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Summary. — I estimate the long-term national health and education impacts of having a larger mining share in the economy. By instru-
menting the relative size of the mining sector with the natural geological variation in countries’ fossil fuel endowments, I provide evi-
dence suggestive of a causal relationship. The findings suggest that countries with larger mining shares tend to have poorer health
and education outcomes than countries with similar per capita incomes, geographic characteristics, and institutional quality. Doubling
the mining share of an economy corresponds to, on average, the infant death rate being 20% higher, life expectancy being 5% lower, total
years of education being 20% lower, and 70% more people having no formal education. Divergences from the Preston curve—the con-
cave relationship between cross-country income and life expectancy that has long been of interest to economists, demographers, and
epidemiologists—are thus partly explained by the size of the mining sector. Within-country evidence from Indonesia paints a similar
picture. My results provide support for a growing body of evidence linking mining to poorer average living standards, particularly
vis-à-vis other types of income. I also estimate the effects of national mining dependence on non-mining income, health and education
investment, and institutions.
� 2015 Elsevier Ltd. All rights reserved.
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1. INTRODUCTION

Resource-rich Equatorial Guinea had a gross national
income of $14, 320 per capita in 2013, yet more than three-
quarters of its population lives below the poverty line, and life
expectancy at birth is 20 years less than other high-income,
non-OECD countries. Africa grew fast on the back of the glo-
bal commodity boom in the 2000s, but progress in reducing
poverty has been disappointing (World Bank, 2013). The fate
of much of the world’s poor is tied to mining, with at least half
of the world’s known oil, natural gas, and mineral reserves in
non-OECD, non-OPEC countries. Resource-driven economies
are home to around 70% of the world’s extreme poor.
The economic and institutional effects of natural resources

and a booming resource sector have been well studied, but evi-
dence on how extractive industries relate to social outcomes
remains thin (see van der Ploeg (2011) and Wick and Bulte
(2009) for reviews). Human capital is typically seen as a chan-
nel for natural resources to stunt economic growth (Gylfason
& Zoega, 2006), although primary commodities can also
directly impede social development (Carmignani, 2013). To
my knowledge, an international study is yet to focus on mining
sector output or examine its effects on national health and edu-
cation outcomes.
In this article I compare countries with different structural

compositions to look at the ‘‘social productivities” of different
types of economic activity, focusing on fossil fuel extraction. I
exploit geological variation in countries’ fossil fuel endow-
ments to identify the long-term effects of mining on health
and education. I find that countries with more mining tend
to have poorer health and education outcomes than countries
with similar per capita incomes, geographic characteristics,
and institutional quality. My estimates suggest that doubling
the mining share of an economy corresponds to the infant
death rate being 20% higher, life expectancy being 5% lower,
total years of education being 20% lower, and 70% more peo-
ple having no formal education. Within-country evidence from
Indonesian districts reveals similar patterns. Just as some types
of economic growth are better at reducing poverty
(Christiaensen, Demery, & Kuhl, 2012), non-mining income
22
is on average better for health and education than income
from the mining sector.
The findings help to understand divergences from the Pre-

ston curve, the concave relationship between cross-country
income and life expectancy that has long been of interest to
economists, demographers, and epidemiologists (Deaton,
2013; Preston, 1975). In Figure 1, I plot life expectancy at birth
against per capita income, with countries weighted by contri-
bution of mining to value–added. I do the same for years of
education in Figure 2. Countries with larger mining sectors
tend to have poorer health and education outcomes than
expected at their income level.
The article proceeds as follows. In Section 2, I provide a

conceptual framework linking mining to health and education.
Section 3 explains the instrumental variable (IV) strategy used
in my main estimates. Section 4 presents the national-level
results, compares the health and education elasticities of min-
ing income with income from other sectors, and explores
potential mechanisms. Section 5 presents similar evidence
from Indonesian districts. Section 6 concludes.
2. LINKING MINING TO HEALTH AND EDUCATION

Why would the mining sector affect a country’s infant mor-
tality rate or life expectancy? The size of the mining sector can
be linked to national health and education outcomes through
three main channels: income and Dutch disease effects;
investment in health and education, by individuals and

http://dx.doi.org/10.1016/j.worlddev.2015.10.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.worlddev.2015.10.013&domain=pdf


Note: countries are weighted by contribution of mining to value−added
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Figure 1. Preston curve, 2005.
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Figure 2. Educational attainment, income, and mining, 2005.
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governments; and various institutional channels (Figure 3,
dotted lines and clear boxes).
A larger share of mining in the economy could benefit health

and education by boosting income. While a substantial body
of research argues natural resources can hinder long-term
growth, evidence remains mixed and recent studies demon-
strate clear long-term positive income effects from the discov-
ery of large resource wealth stocks (Mideksa, 2013; Smith,
2015). Such discoveries can lead to significant health improve-
ments (Cotet & Tsui, 2013a, 2013b). Net income effects arising
Natural resource 
endowments 

Mining sector 
growth 

Figure 3. Conceptual framework linking natural
from a larger mining sector depend on the size of the mining
expansion, its effects on other sectors of the economy, and
the distribution of mining and non-mining income. The Dutch
disease occurs when resource exports generate large balance of
payments surpluses, appreciating the real exchange rate and
increasing relative prices for non-tradable inputs. Coupling
these price and exchange rate effects with higher demand from
a mining boom, other trade-exposed sectors tend to be less
competitive and are often permanently displaced (Corden,
1984). In extreme cases, booming mining sectors can have sim-
ilar effects on non-resource sectors as large tariffs (Gregory,
1976). Because manufacturing and other tradable sectors tend
to more intensively use human and physical capital, booming
sector dynamics often lead to less capital in the economy
(Mikesell, 1997). Positive health and education impacts of a
mining-driven income boost are also likely to be offset by
the unequal distribution of new income, as countries with
greater primary commodity dependence tend to have higher
inequality, which in turn affects social development trajecto-
ries (Carmignani & Avom, 2010).
The second main channel is human capital investment,

which tends to be lower in mining-dependent countries due
to lower expected returns to skills, education, and knowledge
(Blanco & Grier, 2012). At the micro level, a booming mining
sector alters the incentives for human capital development.
Trade exposed modern sectors are typically more labor and
human capital intensive, with higher wage premiums for edu-
cated workers and greater innovation. Conversely, primary
commodity sectors tend to use less skilled labor and have
fewer linkages to other sectors of the economy, effectively tax-
ing human capital if they divert people and resources away
from higher skilled activities (Matsuyama, 1992). For exam-
ple, oil resources tend to orient university students toward spe-
cializations providing better access to resource rents (Ebeke,
Omgba, & Laajaj, 2015). With poorer micro-level incentives
for investment in skills and education, private health invest-
ment is unlikely to respond much differently. Long-term
positive spillovers from natural resources typically hinge on
resource revenues strengthening governments’ fiscal positions,
enabling increased investment in health and education, and
‘‘spreading the benefits” (Arezki, Gylfason, & Sy, 2011).
Volatility—the ‘‘quintessence of any resource curse” (van der
Ploeg & Poelhekke, 2009)—makes this difficult, as short-
term political and economic horizons in volatile economies
provide little incentive to prioritize long-term health and edu-
cation investments. Rather commodity price uncertainty often
corresponds to erratic and restrictive public spending and even
long-run neglect (Gylfason & Zoega, 2006; Mikesell, 1997).
Acemoglu, Finkelstein, and Notowidigdo (2013) find the
health-spending elasticity of resource-related income is well
below one and there remains scant evidence of resource
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revenues being converted into effective public investment
(Caselli & Michaels, 2013).
Extractive industries go hand in hand with the extractive

institutions historically associated with poorer health condi-
tions (Acemoglu, Johnson, & Robinson, 2001). The challenges
of managing natural resources tend to be less severe in the
presence of good institutions (Boschini, Pettersson, & Roine,
2013; Farhadi, Islam, & Moslehi, 2015; Mehlum, Moene, &
Torvik, 2006), but poorer institutions also directly harm
health and educational development. For example, a high level
of corruption and poor government effectiveness can lead to
systemic health and education system failure. Resource-
related conflict can not only undermine health and education
service delivery and the incentives governing human capital
accumulation, but cause sudden depletions of human capital
stock and long-term health and cognitive impacts (de Soysa
& Gizelis, 2012; Lei & Michaels, 2014; Williams, 2011). Polit-
ical institutions in mining-focused economies provide little
incentive for broad-based human capital investment. Increas-
ing the average level of education and facilitating the growth
of an urban middle class undermines elites’ control of rents:
incentives underwritten by lower levels of democratic account-
ability (Ross, 2001; Sokoloff & Engerman, 2000; Tsui, 2011).
These dynamics are well reflected in the fact people tend to
be less healthy in non-democratic mineral exporting countries
(Besley & Kudamatsu, 2006). Lastly, rent holders often use
their political power to promote sub-optimal policies, resisting
industrialization (and urbanization) and reinforcing any
Dutch disease and investment effects (Auty, 1997).
A potential mechanism receiving attention in emergent work

on the local impacts of mining also bears a mention: pollution
(see Cust and Poelhekke (2015) for a review). Pollutants
emitted from mining operations are some of the most toxic,
associated with premature births, lower birth weights and
weight-for-height ratios, stunting, anemia, increased respiratory
illness, malaria, and less intelligence (Factor-Litvak,
Wasserman, Kline, & Graziano, 1999; Iyengar & Nair, 2000;
Saha, Pattanayak, & Sills, 2011). Aragon and Rud (2015) study
the impacts of 12 gold mines in Ghana on local agricultural
production, finding large decreases in productivity and greater
poverty likely to stymie human capital development, e.g.,
through nutrition. While pollution mostly affects exposed
communities (i.e., unlikely to drive any national-level effects),
cumulative impacts on cognitive and other long-term develop-
ment outcomes could be significant; it would be naı̈ve to rule
out their potential role in shaping national social development
outcomes, particularly in smaller economies.
In this article I focus on the reduced-form effects of mining

on health and education (solid lines, shaded boxes in Figure 3),
holding income and institutions constant (dotted lines, clear
boxes). I focus on the mining share of income and estimate
partial elasticities, to compare the long-term health and educa-
tion effects of mining income with income from other sectors,
then extend this approach to empirically test some potential
channels outlined in this section.
3. EMPIRICAL APPROACH

I relate the mining share of the economy to national health
and education outcomes with the equation:

ln ðycÞ ¼ a lnðMcÞ þ X 0
cbþ uc

where y is the general health conditions or educational
attainment in country c; M is the contribution of mining to
value-added; and X0 includes per capita gross domestic
product (GDP), the absolute distance from the equator, an
index of institutional quality, and the total number of wildcats
drilled in the 20th century (exploratory drilling, known as
wildcat drilling because of wild cats seen in remote areas
explored in the early 20th century). The idiosyncratic error
term uc captures omitted factors, with E (uc) = 0 for all c,
and is adjusted for arbitrary heteroskedasticity. Logs account
for skewedness in M, y, and per capital GDP, and provide
convenient partial elasticity interpretations: when a country’s
mining share of total value-added increases by 1%, health
and education indicators are expected to rise or fall by a
percent in the long run, holding all else constant.
National health and education indicators are some of the

slower moving cross-country variables and exhibit strong
serial correlation. The timing of potential effects are difficult
to correctly specify due to the long and non-uniform lags in
the system governing human capital accumulation, but doing
so is critical to detect any average effects and understand
long-run magnitudes. My preferred estimator is the classic
‘‘between” approach, ignoring short-run dynamics (unlike
static fixed-effects models) and providing long-run effects
(Baltagi & Griffin, 1984; Burke & Nishitateno, 2015; Stern,
2010). By exploiting the long-run equilibrium differences
between countries in a large international cross-section in
2005, I obtain a natural long-run interpretation, retain the
cross-country variation of interest, and make few ad-hoc
timing assumptions.

(a) Instrumental variable strategy

Associative relationships between mining and health and
education outcomes cannot be taken as conclusive evidence
that more mining caused poorer health and education out-
comes. Countries with less human capital might tend toward
the primary sectors, ‘‘selecting” into mining (Alexeev &
Conrad, 2009; Brunnschweiler & Bulte, 2008). Estimation with
ordinary least squares (OLS) could lead to biased and incon-
sistent estimates, e.g., due to measurement error, reverse
causality, or correlation with other unobservable factors.
Economic activity in the mining sector may be affected by
human capital stock and capabilities, suggesting potential
reverse causality through the supply of mining engineers,
exploration abilities, mining technology, cost competitiveness,
and capabilities in other sectors: factors mostly unobservable
and difficult to control for. National-level mining is affected
by domestic policy settings and the decisions of people and
firms, so strong exogenous variation is needed to identify
causal effects.
My identification strategy exploits the fact that countries

must be endowed with natural resources before they can have
a mining sector. I instrument the contribution of mining to
value-added in 2005 with national per capita fossil fuel
reserves (i.e., coal, oil, and gas) deeply lagged to 1971 to allow
sufficient time to evolve into mining sector activity.2

(i) Instrument relevance and strength
Instrumenting mining share with deeply lagged per capita

fossil fuel reserves has important implications for the interpre-
tation of my estimates. I estimate the local average partial
effect of a country having a larger mining share due to greater
initial fossil fuel reserves, i.e., relating more to dependence on
coal mining and oil and gas extraction than mineral
extraction. First-stage coefficients are positive and statistically
significant at the 1% level, with around half of the variation in
2005 mining shares explained by 1971 per capita fossil fuel
reserves. The combination of per capital coal, oil, and gas
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reserves provides the broadest commodity coverage and
strongest identification. By contrast, national mineral reserves
in the 1970s are large in scale but only weakly correlated with
mining dependence: an empirically irrelevant potential instru-
ment. While fossil fuel reserves explain a great deal of modern
mining dependence and ‘‘compliers” are not some small share
of countries, local average partial effects (i.e., IV estimates)
presented in this article mostly relate to the long-term social
impacts of a greater mining share arising only from fossil fuel
abundance, not mining dependence related to initial mineral
endowments.
A weak IV problem can be present even with highly signif-

icant first-stage coefficients, so I provide weak IV diagnostics
with all results. I report the Kleibergen and Paap (2006) rk
Wald F statistic with all IV estimates and adopt a weak IV test
statistic: the highest Stock and Yogo (2005) critical value of
16.38 for one endogenous regressor, a single instrument, and
10% maximal IV size. An excluded-F statistic greater than
10 is the more common benchmark for sufficient instrument
strength (Staiger & Stock, 1997). With a large international
sample and a single strong IV, I obtain consistent long-run
causal estimates with the smallest bias (as IV bias is deter-
mined by the number of IVs relative to the sample size) if
the exclusion restriction is satisfied.

(ii) Instrument validity
For the exclusion restriction to be satisfied, proven reserves

in 1971 can have no relationship with the dependent variables
except through the mining sector, holding other controls
constant. If the geological allocation of fossil fuel reserves is
a product of nature and luck—as argued by Carmignani
(2013) and van der Ploeg and Poelhekke (2010)—then it is
orthogonal to the unobservable and unmalleable factors
affecting my outcomes and the exclusion restriction is satisfied.
Causal pathways other than mining are ruled out by design:
the primary channel for sub-soil reserves in 1971 to affect
socioeconomic outcomes since 1971 is through the current,
past, and future size of the mining sector (e.g., colonial history
and conflict relate to future rents), with future size likely to be
a function of current size and endowments.3

That reserves are proven gives them a non-random compo-
nent. While countries cannot decide and enact policies to cre-
ate fossil fuel endowments, they can enact policies that may
increase the likelihood unknown resource endowments will
become known. If reserves are random but measured with
error (i.e., depending on exploration effort, income, institu-
tions, and other historical factors) then the exclusion restric-
tion is valid conditional on including the factors explaining
any systematic measurement error in the reserves. By control-
ling for per capita income, institutions, geography, and explo-
ration effort, I isolate the natural geological component of
measured reserves and obtain consistent causal estimates.
The critical identification assumption is that my covariates
control for all relevant omitted variables and systematic error:
not an implausible assumption, but impossible to prove in
observational studies with external instruments.
I present two additional pieces of evidence suggesting the

probability of my main identification assumption being
violated is likely to be low. Firstly, I adopt the common
heuristic that coefficient stability to additional control vari-
ables can be informative about potential omitted variable bias
(Altonji, Conley, Elder, & Taber, 2005; Bellows & Miguel,
2009) and conduct sensitivity analysis using a wide range of
variables plausibly correlated with potential measurement
error in fossil fuel reserves. Secondly, as unobservable
country-specific factors cannot be ruled out, I present analo-
gous within-country evidence from Indonesia.

(b) Data

My health dependent variables are the mortality rate for
infants aged one year and below (per thousand births) and life
expectancy at birth from the World Bank (2014, 2015). Educa-
tion variables are the average years of education attained and
the percentage of the population with no formal schooling for
the total population and youth from Barro and Lee (2010).
The poorest performers in terms of infant health conditions
and years of schooling tend to be equatorial low-income
countries with poorer institutions (Supplementary Appendix
Figures 1A and 2A). I estimate impacts on different indicators
separately to allow for heterogeneity across indicators and a
more precise interpretation (c.f., interpreting effects on compos-
ite indexes).
My explanatory variable of interest is the contribution of

mining to value-added, taken from the United Nations (UN)
Environmental Indicators and available for 1995–2008. Min-
ing is defined following International Standard Classification
0509 and includes the extraction of coal, lignite, metal ores,
crude petroleum and natural gas, as well as mining support
services (UN, 2013). Mining value-added is more useful than
previous proxies for natural resources—namely, exports
(Sachs & Warner, 2001), estimated natural capital and
resource rents (Brunnschweiler & Bulte, 2008), and commod-
ity prices (Collier & Goderis, 2012)—because it explicitly
captures economic activity in the mining sector and is affected
by policy choices. To my knowledge, this is the only publicly
available national-level data for mining sector output across
countries and not yet used in any resource curse studies.
Figure 4 illustrates the contribution of mining to value-
added around the world in 2005, with noticeable variation
across continents and income groups.
My national per capita fossil fuel reserves IV is taken from

Norman (2009), widely regarded as the most reliable and
exogenous of the natural resource stock measures
(Carmignani, 2013; van der Ploeg & Poelhekke, 2010).
Norman (2009) constructs her dataset by adding extraction
of oil, coal, natural gas, and minerals from 1970 to 2001 to
proven reserves in 2002. I convert Norman’s original measures
into per capita terms and combine the oil, coal, and natural
gas components to obtain per capita fossil fuel reserves in
1971, in 1971 prices, presented in Figure 5. Heavily endowed
countries are from all continents and income groups, and
not necessarily the countries with the largest mining shares
(c.f., Figure 4). The conversion of large fossil fuel reserves to
large mining shares is an outcome of choices.
Per capita GDP controls for a country’s income and level of

development, and is taken from the Penn World Tables in
purchasing power parity, 2005 constant prices, and in per
capita terms to scale for population size (Heston, Summers,
& Aten, 2012). Latitude (i.e., the absolute distance from the
equator) controls for countries’ location, remoteness, the effects
of tropical diseases, and regional trade effects (Sala-i-Martin,
Doppelhofer, & Miller, 2004).4 My preferred proxy for institu-
tional quality is the World Bank’s government effectiveness
index, strongly correlated to traditional measures of institu-
tions, but also picking up service delivery capabilities
(Kaufman et al., 2013). Lastly, I include the total number of
wells drilled in areas where no oil production exists (wildcats),
summed over the 20th century (Cotet & Tsui, 2013a, 2013b).
Wildcat drilling is a useful proxy for country-specific mining



Figure 4. Contribution of mining to value-added, 2005.

Figure 5. Per capita fossil fuels, 1971.
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exploration effort, investment, history, and technological capa-
bilities.
My parsimonious set of controls explains substantial inter-

national variation in health and education outcomes, and
has implications for interpreting the mining coefficients. The
estimated partial effect of mining due to higher initial fossil
fuel endowments is from economies of comparable levels of
development, location, institutional quality, and exploration
effort, excluding effects through these channels: I compare
whether countries at a given income level have better health
and education outcomes because of the structure of their
economies.



Table 1. Summary statistics

Variable All countries High-mining Low-mining
Column 1 2 3

Contribution of mining to value-added (percent) Mean 0.09 0.52 0.04
Std. dev. 0.16 0.14 0.06
Countries 188 19 163

Mortality rate, infant (No. per ‘000) Mean 33.56 38.61 32.44
Std. dev. 30.84 32.57 30.44
Countries 193 35 158

Average years of schooling attained Mean 7.80 7.26 7.87
Std. dev. 2.74 1.98 2.83
Countries 139 17 122

Percentage of population with no schooling Mean 16.80 21.67 16.12
Std. dev. 18.82 16.48 19.08
Countries 139 17 122

Value of per capita fossil fuel reserves in 1970 Mean 20.80 112.39 1.78
Std. dev. 119.52 273.95 5.37
Countries 157 27 130

High mining refers to countries with a contribution of mining to value-added of over 30%. Low mining refers to countries under 30%. Sample is all
available countries in 2005.
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Summary statistics for mining share, per capital fossil fuel
reserves, and key dependent variables in 2005 are presented in
Table 1. Column 1 includes the full sample and the remaining
columns split the sample by countries whose mining share in
GDP is larger or smaller than 30%. Health and education out-
comes tend to be worse in high-mining countries (Column 2).
4. RESULTS

(a) Health and education effects of mining sector growth

My main results are presented in Table 2. Panel A presents
results for children and youth and Panel B for the total popu-
lation. OLS and IV estimates are presented for all outcomes.
Coefficients for mining are statistically significant in all IV esti-
mates, and the signs and magnitudes suggest the prominence
of mining contributes to large international differences in
health and education outcomes across countries.
In Panel A of Table 2, Columns 1 and 2 look at infant mor-

tality. The estimated coefficients in Column 2 suggest doubling
the share of mining in the economy related to greater initial
fossil fuel endowments corresponds to, on average, an 18%
increase in the infant mortality rate in the long run. Doubling
the size of the mining sector in a country with the mean infant
mortality rate, i.e., 34 per 1,000, is expected to lead that coun-
try to settle at an infant mortality rate of 40 per 1,000, holding
all else constant. The OLS estimate in Column 1 is slightly
biased toward zero as expected. 5 The rest of Panel A in Table 2
reports the effect of mining on national educational outcomes
for youth. Column 3 presents the OLS estimate on average
years of educational attainment: a small and statistically
insignificant negative effect. The IV estimate in Column 4 is
less ambiguous. Doubling the share of mining due to greater
initial fossil fuel endowments leads to around 21% fewer years
of schooling, or a reduction in educational attainment from
7.7 to 6.2 years in the mean-educated country. Columns 5
and 6 look at the percentage of the young people with no edu-
cation, picking up completely discouraged, disengaged, or
excluded young people. The OLS coefficient in Column 5 is
positive and statistically significant at the 1% level, rising to
1.095 in Column 6. Single–equation estimates not accounting
for the endogenous response of mining to human capital
appear to tend toward zero, consistent with earlier conflicting
findings (Gylfason 2001; Stijns, 2006).
In Panel B, I turn to life expectancy and educational attain-
ment indicators for the whole population. Columns 7 and 8
show countries with more mining in their economies tend to
have lower life expectancies than other countries at a similar
income level. Results for years of education in Columns 9
and 10 of Panel B are similar to youth, as expected exploiting
between-country variation. Results for the percentage of the
population (Columns 11 and 12) with no education are of a
lesser magnitude than for youth, although economically quite
large. Applied to the sample mean of 17%, doubling the min-
ing share results in the uneducated share of the
population rising to almost 30% in the long run. The Kleiber-
gen–Paap rk Wald F statistic of 16.43 exceeds the highest
Stock–Yogo critical value (16.38) across all estimates in
Table 2, providing no evidence of a weak IV. Per capita
income is the most important control, statistically significant
at the 1% level and of a similar magnitude in all estimates.
Coefficients on constants, controls, and the excluded instru-
ment are not reported for the remainder of this article.
(b) Robustness

If the exclusion restrictions for my IV estimates are valid,
potential omitted variable problems are overcome. Satisfying
the exclusion restriction relies on the assumption that the
covariates control for all relevant omitted variables and sys-
tematic error in measurement of observed reserves. Table 3
presents IV estimates with additional controls arguably related
to potential error in observed fossil fuels. I use the median-
unbiased limited information maximum likelihood (LIML)
estimator with a Fuller parameter of one for improved
inference with weaker instruments (Fuller, 1977). Column 1
includes regional fixed effects, Columns 2–4 deeply lagged
values of income, health, and education, and Columns 5–10
institutional factors potentially affecting the detection and
measurement of reserves. Columns 1–10 of Panel A show
how further restricting the variation in reserves exploited has
little effect on the size or direction of the infant mortality esti-
mates. Column 11 instruments mining share with total per
capita reserves from Norman (2009), i.e., including minerals.
Results are similar, but with weaker identification. Column
12 shows that a similar result is obtained instrumenting mining
share with an alternative measure of oil endowment from the
Association for the Study of Peak Oil and Gas, estimated



Table 2. Health and education effects of mining dependence

Panel A: Effects on children and youth (extensive margin)

Log dependent variable Infant mortality (deaths per
‘000)

Average years of
educational attainment,

youth

Percentage of population with
no education, youth

Estimator OLS IV OLS IV OLS IV
Column 1 2 3 4 5 6

Log mining share 0.108*** 0.181*** �0.018 �0.208*** 0.260*** 1.095***

(0.018) (0.040) (0.012) (0.047) (0.077) (0.246)
Log real GDP per capita �0.553*** �0.594*** 0.216*** 0.338*** �0.800*** �1.320***

(0.044) (0.064) (0.042) (0.072) (0.159) (0.280)
Latitude �0.727*** �0.435 0.241* �0.239 �1.898** 1.415

(0.199) (0.280) (0.127) (0.371) (0.832) (1.695)
Government effectiveness �0.213*** �0.171** �0.045 �0.205** 0.339 0.838**

(0.059) (0.085) (0.034) (0.087) (0.228) (0.405)
Wildcats (*1000) 0.040*** 0.030*** 0.005 0.010* �0.140*** �0.190***

(0.005) (0.006) (0.003) (0.009) (0.03) (0.050)
First-stage
Per capital fossil fuels 1971 0.003*** 0.003*** 0.003***

(0.001) (0.001) (0.001)
Excluded-F 16.43 16.72 16.72
Countries 151 133 127 112 126 112

Panel B: Effects on the total population (intensive margin)

Log dependent variable Life expectancy at birth
(years)

Average years of
educational attainment

Percentage of population with
no education

Estimator OLS IV OLS IV OLS IV
Column 7 8 9 10 11 12

Log mining share �0.012** �0.042*** �0.021* �0.199*** 0.120** 0.671***

(0.005) (0.010) (0.013) (0.050) (0.057) (0.189)
Log real GDP per capita 0.010*** 0.123*** 0.242*** 0.352*** �0.464*** �0.789***

(0.012) (0.018) (0.045) (0.076) (0.120) (0.209)
Latitude 0.072 0.050 0.351** �0.192 �3.994*** �1.526

(0.046) (0.080) (0.139) (0.379) (0.619) (1.269)
Government effectiveness �0.007 �0.039 �0.058 �0.189** 0.128 0.435

(0.015) (0.025) (0.039) (0.089) (0.181) (0.302)
Wildcats (*1000) �0.003** �0.001 0.010*** 0.020*** �0.110*** �0.150***

(0.001) (0.002) (0.003) (0.010) (0.020) (0.040)
First-stage
Per capital fossil fuels 1971 0.003*** 0.003*** 0.003***

(0.001) (0.001) (0.001)
Excluded-F 16.52 16.55 16.55
Countries 150 132 122 107 122 107

Stars denote statistical significance at the 10%, 5%, and 1% levels. Sample is the largest possible 2005 cross-section for these variables. Heteroskedasticity-
robust standard errors in parentheses, and coefficients on constants and first-stage controls are not reported. IV estimates instrument log mining share with
per capita fossil fuel reserves in 1971. The relevant critical value for the Kleibergen–Paap Walk rk F statistics reported (i.e., excluded-F) is the Stock–Yogo
critical value of 16.38 calculated for one endogenous regressor, one instrument, 10% maximum IV relative bias, and i.i.d errors.
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by geologists and factoring in the geological habitat and
cumulative discovery (Cotet & Tsui, 2013a, 2013b; Tsui, 2011).
Panels B and C of Table 3 present sensitivity analysis for the

main education estimates. Including a deep lag for years of
education (Column 4) renders the main result insignificant
for both indicators: the global distribution of years of school-
ing is persistent and has not changed significantly since 1971.
In Panel B, other initial controls and institutional indicators
do not significantly affect the result for years of schooling,
except for settler mortality, which halves the sample. Instru-
menting mining share with total per capita mineral, oil, coal,
and natural gas reserves (Column 11) gives a similar result,
and the coefficient obtained from instrumenting with the alter-
native oil endowment measure (Column 12) is less significant
but of the same sign. In Panel C of Table 3, estimates for
the percentage of the population with no schooling are similar
to those for years of schooling. Second-stage coefficients are
relatively stable to the inclusion of a wide range of additional
covariates, suggesting further omitted variables are unlikely to
have any major effects on my results. Further robustness
checks are provided in the Supplementary Appendix, includ-
ing estimates using alternative periods and country averages,
alternative measures of the size of the mining sector, and
dropping resource rich mini-states and other outliers.

(c) Health and education elasticities of income, by sector

Until now I have focused on the share of mining in the
economy, holding per capita incomes constant. The net effects
of mining are ambiguous if we move from partial to general
equilibrium, as crowding-out may be more than one-for-one
(e.g., as in the Dutch disease case), or learning-by-doing and



Table 3. Sensitivity analysis

Extra control, 1970 Region FEs Log GDP
per capita

Log infant
mortality

Log years
education

Democracy Executive
constraints

Presidential Colony French legal Log set.
mortality

All Norman IV ASPO endowment IV

Column 1 2 3 4 5 6 7 8 9 10 11 12

Panel A: Log infant mortality (deaths per ’000)

Log mining share 0.15*** 0.17*** 0.14*** 0.17*** 0.17*** 0.18*** 0.21*** 0.17*** 0.19*** 0.14* 0.16*** 0.08**

(0.05) (0.05) (0.05) (0.05) (0.04) (0.04) (0.05) (0.03) (0.03) (0.08) (0.04) (0.04)
Excluded-F 2.325 8.51 10.45 10.35 4.66 5.070 9.78 5.84 16.15 23.74 14.23 12.13
Countries 133 133 121 107 109 109 130 114 136 75 133 125

Panel B: Log average years of educational attainment

Log mining share �0.16** �0.13** �0.15** �0.03 �0.10* �0.10* �0.13*** �0.13*** �0.13*** �0.01 �0.13*** �0.06*

(0.08) (0.07) (0.06) (0.05) (0.06) (0.05) (0.04) (0.05) (0.03) (0.03) (0.05) (0.03)
Excluded-F 3.15 10.11 10.95 10.35 5.94 6.47 13.16 5.61 16.46 17.88 14.17 11.94
Countries 107 107 102 107 94 94 108 97 109 60 107 100

Panel C: Log age of population with no education

Log mining share 0.51* 0.35* 0.42* 0.23 0.21*** 0.21*** 0.61*** 0.52*** 0.59*** 0.18 0.46** 0.32**

(0.28) (0.19) (0.23) (0.20) (0.08) (0.08) (0.19) (0.19) (0.15) (0.17) (0.19) (0.13)
Excluded-F 3.15 10.11 10.95 10.35 5.94 6.47 13.16 5.61 16.46 17.88 14.17 11.94
Countries 107 107 102 107 94 94 108 97 109 60 107 100

Stars denote statistical significance at the 10%, 5%, and 1% levels. Sample is the largest possible 2005 cross-section for these variables. Heteroskedasticity-robust standard errors in parentheses, and
coefficients on constants, controls, and first-stage regressions are not reported. All estimates include log real GDP per capita, absolute distance from the equator, an index of government effectiveness,
and the total number of wildcats drilled in the 20th century as controls. Extra controls are all values in 1970, except for settler mortality. All estimates use the limited information maximum likelihood
(LIML) estimator with a Fuller parameter of one. Columns 1–10 instrument log mining share with per capita fossil fuel reserves in 1971, Column 11 uses the sum of per capita oil, gas, coal, and mineral
reserves from Norman (2009), i.e., including minerals, and Column 12 uses actual estimated oil ‘‘endowment” from Cotet & Tsui (2013a, 2013b). The relevant critical value for the Kleibergen–Paap
Walk rk F statistics reported is the Stock–Yogo critical value of 16.38 calculated for one endogenous regressor, one instrument, 10% maximum IV relative bias, and i.i.d errors.
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Figure 6. Health and education elasticities of income, by sector. The formal regression results behind each of the bars in Figure 8 are presented in

Supplementary Appendix Table A6. Bars represent the coefficients on sectoral income with robust 95% confidence intervals and the standard covariates are

included in all estimates. Mining and agricultural income coefficients are obtained from IV estimation and manufacturing from OLS. Mining is instrumented

with per capita fossil fuel reserves in 1971 and agriculture with log per capita arable land, both strong instruments exceeding the highest Stock–Yogo critical

value. Sample period is 2005.
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upstream spillovers may occur (e.g., as in the case of Norway). I
now compare the health and education elasticities of mining
income with income from other sectors by extending my main
approach to level terms. I multiply mining share by total per
capita income to obtain per capita mining income deflated by
the economy-wide GDP PPP deflator. I replace the per capita
GDP control with per capita non–mining income to hold
income from other sectors constant.6 Per capita agricultural
income, non-agricultural income, manufacturing income, and
non-manufacturing income are constructed with the same UN
(2014) national accounts to compare across sectors. I instru-
ment mining income with per capita fossil fuel reserves in
1971, agricultural income with per capita arable land (World
Bank, 2014, 2015), and manufacturing is not instrumented.
The long-term health and education elasticities of income

from mining, agriculture, and manufacturing are presented
in Figure 6 (table at Supplementary Appendix Table A6).
The bars represent point estimates and the whiskers 95%
robust confidence intervals. With narrow confidence intervals,
mining income, on average, appears to be of significant net
harm to long-term health and education outcomes when
income from other sectors is held constant. Coefficients on
agricultural income show imprecise negative effects, and
non-mining and manufacturing income are associated with
better health and education outcomes. The large gap between
non-mining income and manufacturing income suggests ser-
vices likely play a major role (services are not a clear category
in UN national accounts data, so omitted from the analysis).
When it comes to mining income, wealthier is not necessarily
healthier (c.f., Pritchett & Summers, 1996). Income from the
non-mining sectors tends to be better for health and educa-
tional development.

(d) Heterogeneity

Torvik (2009) argues ‘‘the most interesting aspect of the
paradox of plenty is not the average effect of natural resources,
but its variation. For every Nigeria or Venezuela there is a
Norway or Botswana.” Two main types of heterogeneity could
be masked by my main results: different effects among those
countries with fossil fuel reserves, and different effects for
different types of primary commodities. I estimate my main
results by sub-samples to explore variation by region and insti-
tutional characteristics used to explain winners and losers in
the natural resource lottery (Torvik, 2009). Health results
are consistent across regions and institutions, but education
results are more varied. Estimated coefficients turn positive
or insignificant in parliamentary democracies, in countries
with less than 80% of the population of one faith, and exclud-
ing the Middle East and Africa, suggesting this region drives
much of the main education results (Supplementary Appendix
Tables A7 and A8).7

My main IV estimates identify the local average partial
effects of mining related to fossil fuel abundance. While includ-
ing minerals gives similar results (Table 3), oil and natural gas
are special point resources known to exacerbate the resource
curse. To explore potential heterogeneity in mining depen-
dence related to each type of reserve, I instrument mining
share with separate per capita oil, gas, mineral, and coal
reserves. Oil and gas extraction have stronger negative health
and education effects than the main estimates and coal mining
appears harmful for health. Conclusions cannot be drawn in
relation to mining dependence arising from mineral abun-
dance due to weak identification (Supplementary Appendix
Table A9).

(e) Potential channels

I now empirically test for direct links between mining depen-
dence and non-mining income, human capital investment, and
institutions (dotted lines and clear boxes in Figure 3). I use the
same IV approach, with proxies for these potential channels as
dependent variables. Table 4 presents the results. Column 1 of
Panel A shows that doubling the mining share corresponds to



Table 4. National-level mechanisms

Panel A: Income in other sectors and public human capital investment

Log dependent variable Per capita non-mining income Per capita health expenditure Health expenditure share Per capita education expenditure Education expenditure share
Column 1 2 3 4 5

Log mining share �0.09*** �0.22** �0.16* �0.08 0.03
(0.04) (0.09) (0.09) (0.08) (0.11)

Excluded-F 16.37 16.43 16.43 17.50 18.64
Countries 133 133 133 108 122

Panel B: Quality of government and gender equality

Dependent variable Government effectiveness Control of corruption Corruption perceptions Female parliamentarians (%) CPIA gender
Column 6 7 8 9 10

Log mining share �0.17*** �0.14*** �0.31*** �4.90*** �0.17***

(0.04) (0.04) (0.10) (1.10) (0.03)
Excluded-F 16.05 16.73 18.09 6.07 71.61
Countries 134 137 103 132 55

Panel C: Conflict and stability

Dependent variable Years of conflict Stability index Polity IV score Number of coups Log military share
Column 11 12 13 14 15

Log mining share 0.29 �0.08* �5.52*** 0.74*** 0.44***

(0.24) (0.04) (1.20) (0.26) (0.10)
Excluded-F 16.73 16.73 13.23 16.73 5.40
Countries 137 137 119 137 116

Stars denote statistical significance at the 10%, 5%, and 1% levels. Sample is the largest possible 2005 cross-section for these variables. Heteroskedasticity-robust standard errors in parentheses, and
coefficients constants, controls, and first-stage regressions are not reported. Panel A controls include log real GDP per capita, latitude, government effectiveness, and wildcats drilled in the 20th century.
Panels B and C control for include log real GDP per capita, latitude, and wildcats, i.e., government effectiveness is omitted because it is highly correlated with the institutional-dependent variables of
interest. All estimates use the limited information maximum likelihood (LIML) estimator with a Fuller parameter of one. All estimates instrument log mining share with per capita fossil fuel reserves in
1971 and the relevant critical value for the Kleibergen–Paap Walk rk F statistics reported is the Stock–Yogo critical value of 16.38 calculated for one endogenous regressor, one instrument, 10%
maximum IV relative bias, and i.i.d errors.
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a 10% reduction in the level of non-mining income. The non-
mining economy is responsible for, on average, 11 times more
value-added than mining, making magnitudes economically
significant, particularly given the opportunity cost of other
welfare improving modern sectors (UN, 2013). Columns 2
and 3 find more mining corresponds to countries investing less
in health per capita and as a share of total government spend-
ing. Columns 4 and 5 provide no evidence that a larger mining
share leads to less investment in education per capita or as a
share of total government spending, perhaps reflecting the recent
policy shift by resource-rich countries toward education
investment and contradicting prior claims natural resources
divert financial resources away from education (Gylfason,
2001).
In Panel B of Table 4 I examine governance-related institu-

tional indicators: government effectiveness, corruption, and
gender equality. Columns 6 and 7 show that countries with
a larger mining share score lower on indices of government
effectiveness and control of corruption (Kaufman et al.,
2013). Column 8 shows Transparency International’s Corrup-
tion Perceptions Index is also considerably lower in mining-
dependent countries. Gender equality has been a focal area
of modern governance reforms and anti-corruption policies,
and resource wealth could allow the persistence of cultural
norms altering women’s roles in society. In Columns 9 and
10 (Panel B) I look at gender equality, estimating the effect
of a larger mining share on the proportion of seats held by
women in national parliaments in Column 9 and on the World
Bank’s CPIA gender equality index in Column 10. I find that
at a given level of income, doubling the mining share corre-
sponds to almost 50% less women in parliament and a much
lower score on the gender equality index. While more
mining-oriented economies appear to have higher levels of
institutionalized gender inequality, estimating my main results
(Table 2) separately for males and females reveals no statisti-
cally significant gender differences (Supplementary Appendix
A11). Other measures of institutional quality yield similar
results and the direct institutional ‘‘curse” of natural resources
appears directly relevant for economic dependence on mining.
Partialling-out institutional effects in my main results (i.e.,
holding government effectiveness constant), larger general
equilibrium effects are implied.
In Panel C of Table 4 I turn to conflict and stability. In Col-

umn 11, I estimate my main equation using the number of
years since 1970 (i.e., when the instrument is measured) that
Figure 7. Mining share of district regional gr
a country has been classified as in a state of civil war in the
UCDP/PRIO Armed Conflict Dataset as a dependence vari-
able (Centre for the Study of Civil War, 2009). I find no evi-
dence of any relationship between mining dependence and
conflict, consistent with related studies by Brunnschweiler
and Bulte (2009), Arezki and Gylfason (2013), and Blattman
and Bazzi (2014). In Column 12 I find a weakly significant
relationship between mining dependence and government sta-
bility (Kaufman et al., 2013). Columns 13 and 14 find mining-
dependent countries, after controlling for income level and dis-
tance from the equator, tend to be less democratic and more
likely to experience a coup d’état. This result is reinforced
by the final estimate in Column 15, showing that doubling
the mining share of a country corresponds to around a 50%
increase in the military expenditure share of the national bud-
get. My results for conflict, coups, and military expenditure
line up firmly behind the idea that resource rents can be used
to ‘‘buy” peace and stability (Arezki & Gylfason, 2013; Cotet
& Tsui, 2013a, 2013b).
5. WITHIN-COUNTRY EVIDENCE FROM INDONESIA

Looking for similar patterns in different contexts is a useful
way to gauge generality. In this section I present new evidence
from a large cross-section of Indonesian districts in 2009,
holding country- and province-specific observable and unob-
servable factors constant, and using an estimation strategy
analogous to my international estimates.8 Indonesia’s large
mining boom of the 2000s is coming to an end and its long-
term development implications are still not well understood
(Garnaut, 2015; Hill, Resosudarmo, & Vidyattama, 2008).
Consider the equation:

ln ðydÞ ¼ a lnðMdÞ þ cp þ X 0
dbþ ud

yd is a health or education outcome in district d in 2009.While
my international estimates look at national educational attain-
ment, sub-national data allow me to also explore participation
and quality using enrollment rates and test scores. I use net
enrollment ratios for each district from the high quality, district
representative socioeconomic survey (SUSENAS) carried out
by Indonesia’s central statistics agency, Badan Pusat Statistik
(BPS). I also use average examination test scores (out of 100)
for each district from the Ministry of Education, reported by
oss domestic product in Indonesia, 2009.



Table 5. Sub-national evidence from Indonesian districts

Panel A: Health, education, and poverty

Log dependent variable Senior enrollment (%) Senior test scores (/100) Birth attended by skilled health worker (%) District poverty rate (%)
Column 1 2 3 4

Log mining share �0.032*** �0.004*** �0.024*** 0.052***

(0.007) (0.001) (0.008) (0.012)
Districts 447 455 447 445

Panel B: Household human capital investment

Log dependent variable Household education expenditure Household health expenditure

Level Share of total Level Share of total
Column 5 6 7 8

Log mining share �0.070*** �0.037*** �0.049*** �0.016*

(0.011) (0.008) (0.010) (0.009)
Districts 447 433 447 433

Stars denote statistical significance at the 10%, 5%, and 1% levels. Sample is the largest possible 2009 cross-section of Indonesian districts available for
these variables, using 2009 district definitions and boundaries. All estimates control for district log per capita GDP, sub-national budget audit assessment
scores (as a categorical variable), and 33 province-specific fixed effects. Least squares is used throughout and heteroskedasticity-robust standard errors are
provided in parentheses. Coefficients on constants, controls, and fixed effects are not reported. Sub-national data used to produce this table are freely
available from the World Bank (2015) Indonesia Database for Policy and Economic Research (DAPOER).
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each school to the district education office and on-reported up
to the ministry. To my knowledge, there are no reliable
district-level child mortality or life expectancy data.9 Instead
I look at (a) the percentage of the births attended by a skilled
health worker and (b) average household health and education
expenditures, both derived from SUSENAS.
Md is the mining and quarrying share of regional gross

domestic product (RGDP) in district d in 2009 from BPS.10

Consistent with the UN variable used in my cross-country esti-
mates, mining covers oil, natural gas, coal, and minerals; quar-
rying refers to the quarrying of surface rocks, sand, and soil.
District-level mining dependence across Indonesia is presented
in Figure 7.
cp is a fixed effect for each of Indonesia’s 33 provinces, cap-

turing province-specific factors jointly affecting mining depen-
dence and social outcomes and restricting my comparison to
districts within the same province. X0

d includes log per capita
RGDP (combining BPS district RGDP and unpublished pop-
ulation data) and a categorical variable (i.e., fixed effect) for
the assessment given to each district by the Indonesia Audit
Board for their sub-national budgets, to proxy the quality of
local institutions. ud is a heteroskedasticity-consistent error
term.
a has a causal interpretation if mining shares are exogenous

to the outcomes of interest conditional on province fixed
effects, per capita incomes, and institutions, i.e., there are no
problematic omitted variables correlated with both mining
share and the outcomes of interest within provinces. Such fac-
tors cannot be ruled out, so the following estimates are best
interpreted as robust correlations.
Sub-national estimates are presented in Table 5. Panel A

considers education, health, and poverty, and Panel B house-
hold human capital expenditures. Column 1 of Panel A asks
whether, at a given level of income and institutional quality,
children are less likely to participate in school in mining-
dependent districts than in neighboring districts in the same
province. I focus on senior secondary enrollments because
mandatory enrollment policies up to junior secondary remove
variation at the lower levels. Columns 1 and 2 find that a dou-
bling in district mining share corresponds to a 3% decrease in
the net enrollment ratio, and slightly lower test scores. Both
are precisely estimated, statistically significant at the 1%
level. 11 Column 3 shows that people in more mining-
dependent districts are much less likely to have births attended
by skilled health workers. A district with twice as much of its
output from mining, on average, also has a poverty rate over
5% higher (Column 4), consistent with Bhattacharya and
Resosudarmo’s (2015) finding that non-mining growth signif-
icantly reduces poverty but mining growth does not.
Panel B of Table 5 extends the national-level mechanism

analysis to look at average household human capital invest-
ment in mining-dependent districts. Columns 5–8 show that
households in mining-dependent districts tend to spend less
on education and health-related expenditures both in level
terms and as a share of total household expenditure, although
the estimate for health expenditure share is only statistically
significant at the 10% level. Doubling the mining share is asso-
ciated with 7% less household spending on education and 5%
less spending on health. The patterns observed across coun-
tries thus appear more widely applicable and a promising area
for more detailed empirical study at the micro level.
6. CONCLUDING REMARKS

This article documents how countries with larger mining
sectors tend to diverge below the Preston curve, with lower
levels of general health and educational attainment than
expected for their income level. By instrumenting the relative
size of the mining sector with the natural geological variation
in countries’ historical fossil fuel endowments, I provide evi-
dence suggestive of a causal relationship. Similar patterns
between mining, health, and education are observed across
Indonesian districts. My results provide support for a growing
body of evidence linking mining to poorer average living stan-
dards, particularly vis-à-vis other types of income (Bulte,
Damania, & Deacon, 2005; Daniele, 2011; Gamu, Le Billon,
& Spiegel, 2015). But a more systematic investigation of causal
mechanisms and the conditions under which mining can be
less harmful for health and education is also needed. I hope
that by highlighting the links between mining intensity and
long-term health and education outcomes at the international
and district levels, I encourage others to focus on these impor-
tant aspects of well-being when considering the impacts of
mining, particularly in comparison to other economic develop-
ment strategies.
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TES
1. ‘‘Resource-driven economies” are categorized according to the typol-
ogy in McKinsey Global Institute (2013), using World Bank (2014, 2015)
data. 1

2. Using 1971 reserves as an instrument for the mining sector in a
between-country setting is the most appropriate use of this instrument, as
it does not provide any temporal variation. As my dependent variable is
slow moving and my IV from 1971, I am also not overly dependent on any
moment in time. Estimates from alternative time periods and country
averages are provided in Supplementary Appendix Table A3.

3. Bazzi and Clemens (2013) show how many popular IVs can only be
valid in one application due to possible violation of the exclusion
restriction, and highlight the common confusion between exogeneity and
orthogonality in applied work (e.g., rainfall, price, geographical, and
lagged instruments). The exclusion restriction for a given instrument can
only be not rejected after considering all previous uses, then providing a
convincing argument that: (a) past instrumented explanatory variables are
part of the same causal chain; or (b) past usage is invalid. van der Ploeg
and Poelhekke (2010) and Carmignani (2013) use Norman (2009) reserves
to instrument natural resource exports, but mining comes before exporting
in the same causal chain.

4. Regional fixed effects yield similar results, but latitude achieves the
same purpose more parsimoniously and allows for a stronger first-stage in
the IV estimates. Results with regional fixed effects are provided in
Column 1 of Table 3.

5. Coefficients on mining share obtained from my IV estimates in Table 2
are best considered lower bounds for four reasons. Firstly, I control for
(hold constant) key potential channels. Secondly, IV estimates in finite
samples tend to be biased the same direction as OLS (downward, in this
case). Third, between estimation detects only contemporaneous and long-
run effects, making it difficult for treatment to affect the outcome variable
in countries with recent mining expansions. Finally, estimates on cohort-
specific indicators tend to underestimate long-term population effects,
although I have used extensive-marge indicators (e.g., infant mortality,
youth educational attainment) minimizing this problem.

6. I have not used the mining deflator; my non-mining value-added
measure is not exact.

7. I have provided no evidence on whether my results generalize to
countries without reserves. For the average treatment effect on the treated
to generalize to the average treatment effect on the control, the treatment
must be truly random or the effect similar for all countries. Although the
assignment of observed reserves is not truly random, controlling for effort
and other characteristics renders the remaining identifying variation near
random and there is no reason to believe the effect of a larger mining share
would have been exceptionally different in countries without natural
resource endowments.

8. All data used in this section are taken from the Indonesia Database for
Policy and Economic Research (World Bank, 2015), freely available for
download and easily replicable.

9. Child death is a rare event for the average household. With roughly 40
deaths out of every 1,000 births, a very large sample is needed to capture
sufficient incidence and variation at the district level. Existing household
surveys are simply not large enough; census data must be used.

10. Sub-national accounts are clearly imperfect and likely have some
measurement and imputation error, but Indonesian statistics are compar-
atively better than many other development countries’ national accounts.
See McCulloch and Sjahrir (2008) and McCulloch and Malesky (2011) for
more detailed discussions on Indonesian sub-national accounts.

11. A greater mining share corresponds to poorer test scores across all
levels of schooling: primary, junior secondary, and senior secondary
(estimates available on author request).
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