of variaion in output growth not due to TFP growth; withthis assumptionabout TFP growth, the

fraction due to aggregate input growth is itself a fraction OfVar(x)/V ar(y) that goes to zero as
I, agoestoone?

Whenthe correlation of aggregate input growth and TFP growthis positive, these decompostions
canbeinterpreted as dternative upper bounds onthe importance of variationinaggregateinput growthand
TFP growth. Thefirg decomposition attributesapparent variationin TFPgrowthto aggregate input growth;
the second attributes apparent variationinaggregateinput growthto TFP growth. A zero correlationposes
no particular difficulties. In fact, our estimates would be the same as rdlative variances.

What if the corrdation of aggregateinput growthand TFP growthis negative though? The theories
mentioned above do not provideimmediatesupport for plausbleinterpretations under these circumstances.
One possible interpretationof anegetive correlationisthat there is amistakeinaggregate input growththat
induces an opposite movement in TFP growth. For example, aggregate input might be increased beyond
itsmargind product and TFP might fal since output doesnot riseas muchaswould be predi cted otherwise.
Another possibleinterpretationisthat thereisacommonfactor that affects aggregate input growthand TFP
growth in oppogite ways. Emigration of people with more human capital than the average person in the
country is one possibility for such afactor, because emigration of people with more human capital would

lower humancapital used in productionreaive to our estimates and we would overestimate human capital

#The least squares decomposition holdsfor this representation also because the variance decomposition
isVar (y) =Var (e, ,)+ b Var(a) whereb, , istheregressoncoefficient from aregresson of y
onaand € , istheregresson’sresidua.

y.a
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used in domestic production. The precise interpretation of the decompositions would depend on details of
the interpretation of factorsthat create the negative corrdation.

B. Relative Variances for All Data

Table 4 presents estimates of the relative importance of aggregate input and TFP growth for the
variance of output growthacross countries. The table isbased on unweighted estimates of the variance of
output growth across countries. We do not show welghted estimates of these numbers because the point
isto estimate the variance of output growthacross countries, not acrossworkersintheworld.** All saries
in this and the next section are measured per worker, as have dl of the series presented thus far. We
seldom use the phrase * per worker” because it gets repetitious, but it should be understood for dl of our
discussion.

After the columns showing the region and number of countries, the first and second columns in
Table 4 show the variances of aggregate input growth and TFP growth relative to output growth. These
two measureswill add up to unity only if the correation of aggregateinput growthand TFP growthis zero,
whichit generdly isnot. In fact, the variances of aggregate input relative to output are greater thanone for
Ada and the Middle East. For dl countries, the relative variances of aggregate input growth and TFP
growth add up to only 0.87, noticegbly less than one. This deviation from one is due to the positive

correlation of aggregate input growth and TFP growth across dl countries, shown in the third column of

*The unweighted Statistics are informative about the variance across countries however large or smdl the
countries may be, and the weighted datistics are more informetive about the history confronted by the
typicd member of the labor forceinour set of countries. Weighting by number in the [abor force would be
tantamount to attempting to estimate the personal distributionof income with these data. We see no useful
purpose served by suchan attempt. There might be apurpose to weighting the relative variances by years,
but we see no reason to assume that variances are proportional to the number of years of data. We
examine the relaionship between the variances and the number of yearsin the next section.
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Table4. Thereissubgtantia diversity inthe correlationof aggregate input growthand TFP growth across
regions, with arange from 0.97 for Southern Europe to -0.56 for the Middle East.

At firg glance, the negative correlations of aggregate input growth and TFP growth for three
regions seem odd, but the corrdations that are large in magnitude are in Asa and the Middle East.
Examination of the individua countries suggests that country-specific explanaions for these negative
corrdations may be important. In Asa, Vietnam and Nepd have the second and third most negative
growthrates of TFP— -1.80, and -1.58 percent per year —and they have the second third highest growth
rates of aggregateinput — 3.34 and 3.09 percent per year. Inthe Middle East, Y emen and Saudi Arabia
arethe two countries with the most negetive TFP growth — -6.33 and -2.99 percent per year —and these
countries dso have the highest growth rates of aggregate input —5.89 and 3.69 percent per year.

Thefina two columns of Table 4 show our two estimates of the decomposition of output growth.
These decompositions add up to one withthe correct complement, which as a consequence is not shown.
The decomposition in the next to last column of Table 4 assumesthat the correlation of aggregate input
growthand TFP growthreflects effects of input growth. The decompositioninthe last column assumesthat
the corration of aggregate input growth and TFP growth reflects effects of THP growth.

For dl the countriestakentogether, aggregate input growth is rdatively unimportant compared to
TFP growth. If dl of the correlation of aggregate input growthand TFP growthreflects effects of aggregate
input growth, as the next to last column of Table 4 supposes, then aggregateinput growth accounts for 32
percent of the variance of output growth across these countries, with TFP growth accounting for the
remaining 68 percent. Alternaively, if dl corrdaion of aggregate input growth and TFP growth reflects
effects of TFP growth, then TFP growth accounts for 84 percent of the variance of output growth across
these countries and aggregate input growth accounts for 16 percent. Interpreting these two estimates as

rough upper bounds on the importance of aggregate input growth and TFP growth, we conclude that these
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edimates suggest that TFP growthaccountsfor on the order of 68 to 84 percent of the variationof output
growth, with aggregate input growth accounting for 16 to 32 percent of the variation of output growth.

Thispredominanceof theimportanceof TFP growth appearsto be confined to Centra and Eastern
Europe, Central and Southern Africa and Lain America. For the Western Countries, aggregate input
growthaccountsfor as muchas 90 percent of the variance of output growth; in Southern Europe aggregate
input growth accounts for as muchas 98 percent of variance of output growth. The other regionsinwhich
the growth of aggregateinput accountsfor about 90 percent of output growthisthe set of NICsand North
Africa, for which as much as 94 and 88 percent, respectively, of the variance of output growth can be
accounted for by aggregate input growth.?® For the regions with no more than 50 percent of the growth
of output associated with growth in aggregate input — Central and Eastern Europe, Asa, the Middle Eagt,
Centrd and Southern Africaand Latin America— none of themhas an unweghted average growthrate of
TFPin Table 3 that is pogtive.

These estimates do not suggest thet the reative importance of TFP growthfor the growth of output
per worker across countries is solely due to the growth of technology. Instead, the relationship between
negative TFP growth rates and the importance of TFP for the variance of output growth in a region
suggests that other developments such as inditutiona changes, legd changes and armed conflicts are the
important ones for understanding why variability of TFP growth is a very important part of differencesin
growth experiences around the world.

The evidence concerning the reaive importance of the varianceof TFPgrowthand aggregate input
growthin the Western Countriesis not very informative. The upper bound estimate of eachis onthe order
of 0.90. This means that the range of estimates of the importance of aggregate input and of TFP growthare

from 10 to 90 percent. Someone with astrong prior in terms of aggregate input or TFP growth of course

% Thisis consstent with the more detailed andysis by Alwyn Y oung (1995).
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would find little reason to revise that prior, essentidly because there isahigh correlation of aggregate input
growth and TFP growth across these countries.?® We start off witha diffuse prior, onthe other hand, and
find it plausible that the variance of the growth of aggregate input per worker and of TFP are equaly
important for explaining the variance of the growth of output per worker inthe Western Countries. Insome
other regions and across al countries, however, variation in TFP growth is rdatively more important.

C. Relative Variances for Common Periods

Our datacover quitedifferent periodsfor the various countriesand this could affect our conclusion
above. In this section, we examine whether this red possibility is correct. Because our data span alarge
number of countriesfor longperiods, wea so can examine another question: how long a period is necessary
to draw rdiable conclusions about the rdative importanceof aggregateinput and TFP growth? It isobvious
that a singe year would be too short a period. Transitory developments and measurement error could
overwhdm the long-termgrowth of the economy. Istenyears enough? Forty years? |s one hundred years
necessary?

Table 5 presents estimates of therdaive varianceof output growthassociated with aggregateinput
growth and TFP growth for common periods and shows the implications of the period length for the
edimates. We gtart withthe countriesfor whichwe have 100 years of data ending in 1999 and repeatedly
chop 20 years off the beginning of the period until we hit 1980, at which point we chop off 10 years and

computethe statisticsfor the last 10 years, 1990 to 1999.2” Our data end in1999 for dl countriesand dl

26 Arguably that prior cannot be based on the data for the Western Countries or Southern Europe since
we have the universe of available data for those regions.

21 We did Smilar computations starting with various lengths of periods, for example, 100 years, 80 years,
etc. We thencomputed combined statistics for the 100-year period for 50 years, 25 yearsand findly 12.5
years. Wefound that effects of specific time periods explaned numerous aspects of the statistics, at which
point we shifted to the computations in the text.
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periods end in that year in order to have roughly the same time period for each country. The number of
countriesincluded fdls as the time period lengthens because many countriesdo not have data for as many
as 100 years, dthough the computations for 100 years do include 24 countries. The fird three columns
show the time period, the number of countries and the intervd in the overdl time period.

The fourth through sixthcolumns of Table 5 show the standard deviations of the growth of output,
aggregateinput and TFP. All of these standard deviations increase as data over shorter periodsare used
to caculate the standard deviations, whichis congstent withtrangitory developments being moreimportant
over shorter periods. The next two columns of Table 5 show the Smple estimates of the rlative variances
and the last two columns of Table 5 show our estimates of the importance of the variance of the growth of
aggregate input and TFP.

TFP growth appears to be a substantial portion of the variance of growth of output over periods
of any length. TFP growth is as much as 80 percent of the variance of the output growthfor the 100 years
from 1900 to 1999. Thisfraction is about the same for 100 years asit isfor 40 or even 20 yearsfor the
same set of countries. It would be wrong though to conclude that the growth of aggregate input is
unimportant.

For the 24 countries for which we have datafor at least 100 years, growth of aggregateinput aso
appearsto be a substantia portion of the variance of the growth of output: as much as 64 percent for the
whole period. This fraction changeslittle, risng or faling a little, until the period is shortened to less than
the last 40 year interval, 1960 to 1999, of the 100 years available for these countries.

The rddive importance of the growth of aggregate input and TFP changes rdativdly little as the
period is shortened and more countries are added, &t least until the set of observations is broadened to
indudethe 129 countrieswithdatafor at least the last 20 years. For the period 1980 to 1999, the growth

of aggregate input appears to be a smdl part of the variance of the growth of output compared to the
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growth of TFP. This conclusion follows for the period 1990 to 1999 as well, with the exception of the
countries with at least 100 years of data

The estimates of the relative importance of the variance of aggregateinput growthand TFP growth
indicate that the decompositions generadly are not sengtive to the time period or thar length. Aswould be
expected, the variance of TFP growth, aresdua in the computations, falls as the period length increases.
The variance of output growthand aggregate input growthaso fdl, withthe rdative varianceslittle affected
until the period length is shortened to the twenty years from 1980 to 1999.

V. CONCLUSION

Our new st of data covering 145 countries over along time span provides evidence thet little of
the average growth of output per worker is directly due to the growth of TFP: eight percent for dl of the
countries. This concluson, however, reflects substantial varianceacrosscountries— TFPaccountsfor about
20 percent of the average growth of output per worker in the Western Countries, Southern Europe and
the NICs. Other regions have less, negligible and negative growth of TFP. These negative growthratesare
conggtent withthe importance of inditutiona changesand conflicts. Our evidenceindicatesthat, over long
periods of time, the growth of output per worker is associated with accumulation of physica and human
capital and technologica change. At firgt glance, this conclusion might seem innocuous at best, but it is
controversid in indicating that the growth of physicd and human capita is important for growth.

Variation of the growth of aggregate input per worker and of TFP growth dso are important in
accounting for variation in the growth of output per worker. For al of our data, we concludethat variation
in TFP growthis subgtantidly more important thanvariationin aggregate input growth. There are interesting
patterns by region though that are informative. We conclude that the variance of the growth of aggregeate
input and TFP are roughly equaly important for Western Europe and Southern Europe. For the regions

withnegaiive average TFP growthrates, variationinthe growth of TFP is subgtantially moreimportant than
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variation in the growth of aggregate input per worker. This result is congstent with these negative growth
rates being associated with ingtitutiona changes in some countries that have negetive effects on output per
worker in those countries and with armed conflicts involving some but not al countries.

At least with the data currently available, our evidence suggeststhat growth anadyss withless than
a forty-year span may reach erroneous conclusons. We find that an anadlysis based on data the last 20
years— 1980 t0 1999 — would reach quite different conclusions than one based onthe last 40 years— 1960
t0 1999.% A seemingly innocuous presumption that 20 yearsis long enough for andysis of growth would
be wrong, at least for this particular period.

Our data spanalongenough periodthat they can be used to addressinteresting, detailed questions.
We have data spanning the introduction of centra banking and fiat money in many of these countries. We
are inthe process of exploring whether theseinditutiona changes and more generd financid devel opment
and financid repression affect the growth of output, aggregate input, and TFP. Our results suggest that
inditutiona developments, emphasized by North (1988), Grier and Tullock (1989) and Hall and Jones
(1999) and possibly disruptions associated with armed conflict are important determinants of economic
growth. Our data make it possible to examine the ability of such developments to explain why some
countriesgrow and some countriesdo not, and aso why eventhe countries that have economic growth on

average sometimes grow and sometimes do not grow.

%8 The lat forty yearsis the usable part of the Summers and Heston data when human capita isincluded
inthe andyss.
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The TFP values for the Middle East are: 1950, 683.02; 1960, 903.54; 1970, 1043.70; 1980, 873.72; 1990, 536.79; 1999, 369.06. These values exceed the range of this graph and therefore have been left off for graphical purposes.
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Table3
AVERAGE GROWTH OF OUTPUT AND INPUTSBY REGION

TFP GROWTH RELATIVE TO

REGION GROWTH RATE PER WORKER
OuTPUT GROWTH
OuUTPUT CAPITAL HUMAN CAPITAL TFP
WEIGHTED AVERAGE

All Countries 1.65 2.37 1.10 0.13 0.08
Western Countries 1.62 1.99 0.86 0.40 0.25
Southern Europe 1.78 2.28 101 0.35 0.20
Central and

Eastern Europe 212 341 1.61 -0.07 -0.03
NICs 272 4.03 1.32 0.50 0.18
Asia 1.62 2.15 1.13 0.16 0.10
Middle East 1.19 4.76 2.10 -1.78 -1.50
North Africa 2.16 2.73 1.52 0.25 0.11
Central and

Southern Africa 0.44 291 1.09 -1.24 -2.80
Latin America 1.63 2.32 0.95 0.22 0.14

UNWEIGHTED AVERAGE

All Countries 1.00 2.27 1.44 -0.71 -0.71
Western Countries 1.91 241 1.01 0.44 0.23
Southern Europe 2.66 3.16 1.16 0.84 0.32
Central and

Eastern Europe -0.66 -0.21 1.86 -1.84 2.79
NICs 3.59 551 1.84 0.54 0.15
Asia 151 2.67 1.53 -0.39 -0.26
Middle East 0.47 3.63 1.97 -2.04 -4.30
Northern Africa 2.61 3.24 1.86 0.30 0.11
Central and

Southern Africa 0.56 2.48 1.17 -1.04 -1.87
Latin America 141 2.40 1.39 -0.32 -0.23

When the new countriesin Central and Eastern Europein 1990 are del eted from the computations, the average growth rates
of output, physical capital, human capital, and TFP are: weighted, 2.59, 3.87, 1.57, and 0.26 percent per year; and
unweighted, 3.44, 4.84, 1.36, 0.93 percent per year;



Table4
THE RELATIVE VARIABILITY OF PHYSICAL AND HUMAN CAPITAL
AND TOTAL FACTOR PRODUCTIVITY

RELATIVE VARIANCE OF CORRELATION  VARIANCE DECOMPOSITION
OF WITH ALL CORRELATION
AGGREGATE ASSOCIATED WITH
INPUT AND
REGION NUMBEROF  AGGREGATE TFP AGGREGATE
COUNTRIES INPUT TFP INPUT TFP

All Countries 145 0.162 0.708 0.190 0.320 0.837

Western 16 0.354 0.225 0.753 0.900 0.851

Countries

Southern Europe 6 0.232 0.277 0.970 0.983 0.987

Central and 24 0.053 0.740 0.522 0.461 0.955

Eastern Europe

NICs 5 0.850 0.058 0.202 0.941 0.188

Asia 16 1.070 0.843 -0.482 0.351 0.177

Middle East 10 1.180 1.094 -0.560 0.250 0.191

North Africa 5 0.709 0.145 0.328 0.876 0.409

Central and 40 0.263 0.550 0.247 0.484 0.754

Southern Africa
Latin America 23 0.263 0.877 -0.146 0.140 0.744
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AVERAGE GROWTH OF OUTPUT AND INPUTSBY COUNTRY

Appendix Table 1

GROWTH RATE PER WORKER

COUNTRY FIRST YEAR  OUTPUT CAPITAL HUMAN CAPITAL TFP TFP RELATIVE TO OUTPUT
Western Countries
Australia 1861 1.66 2.06 0.94 0.35 0.21
Austria 1880 2.07 2.57 1.02 0.54 0.26
Belgium 1846 1.92 2.38 0.88 0.54 0.28
Canada 1871 1.58 2.13 1.14 0.12 0.07
Denmark 1871 2.20 2.24 1.10 0.72 0.33
Finland 1850 1.48 1.96 1.00 0.17 0.11
France 1850 161 2.04 0.91 0.33 0.20
Germany 1880 2.59 3.24 111 0.78 0.30
Ireland 1926 3.62 3.98 1.87 1.06 0.29
Netherlands 1849 1.74 2.17 0.86 0.44 0.25
New Zealand 1911 2.03 2.72 1.06 0.42 0.21
Norway 1855 2.05 2.68 0.89 0.57 0.28
Sweden 1860 159 2.46 0.83 0.22 0.14
Switzerland 1888 1.65 2.27 101 0.23 0.14
United Kingdom 1831 1.10 171 0.80 0.01 0.00
United States 1870 1.68 1.89 0.79 0.53 0.32
Southern Europe
Cyprus 1950 6.03 6.66 181 2.62 0.43
Greece 1910 2.85 341 1.24 0.89 0.31
Italy 1861 1.79 2.57 0.96 0.30 0.17
Portugal 1849 1.97 2.46 0.75 0.65 0.33
Spain 1857 1.34 1.77 0.82 0.21 0.16
Turkey 1935 1.99 212 1.36 0.38 0.19
Central and Eastern
Europe
Albania 1990 1.23 -3.09 0.25 2.08 1.70
Armenia 1990 -10.11 -5.77 1.68 -9.33 0.92
Azerbaijan 1990 -6.40 -4.41 2.92 -6.90 1.08
Belarus 1990 -1.02 121 1.80 -2.63 2.57
Bulgaria 1934 2.37 3.40 1.08 0.52 0.22
Czechoslovakia 1921 3.75 476 151 117 0.31
East Germany 1950 7.03 10.81 1.47 2.48 0.35
Estonia 1990 1.92 112 2.25 0.05 0.02
Georgia 1990 -0.88 -3.18 2.05 -1.20 1.37
Hungary 1890 2.85 3.18 0.81 1.25 0.44
Kazakhstan 1990 -0.65 -1.24 2.47 -1.89 2.91
Kyrgystan 1990 -6.40 -5.40 3.24 -6.79 1.06
Latvia 1990 4.27 112 0.35 3.66 0.86



Lithuania
Moldova
Poland
Romania
Russia
Slovak Republic
Tajikstan
Turkmenistan
Ukraine
Uzbekistan
Yugoslavia
Newly
Industrialized
Countries
Hong Kong
Japan
Singapore
South Korea
Taiwan

Asia
Bangladesh
Cambodia
China

Fiji

India
Indonesia
Laos
Malaysia
Myanmar
Nepal
Pakistan
Papua New Guinea
Philippines
Sri Lanka
Thailand
Vietnam

Middle East

Iran

Irag

Israel

Jordan

Kuwait

Oman

Saudi Arabia

Syria

United Arab Emirates

1990
1990
1931
1930
1917
1990
1990
1990
1990
1990
1920

1960
1890
1963
1910
1905

1970
1980
1933
1960
1904
1951
1980
1960
1941
1960
1951
1960
1939
1946
1937
1980

1956
1950
1948
1960
1980
1970
1960
1953
1980

0.44
-8.20
3.22
4.68
1.98
9.19
-11.06
-4.06
-6.51
-5.06
1.65

4.52
2.62
5.02
2.66
3.15

-1.03
2.69
1.98
1.29
1.33
1.76
1.05
3.10
0.25
151
1.32
121
2.07
164
2.52
154

1.56
114
3.10
1.36
-0.35
0.67
0.70
0.76
-3.74

-0.96
-2.88
2.72
4.95
3.72
0.58
-7.48
-5.24
-2.85
-5.32
521

6.40
3.67
8.18
4.76
4.56

0.61
5.05
251
1.23
1.54
421
-3.48
6.05
-1.43
6.34
2.06
4.01
2.04
3.57
3.82
4.53

3.02
551
4.64
4.16
-4.58
4.63
7.73
4.37
-6.42

135
241
1.48
1.46
174
1.66
3.39
321
1.76
2.98
1.36

241
123
2.67
1.49
1.39

143
0.92
131
2.24
0.81
172
1.90
2.10
0.78
1.49
0.86
0.93
1.95
1.93
1.32
275

2.26
1.86
2.20
161
1.55
211
1.70
2.25
1.89

-0.15
-8.86
133
2.07
-0.41
7.89

-10.87

-4.48
-6.75
-5.30
-0.98

0.79
0.58
0.53
0.10
0.71

-2.19
0.41
0.28

-0.62
0.28

-0.78
0.93

-0.31
0.20

-1.58
0.06

-0.74
0.09

-0.82
0.38

-1.80

-0.95
-1.92

0.10
-1.09

0.12
-2.28
-2.99
-2.19
-2.89

-0.35
1.08
041
0.44

-0.21
0.86
0.98
1.10
1.04
1.05

-0.59

0.18
0.22
011
0.04
0.23

2.13
0.15
0.14
-0.48
021
-0.44
0.88
-0.10
0.79
-1.04
0.05
-0.62
0.04
-0.50
0.15
-1.17

-0.61
-1.68

0.03
-0.81
-0.33
-3.42
-4.24
-2.90

0.77



Y emen

Northern Africa
Algeria

Egypt

Libya

Morocco

Tunisia

Central and
Southern Africa
Angola
Benin
Botswana
Burkina Faso
Burundi
Cameroon
Central African
Republic
Chad

Congo
Ethiopia
Gabon
Gambia (The)
Ghana
Guinea
Guinea-Bissau
Ivory Coast
Kenya
Lesotho
Liberia
Madagascar
Malawi

Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger

Nigeria
Rwanda
Senegal
SierraLeone
Somalia
South Africa
Sudan
Tanzania

1970

1948
1917
1960
1951
1956

1960
1960
1960
1960
1960
1960

1960

1960
1960
1950
1960
1960
1960
1960
1960
1960
1962
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1952
1960
1970
1961
1960
1946
1970
1960

3.00
2.00
3.68
177
261

-3.02
-0.66
5.37
1.56
-1.13
-0.12

0.94

-0.17
-0.78
0.56
3.76
2.30
0.66
1.88
0.24
0.77
0.78
4.47
-0.50
-1.42
0.37
0.22
133
1.54
-3.10
210
0.35
0.08
-1.43
0.61
-2.16
-2.03
2.75
134
0.61

13.24

3.04
2.63
4.99
2.54
2.99

1.48
1.92
8.72
4.82
-0.24
3.47

0.21

1.50
1.50
553
5.06
5.50
0.82
1.18
0.36
211
177
12.72
-0.12
1.62
0.88
2.66
1.46
0.82
3.49
1.70
147
3.76
137
2.18
3.08
1.15
294
1.20
3.74

2.27

1.85
141
247
1.36
2.20

0.68
1.03
2.28
0.46
0.67
164

0.92

0.76
2.53
0.39
125
1.17
1.93
0.56
0.80
1.02
191
1.38
112
0.62
0.58
0.39
0.94
2.26
0.65
2.30
0.40
112
1.05
1.10
0.99
0.60
157
1.15
1.00

-6.33

0.76
0.19
0.38
0.02
0.15

-3.97
-1.98

0.97
-0.34
-1.49
-2.37

0.25

-1.18
-2.97
-1.53

1.25
-0.30
-0.90

112
-0.42
-0.61
-1.09
-0.65
-1.21
-2.36
-0.31
-0.92

021
-0.24
-4.69
-0.01
-0.40
-1.91
-2.58
-0.85
-3.84
-2.81

0.73

0.17
-1.29

14.37

0.25
0.09
0.10
0.01
0.06

131
2.99
0.18
-0.22
1.33
19.00

0.27

6.74
381
-2.75
0.33
-0.13
-1.36
0.60
-1.73
-0.79
-1.40
-0.15
244
167
-0.83
-4.27
0.16
-0.16
151
0.00
-1.15
-22.43
181
-1.39
177
1.38
0.27
0.13
-2.12



Togo
Uganda
Zaire
Zambia
Zimbabwe

Latin America

Argentina
Bolivia
Brazil
Chile
Columbia
CostaRica

Dominican Republic

Ecuador

El Salvador
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru

Puerto Rico
Trinidad
Uruguay
Venezuela

1960
1959
1950
1950
1950

1895
1950
1872
1895
1917
1951
1950
1950
1950
1950
1946
1950
1930
1953
1895
1950
1950
1939
1908
1960
1960
1939
1936

3.44
181
1.53
-3.10
0.62

1.62
0.75
1.65
1.59
1.40
2.26
2.73
1.15
1.60
1.54
1.03
1.53
0.77
1.52
1.91
0.38
1.77
1.00
1.49
321
-0.68
1.59

0.55

4.82
4.45
2.65
-3.10
-1.66

221
131
2.18
2.27
191
3.45
4.09
3.32
2.18
2.57
251
3.83
141
3.60
2.67
1.73
2.74
1.35
2.60
2.03
1.10
1.74

241

1.62
133
117
141
219

117
1.55
0.70
1.13
1.10
1.76
1.90
212
1.34
1.01
1.09
0.91
1.14
1.77
1.03
1.55
1.87
1.22
1.27
1.69
1.80
1.50

1.46

0.77
-0.54
-0.13
-3.03
-0.29

0.11
-0.72
0.46
0.09
0.03
-0.05
0.11
-1.36
-0.02
0.02
-0.53
-0.34
-0.46
-0.85
0.33
-1.23
-0.39
-0.26
-0.22
141
-2.25
0.01

-1.22

0.22
-0.30
-0.08

0.98
-0.47

0.07
-0.97
0.28
0.06
0.02
-0.02
0.04
-1.18
-0.01
0.01
-0.51
-0.22
-0.59
-0.56
0.17
-3.26
-0.22
-0.26
-0.15
0.44
331
0.01

-2.21




