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1 Introduction

Do natural resource abundant countries tend to have higher or lower stocks of human capital? Do resource
booms tend to result in increased or deaeased levels of educational expenditure? These questions are the
focus of thispaper. Thereare arrently three ontributionsto these questions:

Firg, Thorvaldur Gylfason (2001) marshals that public expenditure on education rdative to
nationa income, expeded years of schoding for girls, and gross gcondary enrolment are all shown to be
inversely related to the share of natural capital in national wealth acrosscountries. This author concludes
that natura capital appeas to crowd out human capital, thereby slowing down the pace of economic
development. The opinion of this author is that “nations that are mnfident that their natural resources are
their most important asst may inadvertently — and perhgps even deliberately! — neglea the development of
their resources, by devoting inadeguate attention and expenditure to edwcation.” He goes on adding “ Their
natural wealth may blind them to the need for educating their chil dren.”

Second, Nancy Birdsall, Thomas Pinckney and Richard Sabot (2001 start-out by observing that
most governments around the world extol the benefits of education but that these governments sy that
investment in this sdor islimited becuse of alack of money. Asthese authors admit, if limits on human
capital investment primarily result from binding government constrains, resource abundance should induce
additional investment, ceteris paribus. Yet, these authors argue, statistics tell another story: resource
abundant countries, on average, would invest lessin edcation that other countries.

To the etent mineral states tend to spend lavishly their minera revenues on numerous
development projeds and programs (seefor example William Ascher, 1999), it is aurprising to read that
education would be the only — quite unfortunate! — exception. It is even more surprising to read that
regarding education, the same mineral states would actualy spend less than other states! In this paper, an
opposite interpretation of the data is reached: Human capital indicaors are shown to be positively
asociated with resource abundance and rents indicators. In an often-overlooked paper about resource
abundance and ednomic growth, Graham Davis (19%) takes a first interesting pass at this question and
finds gmilar results. This paper improves upon Davis (199%) in that it uses richer humancapita data, that

attempt ismade atcontrolling for other determinants of humancapital besides resource abundarce, and that
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the common determinants of resource abundance and human capital are acoounted for. Instrument
variables and VAR modding are dso introduced to take are of endogeneity among national income and
minerd wesalth.

This question lies at the heat of the debate regarding the dfect of natural resource abundance on
economic growth and development. If something, say human capital, usually remains of resource booms,
resource abundance would provide for more than just a temporary increase in income per capita. Is this
increase in human capital bound to remain itself a temporary phenomenon? The answer to this question
hangs upon the type of growth model we think best describes economic development. Yet, if we think that
countries are only conditionaly converging, the question beames: |s education capable of affecting some
of the fundamental determinants of a country’s steady state?

Robert Barro (1997, 2001) argues that education permanently increases the dficiency of the labor
force by fostering democracy and that human capital facilitates the absorption of superior technologies
from leading countries; this channd is supposed to be espedally important a the secondary and higher
levels. Similarly, Philippe Aghion, Eve Caroli and Cedlia Garcia-Penasola (1999 contend that education
creates better conditions for good governarce by improving hedth and enharcing equality.

Development emnomists, and most notably Amartya Sen (1999), stress the importance of
education, and in particular of educating women in developing countries. The marginal socia returns of
education for growth are considered sizeable d@ the human capital levels characterizing developing
economies. Also, given the high degree of inequality prevailing in these wuntries, education is often
considered a better indicator of the median level of development. Along the same lines, education can also
be considered a better predictor of improvement prospeds for the median level of income.

Importantly, this paper shows that resource abundance is associated across countries with higher
female human capital accumulation aswell. Also, similar observations are made regarding “hedth capital”
indicaors. Matching techniques are used to al ow resource abundanceto be endogenous to a country’s state
of social and economic development. This does not dter the conclusions.

In instrument variable panel regressons, every $1 increae in the rest of GNP per capita is
associated with around an additiona 5¢ to 6¢ being spent on education per capita. The aosscountry effed

is much higher, around 15¢ gr dollar. | susped this difference has to do with the high inter-temporal
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variability (and corresponding uncetainty) of resource rents relative to that of the subsoil wealth
geographicd distribution. Besides, acrosscountries inter-temporal effects add up ower time. More forma
tests of these mnjectures are alled for. InaVAR model, the dfect of resource lents turns out to be three
times more important than that of therest of GNP. Over the course of threedecades, a $1 shock to resource
rent generates again close to 5¢ d extra educational expenditure per year. Incomparison, a$1 innovation
in residual GNP will generate, over the same period, alittle lessthan 3.5¢ of extraedwcaiona expen diture.

Why would we think natural resource abundant countries tend to spend more on education than
otherwise similar countries? Thereis an el ementary “aggregate wealth effea” at work. Many researchers
seem to asaume that riches tend to spail nations just as they would spail arich person’s children. Indeed,
rich kids may often spend their parental wealth on expensive drinks on exotic idands, rather than leaning
invaluable things about life working hard as sasonal gardeners. But the irony of this analogy is that
empiricdly, the very same children end up, on average, highly educated and economically better off than
their poorer cohort members. The paliti cd leaders of resource rich developing nations may spoil part of
their country’s mineral revenues on “expensive shopping tripsin Paris,” but ceteris paribus, they will also
tend to spend part of these revenues on education. Few dictatorships can afford to completely disregard the
aspirations of their population, if only out of fear of coups or under internationa presaure from rich
democracies or international organizations.

Albert Hirschman (1961) noted very early on that one would exped that very little “production
linkages’ from minera production, which lead to the @rnering of the term “enclave economy”. Yet, in a
lessfamous paper, Hirschman (1977) also pointed out there is presumably a trade-off between production
and government revenue linkages. The idea is that an activity like manufacturing, which is highly
interlinked with the rest of the emnomy, is going to have a strong political lever to avoid taxation. On the
other hand, enclave economies are by definition economically isolated and are often run by foreigners.
Hence, they represent fewer votes, have less political leverage, and are very often the objed of heavy
corporate income and export taxation.

Any increase in production activity will generate additional government revenues and a share of
these is generally spent on education. But increases in resource etraction activities actually seem to

generate more educational spending than other activities. VAR estimation results indicate that government
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revenue dfects more than make up for the lower production linkages as well as depletion and price
variation effeds associated with minera activities, at least over the three decade period unde
consideration.

As a result, yesterday’s resource abundance trandates itsdlf into currently higher human cepital
stocks. In thissense, resource abundarce @n be more thana temporary windfall and can have a permanent
effed on a country’sincome per capita a opposed to the munterfactual case where this country had never
experienced resource abundance This effect should be all the more important when human capital is key
to the adoption of foreign technologies or the development of a national reseach sedor. Also, this effed
will matter al the more where edeation iskey to the mitigation of income inequality and the advarcenent
of democracy.

Thisis obvioudy crucial in terms of development strategy formulation: this wealth effed implies
that resource rich countries should not be discouraged from exploiting their natural resource basis,
especialy where human capital is in short supply. Of course, there ae most likely other important
“channels’ of operation running from resource abundanceto development — not to mention environmental
concens — and these have to be systematically investigated, and should also be ansidered for the
formulation of development policies. | conclude by stressng the importancefor future reseach of detail ed
andyses of these other channds.

This paper is organized as follows. Section 2 presents the aosscountry data used in this paper
and reports non-parametric results. This sdion also reports the results of matching analysis with the aim
of accounting for the expeded determinants of natural resource abundarce. Section 3 presents the panel of
data used in the rest of the paper and moves onto panel regresson anaysis. Sedion 4 setsup a VAR and
examines impulse responses from a $1 shock to resource rents versus a $1 innovation in the rest of GNP.
Sedion 5 exposes my conclusions. The reasonswhy different conclusions are eached than in the existing

literature are discussd in this last sedion.

2 Cross-Country Non-Parametric Analyss
Crosscountry data for resource endowments come from the World Bank (1997). Their “subsoil wealth”

variable will be used. Subsoil wealth covers metals, mineras, oil, coal and gas. Figure 1 shows the
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distribution of subsoil wealth acrossthe sample of countries covered by the World Bank. The skewnessof
country data for subsoil wealth stands out very clearly. The geographicd distribution of subsoil wealth
appeas quite independent of the level of development achieved by countries. There ae highly developed
resourcerich countries like Norway, Australia, Canada, and the United States. But there are esource -rich
developing courtries aswell, such as Veneauela, Trinidad and Tobago, Chile, Mexico, and Maaysia.

Many human capital accumulation indicators have been analyzed for this research: educational
spending educators (as a share of GDP, and per student at different schoding levels), enrollment rates (at
different schoding levels and separately for each gender), illiteracy rates (adults and youth), hedth
indicaors (life expedancy and child mortality rates at different ages), and average years of education (at
different schoding levels and separately for each gender). They all tell a very similar story regarding the
asociation between subsoil wealth and human capita accumulation, with a degree of statisticd
significance basically varying with the quality of the data series and their coverage. For the purposes of
presentation, four human capital summary statistics have been seleded: gross gending on education as a
percentage of expenditure, total average years of education for the overal population and for women, and
life expedancy at birth.

Hamilton (2000 provides a blueprint for the @lculation of what the World Bank calls “genuine
savingsrates.” | usetheir edicational expenditure data, i.e. the share of educationa expenditurein national
expenditure. To increase the broadness and accuracy of the coverage of these series, they have been
averaged from the ®venties to the ninetieswherever datais available. This approach hasthe advantage of
making this flow variable more amparable to the other stock-like statistics presented here, i.e. the total
average years of education and life expectancy at birth, since these are the outcome of ongoing public and
private expenditure rather than of a annual policy. Other statistics and approaches concerning educational
expenditure would lead to similar conclusions, however.

It is often argued in the development literature that it is human capital stocks that matter for
development rather than crude measures of enrollment. Two sets of data are avail able and have been used.
The first data set comes from Vikram Nehru, Eric Swanson, and Ashutosh Dubey (1995. The scond and

more recant data set comes from Robert Barro and Jong-Wha Lee (2000. Results reported in this paper
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correspond to this newer data set, but smilar conclusions are reached with the Nehru-Swanson-Dubey
dataset.

Barro and Lee (2000 provide improved measures of educationa atainment for a broad group o
countries. They extend Barro and Leés (1993 previous estimates of educational attainment for the
population over age 15 and owr age 25 up to 1995 and provide projections for 2000 Results
corresponding to their projections for year 2000 for age 25 up are reported here.  The development
literature also considers that health indicaors belong to human capital indicaors espedally in the mntext
of poorer nations where workers' efficiency often depends critically on their health condition. Results
concerning life expectancy at birth are al'so reported. These data come from the World Bank (2001) and
have been averaged over 19951999 to increase coverage given the fact that all countries do not always
report these statistics every year.

Table 1 shows Spearman rank correlation coefficients between subsoil wealth and these key
indicators of educational spending and human capital accumulation. The main advantageof working with
rank correlations rather than linea correlations is twofold. Firgt, rank correlations do not impose a linea
structure on the data, obvioudy. Second, they are insensitive to monotonous transformations of the series
themselves. Sinceavailable human capital satistics are only imperfed indicaors of the underlying concept
of human capital, this property is particularly attractive. Developing countries being of particular concern
in this paper, these crrelation coefficients have dso been calculated for the subset of devel oping countries.

The rate of educationa expenditure, life expectancy at birth and total average years of education
for the population as awhole and for females are dl positively correlated with subsoil wealth. Educaional
spending is dightly less correlated with subsoil wealth in the subset of devel oping countries (39%) than in
the generad sample (41%). However, life expedancy at birth and tota average years of education for the
population as awhole and for females are dealy more strongly correlated with subsoil wealth in the subset
of developing countries (61% and 58%) than in the set of all countries (50% and 49%). One plausible
explanation for this is that subsoil wealth and the crresponding government revenues matter more for
human capital accumulation at lower levels of income and in countries where genera tax colledion is
politi cally and logistically more difficult. All these rank correlation coefficients are stetistically different

from zero at asignificancelevel well below 1%.
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Theaim of Table 2 istwofold. First, are the assciations foundin Table 1 still present when one
compares different quartiles? In other words, is a subset of countries — say the countries exceptionally
endowed in mineral wealth — driving the conclusions? Second, are mineral endowments refleding to some
degreethe state of technological and economic devel opment of a country? If so, the fact that human capital
indicaors are positively asociated with subsoil wealth could merely indicate than something common is
driving bath minera endowments and educational investment.

Paul David and Gavin Wright (1997) hint that strong “positive feeadbacks” even in the
exploitation of depletable resources, were responsible for the explosive growth of the US “minerds
economy.” Yet, they challenge the premise that resource abundance smply reflects a country’ s geol ogical
endowment of mineral deposits. They argue, in the century following 189, the US exploited its natura
resource potential to afar greder extent than other countries, and did so acrossvirtually the entire range of
industrial minerals. Natura resource abundance was an endogenous, “socially constructed” condition that
was not geologically pre-ordained. Davis (1995) mentions this potential limitation to his results but does
not try to contral for it.

However appropriate this bi-diredional causality story may be regarding the US in the 19"
century, in today’s world, multinational mineral extraction companies deploy state-of-the-art exploration
technology even in the least developed corners of the world. It is thusopen to question how we should e
today’s minera endowment, and to what extend this is driving the previous sedion’s results. This type of
question naturally suggests the use of a kernel-based matching approach.

The aim of this technique is to draw causal inferences about the relative effects of “treatments’,
such as different social programs or macroeconomic policies and regimes. The data available to compare
many such treaments are not based on the results of carefully conducted randomized experiments, but
rather are @lleded whil e observing programs, policies or regimes asthey operate. Typically, such data are
relatively inexpensive to dbtain, however, and often are the only data avail able. There is potential need to
control for naturally occurring systematic differences in background characterigtics between the treament
group and the cntrol group, systematic differences that would not occur in the @ntext of a randomized

experiment.
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Hidehiko Ichimura and Petra Todd (1998, James Hedkman, Hidehiko Ichimura, Jeffrey Smith and
Petra Todd (1998, as well as Richard Blundell and Monica Costa-Dias (2000 evaluate this technique in
the mntext of economics. One important advantage of matching techniquesisthat they are non-parametric
and allow the researcher to ched the sensibility of regresson resultsto the particular parameterization that
has been adopted. In the macroecmnomics literature, Torsten Person, Guido Tabellini and Francesco
Trebh (2001 have applied thistechnique to study the dfed of eledoral systems on corruption.

Consider two groups of countries. those in the top quartile for subsoil wealth, and countries in
another quartile, say the second (or third or fourth) quartile. Define as treded the wurtries in the top
quartile for subsoil wealth. The set of second (or third o fourth) quartile countries is not subjed to
treatment and will make up the cntrol group. As the prior in this paper is that subsoil wealth treatment
causes more human capital accumulation, one would like to estimate the average dfect treament on the
treated.

The problem is that the human capital a country not in the top subsoil wealth quartile would have,
if it hypothetically had such a minera endowment cannot be observed. How can the information in the
control group be eploited, allowing for the fact that — in this non-experimental setting — mineral
endowments may not be random? Suppose “seledion” is affected by an observable variable, for example
GNP per cgita a a proxy for technology and development, which could aso have an independent effed
on human capital accumulation. To exploit the control group, a central identifying asaumption is needed,
conditional independence also known as the selection on observables asaimption (Rosenbaum and Rubin,
1983 Rubin, 1974, 1977. This asamption aserts that, conditional on grossnational product per cepita,
human capital accumulation and mineral endowments are independent. In other words, no amitted or
unobserved variable influences bath membership in a particular subsoil wealth quartile axd the human
capital outcome, once we have controll ed for grossnational product per capita. The impact of using other
observables than GNP will a so ke investigated.

A non-parametric test of our central hypothesis can be obtained by combining observations in our

treated and control group with similar values of their observable (say GNP per capita). To each treated

country will be asociated the following statistics: I—A|iT , the weighted human capital outcomes of his

neighbors in the treated group, and ﬁic , the weighted human capital outcomes of his neighbors in the
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control group. Theaverage (HA,T -H ic) will bethe estimate of the treatment effed. Thetechnical term for

this approach is kernel-based matching. The weights given to country’s human capital outcome are in
Gaussgan proportion to the dosenessof observables (e.g. GNP per capita) within the bandwidth set here to
two standard deviationsin the observable,

Dividing the sample in four quartiles allows to investigate the outcome of three different
treatments; What would be the human capital outcome of countries in the second / third / bottom quartile
for subsoil wealth had they found themselves in the top quartile for subsoil wealth? Five different sets of
observables are used in turnsto match courntries.

First, GNP per capitais used asa proxy for the overall technological development of a country to
answer concerns raised by David and Wright (1997) aswell as Davis (1995. Second, wewill do seledion
on politi cd instability on the ground that it may be driving both resource eploitation and exploration as
wel ashuman capita accumulation.

Third, seledion on legd origin is made on the ground that, for example, England managed to
colonize very valuable countries and also had a alture conductive to human capital accumulation. Fourth,
seledion on religionsis done on the ground that, for example, Muslim countries happen to dten be ail-rich
countries and also have a culture anductive to literacy (thanks to the Koranic tradition.) Note that lega
origins and religions are measured as a set of dummy variables; in this case the Mahalanobis distance
constructed from the variables, via Rubin’s (1980) formula, is used.

Fifth, and finally, propensity score matching is done. The propensty score is the probability of
bel onging to the treaed group (top quartile for subsoil wealth) using aprob it model with inthiscase all the
above four set of observables used as regressors, i.e. GNP per capita, political ingability, legal origin and
religion dummy variables.

Table 2 first reports for each subsoil wealth quartile average values of the four summary human
capital indicaors. These averages are reported for all countries and for the subset of devel oping countries.
It is clea from these figures that correlations presented in Table 1 were not driven by a set of countries
corresponding to a spedfic subsoil wealth quartile.  Educational savings rates, total average years of

schodling for the population and for females and life expectancy at birth all increase from one quartile to

Page 10 of 24



Natural Resource Abundanceand Human Capitd Accumulation

the next. Furthermore, this holds if we consider the full sample as well as if we focus on the subset of
developing courtries.

Therest of Table 2 shows the dfect of the threeabove-mentioned treaments. First, no attempt is
made to account for the fact that both subsoil wealth and human capital may both be driven by common
factors. Thereafter, kernel -based estimates of treatment effects accounting for this posshility are reported.
Results are not fundamentally affected by kernd-based matching, indicaing that neither the level of
development of a country (as proxied by GNP per capita), nor politicd instability, nor legal origins nor
religions are driving results. Also, results show that the larger the jump in subsoil wealth quartile the larger
the effect on human capita outcomes. This property of the results is not affected by kernel-matching
either.

What about the empirical relevanceof these efeds? They are eonomically quite significant. For
example, moving from the battom to the top quartile implies an increase in life expectancy on the order of
11 years of life at birth, of more than 3 years of education for the whole population as well as for females,
and more than an additiona 1% of expenditure spent on education. These are substantial differences
relative to the values these indicators reach on average. The only exception is that propensity score
matching between the first and the second guartile reverse the dfect on educational expenditure to a
dightly negative number (-.05% of expenditure). Sedions 3 and 4 dal extensively with educationa
expenditure as dependent variable. Thisreversal of signismost likely spurious.

Note that kernel-based matching does not take account of the fact that causdity can run from
subsoil wealth to GNP per capita & well. The dfect Table 2 is capturing is that beyond increased
educational spending due to increased income per capita stemming from mineral extraction and production.
These effects are mnsistent with Hirshman's (1977 hypothesis according to which enclave activiti es have
stronger tax revenue linkages than other activities. In other words, these results indicate that taking two
countries with similar GNP per capita (including mineral extraction revenues!), mineral endowments make
a substantia difference for human capital accumulation. Sedion 3 moves onto panel regresson analysis
and will tackle this endogeneity issuie by using instrument variables that can be safely asaume to be

exogenous to both resourcerents and therest of GNP.

Page 11 of 24



Natural Resource Abundanceand Human Capitd Accumulation

3 Panel Data Regression Analysis

This sedion reports resultsfrom panel regresson analysis. We want to make sure that the crrelations and
differences in means observed in Sedion 2 are not due to the omisson of other important determinants of
human capital accumulation. A number of control variables will thus be introduced. Ideally one would
like to control for the emnomic, demographic, as well as pditical characteristics of the cuntries used as
observationa units.

As mentioned in the previous gction, Hamilton (2000) provides a blueprint for the clculation of
what the World Bank calls genuine savings rates. In this sdion, in addition of their educationa
expenditure data, i.e. the share of educationa expenditure in national expenditure, their calculated seriesfor
resourcerentsis used. Thes datacover apand of 102 countries from 1970to 1999 They are divided by
population datato oltain resourcerents per capita

The list of data sources for the resource rental estimates are given in Hamilton and Clemens
(1999. Their basic approach to calculating resource rents for non-renewable resources is to subtract
country- or region-spedfic average asts of extraction from the world pricefor the resourcein question, al
expressed in current US dollars. For mineralsthe levels of total resourcerentsare alculated as:

Rent = World price- mining cost - milling and beneficiation costs
- smelting costs - transport to port - ‘normal’ return to capital.

For crude ail, unit rents are alculated as the world pricelesslifting costs. Natural gas, though its
international trade has ared in recent years, does not have a single world price A world price was
estimated by averaging freeon-board prices from several points of export worldwide, foll owing which the
unit rents were @lculated as for ail. In addition to timber, coal, cil and ratura gas, the minerals covered
include zinc, iron ore, phosphate rock, bauxite, copper, tin, lead, nickd, gold, and silver. Dataproblemsled
to the exclusion of diamonds from their estimates. Note that rents cover neither extraction costs nor normal
profits. We aethus underestimating the ntribution of the resource etraction sedor to education.

Anocther variable is constructed from the original Hamilton (2000 data. These panel data cover
102 countries from 19701999. Firg non-resource non-education GNP — referred to hereafter asthe “rest
of GNP per capita” or “residual GNP per cgpita’ — is cdculated by subtracting resource rents per capita

and educationa expenditure per capita from GNP per capita. The rest of GNP per capita is introduced as
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the summary (proxy) emnomic variable. Indeed, the richer a country the more we exped it to afford itsdlf
higher educational enrolment rates, espedally since alucation is in part a (norma if not superior)
consumption good. Also, other economic dharacteristics relevant to the determination of enrollment rates
arelikely to be substantidly correlated with residual GNP per capita.

On the demographic side, the age dependency ratio isincluded as a way to control for the demands
put on the educational system (and the arresponding government budget) by the popul ation age structure.
Thisvariable mmes from the World Bank (2001). Yeasfor which age-dependency data was not avail able
have been linealy extrapolated. On the politicd side, the Freedom House' s Political Freedom index is
introduced. We have multiplied thisindex by (1) so that, more intuiti vely, the higher thisindex, the more
democratic a country is. This political freedom index is avail able for awide panel of countries from 1972
t01999

Table 3 reports results from regressng educationa expenditure per capita on resource rents per
capita, the rest of GNP per capita, political freedom and the age dependency ratio. Both standard panel
dataresultsand IV results are presented. Ingtrument variables are used for resource rents per capitaandthe
rest of GNP per capita. Instrumental variables include palitical freedom and the age dependency ratio.
Beside these, four types of instruments are introduced: geographicd data, a set of legal origins dummies, a
set of religion dummies (measured in 198Q i.e. the midd e of our sample), and seriesfor the world price of
the mineralsinvolved in our resourcerent variable.

Geographical variables consist of the mean distanceto neaest coastline or sea-navigableriver (in
km) and the share of land area in geographicd tropics (in percent). The series for the world price of codl,
copper, gold, iron, lead, nickel, ail, phosphate, silver, timber, tin and zinc come from the International
Financial Statistics (IFS) CD-Rom from the IMF. Note that geographical variables, religious and legd
origin dummies are not time variable. Hence, they can only explain crosscountry variations in resource
rents or residual GNP. Conversely, series for world mineral prices are not country variable, and hence
they can only account for inter-temporal variationsin rents and therest of GNP.

Geographicd instruments are introduced because Gallup, Sachs and Warner (1999 find them to
be important (non-conventional) determinants of income per capita The list of scholars who have

emphasized the importance of geographic factors includes, inter alia, Nicolo Machiavelli, Charles de
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Montesquieu, and Alfred Marshall. All of these authors viewed climate as a key determinant of work effort,
productivity, and ultimately, the successof nations. In a recent influential bodk, Jared Diamond (1997)has
argued for the importance of the geographic determinants of the Nealithic revolution, and linked modern
prosperity to thetiming of the energence of settled agriculture.

Mineral prices are mainly introduced to instrument for resource booms. It is asaimed that
commodity price danges are reasonably exogenous to any spedfic country. At the very least, mineral
prices are cetainly more exogenous than resource rents themselves which result from production dedsions
that can hardly be considered exogenous to acourtry’s state d economic devel opment.

Religious dummies are introduced agnosticdly because they are reasonably exogenous to aur
variables of interest and are what some of the literature had identified as the exogenous and long-term
determinants of the eonomic development of nations starting with Max Weber’ s Protestant Ethic and the
Spirit of Capitalism, first published in 1904.

Legal origin dummies are introduced foll owing what Daron Acemoglu, Simon Johnson and James
A. Robinson (200)) refer to as the “ingtitutions hypothesis,” which relates differences in emnomic
performanceto the organization of society. This view dates back at least to Adam Smith, who stressed the
role of “peace, easy taxes, and a tolerable administration of justice’ in generating prosperity. Brad De
Long and Andrel Schleifer (1993 compared urban growth under princdy rulers whom they characterize as
despots with short time horizons with free regimes and endorsed this ingtitutions hypothesis. More
recently, Edward L. Glaeser and Andrel Schieifer (2001) argue that despite mnsiderable lega evolution,
the legal origins of countries (which they explain historicdly) have persisted for centuries and may explain
many differences between common and civil law traditions with resped to bah the structure of legal
systems and the observed social and economic outcomes.

Table 3 provides four sets of estimates: country fixed and random effects, time fixed and random
effeds. Standard panel regressons are estimated using 255 observations while instrumented regressons
use 2416 doservations. Overall R2 isaround 90%. |V regressons R2's are very similar to those of non-
instrumented regressons. To help chose among these spedfications, the p-value of Hausman tests for error
measurement and random eff eds are reported wherever applicable. We disregard non-instrumented results

if the Hausman test rejeds sgnificantly the null hypothesis of no-measurement errors.  Similarly, we
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disregard random effects if the Hausman test significantly rejeds the null hypothesis of no correlation
between the aror term and the regresors.  The spedfications that survive these two tests are IV country
fixed and random effeds, and IV time fixed effeds. These three spedfications have been acocordingly
highlighted with shadesin Table 3.

The oefficient on the age dependency ratio is aways positive. Higher age-dependency ratio dften
implies more educational needs and hence more expenditure per capita. But, any given educationa budget
hasto ke spread upon more students. Similarly if the age degpendency ratio is highbecause there is alot of
elderly to care for, this should reduce the budget available for education. This smnd effect should drag
down the wefficient on the age dependency ratio, but empirically it appeas to be dominated by the
“nedls’ effed.

The wefficient on political freedom is, quite surprisingly, negative in most regressons. More
authoritarian governments tend to spend more per capita on education, when we ntrol for income per
capita and the age dependency ratio. Country fixed effects results indicate that every thing else being equal
democratization is associated with a reduction in educational expenditure. The eception is the @se of
non-instrumented time fixed and random effeds where the efficient indicates that, across countries (as
oppaosed to acrosstime in the cuntry fixed effects regressons), democratic regimes tend to spend more on
education and more democratic regimes. Reasauringly, these are the regressons where the wefficient on
politi cal freedom is sgnificant at a p-value below 1%. However, this observation is reversed when one
instruments for resourcerents and the rest of GNP.

The wefficient on the rest of GNP is consistently highly significant and ranges between 5% and
7%. Instrumentation tends to increase bath the magnitude and the significance of this coefficient. Every
$1increase in therest of GNP per capitais associated with around an additional 6¢ spent on education per
capita. The aosscountry effect is higher, around 7¢ per dollar. The efficient on resource rents ranges
between 2% and 18% and is also consistently very significant. Instrumentation tends to increase bath the
magnitude and the significance of this coefficient too. Every $1increase in the resource rents percapitais
asociated with around 5¢-6¢ extra cents gpent on education per capita. The crosscountry effed is much

higher, around 15¢ per dollar.
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What can of inferences can be drawn regarding the relative strength of the dfea of resource rents
versus the rest of GNP? Table 3 also reports the result of an F-test for the null hypothesis of equal
coefficients on resource rents and the rest of GNP. This hypothesis s always confidently rejected for non-
instrumented regressons but these fail the Hausman test for measurement errors.  In the @ase of
instrumented regressons, it cannot be rejeded in the ase of country-fixed effects. In other words, with the
data a hand and the spedfications used here, the hypothesis that the intertemporal effects of an additional
dollar of rents or of residual GNP do not differ statisticaly cannot be @nfidently rejeded.

On the other hand, the aosscountry effect of a differencein rentsis sgnificantly higher than the
effed of the rest of GNP. This difference is consistent with the non-parametric results from Sedion 2
where, crosssedionally it was found that resource abundant countriesto have dearly higher human capital
indicaors and with Hirschman's (1977 hypothesis according to which enclave activities have stronger
government revenue linkages than other activities. | conjedurethat the strength of crosscountry effeds of
resource rents relative to their inter-temporal effects may be due ether to long lags or to the greaer
variability (and uncetainty) of resource rents acrosstime than geographically. Additionally, in a cross
sedion the inter-temporal effects are in effeds summed up over the @urse of history. This naturaly begs
for further research. | plan to investigate the dynamic aspects of this pand more arefully as well as the

effed of higher moments of resource pricefluctuations.

4 Vector Autoregressive Regression Analysis

The single equation set-up of Sedion 3 hides the interesting time-series dynamics of the variables of
interest. An important source of endogeneity in these spedfications gems from the mutual dependency
between resource rents and the rest of GNP. A vedor autoregresson fortunately all ows capturing these
inter-dependencies in an agnostic way. The vector of education per capita, resource rents per capita and
residual GNP per capita is regreseed upon itself, and a vedor of exogenous controls made up of the
politi cal freedom index and the age dependency ratio. The results of estimating this 3-equation system are
presented in Table 4.

In the equation with rents per capita as dependent variable (third column of coefficients), 2545

observations are ad a 87% centered R? is reached. The joint hypothesis that all variables have a zro
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coefficient can be rejeded with a p-value well below 1%. Yet, the only individualy significant variable is
the lagged value of resourcerentsthemselves. This coefficient islower than one, indicaing that over time
resource rents tend to disdpate. This coefficient is probably picking up bath a depletion effect and the
downward trend in mineral prices over the three decades in consideration. In the future, | plan to model
explicitly the dfed of mineral pricesin this equation.

In the equation with the rest of GNP per capita & dependent variable (second column of

coefficients), a 99% centered R? isreached. Here, the only insignificant variable is education per capita
The lagged value rest of GNP comes up with a coefficient above unity, perhaps as a result of what we
would call, following Hirschman (1961), strong “intertemporal production linkage effeds.” Interestingly,
rents per capita are positively and significantly associated with residual GNP. Every $1 increase in
resource rents is associated with a 5¢ increase in the rest of GNP. This obvioudly runs against the
presumption of the “Dutch disease” literature. Note however, that the smdl size of this effect is consigent
with the Hirschmanian view of weak production linkages between enclave activities with the rest of the
economy.

The dfect of palitical freedom is intuitive. Democracy is strongly and significantly associated
with higher (residual) income per capita. The age dependency ratio takes an intuitively consistent and
statisticdly significant toll on income per capita. Educational expenditure per capitais estimated to have a
negative, albeit insignificant, effect on therest of GNP. This is perhaps not so sirprising as human capital
accumulation can only expeded to have a significant direa and indirect impact on GNP per capita over a
horizon probably much longer than ayear. In the short-run education may even crowd out other economic
activities, if only because it will divert youth away from directly productive activities.

Robert Barro (1997) finds that growth and schoding are highly correlated across countries, with
each additional year of 1960enrollment associated with about .6% per year faster growth in per capita GDP
from 1960 to 1990. JessBenhabib and Mark Spiegd (1994), Robert Barro and Xavier Sala-i-Martin (1995),
Sala-i-Martin(1997), and Barro (200L) confirm schoding to be positively correlated with the growth rate of
per capita GDP across countries. These conclusions are, however, far from constituting a consensus. In
their calibration exercise, Mark Bils and Peter Klenow (2000 find that the impact of schoding on growth

explains lessthan one -third of the eampirical crosscountry reationship. According to them, the reverse
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channel from expeded growth to schoding, in contrast, is capable of explaining the empirical relationship.
They conclude that the evidencefavors a dominant role for the reverse dnannd from growth to schoding.

Similarly, Edward Woalff (2000 finds that econometric results showing a positive and significant
effed of forma education on productivity growth among OECD countries are spotty at best. | conjecure
that unlessthe potentiall y compli cated and lagged channels of operation between education and income ae
appropriately modeled, it will be difficult to pin down their magnitude, diredion and significance. In the
future, | plan to devote attention to investigating whether a more sophisticated modeling d the time series
relationships between the series used in this paper, can shed light on thisempiricd question.

In the eguation with educational expenditure per capita & dependent variable (first column of
coefficients), educational expenditure is drongly autocorrelated. One possble explanation for thisis that
the appropriation of production factors by the elucation sedor, such as teaching labor, schoding
equipment and structures introduces grong “hysteresis’ in educational expenditure, espedaly in the ase
of publicly provided education. Alternatively or complementarily, edication ceancreate its own market: as
a child starts on with a schoding program, there will be strong incentives for her to stay in this program
until graduation. Additionally, tertiary education is only accesshle to high-schod graduates and high
schodsonly accesshle after completion of elementary schooling.

Here, political freedom is intuitively associated with significantly higher educational spending.
Contrary to single equation estimates from Sedion 2, the age dependency ratio is here associated positively
and significantly with educational spending. The “neeals’ effect is here dominated by the “spreading’
effed. In other words, a large dependent population relative to the active entail s fewer dollars gent on
education per capita.

Residual GNP per capita and resource rents per capita are bath positively associated with
educational spending per capita, respedively at a 5% and 10 leve of significance Quantitatively, the
effed of resourcerentsturns out to be threetimes more important than that of residual GNP. Figure 2and
3 plot the awumulative response to a $1 shock to rents per capita and residual GNP per capita, respedively.
In Figure 2, we @n seethat over 30 years, this $1 shock is seen to generate dose to 5¢ of extra educational

expenditure per year. Interestingly, this estimateis very close to we had in Table 2 with norringrumented
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time fixed effect regresgons. Indeed, there ae insrument variables in the VAR estimation yet, and it
would be expeded that over the course of threedecades, a crosscountry effed is actually estimated.

Therest of GNP hasincreased by more than 75¢, or two third of the initia shock to resourcerents.
The evolution of GNP per capita can be @lculated by summing back together our three exdogenous
variables. GNP per capita ends up deaeasing by around 7¢ as compared with the period where the shock
occurred. Thisis ite of the facts that resource rents have aunched to lessthan 15¢ over the @urse of
threedecades. However, whence mmpared with the @munter-factual of no resource rent shock at al, total
GNP per capita has actually increased by 93¢.

In Figure 3, we @n seethat over 30 years, a $1innovation in residual GNP will generate doseto
3.5¢ of extra educational expenditure (to be compared with 5¢for resource rents). This estimate is below
what we had in Table 2 with non-instrumented time fixed effect regressons. The rest of GNP has
increased by anaddtional 75¢, or three quartersbeyond theinitial $1shock to the rest of GNP. Tota GNP
per capita ends up increasing by around 80 cents as compared with the period where the shock occurred.
Whence compared with the unter-factual of no residual GNP innovation, total GNP per capita has

actualy increased by $1.8.

5 Preliminary Conclusions
To the questions “Do natura resource abundant countries tend to have higher or lower stocks of human
capital? Do resource booms tend to engender to increased or deaeased levels of educational expenditure?
this paper’s answer is unequivocal. Resource wealth and the crresponding rents em to make a positive
and significant difference in terms of allowing countries to invest in human capital. This pattern holds
across all countries as well as across the subset of developing countries.  Moving from the top to the
bottom quartile (and vice-versa) implies a change in life expedancy on the order of an additional 11 years
of life at birth, more than 3 years of education on average for the whole population as well as for females,
and more than an additiona 1% of expenditure spent on education. These are substantial differences
relative to the values these indicators reach on average, especially in developing courtries.

This paper clealy sides with Davis (1995. One improvement this paper makes is to control for

two types of concern thisauthor has. This positive association isnot due to missng variables nor isit due
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to a third factor driving bath resource wealth and human capital accumulation, nor apparently to
endogeneity or inter-dependence between income and resource rents. Matching countries (among ahers)
on the basis of GNP per capita does not dter these mnclusions. Crosscountry data actually reveal that
subsoil wealth improves human capital outcome beyond the dfed running from mineral production to
national income.

Reverse ausality running for example from development as proxied by GNP per capita towards
subsoil wealth or resource rents does not sean to be driving results. In ingrument variable panel
regressons, every $1 increase in the rest of GNP per capita is asociated with around an extra 5¢ to 6¢
spent on education per capita. The crosscountry effect is much higher, around 15 per dollar. | susped
this difference has to do with the high temporal variability of rents relative to that of subsoil wealth
geographicd distribution. Moreformal tests of this conjedure are clled for.

In a VAR moddl, the dfed of resource rents turns out to be quantitatively three times more
important than that of the rest of GNP. Thisis consistent with Hirschman’'s (1977 conjedure acocording to
which enclave economies have stronger government revenue linkages than other activities. Any increasein
production activity will generate alditional government revenues and a share of these is generdly spent on
education. But, increases in resource etraction activities san to actually generate more alucational
spending than other activities because they are easily taxable (often foreign-run) enclaves, and dl the more
if governments have any concern about the temporary nature of minera revenues, and try to smooth
consumption through time.

Over the murse of threedecdes, a $1 shock to resourcerent is estimated to generate 5¢ of extra
educational expenditure. In comparison, a $1 innovation in residuad GNP will generate, over the same
period, alittle lessthan 3.5¢ of extra educational expenditure. Foll owing this $1 shock to resourcerent, the
rest of GNP ends up increasing by more than 75¢s. GNP per capita decreases by around 7¢s a& compared
with the period where the shock ocaurred. This isin spite of the f acts that resource rents have aunched to
lessthan 15¢ over the curse of threedecades. However, whence @mpared with the @wunter -factual of no
resourcerent shock at al, total GNP per capitahas actualy increased by 93¢.

Obvioudly, given that an increasein residual GNP per capitais self-sustainable whereas a resource

rent shock statistically tendsto depleteitself, over the long-run, if there was a choice to be made between a
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shock in resourcerents or aresidual GNP innovation, one would argue that aresidual GNP innovation wil I,
in the end, indwbitably make a country better off. However, in practice and almost by definition,
innovations may not lie in the relm of policy making. Further, there is nothing in this model that prevents
resource boom to compound itself with an innovation in residual GNP. To put it an other way, here a
resource rent shock is “al good.” If there ae adversarial effects to be concerned about, they are not
captured by the VAR model estimated here.

To be conservative, asaume that education has no impact on productivity, but simply tends to
equalize the income distribution of a country. A 5% increase in educational expenditure as a result as a
100 jump in resource rent is to be welcomed, particularly in a developing country. Shocks of this
magnitude as compared to the pre-existing level of income per capita have happened in several devel oping
countries during the three decades under consideration, for example in Gabon, Nigeria, Saudi Arabia,
Trinidad & Tobago, and Venezuda. These countries may not stand out necessarily as the most successful
examples of economic development, but the cunterfactual in terms of what would have been the level of
educational investment in these cuntries, would they have fail ed to experience a resource boom, needs to
be barn in mind.

These observations come in contrast to Thorvaldur Gylfason’s (2007 findings. My approach
differs from his to the extent | look at subsoil wealth per capita instead of the ratio of natural capital in
overall wealth. Astheauthor notes himself in a foatnote, if natural capital resultsin higher physical capital
and human capital, usng the share of natural capitd in the sum of these three types of capital — thus
including human capital itself — is mideading. Further, this author uses natural capital, a concept that
includes, besides subsoil wealth, agricultural land, pasturdands, forests (timber and non-timber benefits) as
well as proteded areas. Thes may not have government taxation linkagescomparable to those of subsoil
wealth (and the @rresponding resourcerents.) My observations also come in contragt with those of Nancy
Birdsal, Thomas Pinckney and Richard Sabat (2001). In their case, the probem is that they define a
minera country in aarbitrary way, instead of in the light of actual resource rents and subsoil wealth series
as done in this paper. | susped they unknowingly let their priors influence their classfication. In the

future, | plan to contrast my resultswith those of the eisting literature more formally.
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In terms of devel opment strategy formulation, the wealth effed identified in this paper impliesthat
resource rich countries should not be discouraged to exploit their natural resource basis, espedally where
human capital isin short supply. Of course, there ae most likely other important “channds’ of operation
running from resource abundance to development — not to mention environmental concerns — and these
have to be systematically investigated, and in due turn should be considered for the formulation of
development palicies. | conclude by stressng the importance for future reseach of detailed analyses of

these other channels.
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Figure 1l Subsoil Wealth per capita
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