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On the Empirics of Capital Accumulation

and Economic Growth

by Erich Gundltach

Abstract

Recent advances in the theory of economic growth have led 1o a large number of
competing endogenous-growth models. The empirical evidence prescated in this paper
supports the Rebelo (1991) growth model with constant returns to scale and constant
returns to aggregate capital. For reasonable parametetizalions, this mode! predicis that a
one percentage point increase in the rate of investment in physical capital increases the
growth rate by about 0.1 percentage points. The results do not support models which
postulate diminishing returns to aggregate physical and human capital, exiernalities in
the accumuliation of physical capiial, or aggregaie economies of scale
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1. Introduction™

One of the most remarkable stylized faces of cconomic development aver the past thirty
years or 0 is the large variety in groweh rates and levels of omput per capita across
ceuntrics. A small numbcer of countrics, nolably in Southeast Asta, have increased their
per capita GDP by a factor of 5 o 7 during this period; others. maialy in Africa, have
expericneed a decline in per capita GDP, somelimes in the range of 530 per cent, The
majority of Latin American countries has faced stagnation, while the industrialized
countrics have roughly doubled their per capita GDP, Figure 1 shows this dispersion of
economic growth for a sample of 94 countries: In one third of all countries, there was
no growth at all, in another third, per capilz outpul has grown with a lactor of 2.5 or
more.

The result of the variety in growih rates has been a rather uneven intermational
distribution of output per capila (Figure 2). In 1990, more (han 50 per cemt of all
countries revealed a per capita output below 20 per cent of that of the United States. At
present, only the OECD countries and some advanced developing coundries in Southeas
Asia exhibit productivity levels that are comparable to those of the United States.
Nowwilthstanding particular success stories such as the Asian Tigers, economic
development seems lo exhibil no natural tendency to a convergence of per capita
incomes across a very broad sample of countries.

The major ecoromic explanations for the variation in comparalive economic growth
include physical capital accumulation, technological caich-up and endogenous
technological change, demographic change in combination with patwral resource
depletion, human capital accumulation, and government policy.! For the applied
economist, the question is whether there are models of economic growih which provide
a reasonable account of the stylized empirical facts. Recently, two developments have
facilitated the search for an answer: The emerging lilerature on endogenous-growth
theory? has provided a number of aliernative explanatinns for the causes of cconomic
growth as compared 1o the traditional Sotow (1956) model; and the availabitity of large
cross-country data scts? has made possible the empirical testing of alternalive models,
Up 1o now, the limiting factor has been the poor database on stocks and flows of human
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capital accumulation which figure prominently in many models of economic growth.
Happily, this botleneck has also been widened, since Mankiw et al. {1992} provide data
for proxies on the former, and Barro and Lee (1993} as well as Psacharopoulos and
Arriagada (1992} provide data for proxies on the lauer.

Mankiw et ab. (1992) use an avgmented Solow model to explain the cross country
variation in outpu per worker. They maintain that their empirical evidence supports the
assumplion of decreasing returns to capital - This finding ¢asis doubt on Lhe recent trend
among economists 10 dismiss the Snlow growth model in favor of endogenous-growth
maodels that assume conslant or increasing returns to scale in capital. In this paper, I use
the modelling framework of Mankiw et al. (1992) in order to check the stability of their
findings. In conirast to their approach, however, 1 estimaic an empirical model thai uses
the srock of human capital as an explanatory variable. Theorelically, this change from a
flow 10 a siock variable involves prediclable changes in the way the parameters of the
empirical model can be estimated, but no change in the parameters themselves. Hence,
the estimated retums o scale to capital derived Irom a model that uses the stock of
human capital as an explanatory variable should not difier from those derived from a
mode} that uses (he low of human capital.

The next seclion presents a general empirical model of economic growth which
encompasses a number of sub-modets, e. g., the traditional Solow model (Solow, 1956},
the augmented Solow model {Mankiw el al., 1992), the Lucas model (1988), the Romer
(1987 model, and the Rebelo model (1991). Secion 3 discusses data and samples, and
presents the results which favor the Rebelo model. Section 4 looks at the implications
for the role of investment in economic growth,

2. The General Growth Model
Let the production function {or the general model of economic growth at time r be

Y,=A K} HY If (1)

where the notation is standard: ¥ is output, K physical capital, # human capilal, L
labor, and A the level of technology. L and 4 are assumed (o grow exogenously at
rates 2 and g

£1=Aoeﬂl

A = Ag .

This specilication includes the following models:



Y=a k01 {a+B=1y=0) (2)
L=AKEHI L (aty4p=1) 3
L=AKEHT P (ary+B>1) (4).
Y, =A, K* 1P {a+B>Ly=0) (5)
Y, =A K* HY (@+y=1p=0). 6)

which stand for the traditional Selow (1956) model (2), the augmented Solow madel
(3) suggested by Mankiw et al. (1992), the Lucas (1988) model (4}, the Romer (1987)
model (5) and he Rebelo (199 1) model (6).

The gencral model assumes that constant [ractions of owput are invested in physical
(%) and human (s;) capitab, Define &, = ¥, £ L, as the stock of physical capital per vnil
of labor, and i, = H, / L, as the stack of human capital per unit of labor, and let § be
the rate of depreciation for physical and human capital. Using

K=5, Y,-6K, and H,=s5,Y~8H, aswellas

L=t_2 and E="1—nk,

where the dot denoles absolule changes of the variables over time, the evoludon of &
and h is given by

k= A s k%0 [P (1 8}k, and M
By= A, 5, k& B] LB (04 8)h, (8)
From these equations, the steady state values &* and &” (for & = =0) can be derived
as

—am _ Mg
k= Al "’[s};" sf (ne 8y 1B ‘] = nd ()

1#{L~ct-y) (10)

B =A,”(I_a_ﬂ[.‘i};“ -"f (H+5)-I L;x+ﬁ+r——t]
Rewriting (1) as

AV WAL Un



inserting (9) and (10), and taking logs gives

ir

L (n+5)+f_—f-_? i, (12)

= “ Y -
nk lnA,+|_a_r Ins;, + - Ins, ;

1-a

For a+B+y=1 , y, = Y /L. and apart from modelling the technology term
differcnily, this is the basic equation used by Mankiw et al. (1992).4 Sobving (10) for s,
gives

ibcre 1510
o = h(!_a ﬂ(ﬂ+6) (13
VL |

With the ideatifying assumptions of constant growth rates of technology (g) and
constant depreciation tales (&) across coontries, and the term A¢0) reflecting the level
of technology in some base period as well as resource endowments, climate,
institutions, and possibly other endowments which may differ across countries hut are
not related 10 the rhs-variables, (13) can be inseried into (12) 1o give the basic equation
tor the empirical analysis of the next seclicn:

|n1;=c+l_“;1nsk+‘—’;|nh'—l—“_51n(n+5)+glnz,,+e (14)

with InA; =InAy +gr+¢£, where ¢ is a regression conslamt and £ represents country
spesitic random shocks. Under the assurnption that physical capital accomulation (s,),
the sicady state Jevel of human capital (h7) and the growth rate of the labor force (1) )
are independent of such country specific shocks, this equation can be estimated with
ordinary least squares (OLS).5

This specilicalion predicts equal coefficienis with opposite signs on the share of
physical investment and growih of the labor force, and it also predicis the magniwde of
these coefficients, because under the assumption that all factors are paid their marginal
product & equals physical capital's share in income, which i3 expected 1o be aboul one
third {Maddison, 1987). Hence, the mode] implics an elasticity ol income with respect
1o physical capital in the range of 0.5, Given the estimate [or @ , the estimale for ¥ can
e inferred from the coefiicient of (he stock of human capitat (£). For constant retorns
to scale {ar+ S+ y =1}, the coefficient on L, should not be different from one; it should
be larger than one for the Lucas (1988} and the Romer (1987) model.

4 Using these reswrictions and the data published in the appendix of Mankiw et al, (1992), 1 was able
tor geplicate all of their resulis.

5 As was poted by Mankiw et al. {1992), OLS produces inconsisient estimaies if this assumption does
ot hold. p to now, this issue has been targely neglected in the literature on cross-country growth
equations. One aempt to identify country specific effects is the panel data approach employed by
Knight et al. (1992). “Their resolts poial to a faster speed of corvergence 10 the steady siate than was
estimated by Mankiw et al. {1492),



3. Empirical Results
Data and Samples

in order to check the robustness of the Mankiw et al. {1992) resubis with respect to an
allernative measurement of the impact of human capital on economic growth, T use two
new dala sources which provide a proxy for the stock of human capital: both Barro, Lee
{1993 and Psacharopoulos, Arriagada (1992) - BL and PA hercafter - provide cross
country data for the average (mean) years of schooling. The BL and PA dxla are highly
correlated, i not idemical hecause there are shight methodological dilterences,
Another difference is that BL use interpolation techniques o end up with a sample that
covers 129 countries over five-year periods from 1960-85. PA solely rely on census
data collected around 1980, Their sample covers almost 100 observalions. Here, I take
the 1985 abservations from BL, and observations around 1985 (1980-88) from PA.
These dawa are used as a proxy for &° in equation (14).

The other variables in equation (14) are measured as follows: ¥, is real gross domestic
product in 1985, 5, is the average share of real investment in real GDP for Lhe pericd
1960-85, n is the annualized growth rate of the working age population, & is assumed
to be 0.036, and I, is working age population in 1985. ¥, , 5, , and L, arc dereived
from Summers, Heston {1991); n is taken from Mankiw et al. {(1992).

Further, 1 congsider four aliernative samples to check the stability of the results.
Following the approach suggesicd by Mankiw et al. (1992), "All couniries™ relers to
countries with populations of more than | mitlion (in {985) excluding couniries with oil
production as the dominant indusiry. "I} countrics excluded” refers to the resulting
number of countries if those countries with the weakest quality of the data (labelled "D”
by Summers and Heston) are excluded from the "All countries” sample. Both samples
are matched with the BL and the PA data. See the Appendix for each of the samples
and the data.

Results for the General Model

The results in Mankiw ct al. (1992) puint to distributional shares for the three Tactors of
production in equation (1} in the range of one third (o=P=y=1/3) which are
estimated with relatively low standard errors and an adjusted R in the range of G.8.
This finding can be questioned because their empirical model does nol atlow Tor
increasing retuens to scale; given the eross country condext, the exyremely high I3
might also be a point of concern, The resubis for the generad empitical mode! of 1he
previous section (equation 14) are presenied in Table 1.

& See Mankiw et al. (1992), footnote 6.



The upper part of Table 1 gives the resulis for the unrestricted model, which confirm
the theoretically expected signs of the coefficients. Furthermore, the results are not
sensitive with respect 10 the two dilferent proxies for the stock of human capital and
different sample sizes. The lower part of Table | gives the resulis for the resiricied
version ol equation (14), amounting 1 equal cocfficients with opposile signs on
physical investment (Ins,) and the growth rate of the working age population plus the
depreciation rate [In{n+8)]. The p-value indicates that the theoretically justified
resteiction cannot be fejectied at conventional levels of stadistical significance.?
Therefore, the following interpretations are based on the restricted version of equation
(14).

The coellicient on In L is not statistically dilferent from 1. Hence the Lucas (1988) and
Romer (1987} models which postulate overall increasing returns to scale due o an
externality relaled to the accumulation of human or physical capital are rejected. This
finding in favor of overal! constant retums to scale confirms the underlying assumption
of Mankiw e1 al. (1992) Although the implicd estimate for the share of physical capital
() also confirms the Mankiw et al. estimate of (.3, this is not the case for B and y, the
distobutionat shares of raw labor and human capital: here, B is estimated to be zero,
and y is esumaled 10 be approximately 0.7. The implication is that only those tactors of
production thal can be accumulated ar¢ important for an explanation of the observed
cross-country distribution of cutput. Thus, the estimates for the general model favor a
Rebcle model with conslant returns to scale and constanl reluras 10 aggregate human
and physical capital which can be wrinen as

Y,=A KO HY (15)
Results for Rebelo Model Specifications

The major slatistical problem with the specification of the general medel is the presence
of a dominant variable, L,, which is responsible for the unreasonably high R To
eliminate this ¢ffect, T estimate the Rebelo maodel direcily. Starling from a formulation
Jike equation (1) with & +y =1 and B =0 as restrictions imposed, il can be shown that

Y,=A (K TH)H, . (16)

The evolution of K over uime is governed by

K=s5, A KPHY -5K, . an

7 Maddala (1992, p. 177) supgests 1o use a level of statistical significance of 25 10 S0 per cent because
the F-1e5t i3 a pre-1est. Three of the four resulis even match this more demanding interprections.



Deriving the equilibrium solution by setting this equation equal to zero ives

K‘ A, L ]i:;
el Ty Bk .44 ) 18
" [ & (18)
Inserting (18} into (i6), and taking logs, gives the unrestricled specification of the
Rebelo model

]n]’,=c+%]na‘k+lnﬂ' (19}

which can be estimated with the daa at hand since InH =InL+Ink. The restricied
version of the Rebelo model can be estimated as

0}/ H )= c+ S o, _ 0

The results are presented in Table 2. All cocfficients have the thcoretically expecied
sign, and the restriction is uniformly accepled, as is indicated by the p-value. Noi
surprisingly, the implicd & does not differ significanlly [rom the previous cstimales,
The R, however, is substantially reduced. The implication is that (he preseat Rebelo
model explaing much less of the observed cross-country variance in aulput (per capita)
than the avgmented Solow model estimated by Mankiw et al. (1992). Tha: does not
nccessarily mean, however, that the Rebelo modet is Jess plausible. Although a ¢ross
section R in the ran ge of 0.15 is a clear indication that something important is missing,
this is not a surprising result because in the Rebelo model, cownry characicristics
determine long-run growth rates and the cross-country distribution of output. Theretore,
a large fraction of the observed variance will remain unexplained or be auributed to
randem shocks as long as country specitic characieristics are ignored by simple
specifications like equation (19). Put differently, a cross section ® in the range of 0.8
as in ManKiw et al. (1992), for a mode! of similar simplicity, is not necessanly a sign of
success. In the end, the conflict between the two inlerpretations of (he cross seclion
data, either in favor of the augmented Solow model based on flow data tor a proxy of
human capital, or in faver of the Rebelo model based on stock data for a proxy of
human capital, can not be solved on the basis of the highest R Yet some insight can be
gained from formulating and testing alicrnative versions of the augmented Solow and
the Rebelo model.

Alternarive Specificarions

Again starting from cquation (1) with the restrictions @+y =1 and §=0, it can be
shown that



H=5,A KEHY ~6 H, Qcn
which cun be used o derive log specifications similar to equations (19) and (20):

lnY,=c+if—r Ins, +InK” and 2

InY/K =f+|~§;lns;,. {23)

Similarly, for the augmented Solow model with constant retums to scafe {g+ S+y =1}
equation (%) reduces (o

1#{1-a-¥)

K= Al [.v,"—r s {ne 5)_I] o)

Solving for s, , and inserting into equation (12), gives specificalions which are
aliernatives to those used by Mankiw et al (1992):

- 4 _ Y [24 L
lny=c+ = lns, T_—?Irl(r:+¢5)+-l—_;j;lnk and (24)

In_y=c+if—r[lns,,-ln(n+6)]+%lnk' ' (25

as the reswricted version.

As compared to the previous formulations, these specifications reverse the stock and
Now variables on the righi-hand-side: Here, the flow data provided by Mankiw ¢t al.
(1992) are used to proxy humen capital, and stock data are used to proxy physical
capital. From a theoretical point of view, it should be possible o repticate the estimates
for & and ¥, both for the augmented Solew and for the Rebelo model. I the resubis
dilTer, however, it may be possible to speculate abunl the plausibility of the Now data-
or the stock da-proxy for human capiial, given thar all other variables are correctly
measured.

The data for the stock of physical capital K™ (in 1985) are also taken from Summers,
Heston (1991). These data are available for most OECE countries and a small number
of developing countrics. Thereflore, estimavion of equations (22) to (25) is only possible
for relatively small sample sizes. To check the overall stability of the estimates with
rcspccl‘lu the dats on the stock of fixed capilal, 1 consider a subsample "A and B
countries only”, This subsample consists of countries which were given the highest
quality levels by Summers and Heston (1991), The estimation resulls for cquations
(223, {23), {24}, and (25) are presented in Tables 3 and 4, respectively: as belore, the
upper part of the whles gives the results for the unrestricted models, The disturbing
finding is the megarive coctficient on Ins, |, the proxy for the investment in human
capital that was used by Mankiw et al. (1992). Taken al [ace value, the implication for



the Rebele model is that investment in human capilal seems to reduce the productivily
af physical capital; {or the augmented Solow model, the estimated negative coelficient
on Ins, is statistically insignificant for all cases, implying no impact of human capital
investments on the level of per capita outpaul.

Yel one has to consider thal the proxy for invesiment in human <apital used by Mankiw
et al. (1992) only relies on the {raction of the working age population that is in
secondary school enrollment. With rising incomes, and a rising stock of phystcal
capital, this fraction may indecd decline because the fraction of the working age
pupulation that is in feriary sehool enrallment increases. Hence it can be argued that a
more general proxy for investmend in human capital would be positively comelated with
the stock of physical capilal. Le., the Mankiw et al. {1992) resulis in favor of the
awgmenied Solow model can be crivicized for using a proxy for investment in human
capital that is likely to be biased because il ignores possible substitution beiween second
and third level schoeling in the course of economic development The proxics for the
siock of human capital vsed in this paper include all levels of schooting and are,
therefore, immune to this kind of bias, Following (his argument, the Rebelo model
seems to provide a betier summary ol cross-couniry data on outpul, the labor force, and
physical and human capital than the augmented Solow model. This interpretation is at
least partly confirmed by the results for the aliemative augmented Solow model
presented in Table 4: For the larger samples, the coefficient on Ink equals 0.¥; vsing
equation {24), and a profit share {¢) of 0.3, this gives a value for ¥ in the range of 0.6.
This is preity close to the results presented in Table 1 and 2, and almast twice as high as
estimatcd by Mankiw et al. (1942).

Fusther suppoet for the usefulness of the Rebelo medel comes from rather diverse
strands of the recent empirical lierature which esiablish a number of stylized facts
consistent with the resuits presented in this paper. First, the finding of aggregate
constant returns to scale is confirmed by Backus et al. (1991), who find no significant
scale effects in the growth of output per capita; Heltiwell, Chung (1992} report slight
economics of scale among the industrial countrics which are, however, only one
seventh as large s suggested by the example cilculitions reported by Lucas (198%).
Second, the finding of diminishing returns 10 human capitat alone is confirmed by
indcpendent evidence for the returns 1o invesiment in education.® Third, the estimated
distributional share of physical capital is about the size estimated by the waditional
growth accounting framework.? Fourth, the empirically robust positive corrclation

4 For a receat summary, see Psacharopoulos {1993),
TFor a summary, see Maddison {14987),
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between the rate of investment in physical capital and the growth rate!? is predicted by
the Rebelo model. Other models of economic growth cannol easily account for this
broad spectrum of empirical facts. E.g., Lucas (1988) and Romer (1986} postulate non-
diminishing rewms 10 human capital accomulation; Romer {1987} postulates a
production elasticity for physical capital higher than its distributional share; and 1he
augmented Solow model {Mankiw ct al., 1992} is only compatible with a comelation
between investment in physical capital and (he prowth rate for large and persistent
devialions from the sieady state.

4. Investment and Growth in the Rebelo Moded

Many recently developed endogenous-growth models rely on the existence of aggregate
economics of scale, While the empirical evidence presenied in this paper does nol
support the existence of aggregate economics of scale, it does not reject endogenous-
growih theory in gencral. The findings in favor of the Rebelo model highlight the
dominant role of factors that can be accumulated for an explanation of cconomic
growth, and point to the possible irrelevance of faclors that cannot be accumulaied. The
difference with respect to the (augmented) Solow model is that in the Rebelo model,
changes in the invesiment of physical and human capital have perinanenr effects on the
growth rate. Hence the Rebelo model allows for persistent intemnational differences in
per capita incomes without taking regress 1o international difference in technologics and
preferences. Such a setting implies that economic policy has a larger role to play: E.g.,
output Josses due o an inappropriate economic policy or due (o lerms of trade shocks
will not be balanced in the long run, as they are in the Solow model. Put differently, the
Rebelo model does not exhibit a endency 10 return o a previous "sieady state” afler an
cxternal shock, a iendency which is labelled conditional convergence in the
(augmented) Solow model.

This conceplional difference between the 1wo models is of minor practical relevance for
economic policy if the speed of adjustment towards the sieady state is rather low. E.z.,
wilh a halfway time of approximalely 35 years for a return 1o the sicady stawe afier an
exogenous shock,!! the differences between the models with respect (o the impact of
changes in investment on the growth rale almost diminish, but become more
pronounced with a high speed of adjusiment. Recent evidence for the augmented Solow
madel based on the Mankiw et al. data for invesiment in human capital (Knight et al,,
1992), but allowing lor country specilic eflects by means of panel dawa estimation,
indicates a speed of convergence which is as twice as high. The implication is that the

10 For time series evidence, see De Long {1991}, for cross-couniry evidence, see Kormendi, Mepuire
(1985). Levine, Renelt (1992), and Levine, Zervos (1993),
H For supponing empirical evidence, see Barro, Sala-i-Martin (1991, 1992} and Mankiw et al, (1992).
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long-run impact of changes in investments on the growth rate is substantially reduced
for this kind of model.

For the Rebele model estimated in the previous section, the permanent impact of a
change in physical investment on the growth rate can be derived as follows. With
conslant returns o scalc and constant returns (o aggregate capiial (a+y= 1, ﬂ=0).
equadon (1) can be rewritten as

Y =AKEHI™. 26

The evohuion of K and H is given by equations (17) and (21). Dividing by X and A,
respectively, results in two expressions for the growth rales of K and A, which can be
equated lo give

Sy K

b L 27
5w H (27}
Hence the Rebelo medel of equation (26) converges to a “sicady stale™ were the ratio of
the investmenis in physical and human capital equals the ratio of the siocks in physical

and human capital.

Using equations (27) and, ¢.g., (17), the common growth rate for output, physical and
human capilal can be calculated as

. -
LIy [“* "’]ﬂ H™ -5 (28)
K ¥

Hence the growth rate (1) of the Rebelo model {26} is given by

o

p=sgs 29)

This growth rate is positive as long as net invesunents in aggregale capital are higher
than the growth of the labor force.)? The impact of an increase in investment in
physical capital on the growth rate is given by

%:Aa(sﬁlq)'_a=Aa{H!K}l'a=a!{K!Y}. (30}
With a profit share of about 0.3, and an approximate physical capital output ratio of 3
(the approximatc average for, ¢.g., the United States and Germany), the Rebelo model
(26) predicts that an increase in the rate of physical investment by 1 percentage point

permanently increases the growth rate by 0.1 percentage poinis.

12 For a graphical exposition, see Sala-i-Martin (1990).
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For:the impact of human capital investment on the growth rate, a similar prediction
cannot be made since al present only imcrnationally comparable proxfes for the stock of
human capital exist. Following Davies and Whalley (1989}, however, who review the
empirical literature and suggest that (he stock of human capital is about three times as
large as the stock of physical capital, the Rebelo model (26} predicts that the impact of
an increase in the investment rate of human capital on the growth rale is somewhal
smalfer, because

j" =(l—a) (H17Y), (31)
.‘&

5. Conclusion

Recent developments in the theory of economic growth provide a large number of
competing cadogenous-growth models. Many of (hese new models poswlale the
cxistence of apgregate economies of scale, and many stress the importance of hirman
capital accumulation for an explanation of economic growth. Contrary 1o the theoretical
developments, Mankiw et al. {1992) demonstrate that a human capital augmented
Solow model seems to explain a large fraction of the observed vartance in cross-country
per capita output,

This paper shows thal the Mankiw et al. (1992} resulis are not robust with respect (o the
proxy for human capital. Using two recently developed cross-country data series for the
average years of schooling as a proxy for the stock of human capital, and a gencral
production function lramewoek which allows for increasing relurns 1o scale, the Rebelo
model is found w0 be censistent with dhe data. The estimation of alternative
specifications reveals that the human capital proxy vsed by Mankiw el al. {1992} may
sulfer from a systematic bias. Therefore, the Rebelo model cannot easily be dismissed
despite Lhe relatively small fraclion of the observed variance in cross-couniry oulput
that is explained, especially becavse it is consistent with a number of siylized empirical
facts established by rather diverse sirands of the literature.

The results in favor of the Rebelo model do not supporl the existence of agpregate
economics of scale, neither o the accumulation of physical capilal as suggested by
Romer (1987}, nor to the accumulation of human capital as suggesied by Lucas (1988).
But due (o the propenty of constant returns to aggregale capital, the Rebelo model is an
endugenous-growth model. The policy implication derived from cndogenous-growth
models is that changes in investment in physical and human capital have a permancnt
impact on the growth rate. For rcasonable parameterizations, the Rebelo model predicts
a (.1 percentage point increase in the growth rate as a result of a one percentage poind
increase in the rate of investment in physical capilal. Teniative back-of-the-envelope
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calculations siggest somewhal larger effects on the growth rate for a change in the rate
of investimen! in physical capilal than for a change in the rate of investment in human
capital,

Funare research should be directed at incorporating the apparently large cross-country
variance in e.g., tax policies, education policics, political stability, and population
growth. In contrast 1o Mankiw et al. (1992), 1 expect that the Rebelo model will provide
a good swarting point for understanding how (hese determinants influence a country's
level of per capita outpul.
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Figure 1 — The Cross—Country Dispersion of Economic Growth, 19601990
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Figure 2 — The Cross—Country Dispersion of Output per Capita, 1990 °
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“Tabe | - Estummisn of the General Miodel

frepesdend vamiable: T G i 1985

Sample: PWT 5
All countrics “I3" countrics excluded
Observations: goa 4sb f2i agh
{lonstant 6.00 f.55 Tt 575
(.om [IREY (1.1%) (.1%
s, 0.22 (.40 037 0.13
{0.13) 0.18) {0.21) (0.23)
In{rn+ &) 070 .69 .52 o4
).34) {0.35) 0.35) (034)
Inh 1.0 0.93 1.03 119
(011} 015 n.1n (0.13)
InL 0.97 0.94. Q.05 0.95
0.04) {0.05) 0.0 (0.0
s 0.90 92 090 094
se.e 0.55 042 048 0.37
Restncted regression:
Constant 7.40 738 744 6.3
{0.39 (0.49) {044} {0.50}
Ins; ~ In(n+ &) 0.2% 0.47 0.42 0.30
- (0.12) @.16) ©.16) (0.13)
Ini 101 1R ] 1.03 1.21
.11y (0.15) {017 {018}
IntL 098 .95 095 0.96
LUR{CY] ©.05) 0.04) (0.4}
s 0.89 092 0.90 494
s.e.c. 135 0.42 048 0.37
E-Test Statistic 1.74 1).52 .11 1.36
p-value 0.19 0.47 0.74 0.25
ymplicd o 0.22 032 0.29 023
(0.08) G0N (0.08) (0.10)
implied B -0.02 Q.01 0.06 0.19
{010} [LINR ) {0.13; £ 16)
implicd ¥ 0.78 .64 n73 093
.15 0.16) 019 (0.25)
devialion from constanl 4102 .05 A5 .04
retumns e scale {0,040} (005} {0.04) {0.04)
deviation from constant 0.006 0.04 0.02 0.16
reRurns 1o capical {0.05) 0.10) (0.12) (0.16}

Note: Standard errors in parentheses. - 8 {average years of schooling) taken from Bamo, Lee (1993). -
by (average years of schooling) laken from Psacharopoulos, Asriagada (1962).




Table 2 - Estimation of the Rebelo Modk]

Dependent variable: In GDI® in 1985

Sample; PWT 5
AH countries “I¥" countries excluded
Observations: 892 st 622 3gh
Constanl 8.14 8.67 8.47 8.24
0.49) {0.58) “r.58) (0.58)
Ins, 029 0.50 0355 0,53
.10 {14) 017 i0.18)
loh +InL 0.99 (.06 097 1.0
(0.04) . (0.05) (0.04) (£2.05)
S 0.9 o 0.90 093
S .56 0.44 .49 40
Restricied regression:
Dependent variable: In GDP per human capital in 1985
Constant 8.05 823 5.49 829
(.19 029 (Q.28) @29
In 5, 0.28 0.43 .52 0.53
©0.10) 0.14) ®.16) 0.18)
7 0.07 .20 .13 0.17
LY .56 .43 ' 048 0.3
F-Test Statistic 0.03 0.70 0.57 0.08
p-value 0.85 04] 0.45 0.78
implied o 0.22 0.33 034 0.35
©.06) {0.06) {09 ©.08)
Note: Standard errocs in g th - A1 (average years of schooling) taken from Barro, Lee {1993). -

by (average years of schooling) tken from Psacharopoulos, Amiagada (1992).
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Table 3 - Estimation of an Aliernative Rehelo Model

Dependent variable: In GIMY in 1985

Sample: PWT 5

AlL comtrics "A" and "I conmtrics only
Ohscrvations: bl 19
Cunstant .16 -1.14
{098} (1.34)
las,, 0.54 -0.52
@15 {0.41)
Ink+1Ini 093 (198
(0.4} (0.04)
7 0.96 0.96
s 0.28 0.26
Restricted regression: '
Dependent variable: In GDP per physical capital in 1985
Conzstant -1.83 -1.53
{0.39) {0.95}
Ins, .69 .53
(PR E)) #3.40)
7 0,50 0.04
see. 0.29 0.26

Note: Standard emors in parenthesés; $; (percentage of the labor force in secondary school) taken from

Manikiw e af. {1992).
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Table 4 - Estimation of an Allemative Augmented Solow Mode)

Dependent variable: In GDP per worker in [985

Sample: PWT S
All conmitries "A" and "B" countries only
Observitlions: 2% 19
Conslant 236 112
(0.99) {2.04)
Ing, 0.19 042
{0.16) (3.43)
In(a+8) 0.30 021
{0.29) ((1.38)
nk .80 057
{0.08) {0640
Iy 092 0.39
s.8.8. 023 023
Restricted regression:
Conslunt 2.09 kN
(0.66) {1.64)
Ing, - In{r + 8} -0.21 0.29
(0.15) (0.34)
Ink 0.7% 0.64
(0.08} (017}
3 0.93 042
ste 022 0.22

Note: Standard errors in parentheses; 5, (percentage of the labor force in secondary schoolb) taken from

Mankiw et al. {1992).




Appendix .

Couniry Quaty ratlng  Real GDP won:hg age Giowth rals Averogs yeors of schooling Averageresd  Realcapial
o Ruahon, uta‘illon gross domasiic stocl
age 5 BSUNEnl, pet warkad,
Sehas 195065 1965
BL. 1985 (% o 100l GDP) (1945 Intar.
Ralional prices)
Algeria D 26 2n 42 1983 a7 R
Benin [v23 24 0.95 B . 3.6 R
Batewana C az 259 42 1984 238 .
Cameromn c- 24 2.20 R . 0} .
Cenlral Atrien. Rep. D 17 128 . a5 -
Con v 4 34 . . 4.5 .
Egypt [ 25 iz 24 1986 62 .
Elnopia [ 3 . [ 1] 1984 47 R
Ghana 1] 23 ) - . T8 -
Kenya [ 34 280 as 1980 145 1.300
Literia [+] 3.0 168 . - 5 .
Matawi (3 24 .23 . 126
Mak O 2 0.79 . . 6.3
Mauritns [ 26 456 . - 18
] c- 25 . 29 1086 [ X
Mozamiwque 1] T 099 12 1980 128
Higar o 26 0.55 . . 13
Fwanda D+ 28 1.3 - 4
Sanegal - 23 242 ) 7.
Shemz Loone D+ 16 172 - 2.
South C- 23 493 . 6.
Sodan o 2B an . 1,
Tanzania [ 29 220 - 193
o] 25 2.08 . . 1648
Timisla C- 24 250 48 1985 156
Uganda 1} A 158 . - 4]
Zaire 1] 24 224 4.2
Zambla [»23 27 3¢ R - 30. B
Zimbabwe G- 2h 255 - N 18, 1497
Canada A 29 1037 124 1867 prd 394
Costa Rica C a5 535 . . T4 .
Deminkan Rap. [ 24 435 R 14 5.204
E) Sedvadar c 33 352 . . 7 .
Guat L} al .50 . - BE 3z
Hadi 2] 1.2 .64 1.6 1982 6.5 .
Honduras c 31 158 45 1983 13.4
Jamgica C 16 4.7 . R 2
Menico [+ 33 409 R 201
Micaragua D a3 313 i 184
rama G 3.0 &1 . . 25) .
Trinidad & Tobags c 19 5.50 65 1900 19 i
Usa A 1.78 130 1988 17 a1.041
Argenting G .61 . - 12 10,141
Balvia < : 4328 . 177 .
Beazh C- 2! 349 64 1640 01 .
Chila [ 2. 5,23 LR} 1081 134 7.768
Colombia C X 4.55 B . 175 H,168
gmdcr g § fg; &5 a2 253 .
al a i . - 111
o £ 2. 574 ro 1581 180
G- Q. 558 . . 159
Wonazuata c 3 337 R . 167
Afghanklan o 1, 0aT . N 64
Bangladash C- 21 204 24 1981 59
Brrma{ My anmiar) 5] 1 2.4 1%} . 16 .
Hong Kong B 30 7.51 91 1980 312 ;
Inda [+ 24 A58 1.9 1981 168 1.519
Indenesa C . 1. 356 =4 1988 175 .
Istaal B k 2 930 1.3 1983 272 20095
Japan A 3 1. [ L) - - ) I 45,334
Jordan #] el 2, 404 3.9 1847 164 .
Korea. Rep. of B- 3 2 785 8.0 1580 243 14,520
Malaysia c 3 a 5.02 1.0 1606 204 .

1 D+ . 2 062 R . 9.9 .
Fakisian C- . A 182 - - 1654 .
Philippings [ 0.4 J 650 70 500 19,7 2,542

apora C 1.26 2. 463 . . .2 R
SoiLanka C- 540 24 S48 45 1961 20 .
Synia [ 1.596 30 396 . . 169 .
Taiwan D- e 30 100 50 1988 29 B
Thalang <- 26657 B3} 487 . N 15.0 2792

siria A- 3504 G4 .79 129 1987 272 27,320
Bekyiem A 4002 (2] 11 105 1986 2 41964
Denimank A 2784 X3 .38 £} 15 284 29059
Fnland A 2488 'R .Gl 5 1980 T 44 6T
France A 24639 19 R §2 1982 %1 IT D
Fod, Rep. A 20403 G5 61 A 1962 72 600
Graece A 3780 o7 HEd k] s 253 15,305
Iretang A 1357 11 784 - . 258 23,404
Haly A 22.762 05 .78 192 1ar 282 250
Neiharands A 5851 14 69 10 1907 245 .
Horway A- 203 o 31 11¢ 1047 330 48175
Porlugal A 4.563 08 .70 3 1997 237 .
Spadn A 13725 10 .58 10.4 19ar 2.5 25114
Swaden A 4237 0.4 333 124 1947 29 24498
Switzarland B+ 3173 08 48 LA 1986 298 .
Tm c 21 384 23 .18 - . 208 .
Ui Kirngdom A 2742 03 E1 122 1087 150 21,633
Austraita A 7364 29 .22 123 1987 285 26406
Hew Foatand A- 1456 17 1.2 17 1581 218 R
Papua Mgw Guinea [a] 1605 21 1.8 - . 2

Source: Bamy, Lee (1993}, Mankiw e 2, {1992). Psacharopoules, Artiagads {19927); Summers, Heston (1961}



