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Abstract

Why have some countries done so much better than others over the recent past? In
order to shed new light on this issue, this paper provides a decomposition of the chaegn
the distribution of output{per{worker across countries over the period 1960{98. The main
nding of the paper is that most of the change in shape of the world distribution of income
between 1960{1998 can be accounted for by a very substantial and previously unregoized
change in the parameters driving the growth process. In particular, we show thatthe role
of capital deepening forces { that is the role of investment rates and population gowth
in a ecting output { increased dramatically over the period 1978-98 versus 1960-8, and
that this increase can account for almost all the observed changes in the world disbution.

In contrast, we do not nd any signi cant e ects coming through non{linear convergence
mechanisms or increased importance of education; both of which have played prominen
roles in recent discussion of economic performance. Our results therefore highlighbat the
period 1978-98 was particularly advantageous to countries which stronglyfavored capital
accumulation, and hence suggests that research aimed at understanding recent di erences in
economic performances across countries needs to focus on explaining why the social retr

to physical capital accumulation where abnormally high over the period 1978-98
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Introduction

Over the period 1960 to 1998, the shape of the distribution obutput per worker (and output per
capita) across countries has changed considerably. As digssed in Quah [1997] and Jones [1997]
among others, in 1960 this distribution was clearly uni{modal and close to log{normal. However,
over time, the middle of the distribution hollowed{out quit e substantially, as mass moved away
from the mean of the distribution and the interquartile rang e increased. This process | which
is closely related to what Quah named thetwin{peaks phenomenon | is the object of study of
this paper.:2 The approach we adopt in the paper is to decompose the obserdechanges in the
world distribution of output per worker over the period 1960{1998 into three main components:
() changes in the distribution of driving forces that a ect growth across countries,(ii) changes
in the importance of these driving forces and(iii) changes in the distribution of residual or
unobservable factors a ecting growth2 We believe that providing such a decomposition will
help orient research interested in the international distribution of income in the same manner
that within{country decompositions of wage distributions have helped direct recent research in
labor economics.

The rst observation we make, which thereafter in uences our approach to the data, is that
the changing world distribution of income is clearly noticeable among non{sub{Saharan African
(NSSA hereafter) countries* This observation is of interest since it immediately eliminates the
possibility that the changes in the world distribution of in come is driven exclusively by the
poor growth performances of the sub{Saharan African counties. We therefore nd it useful to
rst focus on understanding the changes in the distribution of output per worker across NSSA
countries before tackling the whole distribution. The secmd important observation we make is
that the hollowing{out of the middle of the output per worker distribution (at least for NSSA
countries) essentially began around 1978. In e ect, beforel978 this process was not at all
apparent among NSSA countries. This leads us to pose the quisn: what di erences between
the period 1960{1978 and 1978{1998 can account for the obserd changes in the shape of the
world distribution of output per worker?

The main nding of the paper is that most of the change in shapeof the distribution of output
per worker in NSSA countries between 1960{1978 versus 1978998 can be accounted for by

1 Throughout the paper we will refer to the world distribution of output  as the distribution of output across
countries, and not the distribution of income across individuals around the world. The later distribution has
recently been studied by Salaf{i{Martin [2002].

2From a world welfare point of view, what is most important is the distrib ution of income across individual
not that across countries. However, it is well known that country spe ci ¢ factors are a very important component
for predicting individual outcomes. For example, a similarly educat ed worker likely earns much more in the US
than in Bangladesh. Hence, the object of study in this paper can be seenas trying to better understand one
component in individual level outcomes: country specic e ects.

30ur approach builds on the labor literature that studies changes in the d istribution of wages (see e.g. Juhn,
Murphy and Pierce [1993]).

4Our use of the term sub Saharan actually refers to countries neither in northern nor southern regions of
Africa.



changes in the importance of two factors associated with cdafal deepening, that is, increases
in the impact of the rate of investment in physical capital (or the savings rate) and the rate of
population growth on output per worker. Indeed, our estimates indicate that the importance of

these factors increased by a magnitude of about 3 (!) within he 1960{1998 period. In contrast,
we do not nd that changes in the distribution of investment r ates, rates of labor force growth,
school enrolment rates or residual factors have played muclof a role. Similarly, we do not

nd any signi cant e ects coming through non{linear conver gence mechanisms, institutions, or
increased importance of schooling. As we will show, this redt extends to the case where we
include all African countries. The only additional factor t hat appears important when including

all African countries in our study is the poor residual draws experienced by sub Saharan African
countries in the early period of our study, that is the period 1960{78.

The remainder of the paper is organized as follows. In sectiol, we document changes in the
distribution of output per worker across NSSA countries betveen 1960 and 1998. In section
2, we present our method of decomposing change in the distriiion of output per worker into
changes due to observable and unobservable factors. Secti® focuses on the stability of the
growth process over the period since it is hecessary step prito implementing the decomposition.
Section 4 implements this decomposition on our sample of NFScountries. Our main nding
that the changes in importance of two factors | the investmen t rate and labor force growth |
can account for most of the change in the shape of the distribtion. In section 5, we introduce
sub{saharan Africa countries into our sample show that a vey similar conclusion emerges.
Finally, in section 6 we discuss a set of issues that help re a the set of possible explanations
that lay behind this process.

1 Changes in Distribution 1960-98

This section describes the changes in the distribution of otput per worker in the set of NSSA
countries available in the World{Penn Table 6.0 over the peiod 1960 to 1998. The list of
countries composing our sample is given in appendix A.3:® The measure of output used is
real GDP evaluated at constant world prices’ and the denominator in our output per worker
measure is the number of individuals aged between 15 and 4.

SWe included in our sample all countries that did not have missing data for more that two years between 1960
and 1998. This gave us a sample of 75 countries, with 69 countries having no nissing data, and 6 countries with
at most two years of missing data. For these 6 countries, the missing data was linearly interpolated. All our
results are robust to excluding these 6 countries from the sample.

5See appendix A for greater details on the data.

"There are several measures of real GDP in the World Penn Tables. Our analysis is robust to the use of these
di erent measures.

81t would be preferable to have a more precise measure of the number ofworkers, but this is not available for
a su ciently wide set of countries. For OECD countries, we have ex amined the potential biases induced by not
taking into account di erences across countries in participation rate s. We found that using a direct measure of
number of workers for OECD countries provides even stronger evidence in favor of the main claim of the paper
than that found using population data (see Beaudry and Collard [2002]).



Figure 1 reports the distribution of (log) output per worker across the set of NSSA countries
in 1960 and 1998. The plotted distributions are kernel densy estimates based on a Gaussian
kernel® Both distributions are expressed as deviations from the gien year's mean in order
to emphasize changes in the shape of the distribution. It shold be noted that the actual
distribution shifted substantially to the right from 1960 t o 1998. In fact, the average output
per worker increased by 134% between 1960 and 1998 for thists# 75 countries, implying an
average annualized rate of growth of 2.27%. Figure 1 also repts the points in the distribution
associated with the interquartile ranges in 1960 and 1998° As noted in the introduction, we
begin our exploration by focussing on the set on NSSA countds and leave the analysis of the
whole sample until section 5} The advantage of adopting this approach will become clear Ier.

The distributions in Figure 1 display several prominent feaures. First, the shape of the distribu-
tion changed considerably from 1960 to 1998. In particularthe distribution of 1960 (log{)output
per worker was uni{modal and, apart from thick tails, was close to normal. As time has passed,
mass has shifted away from the centre towards two new modesedding to a bi{modal distribu-
tion in the late nineties. This observation corresponds to the so{calledtwin{peaks phenomenon
documented in Quah [1993] and Jones [1997]. However, morecaently Kremer, Onatski and
Stock [2001] have questioned the robustness of characteirigy the latter distribution as having
twin peaks. In accordance with this view, we now turn to charecterizing two features of the data
which provide a more robust description of how the distribution has changed over the period
1960 to 1998. These relate to changes in the interquartile r@ge and changes in mass near the
middle of the distribution.

As can also be seen from Figure 1, the change in the distributin takes the form of a widening
of the interquatrtile range. Indeed, the interquartile range expanded quite substantially between
1960 and 1998. This movement is documented in Table 1 which ports the interquantile range
of the distribution in 1960, 1978 and 1998 and the changes thaook place over each sub{period.
As can be seen in the table entries, the interquartile rangericreased by about 26.5% over the
period. This widening is also found at other decile-ranges dafhe distribution, for example at the
20{80, 30{70 and 40{60 percentile di erences. However, the5{95 percentile di erence declined
over the same period, indicating there was actually inward novement in the tails at the same
time as the widening of the interquartile range?

Since a widening of an inter-quartile range can arise in many iderent forms, it is useful look

at how the fraction of countries lying within a given window around the mean changed over
time. For example, let us take a window of 50% (.e. 0.5 log{points) around the mean and
examine the fraction of countries within that band in 1960 versus 1998 Table 2 reports these

®Details can be found in appendix B.

0The points of the interquartile range are calculated from the raw data and not from the kernel estimates of
the density function.

1 The expositional gains achieved by this approach will become clear in Sedion 4.

2 Accordingly, the variance of the distribution only increased marginall y over the period.

13This amounts to compute the mass of countries lying within the band [ y, ; ¥, + ] where determines



Figure 1: Across-Country Income Distribution: 1960{1998
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the interquartile range.

Table 1: Changes in the interquantile ranges

Ranges Changes
1960 1978 1998 1960{1978 1978{1998 1960{1998
05{95 2.6340 2.5252 2.2923 -0.1087 -0.2329 -0.3416
10{90 2.2697 2.0666 1.9051 -0.2030 -0.1615 -0.3646
15{85 1.7623 1.3964 1.8404 -0.3659 0.4440 0.0782
20{80 1.3857 1.2781 1.5925 -0.1076 0.3144 0.2068
25{75 1.0570 0.9465 1.3223 -0.1104 0.3758 0.2653
30{70 0.8704 0.8513 1.0674 -0.0190 0.2161 0.1971
35{65 0.6043 0.5966 0.8204 -0.0077 0.2238 0.2161
40{60 0.3380 0.3835 0.4861 0.0456 0.1026 0.1481




numbers. In 1960, 49% of countries fell into the 0.5 log{points window, while in 1998 only

39% of countries fell within the same window. The phenomenoris also apparent if we examine a
window of 0.7 log{points around the mean, as the mass of countries lyig within this band was

61% in 1960 and only 49% in 1998. These numbers | when taken togther with the percentile

di erences | indicate a widening process that has taken place around the interquartile range

and corresponds to a hollowing out of the middle of the distrbution with mass moving towards

two modes, but without a fattening of the tails.

Table 2: Mass around the mean

Mass round the mean Changes

60 78 98 60{78 78{98  60{98
0.50 49.333 46.667 38.667 -2.667 -8.000 -10.667
0.60 54.667 58.667 44.000 4.000 -14.667 -10.667
0.70 61.333 66.667 49.333 5.333 -17.333 -12.000
0.80 65.333 73.333 60.000 8.000 -13.333 -5.333
0.90 70.667 78.667 73.333 8.000 -5.333  2.667
1.00 78.667 81.333 78.667 2.667 -2.667  0.000

The second issue we want to examine is the timing of this holling{out process. Panels (a) and

Figure 2: Distributional Dynamics
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(b) of Figure 2 plot, respectively, key movements in percenie di erences and our mass around
the mean statistics for the entire period 1960 to 1998. From pnel (a), one can see that the
20{80 percentile di erence, the interquartile range and the 30{70 percentile di erences were all
rather stable through the sixties and much of the seventies bt that somewhere around 1978 all
three began to rise sharply. The interquartile range, for example, actually declined by about
11% from 1960 to 1978 but increased by almost 40% between 19@8d 1998. For easy reference,
Table 1 reports the actual levels of these on other percent ranges for the years 1960, 1978
and 1998. Thus, Figure 2 suggests that the particular widenig of the distribution observed in

the width of the window.



Figure 1 has arisen only since 1978.

The notion that there was an important change starting around 1978 is reinforced in panel (b)
where we plot the time series for the fraction of countries lyng within a given window around
the mean. We report information corresponding to windows of 0.6, 0.7, and 0.8 log{point
around the mean. The actual values for these windows for the gars 1960, 1978 and 1998 are
given in Table 2. Just like the percentile di erences in pané (a), the mass around the mean
was rather stable up until the late seventies (1978), then itfell sharply over the eighties and
the nineties. Overall, these gures indicate that the main changes observed in Figure 1{ which

Figure 3: output per worker Distribution:1960{1978
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we will refer loosely as the twin peak phenomena{ has arisen ainly since 1978. This pattern
is conrmed in 3, where we plot the 1978 output per worker distribution along with the 1960
distribution. The gure shows the interquartile range had actually reduced over this period and
there was not yet any hollowing out of the middle of the distribution. 4

2 A framework for decomposing changes in the cross-country
distribution of output per worker

The object of this section is to present a simple framework fo assessing the importance of
di erent factors in explaining the observed changes in the verld distribution of output per

1t should be noted that a twin{peaks phenomenon is even more pronounced when we look at output per capita
rather that output per worker. However, the distribution of output p er capita di ers from that of output per
worker in that it shows widening not only in the middle of the distri bution but also in the tails. Consumption{
per{capita presents a similar pattern, but with less bi{modality. (graphs are available from the authors upon
request)



worker. Our strategy, which is quite standard!®, is to provide a decomposition of the changes in
the distribution that emphasizes three main factors: (i) changes in the distributions of observable
factors a ecting growth, (ii) changes in the importance of these observable factors, anii)
changes due to residual or unobserved factors. To this endet us start with the identity given

in equation (1), whereby a country's log{level of output per worker in 1998, denotedy’ is
expressed as the logflevel of output in 1960 y®°) plus the sum of its growth rate between
1960{1978 G ®) and its growth rate between (G/® %8). We explicitly choose to decompose
the growth rate over the entire period into growth between 1%60{1978 and 1978{1998 based on
our discussion in the previous section suggesting 1978 asdldate after which the twin peak
phenomena started to emerge.

yi98 — yi60+ G|60 78+ G|78 98 _ yi60+ 18 g|60 78+ 20 g|78 98 (1)

In equation (1), gf is the annual rate of growth of output in country i over the sample period
j=160{78,78{98y. The growth rates for each of the sub-periods can then be expssed, as in the
standard growth regression literature, as the sum of a forcef convergence related to initial levels
of income{per{worker plus the e ects of a set of country spegc variables X; which potentially
explain growth.

60 78 _ 60 78, 60 78,60 60 78 60 78 , w60 78
O = 0 + oy Y X X o 2
78 98 _ 78 98, 78 98,78 78 98 78 98 , u78 98
G = 0 + oy Y X X o (3)

In the above two equations, { denotes the component of growth that is accounted for by
unobservable forces, with the distribution of these residals being allowed to change over time.

In such a framework, changes in the distribution ofy% relative to y®° come through the two
growth rate equations. Given the reference date of 1978, amieresting question to pose is
what changed in the period 1978-1998 versus 1960-1978 to brirgpout a distribution which
is biimodal and which has a wider inter-quartile range? This cange between period can be
allocated to four sources: (i) changes in the distribution of the driving variables (i.e. changes
in the distribution of the X's and yy between 1960-78 versus 1978-98Jji) changes in the
magnitudes of the 's, (iii) changes in the distribution of unobservable forces andiv) a residual
category which corresponds to that continuation of the (minor) dynamic process observed over
the 1960{1978 period. In light of this decomposition, we careasily build counterfactual income
distributions for 1998 which control for one or more of thesedi erent e ects.

As an example of this approach, consider evaluating the e ets due to changes in the distribution

of the X's. To do this, we can construct a counterfactual growth ratefor the second period, say
giX, which uses the distribution of X's observed over the rst period (1960{78) to replace the
actual X 's observed in the second period. This counterfactual growt rate is then given by

X — 78 98 78 98,,78 60 78 78 98 , =78 98
g = o + oy Y+ X, X 0 (4)
15 Our approach is closely related to that used in the labour literature for decomposing changes in the distribution
of individual outcomes such as wages. For an example see Juhn et al. [1993]. Hoever, because of the dynamic
aspect of our problem, certain new issues arise.




Using the de nition of the rate of growth, we can build a counterfactual distribution of y,
denotedy* as follows

y© = y/®+20 of

— yi78 +20 88 98 4 ;8 98yi78+ XiGO 78 )38 98 ui78 98

— 78 78 98 78 98,,78 78 98 78 98 , w78 98 60 78 78 98y 78 98
=Y +20 0 + y Yi +Xi X + i +20 (Xi Xi ) X

— y|98 +20 (X i60 78 Xi78 98) 18 98 (5)

Likewise, the e ects of changes in the magnitude of the x on the distribution of income can be
measured by constructing the rate of growth,g, *, that controls for changes in

_ 78 98, 78 98,78, 78 98 60 78 , n78 98
g = o Tt y Y X X + (6)

similar calculations as in system (5) yields
yi X = yi98+ 20 xi73 98( )?0 78 Z8 98) (7)

In the same fashion, changes in either the distribution of tte yg's, the speed of convergence or
in the distribution of unobservables can be accounted for bycomputing the appropriate rates of
growth (g/°, g’ and g respectively) and the implied counterfactual income distibutions (y°,

y;” andy;) as follows161’

iyo — 38 98 4 ZB 98yi60 + Xi78 98 ZS 98 4 ui78 98 (9)
g |- 58 98 4 SO 78yi78+ Xi78 98 18 98 4 "i78 98 (10)
gi" — 58 98 4 ;8 98yi78+ Xi78 98 )38 98 4 i60 78 (11)
yo = yit+20 (v ) ° % (12)
Y = yRe20 (07R 7B By (13)
Y = yPe20 (0 7E e %) (14)

Each of the counterfactualy distributions constructed according to these equations ca be used
to give an account for what the distribution of income would have been (in a partial equilibrium
sense) if one of the components had remained constant over ¢htwo periods. It should be

1®Note that if we want to account for both changes in the distribution and the coe cients at the same time,
we do not simply have to add up terms, as there exists an interaction b etween changes in the coe cients and
changes in the distribution. For instance, a measure of the e ect of an overall change in the driving forces of the
growth process (other than convergence) is obtained by building the variable

X

y, - y|98+20 (X i60 78 >£(30 78 Xi78 98 78 98) (8)

17 Our approach to decomposing a distribution implicitly assumes thatt he data satisfy the requirement of a pure
location model, that is, a mean shift in an X variable is assumed to shift the distribution but not change its shape .
Alternatively, we could adopt a less restrictive framework as made possible by quantile regression techniques.
However, a preliminary exploration along this front did not reveal any ad ditional insights and therefore we did
not pursue this line.
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noted that | because of the dynamic aspect of our problem | eve n if we simultaneously take
into account the e ects of changes in the distribution of X s, changes in the s and changes
in the distribution of the ", the resulting counterfactual will not mechanically reproduce the
distribution of either 1960 or 1978. Instead, the distribution that arises when we consider all
three of these e ects simultaneously, which we will denote a the distribution of yR, corresponds
to an outcome resulting from projecting to 1998 the dynamic pocess observed between 1960
and 1978, that is,yR = y/8+20 ¢*° 8. Hence, when we evaluate our counterfactuals, it is

interesting to compare them with the 1960 and 1978 distribuion as well as the distribution of
yR 18

Obviously, in order to implement the above decomposition, 1 is necessary to choose an appropri-
ate set of X s. Our approach to this issue will be to focus on the forces eniasized in neoclassical
growth theory (see Solow [1956]) as well as other possibilés such as e ects of education, scale
e ects and non{linear dependence to initial conditions.

3 Understanding the growth of output per worker

In order to implement the above decomposition, the rst step is to examine the stability of the
growth process over the period 1960-78 versus 1978-98. In pantlar, if the process is stable,
then changes in the s cannot account for any of the change in the distribution. To this end,
in this section we report a set of cross{country regressionselating growth in output per worker
to the initial level of output per worker and other X variables for both the period 1960-78 and
1978-1998. As discussed above, we begin by focusing on the &agth only two X variables ( (i)
the investment rate and (ii) the rate of population growth) since this will allow us to highlight
what we believe to be the major change in the growth process @v this period.’® Afterwards,
we will show how the change in importance of these two factorss robust to the inclusion of
other variables, and especially to controlling for human caital accumulation in di erent forms.

3.1 The rise in importance of accumulation forces

Table 3 reports a series of estimates for the regression of ¢haverage yearly growth in output per
worker on the initial log-level of output per worker, the average yearly growth in labor force and
the log of the average rate of investment. Estimates are repbed for both the periods 1960-78
and 1978-98, and are estimated using ordinary least square©(S) and weighted least squares
(WLS). Averages for both the regressors and regressants araken over the respective sub{
samples. In the case of WLS, two weighting schemes were usettie rst one (WLS1) weights

18|f we wanted to follow the labor literature more closely, it would be re asonable to build all our counterfactuals
starting from the distribution of y®. However, we have chosen not to do so since it render our analysis Iss
transparent. Nonetheless, we have explored this alternative base fr building counterfactuals and it produces
identical insights.

9The data used are those described in section 1 and in appendix A.
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each country according to the logarithm of its average popuhtion over the whole period, and
the second one (WLS2) uses the logarithm of average GDP. (Avages for both the regressors
and regressants are taken over the respective sub{periods)

Table 3: Growth Regressions

OLS WLS1 WLS2
60{78 78{98 60{78 78{98 60{78 78{98
Const. 0.185 0.208 0.161 0.213 0.180 0.211
(0.025) (0.026) (0.023) (0.021) (0.024) (0.025)
Yo -0.013 -0.014 -0.010 -0.015 -0.013 -0.014
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
n -0.137 -0.606 -0.118 -0.623 -0.133 -0.618
(0.164) (0.163) (0.173) (0.161) (0.162) (0.161)
i=y 0.016 0.027 0.018 0.025 0.017 0.026
(0.003) (0.004) (0.003) (0.004) (0.003) (0.004)
R? 0.36 0.52 0.43 0.62 0.40 0.56
Q(Total) 14.642 [0.002] 8.590 [0.035] 10.994 [0.012]
Q(yo) 0.033 [0.855] 2.692 [0.101] 0.424 [0.515]

Q(n;i=y) 12.021 [0.002] 8.212 [0.016] 10.263 [0.006]

Note: Standard errors in parenthesis, p{values in brackets. WLS1: Weights
correspond to the log of the country's population. WLS2: Weights corresp ond
to the log of the country's total real GDP. 75 observations.

Let us rst focus on the OLS results. The convergence paramedr | the coe cient associated to
Yo | is close to that reported by other studies (see e.g. Mankiw, Romer and Weil [1992]). More-
over, the estimates of this e ect have remained quite stableover the two sub{periods. Indeed,
the stability test of this parameter, which we denote by Q(yp) in the table, does not indicate
a rejection of stability at conventional levels (p{value=0.855)° In contrast, the estimates re-
ported in the two rst columns of Table 3 indicate that the mag nitude of the coe cients related
to the rate of growth of the labor force and the investment/output ratio have increased quite
substantially between the two sub{periods. In particular, in the rst sub-period (1960-1978), the
coe cient measuring the impact of population growth on the g rowth process was not signi cant
at the conventional 5% level and amounted to -0.137, implyingthat a negative 1% di erential
in population growth would have translated into a positive di erential in output per worker of
about 2.5% over the 18 year period. In the second sub{periodthis coe cient rose to -0.606,
implying the same negative 1% di erential in the rate of growth would have translated in a pos-
itive di erential in output per worker of about 12% over the s econd sub{period. A somewhat
similar pattern is found in the behavior of the coe cient a e cting the investment/output ratio.
Over the rst sub{period, the coe cient a ecting investmen t is 0.016 and signi cant. Over
the second sub{period, this coe cient rose to 0.027. The tes statistic, Q(n;i=y), which tests

20Note that all our stability tests are performed allowing for residuals t o be correlated within countries over
the two samples and the variances in the two samples are allowed to di er.
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the null hypothesis of stability in these two parameters acioss sub-periods, decisively rejects
stability (p{value=0.002). The restriction of the overall stability of all three coe cients (not
including the constant), which is given by Q(Total), is also clearly rejected, which thereby opens
the door to the possibility that changes in coe cients a ect ing the growth process is a potential
candidate for understanding changes in the distribution daumented in Section 2.

At this point, it is relevant to ask whether OLS estimates may be dominated by the experiences
of a subset of small countries. In order to address this issyewe report in Table 3 results
from estimation using weighted least squares (WLS) where amtries are respectively weighted
according to either their total population (log) or their to tal GDP (log). The rst striking feature
that emerges from the table is that the OLS results remain lagely unchanged by moving toward
WLS estimation, both in terms of magnitude and stability of t he coe cients. For example, the
size of the e ects of population growth on output growth process is very close to that obtained
using OLS. The coe cient is not signi cant over the rst sub{ period and becomes signi cantly
negative and large over the second sub{period. Likewise the ects of the investment rate almost
doubled between the two sub{periods and the estimates are vg close to those obtained by OLS.
Furthermore, the stability test for these two variables also leads to strong rejection. The only
noticeable exception is found in the stability test of convegence in WLS1, which now indicates
that the convergence process may have increased over the twaub{periods. This is not too
surprising given that this procedure weights the Chinese ad Indian experience more heavily,
both of which caught up rapidly over this period.

Table 4: Growth Regressions (Instrumental Variables)

Vi V2 V3
60{78 78{98 60{78 78{98 60{r8 78{98
Const. 0.147 0.203 0.155 0.202 0.149 0.204
(0.027) (0.029) (0.035 (0.032) (0.027) (0.028)
Yo -0.010 -0.014 -0.011 -0.013 -0.011 -0.014
(0.002) (0.002) (0.003) (0.003) (0.002) (0.002)
n -0.181 -0.614 -0.172 -0.616 -0.203 -0.638
(0.171) (0.164) (0.170) (0.166) (0.172) (0.166)
i=y 0.009 0.026 0.010 0.025 0.009 0.026

(0.004) (0.005) (0.006) (0.006) (0.004) (0.004)
Q(Total) 16.444 [0.001] 11.813 [0.008] 16.988 [0.001]
Q(Yo) 0.923 [0.337] 0.439 [0.508] 0.911 [0.340]
Q(n;i=y) 14.936 [0.001] 9.841 [0.007] 15.406 [0.000]

Note: Standard errors in parenthesis, p{values in brackets. IV1: the variabl e
used for instrumenting i=y is its initial level in each sample period, IV2: the
variable used for instrumenting i=y is the average of (c/y) over each the sub{
period, IV3: the variables used to instrument i=y and n are the initial level of
(ily), the average (cly) over the sub{sample, and the average growth rate of
population over the 15 rst periods of the sub{sample. 75 observations.
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A second potential concern is the possibility of endogenejt of regressors. To address this issue,
we report in Table 4 estimation results using di erent instr umental variable strategies. Three
sets of instruments are considered. The rst two, IV1 and 1V2, address the potential endogeneity
of the investment rate with respect to good growth outcomesi each sub-period. In the rst case,
IV1, we use as an instrument for the average investment ratets initial (log) level in each sub{
period. In the second case, IV2, we instrument the investmetrate using the country's average
saving rate over each period, given by the average level of thconsumption to output ratio (in log
form) over the sub{period. In the last case, 1V3, we use both peviously mentioned instruments
to instrument the investment rate, moreover we also instrunent the rate of population growth
using the average growth rate of population 15{64 over only he 15 rst years of each sub{period.
This latter instrument is aimed at correcting for the potent ial endogeneity of fertility over each
sub{period. As it takes at least 15 years for fertility to a e ct the labor force, this instrumental
variable strategy eliminates any possibility of within period endogeneity of fertility. Hereafter,
this particular set of instruments will be referred to as IV?. As can be seen from the table, the
pattern of results are barely a ected by the IV procedures. Convergence still displays stability
and the coe cients are extremely close to those obtained usig OLS. Furthermore, the stability
tests indicate that the impact of investment rates and population growth changed signi cantly
between the two sub{periods, as the p{value associated withQ(n;i=y) is essentially 0 for all
three IV procedures. The only substantial change associatk with these IV procedures is a
reduction in the coe cient on the investment{output ratio i n the 1960{78 period (from 0.016
with OLS to 0.009 with 1V). This implies a larger increase in the impact of the investment rate
across periods using V.

Up to now, we have split our sample in 1978 based on our invegiation of the dynamics of the
distribution of output per worker, and in particular this ch oice was motivated by the observa-
tion that the widening of the interquartile range seemed to have occurred in the late seventies.
Nevertheless, one may question whether or results are robtigo changes in the splitting date.
To address this issue, we estimated the two growth processessing alternative split dates. In
particular, we explored all split dates between 1975 and 19 and in all cases found signi cant
evidence of a change in the latter sample relative to the eaitr sample. In order to get a sense
of change in the growth process taking place over time, we rept in Figure 4 the estimated
coe cients on population growth and investment rate as well as the speed of convergence ob-
tained from rolling regressions, with each variable measwad in relation to the given window.
We chose a size of window of 19 years since it corresponds tolhaf our sample length?! Each
rolling regression was carried out using OLS, WLS and IV. Wha using WLS, the weight was
given by the (log) level of population. In the IV procedure, we used the set of instruments
IV?. As can be seen from the gure, the main pattern highlighted in our simple regressions can

2L1n rolling regressions, we estimate a series of regressions with therst regression using observations 1 through
19, the second regression using observations 2 through 20, etc. .. We also gttored window sizes between 15 to 25
years, all of which led to similar conclusions. In Beaudry and Collard [2002] this approach was used to examine
changes in the growth process among OECD country's.
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Figure 4: Rolling regressions
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also be observed in rolling regressions. In e ect, there hadeen a continuous increase in the
magnitude of the population growth e ect as well as in the investment e ect, even though the
latter e ect decreases slightly at the end of the period?? Furthermore, the size of the coe cients
over the di erent windows is relatively robust to the estimation method. Hence, these results
suggest that the main pattern we observed in our simple OLS rgression is robust both across
the estimation method and the splitting year of the sample.

An alternative means of examining the role of accumulation érces, one which is commonly used
in the literature, is to gather the e ects of the investment r ate and of population growth into
one summary variable which captures a country's long-run caftal intensity. In e ect, from the
standard law of motion of capital, one can readily derive a cantry's long-run capital-output
ratio. The log of this ratio, which we will denote by K, is given by the following relationship
where is the rate of depreciation of capital and is the rate of growth of labor augmenting
technological progress.

k _ i
Ko log U =g om@s ) @ )

To construct K we followed Mankiw et al. [1992] and set the annual depreciabn rate of capital at
3% ( = 0:03) and the rate of technological growth of 2% ( = 0:02). We checked the robustness
of our results against alternative rates of depreciation an found no major di erences.

In the rst two columns of Table 5, we report IV estimates using K as regressor. The instruments
used are those corresponding to the set I¥. Two main comments are in order. First, the
convergence parameter shares the same properties as thogesented earlier. If we now focus on
our accumulation variable K, it shares the properties of our previous estimates of the imestment

21n e ect, this later decline suggests that the period of especially high gains to physical capital accumulation
may have been a temporary phenomena that was concentrated in the 1978{96 peiiod.
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rate and population growth. In particular, its size has more than tripled between the two sub{
samples shifting from 0.009 to 0.029, and the stability teststrongly indicates rejection.

By reducing the number of covariates in this way, we make it eaier to consider results within
sub{samples. In particular, we can now explore whether the bserved instability of coe cients

is being driven by primarily by rich or poor countries. To thi s end, we report in Table 5 results
based on splitting the sample of countries along the medianevel of incomes in 19662 As can

Table 5: Growth Regressions (Accumulation, V)

Total Y1960 <Med(y1960) Y1960 > Med(Y1960)
60{78 78{98 60{78 78{98  60{78  78(98

Const. 0.121 0.121 0.060 0.114 0.176 0.075
(0.021) (0.022) (0.046) (0.037) ( 0.039) (0.075)

Yo -0.011 -0.014 -0.003 -0.012 -0.017 -0.010
(0.002) (0.002) (0.006) ( 0.004) ( 0.004) (0.008)

K 0.009 0.029 0.008 0.026 0.012 0.034
(0.003) (0.004) (0.005) ( 0.005) ( 0.004) (0.008)

Wald 0.154 1.981 0.483 0.124 7.190 3.286
[0.694]  [0.159]  [0.487] [0.724] [0.007] [0.069]

Q(Total) 17.846 [0.000] 6.808 [0.033] 23.874  [0.000]
Q(Yo) 0.834 [0.361] 1.929 [0.165] 0.648 [0.421]
Q(K) 15.647 [0.000] 6.561 [0.010] 7.580 [0.006]

Note: Standard errors in parenthesis, p{values in brackets. The variables u sed to instrument
K are the initial level of (ily), the average (cly) over the sub{sample, an d the average
growth rate of population over the 15 rst periods of the sub{sample. 75 obs ervations.
The line denote Wald reports the Wald test of the restriction implic it in the accumulation

variable K that the coe cient of (ily) is the same as that of log((L+ n)(1+ ) (1 )).

be seen in Table 5, among the richer countries | those with an initial output per worker above
the median of the distribution | convergence has actually de clined slightly between periods,
although not in a signi cant manner. Conversely, the coe ci ent on the accumulation forces is
signi cantly di erent across the two sub{periods, with a ch ange of the same order as the whole
sample. If we now look at the poorest countries, we basicallpbserve two phenomena. The rst
one is related to the convergence process. Convergence saetim have risen slightly between the
two sub{samples, from no signi cant convergence between 180 and 1978 to a convergence rate
of -0.012 over the 1978{1998 period. More interestingly, a lok at the accumulation parameter
reveals that there has been a signi cant change in the imporance of accumulation forces of a
magnitude similar or higher than that observed in the whole sample. Therefore, the observed
increase in the importance of traditional accumulation forces appears to have occurred rather
uniformly across rich and poor countries.

Together, the results reported in Tables 3 through 5 suggesthat there may have been a major

ZThe set of instrument is again IV 7.
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change in the determinants of growth across NSSA countriesiyhereby the importance of the two
traditional growth factors emphasized in Solow [1956] | (i) the rate of investment in physical
capital (or the savings rate) and (i) population growth | having increased by a factor of almost

3 between the pre and post 1978 periods. In contrast, we nd tlat the speed of convergence
has remained rather stable over the period. Before turning & examining the relevance of these
e ects in terms of their role in changing distribution of out put per worker, we rst need to
establish their robustness.

3.2 Beyond Capital Accumulation: Checking Robustness

In this section we report regression results that explore tke robustness of our previous observation
regarding the apparent increased importance of physical gatal accumulation over the period
1978-98 versus 1960-78 period. More precisely, we rst congd the e ects of a possible mis{
speci cation error in the convergence process stemming fro the omission of non{linear terms.
We then address in substantial detail the important question of the role of education. Finally
we discuss robustness with respect to including institutimal variables.

Nonlinear Convergence: We now address a potential source of bias that may explain our
previous results: a mis{speci cation error underlying the overall convergence process. Implicit
in our growth regression is the assumption that the transition dynamics are linear. However, it
may be the case that basins of divergence and convergence lgagmerged over this period.

One simple way of addressing this possibility is to introdu@ higher order terms in the initial level
of output in our growth equation. This allows the growth process to be di erent for countries
starting from di erent initial levels. We introduce square and cubic terms in the initial (log) level
of output to explore the relevance of this e ect.?* In parallel to our previous results, we report
in Table 6 estimates using OLS, and IV. The set of instrumentsis IV?. As can be seen from the
table, non{linear terms are not found to be signi cant whate ver the sub{period and whatever
the estimation method. Accordingly, convergence does notdhibit any signi cant instability
between the two sub{periods, while the accumulation forcesontinue to exhibit this instability.
Hence, nonlinear convergence forces do not appear partiady relevant in our data.2®

Education:  Up to now, we have focused on whether the importance of physad capital accu-
mulation may have changed over time. However, education, ash the broader concept of human
capital, is thought by most to be important contributing fac tor to growth. For instance, in the
theory of endogenous growth, sustained growth is often theasult of the accumulation of human
capital over time (see Uzawa [1965] or Lucas [1988]). Furthrenore, in their in uential paper,

% Note that for presentation purposes, the initial level of output is norm alized by the 1960 US level for this
exercise.

Bn the absence of the investment rate and the rate of population growth in the regression, we do nd some
minor evidence of non{linearity.
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Table 6: Non{linear convergence

OLS v
60{78 78{98 60{78 78{98
Const. 0.044 0.059 0.033 0.058
(0.007) (0.007) (0.008) (0.008)
n -0.227 -0.581 -0.291 -0.616
(0.167) (0.178) (0.176) (0.181)
i=y 0.016 0.027 0.008 0.025
(0.003) (0.004) (0.004) (0.004)
Yo -0.022 -0.014 -0.023 -0.014
(0.015) (0.015) (0.016) (0.015)
yg -0.001 -0.001 -0.004 -0.002
(0.012) (0.012) (0.013) (0.012)
yg 0.001 -0.001 0.000 -0.001
(0.003) (0.003) (0.003) (0.003)
R2 039 0.52 { {

Q(Total) ~ 19.233 [0.002] 23.191 [0.000]
Q(fYng?’zl) 3.084 [0.379] 4.310 [0.230]
Q (njizy)  9.239 [0.010] 13.595 [0.001]

Note: Standard errors in parenthesis, p{values in brackets. WLS: Weights ar e
given by the log of the population. IV: the variables used as instrument s for
i=y and n are the initial level of (i/y), the average (cly) over the sub{sample,
and the average growth rate of population over the 15 rst periods of the su b{
sample. 75 observations.
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Mankiw et al. [1992] propose an augmented version of the Sologrowth model in which human
capital | measured essentially by the proportion of the work ing age population in secondary
school | enters the production function. Their results indi cate that including both type of cap-
ital | physical and human | enables the neoclassical growth m odel to t the data relatively
better. Such a nding opened the route to a large number of stulies that deliver more am-
biguous conclusions concerning the exact role of educatiom the growth process (see Durlauf
and Quah [1999] or Klenow and Rodrguez-Clare [1997] for disussions). Therefore, without
wanting to take a strong position on the overall importance d education in the growth process,
we nevertheless want to examingi) whether the e ects of education have changed over time
and (ii) whether controlling for educational investment (or human capital) a ects our results
regarding the change in importance of traditional growth factors. To this end, Tables 7 through
9 report a set of regression where we introduced di erent mesures of educational investment
or human capital into our growth equations.?® Our rst measure of educational investment is a
weighted average of school enroliment for primary, secondg and tertiary degrees of education,
as documented in Barro and Lee [1993]7 This measure departs from the original Mankiw et al.
[1992] speci cation of educational investment and rather dllows Klenow and Rodrguez-Clare
[1997] who argue that focusing on this wider education clasgs more appropriate. In Table 7
we report estimates for both OLS and IV estimation. Two sets d instruments are investigated.
The rst one consists of our IV? set and is used to instrument both the investment rate and the
rate of population growth. The results from this exercise ae given under the heading IV1 in
Table 7. The second set augments 1V, as to allow us to instrument our educational investment
variable, by including the number of years of schooling at tke beginning of the period. The
latter is aimed at mitigating potential measurement error in the school enroliment rate data.

Two main conclusions can be drawn from Table 7. First of all, he change in importance of
the traditional growth factors over the two samples is not at all diminished when we include
educational investment into our equation. In e ect, rather than diminishing the change in
coe cients of the investment rate and on population growth, the introduction of education
actually magni es it slightly. Second, in none of the three cases do we nd the importance
of educational investment to have increased over the two sufsamples. In fact, the estimates
suggest that there may have been a decrease. Although the ralss in this table do not support a
strong e ect of education investment on growth | at least not in the frequency of two decade$®

%The education data are discussed more extensively in appendix A. Note that because of data availability
problems, we loose 7 countries from our sample.
27The weights for calculating this measure of educational investment cor respond to the average number of years
spent in each degree
6 EP+6 ES+4 ET
16

where EP, ES and ET denote respectively the enrollment rate in the primary, secondary and tertiary sector.
BThis result is in the lines of that obtained by Benhabib and Spiegel [1994] who also nd a insigni cant and
wrong signed e ect of education investment on GDP growth. However it contrasts with the ndings of Krueger
and Lindhal [2001] who point to a positive e ect of education on output growth . It should nevertheless be noted
that the strong positive e ect of education on growth obtained in Krueger and Lindhal [2001] only holds when
they abstract from physical capital (see Table 1 p. 1112 in Krueger and Lind hal [2001]). As soon as physical

Educ log
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Table 7: Education (1)

OLS V1l V2
60{78 78{98 60{78 78{98 60{r8 78{98
Const. 0.218 0.216 0.197 0.218 0.197 0.249
(0.032) (0.036) (0.033) (0.036) (0.036) (0.046)
Yo -0.017 -0.014 -0.015 -0.014 -0.015 -0.017
(0.003) (0.003) (0.003) (0.003) (0.003) (0.004)
n -0.082 -0.710 -0.117 -0.736 -0.117 -0.709
(0.164) (0.159) (0.171) (0.161) (0.171) (0.164)
i=y 0.014 0.029 0.006 0.030 0.006 0.028
(0.003) (0.004) (0.004) (0.005) (0.004) (0.005)
Educ. 0.010 -0.002 0.015 -0.004 0.015 0.008

(0.006) (0.009) (0.006) (0.009) (0.008) (0.014)

Q(Total) 24.275 [0.000] 28.970 [0.000] 28.844 [0.000]
Q(yo) 0.342 [0.559] 0.053 [0.818] 0.152 [0.697]
Q(n;i=y) 18.934 [0.000] 24.660 [0.000] 19.879 [0.000]
Q(Educ.) 1.488 [0.223] 3.100 [0.078] 0.220 [0.639]

Note: Standard errors in parenthesis, p{values in brackets. IV1: the variabl es
used to instrument i=y and n are the initial level of (ily), the average (cly) over
the sub{sample, and the average growth rate of population over the 15 rst
periods of the sub{sample. 1V2: the set of instruments of IV1 is compl eted by
the years of schooling to also instrument the education variable. 68 observations.

| this may have arisen because of measurement error. In e ect, as we see in the last column,
the negative e ect of educational investment observed in tre 1978-98 period in the rst columns
disappears when we instrument educational investment withthe number of years of education.

To explore the appropriateness of our measure of educatiohanvestment, in table 8 we report

a set of regression using two alternative measures to contkdor educational di erences. The

rst one, P&S, still refers to educational investment as it i s a weighted average of primary and
secondary enrollment rates, where the weights are the durén (DURP and DURS) in years

of each of these two education stages in the di erent countrés as provided in Barro and Lee
[1993]%° The second variable, Years, is a direct measure of the stockk buman capital per capita

as it corresponds to the average schooling in the total popuaition over 25 also from Barro and
Lee [1993]. The results in Table 8 are essentially identicalo those found in Table 7, that is,

the importance of traditional growth factors appear to have increased while the importance of
education has stayed the same or possibly decreased.

As an alternative way of examining the role of education, we onstruct a long run human capital

capital is brought back into the regression, education changes are not signicant.
The measure is
DURP EP + DURS ES®

DURP + DURS

P&S log
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Table 8: Education Il
P&S (1V1) P&S (1V2) Years (IV1)
60{78 78{98 60{78 78{98 60{78 78{98
Const. 0.192 0.218 0.191 0.245 0.174 0.234
(0.032) (0.034) (0.040) (0.040) (0.031) (0.031)
Yo -0.015 -0.014 -0.015 -0.017 -0.014 -0.016
(0.003) (0.003) (0.004) (0.004) (0.003) (0.003)
n -0.146 -0.732 -0.146 -0.721 -0.129 -0.710
(0.170) (0.159) (0.170) (0.161) (0.171) (0.161)
i=y 0.007 0.030 0.007 0.028 0.008 0.029
(0.004) (0.005) (0.004) (0.005) (0.004) (0.004)
Educ. 0.015 -0.005 0.015 0.009 0.006 0.002
(0.006) (0.010) (0.008) (0.015) (0.003) (0.004)
Q(Total) 28.554 [0.000] 28.489 [0.000] 28.072 [0.000]
Q(Yo) 0.041 [0.839] 0.232 [0.630] 0.241 [0.624]
Q(n;izy) 24.182 [0.000] 18.653 [0.000] 22.829 [0.000]
Q(Educ.) 3.347 [0.067] 0.112 [0.737] 0.593 [0.441]

Note: Standard errors in parenthesis, p{values in brackets. All regressions are estimated

by instrumental variables. 1V1: the variables used to instrument

i=y and n instruments

are the initial level of (ily), the average (cly) over the sub{sample, an d the average growth
rate of population over the 15 rst periods of the sub{sample. IV2: the se t of instruments
are those of IV1 completed by the years of schooling to instrument the education variable.

68 observations.
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intensity variable as we did for physical capital. This variable, which we denote byH, is built
using educational investment rate data €) as follows3°

E

oo mrnar y @ )

As for the physical capital accumulation variable, we set + =0:05. Table 9 reports a set of
OLS and IV regressions using bothK and H as regressors. The sets of instruments are those
associated with 1V? and then augmented in include the average years of educatioto instrument
H. Once again we nd that the importance of education has not increased while the importance
of physical investment appears to have increase by at leastraorder of 3.

Table 9: Education (1)

OLS Vi V2
60{78 78{98 60{78 78{98 60{/8 78{98
Const. 0.149 0.128 0.131 0.130 0.131 0.132
(0.022) (0.023) (0.023) (0.023) (0.024) (0.024)

Yo -0.016 -0.016 -0.014 -0.016 -0.014 -0.019
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)

K 0.013 0.030 0.006 0.031 0.006 0.027
(0.004) (0.004) (0.004) (0.005 (0.004) (0.005)

H 0.007 0.005 0.013 0.003 0.012 0.017
(0.006) (0.008) (0.006) (0.008) (0.007) (0.011)

R? 0.36 0.56 { { { {

Q(Total) 19.549 [0.000] 25.378 [0.000] 28.108 [0.000]
Q(Yo) 0.000 [0.991] 0.087 [0.768] 1.217 [0.270]
Q(K) 10.320 [0.001] 16.824 [0.000] 10.445 [0.001]
Q(H) 0.062 [0.803] 1.050 [0.305] 0.199 [0.656]

Note: Standard errors in parenthesis, p{values in brackets. IV1: the variabl es
used in instrument K are the initial level of (ily), the average (cly) over the
sub{sample, and the average growth rate of population over the 15 rst peri ods
of the sub{sample. IV2: the set of instruments is that of IV1 completed by the
years of schooling to instrument H. 68 observations.

One last way of assessing the role of education in the growthrpcess is two split the sample
of countries in two depending on the average level of educain in a country in 1960. Then by
running regressions for each of the sub-samples, we can gaugkether the apparent e ects of the
increased importance of capital accumulation may be limitel to higher educated countries. Table
10 reports the results for such an experiment. We re-adopt theparsimonious speci cation that
only involves the initial level of (log) output per worker and our physical capital accumulation
variable, K, for this exercise since the degrees of freedom are more limil. We split the sample
into two groups of countries: those for which the number of yars of schooling is higher than the
median of the distribution in 1960, and the rest of the countries. The estimation is carried out

%0The measure of educational investment we use is the same weighted aveage of enrolment rates as in table 8.
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using IV where the set of instrumental variables correspond to IV?. Two main results stand

Table 10: Accumulation and Education (IV)

Total H 1960 <med(H1960) H1960 > med(H 1960)
60{78 7898 60{78  78(98  60{/8  78(98
Const. 0.125 0.131 0.077 0.148 0.170 0.130

(0.024) (0.023) (0.041) (0.037) (0.033) (0.035)
Yo -0.011 -0.015 -0.005 -0.017 -0.017 -0.015
(0.003) (0.003) (0.005) ( 0.004) ( 0.004) ( 0.004)
K 0.010 0.033 0.005 0.032 0.018 0.030
(0.004) (0.004) (0.005) ( 0.006) ( 0.005) ( 0.005)
Wald 0.000 2934 0.178 0.876 0.285 1.718
[0.997]  [0.086]  [0.673] [0.349) [0.593] [0.189]
Q(Total) 26.816 [0.000] 16.186 [0.000] 5.339 [0.069]
Q(Yo) 1.349 [0.245] 4.517 [0.034] 0.233 [0.629]

Q(K) 22.478 [0.000] 15.806 [0.000] 3.203 [0.074]

Note: Standard errors in parenthesis, p{values in brackets. All regression estimated by IV.
The variables used to instrument K are the initial level of (ily), the average (cly) over
the sub{sample, and the average growth rate of population over the 15 rst p eriods of the
sub{sample. The lines denote Wald reports the Wald test of the restri ction implicit in the
accumulation variable K that the coe cient infront of (i/y) is the same as that a ecting

log(l+ n)(1+ ) (1 ))-

out when we look at the table. First, stability tests reveal that the convergence process has
remained signi cantly unchanged in highly educated countiies (with a p{value of about 0.6)
and at a level comparable to that obtained in our earlier estmations. Conversely, low educated
countries have experienced a large and signi cant (p{valueof 0.03) increase in the convergence
rate. Second and more interestingly, the importance of phygal capital accumulation seems to
have undergone a signi cant change in both sets of countriesas stability tests indicate the null
of a stable coe cient is strongly rejected by the data. It is i nteresting to note that the change
appears to have been slightly greater for the lower educatedountries.

Institutions:  Another possible source of bias in our previous results is alomission of potential
controls for institutional di erences across countries. One may actually be concerned by such
an omission since several empirical studies nd that factos such as the degree of political
stability and the type of political organization likely pla y a leading role in the growth process.
The underlying idea being that there are institutions that favor a high level of development
by providing enough stability and good economic conditionsto promote productive activities
and encourage accumulation. Therefore, observed changes the distribution of output{per{
worker across countries may simply re ect changes in the imprtance of such institutions. In
order to examine this possibility, we now consider extendedyrowth regressions which include
the institutional variables emphasized in Hall and Jones [999]. In particular, we begin by
examining the robustness of our results with respect to thenclusion of Hall and Jones'Social
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Infrastructure variable (SI), which is argued to be a good summary measure oihstitutions
favorable to development3!

In the rst two columns of Table (11), we report estimates for our extended baseline regression
which includes both the physical and human capital accumulgion variables (K and H), and
which now includes the Hall and Jones' Sl variable as an addibnal regressor. It should be
noted that in all the entries of Table (11), we instrument the capital accumulation variable,
K, as we did previously using the initial level of (iy), the average of (5) over the sub{sample,
and the average growth rate of the population over the rst 15 periods of the sub{sample as
instruments. There are two aspects to note from these rst two columns. First, the inclusion
of the social infrastructure variable does not change our pevious observation regarding the
increased importance of physical capital accumulation ovethe period 1978{98 relative to the
1960{78 period. In e ect, the inclusion of SI does not changeour previous estimates at all.
Second, as opposed to the role of physical capital accumulain, we nd that the importance of
institutions in growth { at least as measured as Sl { has not increased over time and may have
actually decreased.

In the third and fourth column of Table (11), we instrument th e social infrastructure variable
using the instruments suggested by Hall and Jones, that is, @ instrument the Sl variable using
distance from the equator, the fraction of the population speaking English at birth, the fraction of
the population speaking a Western European language at bith, and the trade share as predicted
by Frankel and Romer [1996]%2. Hall and Jones suggest the desirability of instrumenting he
social infrastructure variable since it may be endogenousa good growth performance. As in the
rst two columns, we can see from columns 3 and 4 in Table (11) hat our main results on the
role of physical capital are robust to the introduction of Sl even after instrumenting. In e ect,
after instrumenting, we do not nd that the social infrastru cture variables helps predict growth
in either of the sub{periods nor do we nd it to a ect the coe ¢ ients onK. 33

In order to further investigate the robustness of our previaus ndings, in the remaining columns

of Table 11 we report results for the extended baseline regssion in which each instrument used
in Hall and Jones is introduced separately. The results in dlthe columns (i.e., columns 5 to

14) indicate that neither the inclusion of the language varables, the geographical variables, the
Frankel{Romer instrument, nor the dummy variable indicati ng whether the economy is capitalist
leads to a change in our result regarding the increased imptance of physical capital. Although

this list of institutional type variables is not exhaustive , it provide evidence that our results are

unlikely driven by the increased importance of coarse instutional variables over this time.

31 The measure of social infrastructure is formed by combining two ind ices (equal weights). The rst is an index
of government anti{diversion policies created by Political Risk Serv ices, a rm that specializes in risk assessments
to international investors. The second is an index of trade openness conplied by Sachs and Warner [1995].

32This variable is actually the (log{) trade share of an economy, as predicted f rom a gravity model of interna-
tional trade that only uses a country's population and geographical features.

33The results in columns 3 and 4 of Table (11) may appear to con ict with thos e in Hall and Jones [1999] which
report a positive and signi cant e ect of social infrastructures on pr oductivity. It should however be noted that
the main reason for such di erence is that Hall and Jones [1999] focus on levds and not growth rates.
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Table 11: Robustness with respect to Institutional Variables

oLS \Y; v v \Y; \Y; \Y;

60{78 78{98 60{78 78{98 60{78 78{98 60{78 78{98 60{78 78{98 {78 78{98 60{78 78{98
Const 0.135 0.129 0.133 0.121 0.123 0.128 0.122 0.126 0.134.129 0.125 0.127 0.133 0.128

(0.022)  (0.024) (0.023) (0.027)  (0.024) (0.024)  (0.024) (0 .024)  (0.024)  (0.024)  (0.023)  (0.023) (0.024)  (0.024)
Yo -0.015 -0.016 -0.015 -0.015 -0.014 -0.016 -0.013 -0.015 -0.015 -0.01601% -0.016 -0.015 -0.016

(0.003)  (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0 .003) (0.003) (0.003) (0.003) (0.003) (0.003)  (0.003)
K 0.006 0.030 0.006 0.030 0.006 0.029 0.006 0.030 0.005 0.029000 0.031 0.006 0.030

(0.004)  (0.006)  (0.004)  (0.006)  (0.004)  (0.006) (0.004) (0 .005)  (0.004)  (0.005)  (0.004)  (0.005)  (0.004)  (0.005)
H 0.008 0.005 0.010 0.009 0.013 0.006 0.012 0.005 0.013 0.006010 0.004 0.012 0.005

(0.006)  (0.009) (0.007) (0.011) (0.006)  (0.010)  (0.006) (0 .009)  (0.006)  (0.009)  (0.006)  (0.009)  (0.006)  (0.009)
Sl 0.021 0.002 0.010 -0.010 { { { { { { { { { {

(0.008)  (0.009) (0.018)  (0.022)
English (%) { { { { -0.009 -0.002 { { { { { { {

(0.005)  (0.005)
W. European (%) { { { { { { -0.004 -0.002 { { { { {
(0.004)  (0.004)
Dist. from equator { { { { { { { { 0.000 0.000 { { {
(0.000)  (0.000)
Frankel{Romer { { { { { { { { { { 0.003 0.003 {
(0.002)  (0.002)
Dummy(Capitalist) { { { { { { { { { { { 0.003 -0.000
(0.004)  (0.004)

Q(Total) 19.509 [0.001] 17.508 [0.002] 21.860 [0.000] 20.320 [0.000] 21.346 [0.000] 21.554 [0.000] 20.954 [0.000]
Q(yo) 0.038 [0.846] 0.017 [0.897] 0.347 [0.556] 0.277 [0.599] 0.058 [0.810] 0.166 [0.683] 0.098 [0.754]
Q(K) 12.840 [0.000] 11.952 [0.001] 12.599 [0.000] 12.827 [0.000] 13.432 [0.000] 13.143 [0.000] 13.068 [0.000]
Q(H) 0.110 [0.740] 0.022 [0.882] 0.461 [0.497] 0.533 |[0.465] 0.545 [0.460] 0.608 [0.436] 0.381 [0.537]

Note: Standard errors in parenthesis, p{values in brackets. All estimates are by instrumental variables. The set of instruments for K consists of the
initial level of (ily), the average (cly) over the sub{sample, and the a verage growth rate of population over the 15 rst periods of the sub{sample .

In the third and fourth column, Sl is instrumented by the distance

from the equator, the fraction of the population speaking English at birth

, the

fraction of the population speaking a Western European language at birth, th e Franke{Romer instrument described in Hall and Jones [1998].There
are 64 observations. Dummy(capitalist) is a dummy variable built from t he variable ecorg in Hall and Jones which is equal to 1 if the economic
system is capitalist (ecorg=4,5) and 0 otherwise.



As can be seen from all the preceding experiments, our main dings| (i) a steady convergence
and (i) an increase in the importance of traditional forces of accuralation | are robust to many
speci cation changes and estimation methods. Accordinglywe will use the estimated growth
process from our benchmark OLS regression in Table 3 in whabflows to decompose the changes
in the distribution of output per worker. Results related to using other estimates are presented
in the appendix.

4 Implementing the decomposition

In this section we decompose the observed changes in the diftution of output per worker over
the period 1960{78 using the framework presented in sectior2. As suggested in the results of
the last section, part of the explanation for the observed clanges in the shape of the distribution
over this period may be due to the observed change in the impdance of the traditional forces
of the accumulation process | i.e. changes in the s associated with the rate of investment
and the e ect of population growth. Figure 5 reports the decomposition of changes in the
distribution for di erent potential e ects using our bench mark OLS regression as our estimate
of the growth process (results using IV estimates are repo#dd in the appendix, Figure 9). Each
panel reports three pieces of informations. The grey line avesponds to the initial distribution
of output per worker as observed in 1960, the plain dark line orresponds to the distribution
of 1998 output per worker, and the dashed dark line is the digiibution of the 1998 output per
worker \corrected" for the e ect that we examine. More precisely, the last distribution is based
on each counterfactual experiment described in section 2. df example, when we look at the
e ects of a change in the coe cients of population growth and the investment/output ratio,
the distribution we report is that obtained using equation (7). This counterfactual experiment
actually furnishes an answer to the question: what would the output per worker distribution
in 1998 have been had the coe cients in the growth process remined at their values from
the earlier period? This graphical analysis is complemented with a quantitative assessment of
the observed changes in Tables 12 and 13 which report, respeely, the same decomposition
in terms of the (20{80, 25{75 and 30{70) percentile di erences and the mass-around-the-mean
statistic at 0.6, 0.7 and 0.8 log{points around the mean.

Table 12: Percentiles

perc. 98{60 98{78 98yR niizy Xpjzy ODbSypizy  Obsy, "

20{80 0.207 0.314 0.361 0.194 0.130 0.148 -0.049 0.145
25{75 0.265 0.376 0.373 0.264 0.035 0.305 0.065 0.224
30{70 0.197 0.216 0.320 0.370 -0.053 0.226 -0.035 0.060
Average 0.223 0.302 0.351 0.276 0.037 0.226 -0.006 0.143

Panel (a) of Figure 5 reports the decomposition obtained whe we control for the e ects due
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Figure 5: Decomposing the observed changes in the distribigns

(a) Observables 9'

(b) Coefficients m;8‘98=0)
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Table 13: Mass around the mean
98{60 98{78 98- yR =y Xpizy OBSpizy Obsy, "
0.60 -10.667 -14.667 -12.000 -6.667 -4.000 -4.000 0.000 -2.667
0.70 -12.000 -17.333 -14.667 -10.667 -4.000 -14.667 1.333 -6.667
0.80 -5.333 -13.333 -12.000 -16.000 1.333 -10.667 2.667 -4.000
Average -9.333 -15.111 -12.889 -11.111 -2.222 -9.778 1.333 -4.445
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to a change in convergence forces (this amounts to buildinghte counterfactual 1998 output
per worker y,*Y" = y®+20 (y5° 078 8 78 98)). As clearly indicated by the gure,
changes in the convergence forces do not explain much of théaanges in the decomposition, as
the counterfactual distribution remains very close to the 1998 distribution. This should have
been expected from our preliminary econometric analysis at the results in terms of observed
distribution of output per worker. Indeed, the stability te sts together with the rolling regressions
from the previous section all suggested that the convergercparameter remained steady across
the two sub{periods. In addition, the 1978 distribution out put per worker was found to be close
to that for 1960. This graphical appraisal is con rmed by the quantitative results reported in
Tables 12 and 13. For instance, the changes in the interquaite range between 1960 and 1998
that are accounted for by changes in convergence forces isOB5, to be compared to the 0.265
in the data. Likewise, convergence does not account for chges in the mass lying between 0.6
and 0.8 away from the mean of the distribution. However, thisdoes not mean that convergence
played no role in designing the shape of the distribution. Inorder to illustrate this, we report
in panel (b) of Figure 5 the distribution what would have been obtained had convergence had
totally vanished over the second sub{period (/8 % = 0). As can be seen from the gure, had
convergence disappeared, the distribution would have wideed substantially with most of the
phenomenon taking place in the tails of the distribution. Therefore, we are not arguing that the
role of convergence was irrelevant over this period, but inead that changes in this force does
not help to account for the twin{peaks phenomenon.

We now turn our attention to the accumulation forces which we found to be unstable between
the two periods. Let us rst focus on the e ects of the observal changes in the distribution of
the population rate of growth and the investment/output rat io. As can be seen from panel (c)
of Figure 5, changes in the distribution of the accumulationforces do not explain much of the
changes in the distribution as the counterfactual distribution built using equation (5) is close to
the actual 1998 distribution. This result is unsurprising given Figure 6 which reports the 1960-78
and 1978-98 distributions of the investment/output ratio an d the population rate of growth. The
distribution of these two variables remained rather stableacross the two sub{periods, with the
distribution of the investment rate becoming { if anything { more peaked in the second period.
This explains why we should not expect a large impact from thé component. This graphical
appraisal is con rmed by the inspection of columns X,.i-, of Tables 12 and 13, which indicate
for instance that out of the 0.265 change in the interquartile range between 1960 and 1998 only
0.035 are accounted for by a change in the distribution of thetraditional accumulation forces.

Hence if the explanation of the change in the distributions & to be found in the forces associated
with physical capital accumulation, it should be found in a variation in the coe cients. This
case is examined in panel (d) of Figure 5 with the counterfaatal experiment based on equation
(7). The gure shows that changes in the coe cients a ecting population growth and the
investment/output ratio contribute a great deal to the phen omenon. The rst feature that
jumps out of panel (d) is that correcting for the instability in the accumulation coe cients
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Figure 6: Distribution of Accumulation Forces
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totally undoes the twin{peaks phenomenon. In other words, thetwin{peaks phenomenon does
not seem to be the by{product of a change in the convergence foes, but rather by a change
in importance of physical capital accumulation. Beyond the e ects in terms of bi-modality,
changes in these coe cients clearly had an e ect on the spred of the distribution. Setting
the coe cients to their 1960-78 values generates a more comm@ssed counterfactual distribution,
indicating that the large change in these coe cients between periods contributed to the widening
of the distribution.

The qualitative appraisal based on the gures is conrmed by the results in column -, of
Tables 12 and 13. For example, out of the 0.265 change in the t@rquartile range that took place
between 1960 and 1998, the change in the coe cient of the two ecumulation forces accounts
for 0.264. The same pattern is found for the 20{80 percentiledi erence, as a change of 0.194
is predicted by the instability of the coe cients to be compared to the 0.207 found in the
data. There actually is tendency to over-explain the phenomaon when we look at the 30{70
percentile di erence, as this coe cient e ect is almost twi ce that observed in the data. Very
similar results are obtained when we look at the mass aroundhte mean. For example, when
we deviate by 0.6 log-points from the mean, the change in the ,;-, predicts a decrease in
mass of 11 percent between 1960 and 1998, while the mass in therresponding window of the
data changed by 7 percentage points. Likewise, for a deviatn of 0.7, the instability in the
coe cients accounts for a drop of about 11 percentage pointscompared to the almost 12 found in
the actual distribution. In other words, the changes in the magnitude of the accumulation forces
appear to have contributed enormously to the observed changs in the shape of the distribution.

Overall changes in the accumulation forces, that is, e ectsdue to both changes in the coe cients
and changes in the distributions ofi=y and n, actually slightly over-explain the observed modi -
cation in the shape of the distribution of output per worker. This is shown in Obs,,-, in Tables
12 and 13 and in panel (e) of Figure 5. However, when we examinesults in terms of changes
between 1978 and 1998, the accumulation forces explain thebserved change almost exactly,
with little over- explanation. For example out of the 0.376 observed change in the interquartile
range between 1978 and 1998, the changes due to the total of@onulation forces (both and
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the distribution of X's) is 0.305. Furthermore, on average the changes in the penae di er-
ences predicted by the variation of the accumulation forcesvas 0.312 to be compared to the
0.226 observed in the data for the period 1978{1998. Likewes on average the mass around the
mean has dropped by 15 percentage points, out of which 10 arergdicted by the changes in the
traditional growth factor.

Our point is not to deny any role to other potential factors in a ecting growth, but rather to
emphasize the potentially very important role played by traditional growth factors in reshaping
the world distribution of output per worker since 1978. Our framework suggested, as seen in
panel (f) of Figure 5, that omitted or residual factors did not play a very decisive role in this
process. Indeed, as can be seen from the gure, controllingof unobservable components leaves
the distribution of 1998 output per worker almost unchanged Such a nding is conrmed
by the last columns of Tables 12 and 13 which indicate that thecontribution of unobservable
components to the explanation of the changed in the percenke di erences or the mass-around-
the-mean was much lower than the contribution due to changesri the importance of population
growth and the investment rate. This observation is especilly surprising given that, by adopting

a very parsimonious speci cation of the growth process, we a@uld have expected the residual
component to play a large role.

Our approach in Tables 12 and 13 has been to present the e ectsf dierent forces ( s, Xs,
unobservables...) one at a time { altering only that componet while leaving the others at
their 1978-98 values. This approach has the attractive propdy of treating each force symmetri-
cally. However, a more common means of reporting results ofetompaositions is to sequentially
combine e ects such that the end results mechanically add ugo explain the relevant change in
distribution. Thus, most decompaositions exercises typic#ly change rst, say, X to its alternative
value, then X and , etc...In Table 14 and 15 we report results in a manner consisnt with this
adding{up reasoning and in a manner that recognizes that sulg results are not independent of
the order of sequencing. Since our claim is that changes in ghcoe cients on population growth
and investment rate explain most of the change in distribution, we choose the following two
sequences to back this claim. First, we put the change in the@e cients on n and i=y rst in
the ordering (ordering I). This e ectively means that all th e other forces | which we denote by
R | act as a residual, capturing whatever is left of the change betweeny® and yR (where yR
controls for all e ects) after accounting for the e ects of n and i=y. Note that the set of R forces
correspond to the sum of e ects due to unobservable componés, changes in convergence forces
and changes in the distributions of variables. Second, we iglement the reverse ordering, where
we begin be assessing the role of all thB forces, and leave the e ects of the coe cients onn
and i=y to be determined residually (ordering Il). As can be seen in &bles 14 and 15, regardless
of the ordering the result is quite clear: changes in the coecients onn and i=y explain all (or
too much) of the hollowing{out process as captured by our reérence percentile di erences and
the mass{around{the{mean statistics.
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Table 14: Percentiles Il

Ordering | Ordering Il
perc. 98yR iy R R niizy
20{80 0.361 0.194 0.167 -0.048 0.409
25{75 0.373 0.264 0.109 -0.082 0.455
30{70 0.320 0.370 -0.050 -0.098 0.418
Average 0.351 0.276 0.075 -0.076 0.427

Table 15: Mass around the mean
Ordering | Ordering I
98- yR n;i=y R R n;i=y
0.60 -12.000 -6.667 -5.333 0.000 -12.000
0.70 -14.667 -10.667 -4.000 -4.000 -10.667
0.80 -12.000 -16.000 4.000 -4.333 -7.667
Average -12.889 -11.111 -1.778 -2.777 -10.111

In light of the all preceding results, we infer that most of the observed changes in the distri-
bution of output per worker between 1960 (or 1978) and 1998 | in particular its widening
in the interquartile range area and the twin{peaks phenomenon | is related to an increase in
importance of traditional accumulation forces. More particularly, this change resulted from a
change in the form of the process (coe cients) rather than a nodi cation in the distribution of
these forces.

5 Bringing back sub Saharan Africa

In the previous section, we focussed exclusively on NSSA couies. We now want to extend our
sample to include the sub-Saharan African countries and exaine how this a ects our interpre-

tation of the role of di erent observable and unobservable &ctors is explaining the changes in
the distribution.

5.1 Siill the twins?

Figure 7 reports the empirical distribution of (log) output per worker in years 1960, 1978 and
1998 for all countries in the Penn World Tables 6.0 (106 countes) for which data is available 34
We will refer to this larger set of countries as the \world". As in section 1, the distributions
are estimated using a Gaussian kernel density estimator anére centered around their mean.
Figure 7 also reports the points in the distribution associded with the interquartile ranges in

34We include all countries with at most two years of missing data betwee n 1960 and 1998.
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Figure 7: Distribution of output per worker
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1960, 1978 and 1998° Several comments are in order. First and foremost, it appea that,
as in our restricted sample, the shape of the distribution h& changed considerably over time.
As before, the distribution of output per worker is uni{modal and almost normal in 1960. As
time has passed, mass shifted away from the center, creatingvo new modes. While the shape
in 1998 is bi modal, it is also quite di erent relative to the N SSA sample. In e ect, instead of
characterizing the 1998 distribution for this wider set of countries as twin{peaked, it may be
more appropriately called hump{shaped. Moreover, there isanother major di erence relative
to our earlier observation, which is that the hump{shape is dready present by 1978 while the
twin peaks in the NSSA sample only emerged after 1978. In whafollows, we will argue that
there were two distinct phenomena going on in the world distibution. First, in the 1960{1978
period, sub{Saharan African countries experienced partialarly bad draws in residual factors |
that is factors not associated with either human or physicalcapital accumulation | and these
bad draws created the hump{shape observed in 1978. Secondigfter 1978, the growth process
changed in a manner that favored countries which favored phgical capital deepening and this
again explains most of the change in distribution observedrbm 1978 to 1998 (without a need
to refer to particular bad draws for sub-Saharan Africa in the later period). In what follows, we
substantiate this claim.

*The points of the interquartile range are calculated from the raw data and not from the kernel estimates of
the density function.
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5.2 Reexamining changes in the growth process

As in the previous section, our goal is to document the forcesinderlying the observed changes in
the world distribution of the output per worker over the peri od 1960{98. A preliminary step in

our argument is therefore to examine whether the instability in the growth process documented
for our restricted sample holds when sub{Saharan African cantries are included. Table 16

Table 16: Growth Regressions (WSSA)

OLS WLS v v
60{78 78{98 60{78 78{98 60{78 78{98 60{78 78{98
Const. 0.143 0.175 0.136 0.187 0.126 0.165 0.182 0.170
(0.024) (0.024) (0.021) (0.020) (0.025) (0.026) (0.026) (0 .035)
Yo -0.010 -0.011 -0.009 -0.013 -0.008 -0.011 -0.014 -0.011
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0 .003)
n -0.211 -0.772 -0.174 -0.737 -0.266 -0.798 -0.127 -0.743
(0.180) (0.148) (0.173) (0.146) (0.183) (0.151) (0.157) (0 .170)
i=y 0.011 0.021 0.013 0.018 0.007 0.018 0.005 0.016
(0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.003) (0O .005)
Educ. { { { { { { 0014 0.003

(0.004)  (0.007)
SSA-Dum. -0.018 -0.012 -0.017 -0.019 -0.019 -0.013 -0.020 -0.016
(0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) (O .006)

R? 0.32 0.52 0.44 0.60 { { { {

Q(Total) 6.335 [0.042] 8.616 [0.013] 5.619 [0.060] 8.944 [0.011]
Q(Yo) 0.371 [0.543] 3.158 [0.076] 0.627 [0.429] 0.451 [0.502]
Q(n;i=zy)  14.466 [0.001] 9.147 [0.010] 12.255 [0.002] 13.464 [0.001]
Q(Educ.) { { { { { { 1.921 [0.166]

Note: Standard errors into parenthesis, p{values into brackets. WLS: Wei ghts are given by the log
of the population. IV: the instruments are the initial level of (ily), the average (cly) over the sub{
sample, and the average growth rate of population over the 15 rst periods of the sub{sample. 106
observations except for the last column where only 86 observations are avalable.)

reports a series of estimates for the growth process over thperiod 1960{78 versus 1978{98
using ordinary least squares (OLS), weighted least square@NLS) and instrumental variables
(IV). When WLS are performed, each country is weighted accoding to the logarithm of its
average population. When an IV procedure is used, we instrumnt the investment rate and
population growth using the IV ? set of instruments. Note that we also include a sub Saharan
Africa dummy in order to capture potential region specic e ects. However, it is worth noting
that the exclusion of this dummy variables does not signi cantly a ect the other estimates in
the table.

We focus rst on the OLS results. Not surprisingly, the sub Séharan Africa dummy is signif-
icantly negative in both sub-periods. The convergence paramter | the coe cient associated
to yo | is very close to that obtained in section 3.1. Furthermore, just like in our restricted
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sample, the estimates of convergence remained rather stablover the two sub{periods, as the
stability test statistic ( Q(yo) in the table) does not permit rejection of the stability hyp othesis
at conventional signi cance levels (p{value=0.543). Onceagain, the main change that emerges
from the data relates to the traditional forces of growth. Indeed, the results reported in the
two rst columns of Table 16 suggest that the magnitude of the coe cients a ecting the rate
of growth of the labour force and the investment/output rati o increased in a manner similar
to that observed in our restricted sample. The coe cient measuring the impact of population
growth on the growth process was not signi cant at the convenional 5% level and amounted
to -0.211 in the period 1960{1978, and became strongly signcant and large (-0.772 to be com-
pared to -0.606 in our restricted sample) in the period 1978{998. A very similar pattern can
be found analyzing the behavior of the coe cient a ecting th e investment/output ratio. Over
the rst sub{period, this coe cient was signi cant and amou nted to 0.011. Over the second
sub{period, it remained signi cant and rose to 0.021 | there fore doubling between the two
sub{periods. The stability test accordingly indicates a signi cant structural break between the
two periods (p{value=0). The results are once again robust b the adoption of a WLS procedure
and instrumental variable estimation.

Beyond our benchmark regression, Table 16 also reports an I¥stimates augmented to include an
education variable. The education variable we include is a wighted average of school enrollment
for primary, secondary and tertiary degrees of educatior’® Data availability problems imply
that 20 countries are lost in that experiment. Interestingly, the results indicate that over the
1960{1978 sub{period education contributed signi cantly and positively to growth, but over the
1978{1998 sub{period this e ect vanished, which once againsuggests that the importance of
education did not increase over time. Furthermore, the incusion of education in the growth
equation has basically two e ects: (i) it makes convergence parameter very stable over the two
sub{periods and (ii) it reinforces the increasing e ect of accumulation factors For instance,
on average the e ects of population growth are multiplied by a factor of 5 and the e ects of
investment are multiplied by almost 3. This is actually slightly stronger than the e ects we
obtained previously.

Hence, it appears that the introduction of Sub Saharan African countries does not a ect our
observation that the importance of traditional growth fact ors increased substantially from the
period 1960-1978 to the period 1978-1998.

5.3 Implementing the decomposition

We now undertake a decomposition of the observed changes ité world distribution of output{

per worker for our wider sample of countries. We want to arguethat once we take care of a
speci ¢ e ect characterizing sub Saharan African countries in the early period (1960{78), then
the explanation we presented in section 4 | i.e. the increase importance of tradition factors of

36 See footnote 27 for details on this variate.
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accumulation over the later period | remains capable of expl aining the bulk of changes observed
between 1978 and 1998.

Figure 8 reports the decomposition of changes in the distribtion controlling for di erent e ects.
In performing this decomposition, we use our estimates fronthe OLS regression in Table 16. The

Figure 8: Decomposing the Observed Changes in the Distribubns
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rst observation we want to highlight concerns the change inthe distribution from 1960 to 1978.
To this end, in panel (a) of Figure 8 we report the observed ditribution of output per worker in
1960 (grey line) and in 1978 (dark plain line), and the distribution of counterfactual 1978 output
per worker (dark dashed line) where we control for all e ectsspeci ¢ to sub Saharan African
countries. More speci cally, we built a counterfactual output per worker series for 1978 taking
into account (i) the sub Saharan dummy and(ii) the sub Saharan unobservable component.



That is, we build the counterfactual as follows:

Pe=y® 18 ( go 78D SSA 4 pSSA "iGO 78)
where DSSA = 1 for sub{saharan African countries and 0 otherwise, & 8 is the associated
coe cient. In this counterfactual, the sub-Saharan African countries e ectively only contribute
their tted mean values based on the convergence, populatino growth and investment variables
and parameters. As can be seen from the gure, once we contrdbr all e ects specic sub
Saharan African countries, the hump{shape observed in 1978&lisappears: the counterfactual
1978 distribution is almost the same as the 1960 distributio. We perform the same exercise for
the period 1978 to 1998 to see if this e ect is repeated in theecond period. The results from
this exercise is reported in panel (b) of Figure 8. In this cas, the e ects speci c to sub Saharan
e ect are not su cient to reproduce the 1978 distribution. | ndeed, there remains substantial
movement in the distribution which needs to be explained. Trerefore, we now turn to examining
whether changes in the growth process can explain the movemts observed between 1978 and
1998.

In panel (c) of Figure 8, we examine the e ects induced by chages in the distribution of tradi-
tional accumulation factors, that is, population growth and investment rate. This counterfactual
experiment is based on equation (5). As in our restricted sarple, changes in the distribution of
accumulation forces accounts for little of the observed chage in output per worker distribution.
Conversely, as can be seen from panel (d) of Figure 8, and justs in our restricted sample, the
modi cation in the shape of the distribution seems to originate from a change in the coe cients
of accumulation forces. In fact, again as in our restricted ample, this change in the coe cients
tends to over-explain the observed changes in the distributin | though to a lesser extent than
we observed with the restricted sample. If, as in panel (e) othe gure, we combine the e ects
of changes in the distribution of accumulation factors and ©ianges in their related coe cients |
the counterfactual experiment being then based on equatior{8) | the 1998 distribution (dark
plain line) is brought close to the 1978 distribution (grey line). In other words, the observed
changes in the shape of the world output per worker distribuion between 1978 and 1998 | just
as in our restricted sample | appears to be the re ection of a change a ecting the accumulation
process that drives output growth.

As a nal exercise, we correct both for the change in the obsefble component of accumulation
and for the speci ¢ sub Saharan Africa e ect observed in the geriod 1960-78. In this case | as
illustrated by panel (f) of the gure | this counterfactual b rings the 1998 distribution almost
inline with the 1960 distribution, implying that two factor s are important for explaining the
world distribution of output per worker over the period 1960-98: (i) a dramatic change in the
importance of traditional factors a ecting growth after 19 78 and (ii) the bad residual draws
experienced by sub Saharan African countries during the edier period of the sample.
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6 Discussion

The results we have presented up to this point invite the queton of what type of model could
explain the observed increase in importance of traditionalgrowth factors. Although a complete
answer to this question is beyond the scope of the current pagr, we nevertheless want to
highlight three elements that are potentially relevant for answering such a question. First,
following Bernanke and Gurkaynak [2001], we want to examire whether the mechanisms at play
most likely re ects traditional neo{classical forces or if, alternatively, some element of endogenous
technological change is likely part of the story. Second, wevant to examine whether international
trade is potential a relevant element to be considered.

6.1 Could it all be due to Neoclassical forces?

In recent work, Bernanke and Guarkaynak [2001] have examind whether total factor productivity
(TFP) growth across countries appears mainly exogenous wit respect to a country's accumula-
tion path, or if, conversely, a country's accumulation a ects TFP growth and thereby suggests
some form of externality or endogenous technological chamg In this section, we pursue this
idea one step further by comparing the behavior of TFP over tte periods 1960{78 and 1978{98.
Our goal is to assess whether the behavior of TFP has changedver this period, as has been
the case for GDP growth, or whether the observed increase ilmportance of traditional growth
factors is restricted to the output growth process. To perfam this exercise, we build TFP series
for each country by subtracting from the rate of growth of output per worker the share weighted
contribution of the rate of growth of physical capital per worker. Since we do not have good
share data for all these countries, we build a TFP series usipa share of capital of 0.35 | which
is close to the average share of capital across{countries perted in Bernanke and Gudrkaynak
[2001] (we veri ed that our results are robust to using a shae of capital of 0.5 instead of 0.35).
Capital series were constructed using the perpetual inverdry method, with the details of this
construction given in appendix A.

Table 17 reports estimation results for TFP regressions. Irthe rst four columns of the table, we
report estimation results for OLS and IV regressions relathg the growth in TFP to the traditional
accumulation factors (population growth and investment rate), and an additional term that aims
at capturing a potential technological catchup phenomenon| i.e. the initial (log) level of TFP
for the given sub{period. Note that the results presented in this table correspond to NSSA
sample of countries3’ The set of instrument we use is that corresponding to I\V'. The main
feature that emerges from this table is that the results fourd for output growth appear to apply
for TFP growth. In particular, the magnitude of the coe cien ts a ecting the two traditional
accumulation forces increased signi cantly between the v sub{periods. The stability tests,
both for our OLS and IV estimations, clearly lead to a strong rejection of the stability of these

%7Results are robust to including sub{Saharan African countries in the sample.
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Table 17: TFP regressions

OLS V1 V1 V2
60{78 78{98 60{78 78{98 60{78 78{98 60{78 78{98
Const. 0.118 0.112 0.111 0.114 0.030 0.038 0.142 0.125
(0.016) (0.021) (0.017) (0.022) (0.005) (0.006) (0.023) (0 .034)
n -0.073 -0.481 -0.122 -0.484 -0.201 -0.451 -0.010 -0.548
(0.125) (0.130) (0.128) (0.133) (0.151) (0.144) (0.130) (0 .138)
i=y 0.009 0.014 0.005 0.015 0.003 0.013 0.001 0.017
(0.002) (0.003) (0.002) (0.003) (0.003) (0.003) (0.004) (0 .005)
TFPg -0.014 -0.012 -0.014 -0.012 { { -0.019 -0.013
(0.003) (0.003) (0.003) (0.003) (0.004) (0.006)
Educ. { { { { { { 0.013 -0.000
(0.006) (0.011)
R?2 0.38 0.43 { { { { { {
Q(Total) 9.734 [0.021] 12.830 [0.005] 8.050 [0.018] 22.467 [0.000]
Q(TFPg) 0.276 [0.599] 0.157 [0.692] { { 0.899 [0.343]
Q(n;i=y) 9.071 [o0.011] 12.160 [0.002] { { 14.198 [0.001]
Q(Educ) { { { { { { 1.028 [0.311]

Note: Standard errors into parenthesis, p{values into brackets. IV1: the i nstruments are the initial
level of (ily), the average (cly) over the sub{sample, and the average gro wth rate of population over the
15 rst periods of the sub{sample. (75 observations) IV2: the set of inst ruments of IV1 is completed
by the years of schooling to instrument the education variable. (68 obs ervations)

coe cients. In particular, if we consider the coe cient mea suring the impact of investment on
TFP growth, we nd that it was multiplied by a factor of 3 betwe en the two sub{periods when
estimated with V. Similarly the magnitude of the populatio n growth e ect was multiplied by
a factor of 4. Furthermore, those two coe cients are strongly signi cant over the second sub{
period, indicating that treating TFP as exogenous over thisperiod would be unreasonable. If we
now focus on the coe cient on the initial level of TFP, we ndt hat | whatever the estimation
method | it is strongly signi cant but remains stable over th e two sub{periods. Hence, these
data also suggest that there was signi cant technological atchup taking place over the entire
period between 1960 and 1998. Even if we decide to abstractdm this catchup phenomenon
(third set of results in Table 17), accumulation forces are §ll found to be unstable between the
two sub{periods, but the change in population growth is lesspronounced.

To complete the picture regarding TFP growth, in the last two columns of the table we introduce
educational investment® in the regression, and we add the years of schooling in the lisof

instruments. The results are once again very close to thosetind for the output growth process.
In particular, there is no indication that educational inve stment has played more of a role in
the second period. Furthermore, the inclusion of educatioal investment does not reduce the
signi cance of our previous observations.

38 This variable corresponds to the weighted sum of primary, secondary and tertiary enrolments rates.
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To sum up, the results of Table 17 suggests that explanation®f the observed changes in the
world distribution of income between 1960 and 1998 should idlude an endogenous growth type
mechanism that explains the observed increase in importare of traditional growth factors on
TFP growth. 3°

6.2 Is trade relevant?

We now want to explore whether international trade may also be a relevant component for
explaining the observed increase in the role of traditionalgrowth factors. To this end, in Table
18, we report a set of regressions where we split the sampletintwo groups depending on their
ratio of total exports plus imports over GDP, which is a measue of openness available in the
Penn World Tables. More precisely, we split the sample accating to the median value of the
average of this openness variable over the period 1960{78. We report results based on our
parsimonious speci cation whereK is used to capture the e ects of traditional growth forces.
The set of instruments used is again IV. The results reported in the rst two columns closely
parallels those in Table 5. The main feature we want to highlght from this table is the di erence
in the behavior of estimates between the more open countrieOgg 78 >med(Ogo 7g)) and the
less open countries Qgo 78 <med(Ogo 78)). In particular, for the more closed economies, we
do not observed a signi cant change in importance of traditional growth factors; while for the
more open economies we see a very signi cant and substantighange in the importance of this
factor. Moreover, the dierence in behavior is quantitatively quite large. In the case of the
more closed economies, the increase in the coe cient oK was only 0.001, while it is 0.035 (35
times bigger) for the sample of more open economies. It is imadiately worth noting that this

39 One simple interpretation of the results from the TFP and output-pe r-worker regressions is that an externality
associated with physical capital emerged in the period 1978-98 relative to the 1960-78 period. To see this, assume
a country's output were given by

Yir = Kig (i Lig)’*

with
K ! .
= Twith06 o<1
Li;t
where i denotes the country, i: denotes the e ective productivity of workers in country i, ¢ represents a

time{varying externality associated with the intensive use of phy sical capital, and : is a common technology
component. Then, if a country is gradually adjusting towards its stead y state growth path at rate , its growth
in output{per{worker ( vy;: ), would be given by

|Og t + (1 ) t |
log it = logyiy + —————— lo — log( i + +
g Vit 1 9 Yir @ )@ ) g Y o 9( 9)
and the growth rate of TFP would be given by
~_ log _ t@d ) 1B _
|Og it = —1 . |Og it + (1 )(1 t) +1 t IOg v i |Og( i+ o+ g)

which is consistent with our observations if  increased over time. Note that this would not imply that capital-
output ratios change over time.

“Owe experimented di erent assumption on the splitting of countrie s, making it depend on either the degree of
openness in 1960, or the average degree of openness in the second sub{peripand found no signi cant di erences
with respect to the results we are currently reporting.
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Table 18: Growth Regressions and Openness

Total Oso 78 <med(Ogp 78) Opso 78 >med(Ogp 78)
60{78 78{98 60{78 78{98 60{78 78{98
Const. 0.121 0.121 0.096 0.125 0.169 0.126
(0.021) (0.022) (0.023) (0.024) (0.035) (0.041)
Yo -0.011 -0.014 -0.009 -0.013 -0.015 -0.015
(0.002) (0.002) (0.003) ( 0.003) ( 0.004) ( 0.004)
K 0.009 0.029 0.017 0.018 0.006 0.041
(0.003) (0.004) (0.004) ( 0.004) ( 0.005) ( 0.006)
Stab.(Total) 17.846 [0.000] 1.565 [0.457] 48.966 [0.000]
Stab.(yo) 0.834 [0.361] 1.453 [0.228] 0.001 [0.971]
Stab.(K) 15.647 [0.000] 0.048 [0.827] 27.795 [0.000]

Note: Standard errors into parenthesis, p{values into brackets. the inst ruments are the
initial level of (ily), the average (cly) over the sub{sample, and the a verage growth rate
of population over the 15 rst periods of the sub{sample. O denotes the degree of openess
of the economies as measured by the ratio of total exports plus imports to gdp.

pattern contrasts sharply with previous splits, whereby the instability result was found to be
robust to dividing the sample along either income or schoohig lines. Hence the results in Table
18 suggest that the observed rise in importance of traditioml growth factors, and the associated
twin{peaks phenomenon, may re ect the process of globalization or, akrnatively, may re ect
changes in the prices of traded goodé&!

7 Concluding remarks

The object of the paper has been to shed light on the relativermportance of di erent factors

in reshaping the world distribution of output-per-worker between 1960 and 1998. Our main
nding is that most of the change in distribution observed since 1978 appears driven by changes
in the importance of the two factors associated with capitaldeepening | that is the investment
rate (or saving rate) and the rate of labor force growth. We take these results as indicating
new directions for research aimed at understanding di ereres in economic performance across
countries since 1960. In particular, we think that such resarch should investigate the reasons
for the substantive increase in the social returns to capitd accumulation we document in the
period 1978{98 relative to 1960{78%?> We believe that it is only by explaining these changes that

41t is interesting to note that, over the 1978{98 period, the estimated s peed of convergence in the more opened
economies is identical to that in the more closed. If this speed of convergence is interpreted as a re ection of
technological di usion, which would be consistent with our results f rom the TFP regressions, it suggests that the
di erences between the more open and more closed economies is not dued di erences in technological di usion.

“2As a rst pass, it may be thought that an increase in speed of embodied t echnological change could easily
explain the observed pattern. However, at closer inspection this is not the case. For example, in the presence
of faster embodied technological change it can be easily veri ed that the e ect of population growth on output
should become smaller not bigger.
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one can understand why certain countries did so much betterlhat others over this period. As a
preliminary step in this direction, we have argued that an explanation for this change will need
to involve (i) some element of endogenous technical change associated twitapital deepening
externalities, (i) some element of international transmission through trade.
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A Data

Two datasets were used in this study. Most of the data are taka from the latest version of the
Penn World Table 6.0 downloadable fromhttp://webhost.bridgew.edu/baten/

Education data are taken from the Barro and Lee [1993] datase which is downloadable from
http://www.nuff.ox.ac.uk/Economics/Growth/datasets. htm.

A.1 Main data

Our measure of incomey, is the logarithm of real GDP chain per worker (RGDPW PWT 6.0),
where the de nition of a worker is based of economically actre population.

Population is PORN PWT 6.0. Workers are computed as the population from 15 to & obtained

from . .
real GDP chain per capita RGDPL

lation = ——  POP
real GDP chain per worker popuiation RGDPW

POPW

n then denotes the rate of growth of the 15{64 population.

The corresponding annualized average rate of growth for thevariable Z within the sub{sample
[t;t+n] is computed as

__ 10gZun) log2)
n

The share of consumption at constant prices corresponds tohe variable KCin the PWT 6.0. In
the IV procedure, the average share of consumptioe=y over the sub{sample [t;t+n] is computed

as
X

% log(KG+;=100)
j=1

The investment ratio at constant prices corresponds to the wariable Kl in the PWT 6.0 and is
divided by 100. In the regressions,=y then refers to the logarithm of this variable. It is also
used to compute our accumulation variable that accounts forthe overall accumulation e ect,
which is given by

Kl
@+ )1+ n)+ 1
We followed Mankiw et al. [1992] and assume a annual depredian rate of =0:03 and a rate
of growth of technical progress, , of 2%23

K log

Furthermore, the investment share is used to compute the caipal stock per worker | needed
to compute the TFP | using the permanent inventory scheme

I+ n)kesr =it +(1 ke

“3We performed robustness checks but did not nd any signi cant e ect of a change in either or .
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wherek = K=L . ki960 IS Obtained as
!

3670
L7 Kl RGDRW
Kisgo = t=1960
(1+1ng 70)(1+ )+ 1
where
Moo - log(POPW+0) log(POPWGo)

10
We also followed Mankiw et al. [1992] and assume a annual degciation rate of =0:03 and a

rate of growth of technical progress,g, of 2%. The measure of TFP then follows
TFP =log(RGDPW log(k)

where is set to 0.35 and 0.5 to check robustness.

A.2 Education data

The education variables are borrowed from Barro and Lee [198]. We consider essentially 3
measures of human capital. The rst one is related to the oveall enrollment rate in education.
Assuming that, on average, most people sped 6 years in primgrschooling, 6 years in secondary
schooling and 4 years in higher schooling, we rst de ne the hdex

6 P+6 S+4 H
16

log

where P, S and Hrespectively denote the total gross enrollment ratio for, espectively, primary,
secondary and higher schooling.

Our second measure of the education variable also relates tihe enroliment rate but focuses on
the primary and secondary schooling. It is built as

DURP P+ DURS S
DURR DURS

log

where DURRINd DURS®espectively denote the duration in years of, respectivelythe primary and
secondary education in 1965.

Our last education variable, Years, should be more understod as a stock since it is given by
log(HUMAN
where HUMAN the average schooling years in the total population over 2.

Note that these measures are only reported every 5 years in thdatabase from 1960 to 1985. We
actually used an average of years 1960 and 1965 for the rst &ifsample and 1975 and 1980 for
the second sub{sample. We restrict ourselves to 2 periods fdhe average for data availability
purposes.
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A.3 Composition of the sample

Our restricted sample of 75 countries consists of:

Argentina, Australia, Austria, Belgium, Bangladesh, Bolivia, Brazil, Barbados, Botswana, Ca-
nada, Switzerland, Chile, China, Colombia, Costa Rica, Cypus, Denmark, Dominican Re-
public, Ecuador, Egypt, Spain, Finland, Fiji, France, Unit ed Kingdom, Greece, Guatemala,
Guyana, Hong Kong, Honduras, Indonesia, India, Ireland, lan, Iceland, Israel, Italy, Jamaica,
Jordan, Japan, Republic of Korea, Sri Lanka, Lesotho, Luxerbourg, Morocco, Mexico, Mozam-
bique, Malaysia, Namibia, Nicaragua, Netherlands, Norway Nepal, New Zealand, Pakistan,
Panama, Peru, Philippines, Papua New Guinea, Portugal, Paaguay, Romania, Singapore, El
Salvador, Sweden, Syria, Thailand, Trinidad and Tobago, Tunisia, Turkey, Taiwan, Uruguay,

USA, Venezuela, South Africa,

When we move to our enlarge sample of 106 countries we add thelfowing 31 sub{saharan
African countries:

Burundi, Benin, Burkina Faso, Central African Republic, Iv ory Coast, Cameroon, Republic of
Congo, Comoros, Cape Verde, Ethiopia, Gabon, Ghana, Guinealrhe Gambia, Guinea{Bissau,
Kenya, Madagascar, Mali, Mauritania, Mauritius, Malawi, N iger, Nigeria, Rwanda, Senegal,
Seychelles, Chad, Togo, Tanzania, Uganda, Zambia.

B Kernel density estimates

The density estimates are computed using a kernel density ésator. Given a set of data
Y = fyigl,, the Rosenblatt{Parzen kernel density estimator of Y is given by

_ 1 X y i
1J()()’)—mi:lK “h

where the kernel,K (:), is a continuous, bounded, symmetric real{valued functia that integrates
to 1. For our purpose, we used a Gaussian kerneK (! ) =exp( ! ?=2)= 2 , with a bandwidth
parameter, h, chosen ash = 1:0592N 1 where s the standard deviation of the data and
N is the number of observations.
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Figure 9: Decomposing the observed changes in the distribidns (1V)
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Note: The decomposition is based on the IV3 regression presented in Table 4.
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