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I. INTRODUCTION

While East Asian economic performance has given rise to a large literature

studying its growth ‘miracle,’ Sub-Saharan Africa has attracted attention for

exactly the opposite reason: the failure of the majority of the countries in the

region to sustain per-capita income growth after the 1970s1. Several studies of

economic development in Sub-Saharan Africa (hereafter SSA) attribute low

factor accumulation as a major cause of the ‘growth disaster.’ Collier and

Gunning (1999) show that the stock of private capital per worker has fallen by

twenty percent since 1980 and is now less than one half the level in SouthAsia,

which they classify as the ‘nextmost capital scarce region in theworld’.Human

capital accumulation has also been slow in SSA; average educational attain-

ment levels are consistently lower in SSA than in other developing regions2.

The problem with blaming the SSA growth disaster on meager factor ac-

cumulation is that it begs the question of why factor accumulation has been

so low. To a large extent, low levels of investment are a rational response to

economic and political problems in the region, such as war, inflation, closed

markets with distorted exchange rates, and a general lack of infrastructure.

For example, Devarajan, Easterly, and Pack (2001) claim that the investment

climate is so bad in the region that one could reasonably argue that investment

is too high rather than too low. From this perspective, capital accumulation

may be both low and optimal, given the negative incentives that investors face

in the region.
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Ontheother hand, factor accumulationmaybe lower thanoptimal if human

and physical capital have spillover effects. That is, if a higher stock of physical

capital raises the return to acquiring education, and capital owners cannot

appropriate those returns, then the stock of physical capital will be under

supplied froma societal perspective. Likewise, if higher levels of human capital

raise the return to investing in physical capital, which in turn cannot be

appropriated by those making the education decision, then human capital will

be lower than the socially optimal level.

Given the lackof consistent data on the return tohumanandphysical capital

for a panel of countries in SSA, I examine the relationship between the two

types of capital with data on the accumulation of capital, which can be used to

make inferences about the return to capital. That is, if the return to investing in

human or physical capital was low in the past, then we would expect that cur-

rent levels of capital would also be low. More specifically, I estimate a simul-

taneous model of the evolution of human and physical capital in SSA from

1970–2000 using lagged measures of political instability, regime type, ethnic

diversity, trade openness, and geography as exogenous explanatory variables3.

I show that the human and physical capital are jointly endogenous in the

region: the quantity of physical capital positively and significantly affects the

quantity of human capital, and the quantity of human capital positively affects

the quantity of physical capital. This result indicates the possibility of spillover

effects,where individual investorswill notbeable toappropriate the full benefit

of their investment. Thus, my results imply that the low levels of investment

that we observe in SSAmay be perfectly optimal from the individual investor’s

perspective and too low from a societal one.

In addition, I build on a tradition of studies which investigate the relation-

ship between effective institutions, policies, and subsequent economic devel-

opment (some early examples include Weede 1983, Kormendi and Meguire

1985,Pourgerami 1988, Scully 1988, andGrier andTullock1989). I find several

other interesting results. First, I find support for the hypotheses that economic

and political instability are negatively related to the physical capital stock.

Specifically, I show that coups d’etat and inflation variability both have a

negative and significant effect on the accumulation of physical capital. Second,

unlikemany recent papers which claim that SSA is underdeveloped because of

factors like climate, location, and ethnic diversity, my results show that these

variables do not have a negative effect on capital stocks. In fact, I find no sig-

nificant effect of tropical climates or being land-locked on human or physical

capital. In addition, I uncover a positive relationship between human capital

accumulation and ethnic diversity.

3. See Appendix 1 for a list of the countries included in the sample.
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The paper is organized as follows. Section II discusses models where the

accumulation of human and physical capital have important spillover effects,

while Section III constructs a simultaneous model of human and physical

capital for a panel of 21 SSA countries. Section IVpresentsGMMestimates of

the model and examines the coefficient significance of the right-hand side

variables and their long-run equilibrium effects on investment and education.

Section V concludes.

II. THE INTERACTION OF HUMAN AND PHYSICAL CAPITAL

Many papers argue that human and physical capital are significantly related.

Nelson and Phelps (1966) claim that better educated people are more likely to

innovate and assimilate new technology than poorly educated ones. Fishlow

(1966) argues that high education levels in the 1900s helped to speed the ac-

cumulation of physical capital and the creation of new technology in the US.

More recently, Romer (1993) formalizes the argument that a more educated

populace is better able to integrate new technologies.

Caballe and Santos (1993) and Graca, Saqib, and Philippopoulos (1995)

demonstrate that an increase in the stock of physical capital should have a

positive effect on the accumulation of human capital, since increased physical

capital means human capital will be more productive in the future4. In Lucas

(1993) and Greiner (1999), any increase in physical capital must be matched

by increases in human capital in order to sustain per-capita income growth.

Upadhyay (1994), while recognizing the possibility that new technology may

destroy existing human capital, constructs amodel where innovation increases

the derived demand for new types of human capital.

Empirical work on the joint endogeneity of human and physical capital

is considerably less extensive. In a cross-country regression of 78 countries,

BenhabibandSpiegel (1997) find support for theNelson andPhelpshypothesis

that more educated countries grow faster. They show that increases in human

capital bring about significantly higher growth in the stock of physical capital.

To date, Grier (2002) is the only paper to empirically study the simultaneous

determination of human and physical capital. In a panel of 21 Latin American

countries from 1965–1990, Grier finds that the two types of capital are indeed

jointly endogenous.

4. Caballe and Santos (1993) also discuss the possibility that increased physical capital has no effect on

human capital, or even a negative effect. People may have more incentive to invest in human capital

with an increased capital stock, but they also havemore incentive towork, as the opportunity cost of

labor has increased.
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III. A SIMULTANEOUSMODEL OF HUMAN AND PHYSICAL

CAPITAL IN SUB-SAHARAN AFRICA

In this section, I estimate a model of human and physical capital for 21 SSA

countries from1970–2000,using laggedmeasuresof political instability, regime

type, ethnic diversity, trade openness, and geography as exogenous explana-

tory variables. All variables and their sources are discussed in more detail in

Appendix 3. Whenever possible, data are averaged into five-year intervals,

which allowsme to capture information from both average cross country dif-

ferences and fluctuations over time5.

Given the strong theoretical reasons for believing that human and physical

capital are jointly related, I use a GMM estimator that controls for the joint

endogeneityof the two typesof capital, the contemporaneous correlationof the

error terms in the two equations, and heteroskedasticity. Using this estimator

also allows me to test the validity of the over-identifying restrictions that I

impose on the model.

As stated above, I would ideally like to use data on the returns to human and

physical capital in the model. Unfortunately, there is no consistent panel data

on returns to capital across countries in SSA. For that reason, I use the accu-

mulation of both types of capital as a proxy6. Specifically, I measure physical

capital as the per-capita stock of physical capital (in U.S. dollars), using the

same methodology as Nehru and Dhareshwar (1993)7. The data is averaged

over five-year intervals. Human capital is measured as the average years of

primary schooling in the population aged fifteen and over8. Data on educa-

tional attainment is from Barro and Lee (2001), which are available every five

years. Since the education data is not continuous over the thirty year sample, I

take the average of the two closest observations (e.g. for the period 1970–74,

education is measured as the average of 1970 and 1975 levels).

5. SeeGrier andTullock (1989) for a justificationofusing 5 year intervals insteadof averagingover long

periods.

6. If the return to human or physical capital increases, then we would expect the accumulation of that

type of capital to also increase.

7. Nehru and Derwarshwar (1998) present a method of estimating the stock of physical capital and

provide estimates for a panel of 92 countries. Unfortunately, matching their data with Barro and

Lee’s (2001) data on educational attainment results in observations for only fifteen SSA countries. I

use theirmethodology andHeston, Summers andAten’s (2002) data on realGDPand investment to

expand the sample to 25 countries. The correlation coefficient betweenmy capital stock data and the

Nehru and Derwarshwar data is .74.

8. Berthélemy and Söderling (2001), in a study on capital accumulation and economic take-off in

Africa, emphasize the roleofprimaryeducation since itmakes upover90percent of total educational

attainment in the region. Likewise, in my sample, over 80 percent of total education consists of pri-

mary schooling.
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In the paragraphs below, I discuss the various independent variables used in

the specification and identification issues involved in estimating the model.

1. Political and Economic Instability

The literature on economic development provides many reasons for why cap-

ital stocks are so low in SSA. One of the largest deterrents to the accumulation

of physical capital is thought to be the prevalence of political and economic

instability in the area9. Since investments are often irreversible, investors will

want to delay undertaking anynew investment during periods of uncertainty10.

As Collier and Gunning (1999) document, there are very few secondary

markets for capital goods,making investments evenmore irreversible inAfrica

than other developing regions. Empirically, Berthélemy and Söderling (2001)

show that political instability, as measured by the number of coups and

revolutions, negatively and significantly affects investment levels in Africa,

althoughthis significancedisappearswhentheycontrol for total factorproduct-

ivity.

The empirical evidence on a relationship between political instability and

education levels is more mixed. For instance, Fedderke and Klitgaard (1998)

find that regime-threatening political instability is negatively correlated with

education levels, while non-regime threatening instability is positively correlat-

ed with education. The rank correlation between regime threatening political

instability and education ranges from �0.21 to �0.65, while the correlation

between non-regime threatening instability and educations ranges from 0.20

to 0.61.

I construct twodummyvariables tomeasurepolitical instability.Thefirst is a

dummyequal toone if the countryhas experienceda coupd’etat in theprevious

five year period and zero if not. The second dummy is equal to one if a country

has been at war in the previous five year period and equal to zero if there has

been no civil war. I measure economic instability as the average standard

deviation of inflation in the previous five years. As the theoretical literature

9. Fischer (1991, 1993) finds that unstable macro environments, evidenced by inflation and inflation

variability, budget deficits, and black market premiums, significantly reduce economic growth by

lowering investment and productivity. Easterly (2003), on the other hand, argues that macroeco-

nomic policy is probably only economically harmful at extreme levels and that moderate rates of

inflationandbudgetdeficits arenotvery correlatedwithrealGDPgrowth.SeeTabellini (2005) for an

excellent survey of the role of policy and institutions in economic development.

10. SeeMcDonaldandSiegel (1986),MajdandPindyck (1987), Bernanke (1983) andCukierman (1980),

Benhabib and Spiegel (1997), Edwards (1996), Gyimah-Brempong and Traynor (1996), andAlesina

and Perotti (1996) for more on the negative relationship between economic performance and

instability. Londregan and Poole (1990), on the other hand, find no evidence of a relationship

between political instability and investment.
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overwhelmingly emphasizes the relationship between instability and physical

capital accumulation, and the empirical evidence of a link between instability

and education is weak, I exclude these variables from the human capital equa-

tion.

2. Trade Policy

Ageneral lack of openness of SSAmarkets to international trademayalso help

explain the low level of physical capital in the sample countries. In support of

Bloom and Sach’s (1998) claim that trade openness is important to economic

development in theSSAregion,Collier (1998) argues thatAfrican regimeshave

hindered international trade both directly, with explicit barriers and exchange

rate policies, and indirectly by failing to invest in the infrastructure that would

facilitate trade11.

There is less evidence that trade openness directly affects the accumulation

of human capital. Sachs andWarner (1995) find no significant relationship be-

tween closed economies and primary education levels, and Harrison (1996)

argues that any relationship between trade policy and education is not robust.

For this reason, I do not include the measure of openness (the average ratio of

exports and imports to GDP in the previous five year period) in the human

capital equation.

3. Democracy

Just as the relationship between instability and development has been widely

researched, so has the potential link between government type and develop-

ment. Specifically, much work has been done on whether democracy is sig-

nificantly related to growth, especially through its effect on education rates.

One reason for this focus on education and democracy is the problem that

much of the empirical work on economic growth and democracy finds a

negative relationshipbetween the two.Giavazzi andTabellini (2004) argue that

the sequencing of political and economic reforms is important and that

countries that tackle economic liberalization before political liberalization

perform better than those that democratize first. In addition, Helliwell (1994)

argues that a negative relationship between democracy and subsequent

economic growthmay be at least partially offset by democracy’s positive effect

11. Frankel and Romer (1999) and Alesina, Spolaore, andWacziarg (2004) find a positive relationship

between trade and economic growth, while Wacziarg andWelch (2003) and Giavazzi and Tabellini

(2004) show that trade liberalization results in more trade and high levels of investment. Rodriguez

and Rodrik (2001), on the other hand, find no significant empirical relationship between trade

integration and capital accumulation in a panel of 80 countries.
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on education levels. He finds that democracy in 1960 is a positive and

significant determinant of subsequent education rates.

Along the same lines, Barro (1996) argues that democracy may influence

growth indirectly through the promotion of female education, which in turn

tends to reduce fertility rates and raise per-capita income growth12. Fedderke

andKlitgaard (1998) showapositive correlationbetween the level of education

and democracy that ranges from 0.22 to 0.80, depending on how democracy is

measured. To investigate the relationship between democracy and human

capital accumulation, I construct a dummy variable for countries with high

levels of democracy in the previous five year period. As the relationship

between democracy and capital accumulation seems to be primarily through

the education, I do not include this variable in the physical capital equation.

4. Ethnic Heterogeneity

Ethnic diversity is often hypothesized to have a negative effect on the provision

of education and on development in general. While homogeneous societies

with a common language and culturemayagreemore easily on theprovisionof

schooling, it is unlikely thatmore diversity has a monotonically negative effect

on education13. It may be easier to reach consensus about educational goals in

societies that areon either endof thediversity spectrum; that is, countrieswhich

are extremely homogeneous or extremely heterogeneous. In the case of high

diversity societies, it may be that no single ethnic group is large enough to

dominate, and decisions have to be made by compromises between groups.

Such decisions are more likely to be inclusive of other groups than decisions

madewhere a dominant ethnic group can impose itswill on educational policy.

The effect of ethnic diversity on the overall growth and development is less

clear cut. Lian and Oneal (1997), in a study 98 countries for the period 1960–

1985, find no relationship between ethno-linguistic diversity and per-capita

income growth. More recently, Nettle (2000) finds a negative relationship be-

tween linguistic heterogeneity and economic development, but argues that

there is no strong evidence that one directly causes the other.

When we also control for political instability in the form of coups and war,

ethnic diversity is more likely to have a direct impact on education than on the

12. From a theoretical perspective, Saint-Paul and Verdier (1993) construct a model where democrati-

zation leads to more income redistribution, which results in increased expenditures on public

education. On a negative note, Barro (1996) finds no significant support for a relationship between

education, fertility, and democracy in a sample of 100 countries.

13. Alesina, Baqir, and Easterly (1997) show in a sample of U.S. cities that ethnically divided com-

munities are less likely to agree on the location of schools and the language of instruction, with the

end result being less public schooling. Easterly and Levine (1997), in a study ofGDP growth in SSA,

show that more diverse countries also have lower average levels of education.

r 2005 Blackwell Publishing Ltd. 201

THE INTERACTION OFHUMANAND PHYSICAL CAPITAL ACCUMULATION



accumulation of physical capital. To study the effect of diversity on capital

accumulation, I use data from Posner (2004) to construct three dummy

variables representing countries with high, medium, and low levels of diver-

sity14. Posner’smeasure of diversity improves on earliermeasures in that it uses

more than just language to define ethnicity and also moves over time15.

5. Geography and Colonial History

Bloomand Sachs (1998) argue that variables such as climate and location have

important effects on disease and child mortality rates, agricultural productiv-

ity, openness to external trade, and economic growth16. To control for such

geographic factors, I create two dummy variables: one for countries which are

landlocked and one for those with tropical climates. Finally, Grier (1999)

shows that British colonies in SSA had higher stocks of human capital at the

timeof independence than coloniesofotherEuropean countries17. I control for

this colonial effect by including a dummy variable for countries which were

once British colonies.

IV. RESULTS

1. Model Specification Tests

One of the difficulties in estimating any simultaneous system, and especially

one where the two dependent variables are different types of capital, is finding

variables to identify the system (that is, variables that are correlated with one

dependent variable but not the other). As discussed above, theory suggests that

economic and political instability and trade openness would affect physical

capital in amore direct fashion than human capital, while colonial history and

ethnic diversity might directly affect the stock of human, but not physical,

capital. So, the key over-identifying assumptions of the model are that

instability and trade openness affect the stock of physical capital but not

14. The high (low) dummy is equal to one for countries with diversity rankings that are one standard

deviation above (below) the sample average.

15. Most other papers in the growth literature use the Soviet measure (ELF) developed in the 1960s,

which means that my findings on the relationship between ethnic diversity and education will not be

strictly comparable. On the other hand, the benefits of using Posner’s variable over the problematic

ELF are numerous. See Posner (2004) for a critique of ELF and other commonly used measures of

diversity and a more detailed description of PREG (Politically Relevant Ethnic Groups).

16. Rodrik, Subramanian, and Trebbi (2002) argue instead that geography plays at best an indirect role

in economic development.

17. See Acemoglu, Johnson, and Robinson (2001) for an excellent study of colonialism and subsequent

development.
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educational attainment, while colonial history and ethnic diversity directly

affect the stock of human, but not physical, capital.

Since GMM minimizes a criterion function that is itself a function of the

correlation between the instruments and the errors of the equation, I can

construct a test of the overall validity of the over identifying restrictions in each

model. The minimized value of the GMM criterion function times the sample

size is distributed as a w2 with degrees of freedom equal to the number of over

identifying restrictions. Model 1 of Table 1 presents the results of an initial

estimation, while Model 2 re-estimates the system of equations with the ex-

clusion of insignificant variables (defined as ones with a t-statistic below 1.0).

The calculated test statistics, which are provided at the bottom of the

estimations, indicate that I cannot reject the null hypothesis that the over

identifying restrictions are valid in either model, even at the 0.10 level18. While

over identifying restrictions are always to a certain degree debatable, the data

do not reject the validity of the restrictions I impose on the model.

2. Coefficient Signs and Significance

The results of Model 1 show that human and physical capital are jointly

endogenous.Theper capita stockofphysical capital is apositive and significant

determinant of educational attainment at the 0.05 level, and education is a

positive and significant determinant of physical capital at the 0.01 level19. This

result has important implications for policymakers, since policies which stimu-

late investment inhumancapitalwill alsoaffectphysical capital (andviceversa).

I find that economic and political instability negatively affects the accumu-

lation of physical capital. The coefficient on lagged inflation variability is

negative and significant at the 0.01 level, while the coefficient on lagged coups

d’état is negative but only significant at the 0.10 level. The variable representing

lagged civil war is negative but not significant at any conventional level20. The

finding of a negative relationship between coups and physical capital is similar

18. There are 8 over identifying restrictions inModel 1 and the critical value at the 0.10 level is 13.36. See

Greene (2000, p. 302) for a good description of the test (variously called a J-test, Sargan test, or a

Hansen test).

19. It is important to note that the results are also not sufficient to prove that the accumulationof human

and physical capital has external effects. It is possible that returns are fully internalized and the two

formsof capital still positivelyaffectoneanother. Since it is unlikely that the entrepreneur investing in

physical capital is the same personwho is deciding to invest in new human capital, it is probably safe

to assume that there are externalities involved in factor accumulation.

20. A simple correlation test between the variables representing civil war anddemocracy show the two to

be highly negatively correlated. When the democracy variable is removed from the physical capital

equation, the coefficient on lagged civil war becomes negative and significant at the 0.05 level.
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to the results in Grier (2002), who shows that both coups and civil war have a

strongnegative effect on theaccumulationofphysical capital inLatinAmerica.

Unlike Grier (2002) though, who reports a statistically insignificant relation-

shipbetweentradeopennessandphysical capital inLatinAmerica, thecoefficient

on lagged openness in Model 1 is positive and significant at the 0.05 level, indi-

cating that SSA countries which have opened their economies in the past have

higher subsequent stocks of physical capital than closed-economy countries.

I do not find evidence that high levels of ethnic diversity reduce the ac-

cumulation of human capital. Specifically, Model 1 shows that the dummy

variables representing high diversity are positive and significant at the 0.01

level,while the lowdiversity dummy is insignificantly different fromzero.Thus,

Table 1

Simultaneous models of human and physical capital in Sub-Saharan Africa

Variable Model 1 Model 2

Physical Capital Human Capital Physical Capital Human Capital

Constant 6.74 �1.24 6.69 �1.47
(20.9) (1.8) (28.9) (2.7)

Log (Human Capital) 0.47 � 0.49 �
(2.0) (2.4)

Log (Physical Capital) � 0.19 � 0.22
(1.8) (2.9)

Lag (Standard Deviation �1.57 � �1.56 �
of Inflation) (2.4) (3.1)
Lag (war dummy) �0.42 � �0.36 �

(1.1) (1.1)
Lag (coup dummy) 0.41 � 0.42 �

(1.7) (2.1)
Lag of openness 0.01 � 0.007 �

(1.9) (0.93)
Lag (democracy dummy) 0.90 0.14 0.93 �

(3.8) (0.7) (3.4)
Lag (High diversity dummy) � 0.68 � 0.63

(4.9) (4.7)
Lag (Low diversity dummy) � �0.05 � �

(0.3)
British colony dummy � 0.92 � 0.87

(5.2) (5.3)
Climate dummy �0.008 �0.08 � �

(0.0) (0.8)
Landlocked dummy �0.005 0.05 � �

(0.0) (0.4)
R2 0.492 0.679 0.492 0.680
N, J-test 125, 0.0738 125, 0.0552

Notes: The numbers in parentheses are t-statistics. Time dummies were estimated in both equations,
but are not reported for reasonsof space. The number reported for the J-test is theminimized value of
the GMM criterion function times the sample size. It is distributed as a w2 with degrees of freedom
equal to the number of over-identifying restrictions. The critical value at the .10 level for 3 degrees of
freedom is 6.25.
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the results indicate that high diversity countries (such as Cameroon, Kenya,

Malawi, and Uganda) will have higher educational levels than averagely

diverse countries, ceteris paribus21.

LikeGrier (1999),who showed that ex-British colonies hadhigher education

levels on average, I find that the British colonial dummy is positively and sig-

nificantly related to primary educational attainment at the 0.01 level.

Democracy has a direct and significant effect on the stock of physical capital

in SSA. The coefficient on lagged democracy is positive and significant at the

0.01 level in the physical capital equation, meaning that countries which have

had more experience with democracy also have higher stocks of per-capita

physical capital. Unlike Grier’s (2002) finding that past democratic experience

is positively and significantly related to primary educational attainment in

LatinAmerica, I find that the democracy dummy is positive but insignificant in

the human capital equation.

Model 1 also shows that the geographic dummies (representing tropical

climates and land-lockedness) are not significantly related to the accumulation

of either physicalorhumancapital. This result supportsRodrik, Subramanian,

andTrebbi (2002),whoargue that geographydoesnot haveadirect, significant

effectoneconomicdevelopment, and toa certainextent,Grier (2002),whoshows

that these geographic variables do not have a direct negative effect on the

accumulation of physical capital.

Model 2 shows the results of estimating the system of equations without the

insignificant variables. Specifically, the geographic variables are dropped from

both equations, while the low diversity dummy and the lagged democracy

dummy are eliminated from the human capital equation. In this pared down

system, I find even stronger support for the argument that human and physical

capital are jointly endogenous. The per capita stock of physical capital is a

positive and significant determinant of educational attainment at the 0.01 level,

and education is a positive and significant determinantofphysical capital at the

0.01 level. Many of the other independent variables are also more statistically

significant. Lagged inflation variability and lagged openness are now related to

the accumulation of physical capital at the 0.01 level, while the lagged coup

variable is significant at the 0.05 level.

3. Equilibrium Quantitative Effects

Since human and physical capital are jointly determined in my model, any

right-hand side variable has a direct effect on at least one type of capital and

either a direct or indirect effect on the other. That is, even though the civil war

21. I employ a differentmeasure of ethnic diversity thanAlesina, Baqir, andEasterly (1997) andEasterly

and Levine (1997), so the results reported here are not directly comparable.
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variable is not included in the educationequation, it still affects education levels

through its effect on the stock of physical capital. To properly measure the

long-term equilibrium effects of all of the exogenous variables on human and

physical capital, I calculate the structural reduced-form of the model. All

quantitative effects discussed below are constructed using the coefficients of

model 2.

While democracy was not statistically significant in the human capital

equations above, it does have a long run economic effect on education levels.

Democracy has a strong quantitative effect on the stock of physical capital,

which in turn raises the stock of human capital. More specifically, countries in

the high democracy grouping have 93% higher stocks of physical capital on

average (and 23% higher stocks of human capital) than countries with less

democracy, ceteris paribus.

Economic and political instability also have important quantitative effects

on the accumulation of capital. Countries which have experienced at least one

coup in the previous 5 year period have 42% lower average stock of physical

capital, ceteris paribus, than countrieswith no coupd’état. The indirect effect of

instability on human capital is weaker: countries which have had coups have

10% lower stocks of human capital. The results also show that an increase in

inflation variability byone standard deviation is associatedwith a 20.3% lower

stock of physical capital and a 5% lower stock of human capital, ceteris

paribus.

Ethnic diversity and a British colonial heritage both have strong and direct

quantitative effects on the accumulation of human capital. Specifically, coun-

tries with high ethnic diversity have levels of primary education that are 51%

higher than less diverse countries while ex-British colonies have 82% higher

educational attainment on average than the other countries in the sample,

ceteris paribus22.

These variables also have an indirect effect on physical capital accumulation

through their initial effect on education. Countries with high levels of ethnic

diversity have 34.5% higher stocks of physical capital, on average, than less

diverse countries, while ex-British colonies have 48% higher physical capital

accumulation than other countries.

V. DISCUSSION

The relationship between human and physical capital is complex. Some argue

that increases in physical capital should significantly increase the accumulation

22. The average years of primary school attainment for former British colonies is 2.47, while it is only

1.03 for the other countries in the sample.
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of human capital, while others argue the reverse; namely, that increases to

human capital raise the level of physical capital. Very few theoretical or

empirical papers model the accumulation of the two types of capital jointly. I

test and find in a panel of SSA countries that human and physical capital are

jointly endogenous in theregion, indicating that increases to the stockofhuman

capital raise the level of physical capital, and vice versa. This is an important

finding forboth theacademic literatureoncapital accumulationand forpolicy-

makers in SSA.With respect to the literature, my results indicate that the two

forms of capital should be modelled in a simultaneous system. Theoretical

and empirical models which focus solely on the effect of one type of capital or

the other may be mis-specified.

The implications of the findings are also important for policymakers.

Governments can work to break the vicious circle of low capital accumulation

by stimulatingprivate investment in humanorphysical capital.Anypolicy that

increases educational levels will do more than raise the overall skill level of the

society, but will also have a positive effect on the stock of physical capital.

The results are also optimistic in what they do not show. That is, many recent

papers argue that climate and geography, the ultimate in exogenous factors, are

important reasons for the low incomesof the region.However, Ifindnoevidence

that geography has a negative impact on the evolution of either type of capital.

Further work could investigate other ways in which governments in the

region can provide the incentives for private investors to accumulate human

or physical capital. One example is the effect of political stability on capital

accumulation. My results indicate a potentially large dividend to stability for

the region, as the incidence of coups d’etat significantly lower the stock of

physical capital, which in turn lowers primary educational levels.

APPENDIX 1

COUNTRIES IN THE SAMPLE

Benin Malawi Sierra Leone
Botswana Mali South Africa
Cameroon Mauritius Togo
Central African Republic Mozambique Uganda
Ghana Niger Congo, Democratic Republic
Kenya Rwanda Zambia
Lesotho Senegal Zimbabwe
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APPENDIX 2

SUMMARY STATISTICS

Variable Mean Standard Deviation

Log of human capital 0.38 0.76
Log of physical capital 7.32 1.17
Lag (standard deviation of inflation) 0.09 0.13
Lag (war dummy) 0.10 0.29
Lag (democracy dummy) 2.03 3.23
Lag (openness) 66.6 37.3
Lag (ethnic diversity) 0.43 0.22
British colony dummy 0.57 0.49
Lag (coup dummy) 0.19 0.39
Climate dummy 0.52 0.50
Landlocked dummy 0.48 0.50

APPENDIX 3

VARIABLE DESCRIPTION AND SOURCES

Physical Capital the log of per capita stockof physical capital (Nehru andDhareshwar 1993,Heston,
Summers, and Aten 2002).

Human Capital the log of the average years of primary schooling in the population age fifteen and
over (Barro and Lee 2001).

War dummy variable equal to one if a country was at war during the five-year period (war is defined
by Azam and Hoeffler as ‘internal wars which resulted in at least 1,000 battle related deaths per
year’.) (Azam and Hoeffler 2002, Small and Singer 1982, Collier and Hoeffler 2004).

Coups equal to one if there was a coup d’etat in five-year period (Bates 2000, Banks 1994).
StandardDeviationof Inflation equal to the standard deviation of inflation overfive-year period (Hes-

ton, Summers, and Aten 2002).
Open equal to exports 1 imports as a percentage of GDP; averaged over five-year period (Heston,

Summers, and Aten 2002).
Tropical equal to one if a country is predominantly tropical (CIA Factbook 2001).
Landlocked equal to one if a country has no ocean coastline (CIA Factbook 2001).
British equal to one if the country is an ex-British colony (CIA Factbook 2001).
Democracy equal toonefor countrieswhichaveragedaneightorhigherondemocracyRanking(Azam

and Hoeffler 2002, Jaggers and Gurr 1995).
Diversityameasure of ethnic diversity for forty-twoSub-SaharanAfrican countries from1960–1990;

1990 figures are used for the 1990–2000 period (Posner 2004).
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SUMMARY

In this paper, a simultaneousmodel of the evolution of human and physical capital in Sub-SaharanAfrica

is estimated. It can be shown that the two types of capital are jointly endogenous, in that increases in

humancapital significantly raise the per-workerphysical capital stock, and increases in thephysical capital

significantly raise primary education levels. Unlike the implications of other recent papers, there is no

evidence that tropical climates and ethnic diversity have a negative effect on the accumulationof capital in

the region.
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