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Abstract
Some studies suggest that resource-rich countries tend to allocate talent and investment
toward the resource sector and away from manufacturing or agriculture reducing the
competitiveness of these other sectors. Because mining overwhelmingly employs men,
when other sectors shrink so do employment opportunities for women (Ross, 2008).
This could significantly affect core social structures. Using plausibly exogenous
variation in natural resource wealth due to giant oil discoveries and an event study
design, this paper finds that giant oil discoveries are associated with relatively worse
female outcomes as measured by higher male/female population ratios, higher teen
birth rates, and lower educational attendance of tertiary education among women
relative to men. However, the impact on health outcomes tapers off within 8 years.
Additionally, during periods of increasing oil prices, there is no significant evidence of
such effects possibly due to an income effect.
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1. Introduction

Previous literature found that changes in the work environment that favored men, such
as the plough in Alesina et al. (2013), or arable versus pastoral farming in Voigtlander
and Voth (2013), are associated with higher gender inequality. Even in the shorter run,
changes in the work environment were found to affect women’s relative outcomes.
Specifically, Ross (2008) found that oil rents are associated with reductions in
women’s labor force participation as well as other measures of political influence.

This paper contributes to the literature by providing estimates of the impact of
natural resources on the gender structure of population and consequent gender-
specific outcomes: health and education, which ultimately define a person’s future
ability to participate in the society. Simple observation might suggest that natural
resource windfalls affect demographic trends. Some of the countries with the highest
levels of gender inequality are among the richest in oil. The World Bank puts
forward that primarily men capture the benefits of extractive industries, employment,
and income, while women tend to bear a larger share of social and economic
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risks.1 At the same time, some oil-rich countries such as Norway provide numerous
opportunities for women.

This paper is also a contribution to the literature on the natural resource curse.
Earlier literature found that women’s labor force participation and political
representation in Parliament are lower in oil-producing countries [Ross (2008), Liou
and Musgrave (2016), Simmons (2019)]. However, lower labor force participation
could be due to a simple income effect where the natural resource windfall is
associated with an increase in fertility [Black et al. (2013)], leading to a decrease in
labor force participation while still improving women’s overall welfare. We investigate
the impact of oil wealth on more direct measures of changes in women welfare: sex
ratios, health, and educational outcomes, which allow us to test competing theories
regarding the mechanism linking natural resources to gender trends.

In addition, we use an arguably more exogenous source of variation in natural
resource wealth. Previous literature relies on variation in oil production to investigate
the impact of oil wealth on women, raising concerns of reverse causality. Oil
production depends on economic development and institutions, which also correlate
with gender-specific trends, introducing bias in the estimated effect of oil rents on
gender-specific outcomes. We exploit variation in oil (and gas) wealth due to giant
oil discoveries, i.e., fields containing ultimate recoverable reserves (URRs) of
500 million barrels equivalent or more. Lei and Michaels (2014) provide evidence
that after controlling for country and year fixed effects giant oilfield discoveries are
both economically significant events and plausibly exogenous.

This paper also contributes to the literature by using an event study design that
highlights the dynamic response of health outcomes to changes in natural wealth and
manages to shed light on the cause of some of the contradictions in previous literature.

Using a panel of 136 countries over the 1951–2010 period, we find evidence of
higher sex ratios (male/female) following giant oil discoveries especially in countries
outside Africa during the periods when ultrasounds were not readily available. These
changes are not driven by better health allowing more males to survive2 because,
over the same period, giant oil discoveries are also associated with higher infant
mortality and lower life expectancy among both males and females. Moreover, giant
oil discoveries are not associated so much with higher sex ratios at birth but with
higher sex ratios among children one year old and older, suggesting these changes
are not driven by attrition before birth but by differential parental investment after
birth. This theory is supported by other outcomes. We find evidence that giant oil
discoveries are associated with wider educational gaps between men and women, and
increased teen births reminiscent of societies where parents must dispose of their
female offspring if they are to afford more sons [Leeson and Suarez (2017)]. The
impacts of oil discoveries on measures of gender inequality are much smaller during
periods of increasing oil prices. The negative health effects are also tapering off
several years after discovery; timing consistent with industry-specific employment
patterns as well as the possible onset of production and inflow of foreign direct
investment (FDI) in other sectors.

1http://www.worldbank.org/en/topic/extractiveindustries/brief/gender-in-extractive-industries downloaded
February 2nd, 2015.

2Fetal viability varies by sex with lower viability among males [Trivers and Willard (1973)]. Male
mortality is more responsive to environment and, thus, mortality rates are consistently higher for males
than females.
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2. Background

2.1 The natural resource curse

Using a cross-section of countries, Sachs and Warner (1995) found that natural resource
wealth is correlated with slower growth. Numerous papers followed exploring a variety
of mechanisms that could explain this finding. Most often cited is the “Dutch disease”,
which argues that resource booms increase exchange rates, reducing the competitiveness
of the manufacturing sector, thus causing factors to move away from this sector. The
literature points out that natural resource prices, apart from oil and gas, tend to
decrease in the long run. Hence, countries that concentrate their economies and
build their infrastructure around natural resource exploitation will generate less
earnings from this sector over time and will be unable to divert their economies to
other sectors due to the inflexible nature of their infrastructure.

Others proposed explanations relying on the impact of resource wealth on
institutions [Ross (2001)] and found that resource wealth is associated with less
democracy [Tsui (2011)] and more corruption [Leite and Weidmann (2002)].
Alternatively, the effect could be mediated by the impact on institutions when
differences in pre-existing institutions alter the effect of resource wealth [Torvik
(2002), Mehlum et al. (2006), Robinson et al. (2006)]. Or it could be due to the
increased risk of war [Collier and Hoeffler (1998, 2004), Ross (2006)]. Any of these
mechanisms could also affect other measures of standard of living such as women’s
status in society.

Notably however, the correlation between resource wealth and growth remains
controversial and many of these results were challenged. Some challenged the
measure of abundance used. Using resource dependence, measured as the share of
exports or output on GDP, as an independent variable is problematic when the
dependent variable of interest is GDP because it introduces an endogeneity bias.
Removing this source of endogeneity leads to a positive correlation between oil
wealth and growth [Brunnschweiler and Bulte (2008)]. Others were concerned with
the controls usually added to the regressions such as measures of the initial level of
income [Alexeev and Conrad (2009)]. A further critique refers to the use of
cross-sectional data. This choice was questioned due to its inability to disentangle the
impact of initial institutions from the impact of natural resource abundance. Just as
concerning is that the results are sensitive to the choice of cross-section because oil
prices fluctuate over time [Cotet and Tsui (2013)]. Measurement error in oil rents
could also play a role in explaining differences across results. For instance, simply
discovering giant oil fields was found to be associated with internal conflicts [Lei and
Michaels (2014)], while having oil fields located close to borders was found to
increase the likelihood of interstate disputes [Caselli et al. (2015)].

Such results also raise the question of whether the issue is one of possible
heterogeneity of the effect across various aspects of development and local
conditions. GDP per capita is only one measure of the quality of life. Oil revenues
may have enabled Middle East governments to finance welfare systems that benefit
the population through subsidized health care and education [Fargues (2005)]. This
is consistent with Acemoglu et al. (2013) findings that an increase in income
induced by an oil price shock increases health expenditures, and with Cotet and Tsui
(2013) showing that the value of oil production is associated with lower infant
mortality and higher life expectancy. There might be significant heterogeneity in the
effect given that democracies appear to have healthier citizens [Besley and
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Kudamatsu (2006)] and oil wealth, for instance, is associated with less democracy. Thus,
resource wealth could still be a curse or a blessing on other margins than economic
growth.

2.2 Natural resources and women

Besides growth and health, natural resource windfalls could also affect social and
demographic trends and disproportionately affect women. There are several possible
mechanisms for this effect.

Chambers and Gordon (1966) propose that the economic benefit from resource
wealth will be at least partially absorbed by increased population growth. Some
support for this hypothesis is provided by Black et al. (2013) findings indicating that
an increase in the value of coal is associated with an increase in fertility. This is
important to note because when natural resource windfalls affect birth rates and
population, using resource wealth per capita, a commonly used measure of resource
abundance, introduces an endogeneity bias in regressions trying to explain GDP per
capita or other per capita measures of welfare.

Increases in fertility are associated with significant reductions of female labor force
participation: each birth reduces a woman’s labor supply by almost 2 years [Bloom et al.
(2009)], thus, a change in the value of natural resources could alter female labor force
participation.

In addition, persistent norms regarding gender-appropriate employment could
prevent women from gaining employment in some activities [Alesina et al. (2013)].
Such norms may be slow to change where the economic environment favors male
employment over female employment. Extractive industries tend to be
male-dominated industries. For instance, while women make up 48% of the global
labor force, they account for only 22% of the labor force in the oil and gas sector
[IRENA (2019)]. The percentage of female employees in the extraction of crude
petroleum and natural gas in the European Union in 2011 was a low as 13.5%
[Johnston and Silva (2020)]. Thus, increased reliance on extractive industries could
reduce women’s labor opportunities.3

This change in labor force participation could affect women’s status. Ross (2008)
tests the Dutch-disease argument as applied to women and finds that increased
reliance on oil production reduces women’s labor force participation, which
decreases their political influence as measured by the number of seats held by
women in the Parliaments. The loss of political power could impact other areas of
women’s life and their future outcomes. However, as the author readily acknowledges
the revealed relationships may not be causal. The issue is that oil production
depends on economic development and institutions, which also correlate with
women’s status introducing bias in the estimated effect of oil rent on women’s status.

3Prior literature has shown that natural resource development can lead to substantial changes in local
employment [Weber (2012), Aragon and Rud (2013), Brown et al. (2014), Jacobsen and Parker (2014),
Komarek (2016), Tsvetkova and Partridge (2016)]. For the case of U.S., Maniloff and Mastromonaco
(2017) report that shale oil and gas development increased employment on average by 14.4%, consistent
Jacobsen (2019), and Brown et al. (2014) estimates but larger than others [Bartik et al. (2019) reports a
∼5% estimate, Komarek (2016) reports a 7% estimate]. The variance in estimated size of the
employment effect could be driven by large variability in the effect based on the conditions on the
ground. Maniloff and Mastromonaco (2017) report that the employment growth reaches 38.4% in
counties in the top 25% of shale oil and gas well growth.
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In fact, another possible path from natural resource wealth to gender inequality is
through economic development. As countries develop, women’s labor force
participation first declines and then rises [Goldin (1995)], mortality rates decrease,
and education levels increase both in absolute terms and relative to men [Mammen
and Paxson (2000)]. Therefore, any change in economic growth due to changes in
natural resource wealth will also affect gender inequality.

Alternatively, the environment at the time of discovery matters. Many oil countries
were initially poor and likely less socially developed. These countries skipped the
economic development that would have otherwise occurred because the exogenous
wealth suppressed the pressure that might have otherwise led to the above-
mentioned developments. These countries also skipped the social development phase
normally brought about by economic development. In such cases, economic
development was no longer accompanied by changes in gender inequality.

Increased reliance on oil production could affect demographic trends beyond fertility
rates. Where female labor opportunities are low, girls have a lower economic value,
which has been linked to lower female to male ratios [Carranza (2014)]. Fewer
female labor opportunities have been associated with fewer female births and lower
survival probability among these births [Rosenzweig and Schultz (1982), Qian (2008)].

Overall resource rents are predicted to act through the marriage market, the labor
market, or the political market. All these theories predict that oil wealth has
gender-specific effects, such as reduced women participation in the political process
but have different implications on direct measures of welfare such as health and
access to resources. Resource rents accruing to men employed in extractive industries
produce an income effect that affects the marriage market and leads to higher
fertility and lower education among women. This could affect labor force
participation and participation in political processes negatively while still improving
health and access to resources. However, lower employment opportunities leading to
lower labor market value of women would affect health and access to resources
negatively in addition to labor market participation. On the political market, resource
rents could allow autocrats to promote policies favored by the ideologically motivated
winning coalition, policies that would not be feasible for tax-reliant rulers [Liou and
Musgrave (2016)]. Thus, where ideologies do not favor women, resource rents might
lead to higher gender inequality but only under autocratic regimes.

This paper investigates the impact of giant oil discoveries on sex ratios, and school
enrollment female to male ratios as measures of gender inequality.

3. Empirical strategy

3.1 Identification

This study uses an empirical strategy similar to the one proposed by Lei and Michaels
(2014) where the variation in natural resource wealth comes from giant discoveries.
Previous literature argues that discoveries may be more likely in democratic countries
and in countries with better institutions [David and Wright (1997), Bohn and
Deacon (2000)]. However, because the probability of finding a giant oilfield is low,
and countries have little control over the timing of such findings, giant discoveries
are plausibly exogenous [Lei and Michaels (2014)]. The timing of giant oilfield
discoveries is largely uncorrelated with countries’ economic and political
performance in the five preceding years, but recent past discoveries (in the previous
10 years) have some predictive power for subsequent discoveries [Lei and Michaels
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(2014)]. This makes sense because successful exploratory well drilling in adjacent areas
provides new geological knowledge. This new information could lead to changes in
either the expected discovery size or in the probability of discovery, which could lead
to higher exploratory effort and, thus, a new discovery. To remove concerns that the
estimates are picking up the effect of trends in economic and political structures that
are associated with prior explorations, we focus on a sample of countries that did not
make any giant discoveries in the 15 years preceding the sample period investigated.4

The countries in our sample are shown in Figure 1.

3.2 Measurement

In Lei and Michaels (2014) the variable of interest is an indicator variable for the
discovery in county i, year t. This type of design eludes the issue of the variable used
to normalize the resource wealth. The choice of the variable used for normalization
is a source of concern when, as discussed in section 2, variables used for this
purpose, GDP or population, could be endogenous.

By retaining only giant discoveries, this strategy promotes some degree of
comparability of shocks across countries because such discoveries are significant
enough to produce a shock to any size economy. This framework, however, does not
ensure the complete comparability of the shocks experienced by different countries.
This may be a source of concern for our analysis because the size of the shock
determines the size of the income windfall, which is postulated to affect fertility. It
also determines the size of labor force employed in the field and, thus, the relative
economic value of men versus women. This paper addresses this issue in several
ways. First, it uses the number of giant discoveries in one year instead of an
indicator for discovery in a country/year.5 Second, it investigates the robustness of
the results to using the number of discoveries normalized by the area of a country.
Using the land area alleviates the concerns of endogeneity due to the normalization

Figure 1. The number of giant discoveries 1946–2010. Notes: White areas are countries not in our sample of
countries that made no giant discoveries between 1935 and 1950. The intensity of color increases from no
giant oil discovery to 1 giant discovery, between 2 and 4 discoveries, and more than 4 such discoveries.

4The results are robust to using all countries regardless of prior giant discoveries—results reported in
Appendix not for publication Table A7.

5Over the period 1941–2010 there are 53 instances of more than one giant discovery in a country-year
and 161 of one giant field in a country-year.
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of the measure of resource wealth by an endogenous variable. Third, the paper
considers the size of yearly discoveries as the regressor of interest also normalized by
area. This is not necessarily a better measure because there may be measurement
error in the size of the URRs due to different estimation methods across oilfields as
well as subsequent updates [Lei and Michaels (2014)].

3.3 Econometric specification

This paper uses an event study design to investigate the hypothesis that giant oil
discoveries lead to higher gender inequality. This strategy allows us to consider
changes under different time horizons and accounts for possible dynamic responses
of the outcomes considered. This is important for two reasons. First, the impact of
oil on the outcomes investigated here is partially mediated through its impact on
development. The direction of the effect of development on women’s labor force
participation and, thus, possibly on gender inequality as well varies over time.
Second, there is a lag between the timing of discovery and production ranging from
about two years for onshore major fields to around ten years for offshore oilfields
[Laherrere (1998)]. The short-run effect of discoveries may be different from the
medium-term effect. In the beginning, only employment is affected but after
production begins, there is an additional income effect.

The regression model is presented below:

Yit = S j=0bj Discit−j + Xit−1′d+ li + gt + 1it (1)
where Yit, the outcome in country i and year t could be sex ratios, infant mortality, life
expectancy, female/male enrollment in school, adolescent births, crude birth rate, or
total fertility rate. Discit−j is the number of giant oil discoveries in country i in year
t-j where j takes values from 0 to 10.

X is a vector of time-varying variables correlated with socio-demographic trends: lag
population, lag GDP per capita, lag economic growth, lag democracy, and whether there is
a war on a country’s territory.6 If giant discoveries are indeed exogenous, as assumed, these
variables cannot improve identification but may improve the efficiency of our estimates.7

All specifications include country fixed effects, λi, which control for any stable
unmeasured heterogeneity across these areas such as secular differences resulting
from unmeasured social and cultural norms. The models also include year fixed
effects, γt, which capture unobserved trends in exploration and related factors
common to all countries, such as changes in exploration technology.

It is likely that the error terms are correlated within countries over time.
Misspecification of the autocorrelation process can lead to a downward bias in the
standard error estimates [Bertrand et al. (2004)]. Consequently, robust standard
errors clustered at the country level that allow for heteroskedasticity and
autocorrelation of unspecified form are calculated and reported throughout the paper.8

6We report estimates from a specification controlling for detrended population, and GDP related
variables in Appendix Table A9.

7The results are virtually identical in specifications without these controls, results reported in Appendix
Table A12—not for publication.

8We report estimates with Newey-West correction for autocorrelation up to lag 10 in Appendix
Table A10. In Appendix Table A11 we report estimates with panel corrected standard error (PCSE)
accounting for cross-sectional dependence [Driscoll and Kraay (1998)]. These results are fully consistent
with our main specification.
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4. Data

The dataset spans the period between 1951 and 2010. The population data begins in
1950 but because of lagged control variables, our regressions use the dependent
variables from the period starting 1951. The end of the period is constrained by the
availability of giant discovery data.

The giant oil and gas discoveries data were compiled by Dr. M. K. Horn and made
available through the Giant Oil and Gas Fields of the World GIS project. They include
the discovery year as well as the estimated size. The fields included in the dataset
contain estimated URRs of at least 500 million barrels of oil equivalent (MMOBE).
Only 1% of the total number of fields is giants and their contribution is significant.
They account for over 60% of the 2005 production and about 65% of the global
URR [Robelius (2007)]. Discoveries of giant fields are therefore economically
significant regardless of the size of the discovering country.

The main specification retains only oil discoveries because oil was more consistently
found to influence development in general. This also reduces measurement error in the
size of the shock when there are non-linearities in the effect of natural wealth
discoveries. Although the dataset also provides information on giant gas field
discoveries, the market value of such discoveries is clearly different.9

The adolescent birth rate (births per 1,000 women ages 15–19); life expectancy at
birth by gender (in years); and females over males in primary, secondary, or tertiary
education (children out of school) come from the World Development Indicators.
Labor participation rate data (% of female population age 15+) come from World
Bank. The population data by gender and age; crude birth rate (births per 1,000
population); total fertility (children per woman) and infant mortality (infant deaths
per 1,000 live births) come from United Nations, Department of Economic and
Social Affairs, Population Division, World Population Prospects: The 2012 Revision.
The total population data were derived from the population by age. The sex ratios,
which follow the convention of using males as numerator and females as
denominator, were also computed from population data.

The GDP data come from Penn World Data, version 8.0. Democracy data come from
the Polity IV dataset. We follow most of the literature to measure democracy using the
polity index. The Polity 2 index was normalized to take values between 0 and 1 with 1
being the most democratic.

The location of inter- and intra-state conflict data comes from UCDP/PRIO Armed
Conflict dataset, version 4-2005 [Gleditsch et al. (2002)]. All country-year observations
with at least 25 battle deaths are coded as ones, and other observations are coded as zeros.

Data on theMuslim populationwere obtained from theWorldChristianDatabase. The
land area of each country comes fromWorld Bank Social Indicators and Fixed Factors.

Summary statistics for these variables are reported in Table 1 separately for countries
that discovered giant oil fields or did not discover during the period investigated. Most
variables investigated look very similar across the two groups of countries. The
exceptions are population, GDP per capita, and economic growth although even in
those cases the standard deviations around the means are very large.10 All regressions
reported in this paper control for these covariates.

9In the Appendix Table A6 we present estimates of the effect of oil and gas discoveries.
10We also investigated this issue in a regression analysis and found similar results. GDP per capita and

economic growth in the previous year are positively correlated with the likelihood of making a giant oil
discovery. The results are reported in the Appendix Table A8.
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Table 1. Summary statistics

No giant discoveries Giant discoveries

Male/Female age<1 103.515 103.608

(2.758) (2.976)

Male/Female age 1 103.371 103.573

(2.704) (2.780)

Male/Female age 2 103.252 103.535

(2.808) (2.798)

Male/Female age 3 103.149 103.490

(2.925) (2.895)

Male/Female age 4 103.053 103.442

(3.011) (2.981)

Male/Female age 5 102.815 103.355

(3.113) (3.110)

Teen birth rate (per 1,000 women ages 15–19) 81.288 81.485

(55.951) (57.376)

Crude birth rate (per 1,000 pop) 32.125 33.259

(13.791) (12.690)

Total fertility (children per woman) 4.454 4.736

(2.083) (2.008)

Infant mortality rate (per 1,000 live births) 75.950 79.889

(56.956) (62.676)

Life expectancy male 57.427 57.703

(11.960) (12.097)

Life expectancy female 61.864 61.662

(13.428) (13.275)

Ratio female/male primary school enrollment 89.042 90.722

(17.798) (12.752)

Ratio female/male secondary school enrollment 86.947 85.426

(27.808) (21.946)

Ratio female/male tertiary school enrollment 84.016 97.266

(46.452) (79.176)

Labor participation rate, female
(% of female population)

53.456 43.881

(15.548) (17.258)

Population (millions) 13.055 69.439

(20.964) (199.836)

(Continued )
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In addition, we investigate the possibility that countries that made discoveries were
on different trends prior to discovery than countries without discoveries, which could
bias the estimates. For this purpose, we retain all countries that did not find any giant
oilfield between 1935 and 1960 and split them into two groups: those that did not find
oil between 1960 and 2010, countries without discoveries, and those that did, countries
with discoveries. We limit this analysis to dependent variables available starting at least
in 1950. The graphs presented in Figure 2 indicate parallel trends in variables such as
sex ratios at age 211, birth rate, infant mortality, female life expectancy as well as
population, GDP per capita, democracy and war during the pre-discovery period.12

The results of this analysis provide support for the identification strategy because
they suggest that the estimates are not picking up pre-existing trends.

As a further robustness check we use micro-level data for Colombia and Indonesia
from the Demographic Health Surveys (DHS) to investigate the impact of giant oil
discoveries. These data allow us to take advantage of the available within-country
variation by region to estimate the impact of oil discoveries. We assign treatment to
women living in the regions closest to the location of giant oil discoveries.

The two countries were retained based on data availability: they made a known (i.e.,
before 2010) giant oil discovery during the years available in DHS datasets and there are
data for more than one year pre-discovery and more than one year post-discovery. We
use the DHS Colombia data for the years 1986, 1990, 1995, 2000, 2005. Colombia made
two giant discoveries in 1992 (Cusiana) and 1993 (Cupiagua), both in the LLanos
basin.13 Of the 6 Colombian regions identified in DHS (Atlantic, Pacifica, Central,

Table 1. (Continued.)

No giant discoveries Giant discoveries

GDP per capita (2005 USD) 5,527.475 10,224.030

(7,290.028) (17,009.220)

Economic growth 1.084 1.595

(15.907) (9.600)

Democracy (0–1) 0.528 0.456

(0.365) (0.374)

War 0.118 0.164

(0.323) (0.370)

Data are for the sample countries with no giant discoveries between 1935 and 1950.

11The graphs for the other age groups are reported in the Appendix available on request. As simple visual
inspection may be deceiving, we also check whether the results are robust to controlling for differential
pre-discovery trends in discovery countries. The results reported in Appendix Table A13 are
substantially the same.

12The 95% confidence intervals around the linear predictions are wider for the case of countries that
eventually made giant oil discoveries because there are fewer such countries than there are countries
that made no such discoveries.

13DHS also has the 2010 data, but Colombia made another giant oil discovery in 2008. For a cleaner
analysis, given that we do not have much post 2008 data, the results reported do not use the 2010 data
for Colombia. The results are however identical when we do include 2010 in our analysis.
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Figure 2. Pre-trends in countries with and without giant discoveries. The figures use data for countries that did
not find a giant oil field between 1935 and 1960. The data is split between countries that did not discover giant
oil fields after 1950, the dashed fitted line, and those that did, the solid fitted line. These are all linear
predictions with the exception of war, the result of a quadratic model. The shaded areas identify the 95%
confidence intervals.
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Oriental, Bogota, and Territorios Nacionales) only 5 regions are represented in the
pre-discovery years,14 thus our analysis assigns treatment to the available regions
closest to the Llanos basin: Oriental and Bogota.

We perform a separate analysis using DHS data for Indonesia using years 1991,
1994, 1997, 2002–2003, 2007. During this period Indonesia made a giant oil
discovery in 1996 (West Seno Complex in the Kutei basin) so we have a
post-discovery period comparable to that used for the analysis of Colombia. We
assign treatment to the regions of East Kalimatan and South Kalimatan.15

5. Results

5.1 Main results

Figure 316 and Tables 2–4 report results from the estimation of equation (1). Although
the results reported in Figure 3 Panel A show a preponderance of positive coefficients,
indicating a positive association between oil discoveries and sex ratios (male/female),
most of them are not significant at conventional levels.

In panel B, we explore the same question on a sample of countries excluding Africa.
There are several reasons for doing so. First, the high preponderance of HIV and
malaria-related deaths in Africa and the numerous interventions to address these
health issues could confound our results. Because of the biological fragility of the
male sex that leads to much higher mortality among males than among females
exposed to the same shock [Kraemer (2000)] negative shocks tend to affect males
more and health interventions have different effects on the two genders. Second, a
significant body of literature, of which we cite just a few, indicates that cultural and
social institutions are important determinants of gender inequality. There is evidence
of intergenerational transmission of gender attitudes [Dhar et al. (2019)]. Using US
data Fernandez and Fogli (2009) found that cultural proxies have significant
explanatory power of both labor force participation and fertility even after controlling
for spousal characteristics and education. Using the World Value Surveys for 25
OECD countries Fortin (2005) shows that gender roles and work attitudes help
explain both work and fertility outcomes. In the specific case of African societies, the
prominence of matrilineality [Amadiume (1997)] has the potential to produce
differential relationships between genders relative to the more common patrilineal
societies. Using the sample excluding Africa we find evidence of an economically and
statistically significant effect on sex ratios.17 Giant oil discoveries are associated with
higher male/female ratios.18 The effect appears to be immediate among the more
fragile, the younger cohorts, and there is a lag between oil discoveries and changed

14Territorios Nacionales becomes represented in DHS in 2005.
15More data details are provided in the Appendix.
16Coefficients in table form are reported in Appendix Table A1.
17As robustness check we performed the analysis on a sample of matched countries based on several

characteristics present at the beginning of the period investigated: whether the country nationalized oil,
war, democracy, GDP per capita, economic growth, land area, proportion mountainous land. As
expected, the results hold and appear to be stronger for sex ratios than the ones reported in Figure 3
Panel A, as reported in Appendix Table A2. However, the matched sample excludes all African
countries but one. Thus, it is not clear whether the issue is that African countries have a different
cultural make-up that is associated with different results, or they are so different that African oil
countries just do not have a good counterfactual.

18No other results change in magnitude and significance when data from Africa are excluded.
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sex ratios among older children.19 One possible explanation is that with increased male
employment in oil fields, women must take over some of the tasks that were otherwise
fulfilled by men. The time investment in children must drop and this change is

Figure 3. Estimates of the effect of giant oil discoveries on sex ratiomale/female) by Age. Panel A. All countries; Panel
B. Excluding Africa. These are the estimates obtained from regressions of sex ratios on the number of giant discoveries
controlling for lag population, lag GDP per capita, lag economic growth, lag democracy, war, country and year fixed
effects. The sample includes only countries with no giant discoveries between 1935 and 1950. Robust standard
errors clustered at the country level are used to obtain confidence intervals. Time zero is the year of discovery.

19The effect holds among adults as well, but the interpretation is more difficult because the effect is likely
mediated by migration for work.
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immediate. Under the hypothesis of male preference, the change would affect girls
more.20

However, by itself, this is not necessarily evidence of changes in the relative parental
investment in female versus male offspring. Health literature suggests that males are

Table 2. The impact of giant oil discoveries on health outcomes

Infant mortality (per 1,000 live births)

Life expectancy

Male Female

Discovery, t 3.796* −0.542* −0.535

(2.194) (0.305) (0.328)

Discovery, t−1 2.881* −0.444** −0.411*

(1.502) (0.208) (0.229)

Discovery, t−2 1.956** −0.341*** −0.274*

(0.852) (0.123) (0.139)

Discovery, t–3 2.112*** −0.413*** −0.320***

(0.670) (0.086) (0.100)

Discovery, t−4 1.811*** −0.378*** −0.269***

(0.624) (0.094) (0.102)

Discovery, t−5 0.772 −0.268*** −0.148*

(0.539) (0.092) (0.085)

Discovery, t−6 −0.002 −0.146 −0.047

(0.676) (0.104) (0.086)

Discovery, t−7 −0.224 −0.074 −0.001

(0.680) (0.096) (0.095)

Discovery, t−8 −0.574 −0.059 −0.025

(0.650) (0.104) (0.114)

Discovery, t−9 −1.445* 0.068 0.072

(0.852) (0.150) (0.157)

Discovery, t−10 −1.445 0.088 0.080

(0.974) (0.164) (0.174)

Obs. 6,774 6,774 6,774

The sample includes only countries that did not make any giant discoveries between 1935 and 1950. The independent
variables measure the number of discoveries in a country year. All regressions control for lag population, lag GDP per
capita, lag economic growth, lag democracy, war, country and year-fixed effects. Robust standard errors clustered at the
country level are reported in parentheses.

20This effect could also be the result of changes on the marriage market when the preferences of foreign
workers marrying local women systematically favor males more than local population. We leave this
hypothesis to future research.
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more fragile and experience higher attrition in response to shocks early in life
[Preston (1976)], thus, higher sex ratios (male/female) could be evidence of
better health with males being the main beneficiary simply because of biological
reasons.

There are two reasons to believe that the changed sex ratios reflect in fact changes in
parental investment triggered by giant oil discoveries. First, there is no effect on sex
ratios among infants (< 1 year old). Since in most country-years in this sample the
sex of most fetuses is unknown to the parents until birth, changes in the attitudes
toward the sex of the offspring cannot make any difference on sex ratios at birth. At
the same time, improvements in health care technology would likely produce

Table 3. The impact of giant oil discoveries on female/male enrollment in school

Primary school
enrollment

Secondary school
enrollment

Tertiary school
enrollment

Discovery, t 0.037 0.035 −2.540

(0.479) (1.058) (1.566)

Discovery, t−1 0.417 1.158 −0.136

(0.491) (0.725) (1.269)

Discovery, t−2 0.175 0.245 −1.770

(0.522) (0.496) (1.905)

Discovery, t−3 −0.676 0.163 −0.703

(0.582) (0.668) (2.004)

Discovery, t−4 −0.533 −1.005 −1.133

(0.390) (0.762) (1.717)

Discovery, t−5 −0.019 0.628 −2.130**

(0.429) (0.569) (1.061)

Discovery, t−6 −0.277 −0.335 −3.006*

(0.429) (0.629) (1.591)

Discovery, t−7 −0.551 −1.175 −3.122*

(0.464) (0.784) (1.768)

Discovery, t−8 −0.427 0.089 −4.178

(0.518) (0.517) (2.913)

Discovery, t−9 −0.513 0.423 −5.297

(0.826) (0.623) (3.886)

Discovery, t−10 −0.852 −1.596 −4.459**

(0.800) (1.066) (2.114)

Obs. 4,392 3,596 3,099

The sample includes only countries that did not make any giant discoveries between 1935 and 1950. The independent
variables measure the number of discoveries in a country year. All regressions control for lag population, lag GDP per
capita, lag economic growth, lag democracy, war, country and year-fixed effects. Robust standard errors clustered at the
country level are reported in parentheses.
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simultaneous changes in sex ratios at all ages. However, after birth if males are strongly
favored, parental investment could change survival rates after birth.21

Second, we investigate the impact of giant discoveries on health. The results reported
in Table 2 indicate that giant oil discoveries are associated with higher infant mortality
and lower life expectancy in the years following a discovery.

Table 4. The impact of giant oil discoveries on birth rates

Teen births Birth rate Fertility

Discovery, t 1.742* 0.076 0.001

(1.026) (0.338) (0.051)

Discovery, t−1 2.534** 0.187 0.027

(1.053) (0.246) (0.037)

Discovery, t−2 2.250** 0.157 0.030

(1.042) (0.196) (0.031)

Discovery, t−3 2.430* 0.272* 0.051*

(1.291) (0.154) (0.026)

Discovery, t−4 2.168* 0.277* 0.048*

(1.201) (0.162) (0.026)

Discovery, t−5 2.115* 0.239 0.048*

(1.236) (0.160) (0.028)

Discovery, t−6 1.875* 0.197 0.044*

(1.098) (0.150) (0.025)

Discovery, t−7 1.895 0.192 0.046

(1.159) (0.178) (0.031)

Discovery, t−8 1.845 0.225 0.054*

(1.301) (0.154) (0.029)

Discovery, t−9 2.133 0.285 0.065*

(1.525) (0.173) (0.035)

Discovery, t−10 2.311 0.298 0.070

(1.674) (0.209) (0.044)

Obs. 6,386 6,774 6,774

The sample includes only countries that did not make any giant discoveries between 1935 and 1950. The crude birth rate
is the number of births per 1,000 population. The teen birth rate is births per 1,000 women ages 15–19. Total fertility rate
is children per woman. The independent variables measure the number of discoveries in discoveries in a country year. All
regressions control for lag population, lag GDP per capita, lag economic growth, lag democracy, war, and country and
year fixed effects. Robust standard errors clustered at the country level are reported in parentheses.

21For instance, although on average more boys die than girls, in rural Bangladesh, a traditional
patriarchal society, more girls than boys die during infancy and early childhood [Koenig and D’Souza
(1986)].

16 Anca M. Grecu and Edner Bataille

https://doi.org/10.1017/dem.2022.16 Published online by Cambridge University Press

https://doi.org/10.1017/dem.2022.16


The effect on infant mortality tapers off and is reversed later possibly due to more
resources being allocated toward governmental health spending [Fargues (2005)] or
through an income effect. The reversal of the effect is consistent with the estimates
of Cotet and Tsui (2013) who concentrate on the medium (5-year) and long run
(10 year or more) effect on health. Nevertheless, since any reduction in infant
mortality occurs with a much longer lag than the changes in sex ratios identified in
Figure 3 it is likely that changes in sex ratios are not due to better infant health.

We further investigate the impact of oil discoveries on education and fertility. Oil
discoveries could decrease schooling across genders if returns to education decrease as
the share of extractive industries in the total economy increases. Oil wealth could also
lead to an increase in education levels [Stijns (2005)] possibly through an income
effect. Oil discoveries could affect female to male relative educational outcomes
through more than one mechanism. There is a direct effect due to lower expected
return to women’s education owing to less fruitful job market opportunities. Better
opportunities on the local marriage market could decrease age at marriage and first
birth, thus, decreasing the likelihood to pursue higher levels of education. There could
also be an indirect effect. Girls may be less successful in school due to poorer health,
poorer nutrition, or taking over a larger share of domestic labor, which could induce
them to drop out of school sooner. These mechanisms reinforce each other and
suggest oil discoveries could be associated with poorer educational outcomes among
girls relative to boys. The results reported in Table 3 are consistent with this
prediction.22 There is evidence of a negative association between giant oil discoveries
and subsequent female/male educational achievement at the tertiary level implying an
increasing educational gender gap. All coefficients are negative although not all are
statistically significant. This is to be expected given that we are working with an
unbalanced panel, which implies not all lags are identified from the same number of
observations. However, the size of the effect is very consistent over time and
economically significant: starting from our sample mean the estimate implies a drop
from 87 to 85 women achieving tertiary education for every 100 men five years after
the discovery and to 83 ten years after discovery.

Where women have poor labor market opportunities due to labor market conditions
and lower education their standard of living hinges upon that of their spouses and their
value is much determined by their value as mothers. This could affect the women’s
preferred fertility. Additionally, an income windfall from giant discoveries could affect
the demand for children of both men and women [Lindo (2010), Black et al. (2013)].
Changes in male preference could provide incentives for parents to dispose of their
daughters to afford more sons. That would decrease age at marriage and increase teen
fertility [Leeson and Suarez (2017)]. Alternatively, women having now better marital
prospects (either among higher-paid local men or through migration) choose to marry
and have children earlier. The estimates presented in Table 4 provide support for these
theories. Giant oil discoveries are associated with higher birth rates and fertility mostly
driven by a significant increase in the adolescent birth rate.

The significance of the effect on teen births decreases with longer lags, but the size of
the estimates is quite constant over time as is the effect on fertility. This is not that
surprising considering that the more time passes between a shock and the time the

22The negative correlation between natural resource wealth and schooling for girls is also fully consistent
with Gylfason (2001) results.
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effect is measured the more confounding events could occur and, thus, the noisier could
be the estimates.

5.2 Robustness checks

5.2.1 Measurement error
In the main analysis, we consider the number of giant discoveries as a measure of the
natural resource wealth shock to a country. This provides a good measure of the size of
the shock, but not a measure of the share of population affected. The share of the
population affected could be a more relevant measure of the shock when investigating
outcomes such as infant mortality rate or teenage birth rate. As discussed above,
normalizing our independent variable of interest by population is not appropriate when
discovery affects the population through birth rates, deaths rates, and migration. To
elude this issue, we experiment with normalization by area (number of discoveries per
1,000 square kilometers). The results are robust to this change, Table 5.23

Another issue is related to measurement error due to heterogeneity in the intensity of
the shock. The intensity of the shock is driven by the value of discovery. In Table 6 we
replace the number of discoveries with the amount of oil discovered normalized by area
(million barrels of oil equivalent, per 100 square kilometers), which accounts for
variation in the amount discovered. The estimates obtained using this specification are
very similar to those from the main specification although not very precisely estimated.
This is likely due to measurement error in the data. The way the amount of recoverable
oil was estimated varies across oilfields. For some oilfields, this amount was updated
from earlier versions of the dataset. Both processes suggest that the URRs data suffer
from measurement error, which could be associated with attenuation bias.

The value of discovery is also driven by prices [Cotet and Tsui (2013), Liou andMusgrave
(2016)] although in this case current prices are not the correctmeasure, expected future prices
are.This is lessofaproblemwhenusingdiscoveriesasameasureofvariation thanwhenusing
production or reserves because discoveries always represent an increase in net wealth, while
high productionmay signal dependencyon the oil sector and, thus, lowGDPwhen the price
of crude oil drops. Nevertheless, the expected value of discoveries may be lower when the
price of crude oil decreases, which could determine whether resources are diverted from
other sectors toward the oil sector or not. Thus, due to variations in crude oil prices, the
effect of discoveries could vary with the period investigated. Of course, investigating the
sensitivity of the effect of discoveries to the period investigated may pick up other sources
of heterogeneity than the expected value of discovery. For instance, technology advanced
so that, during the most recent years of the sample, it was possible to know the sex of a
fetus before birth in more developed countries. That knowledge could affect the impact of
oil on sex ratios and women’s education. Nevertheless, the exercise is useful as a
falsification check. To the extent to which there is variation in the effect over time, this
variation should be consistent across outcomes.

For the sake of brevity, in Table 7 we report estimates of the effect of oil
discoveries on teen births, sex ratios, and infant mortality only.24 We present

23Due to space constraints, we do not present all outcomes. The sex ratio at age 2 was chosen because it
captures better the effect of parental investment than younger ages. At the same time, the body at that age is
still fragile and responding significantly to parental investment.

24The impact on life expectancy is more difficult to interpret because it could capture the effect of
changes in oil prices in previous periods.
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results for three periods: 1970–1982 a period of increasing prices; 1982–1995 a period
of falling prices, the 1980s oil glut;25 2001–2008 a period characterized by increasing

Table 5. Robustness check: measuring the magnitude of the oil shock by the number of discoveries
normalized by land area

Teen births
Male/Female age 2

Infant mortality

Female/Male
tertiary
school
enrollment

Indep var\sample all all no Africa all all

Discovery, t 32.199 −0.768 5.047*** 101.154* −36.046

(33.769) (3.411) (1.116) (52.103) (60.664)

Discovery, t−1 53.348 −0.254 3.737*** 65.393** 43.653

(34.261) (1.838) (1.328) (32.679) (61.671)

Discovery, t−2 36.550 −0.347 1.253 40.262*** 43.671

(28.800) (1.210) (2.109) (15.228) (62.806)

Discovery, t−3 32.393 1.363 2.618 40.720*** 101.345

(25.781) (0.975) (1.621) (7.890) (91.461)

Discovery, t−4 27.226 0.070 −0.240 33.476*** 103.556

(22.814) (1.000) (1.804) (7.795) (73.687)

Discovery, t−5 30.313 −0.728 −1.673 8.288 7.140

(25.579) (1.552) (3.060) (9.126) (32.603)

Discovery, t−6 23.268 1.306** 2.259* −1.590 −60.442

(22.637) (0.518) (1.311) (15.949) (51.157)

Discovery, t−7 22.533 1.305*** 2.340* −2.302 −74.888

(26.557) (0.494) (1.296) (15.855) (71.498)

Discovery, t−8 17.122 0.604 1.890** −11.348 −48.872

(27.746) (0.656) (0.939) (12.326) (56.391)

Discovery, t−9 38.393 0.753 1.237 −42.975** −117.066*

(35.835) (0.813) (1.464) (17.830) (68.612)

Discovery, t−10 43.543 −0.955 −2.035 −38.095** −84.667***

(43.690) (2.006) (4.041) (18.027) (26.580)

Obs. 6,185 6,573 4,315 6,573 2,971

The sample includes only countries that did not make any giant discoveries between 1935 and 1950. The independent
variables measure the number of discoveries per 1,000 square kilometers in a country year. All regressions control for lag
population, lag GDP per capita, lag economic growth, lag democracy, war, country and year-fixed effects. Robust
standard errors clustered at the country level are reported in parentheses.

25The periods were chosen to reflect the targeted price trends but also to be comparable in terms of
length and capture a pre oil price shock period if possible. Crude oil prices increased sharply in 1973,
and the first period captures 9 more years after that shock. The beginning of the oil bust is in March
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prices but also by significant changes in the availability of healthcare technologies.
The results are consistent with predictions based on the evolution of crude oil

Table 6. Robustness check: measuring the magnitude of the oil shock by the amount of oil discovered
normalized by land area

Teen
births

Male/Female age 2 Infant
mortality

Female/Male
tertiary school
enrollment

Indep var\sample all all
no
Africa all all

Discovery, t 0.713 0.014 0.054* 1.611 −0.716**

(0.599) (0.041) (0.031) (1.465) (0.298)

Discovery, t−1 0.835 0.010 0.035* 1.429 −0.266

(0.680) (0.029) (0.019) (1.245) (0.392)

Discovery, t−2 0.504 0.010 0.024 0.809 1.363

(0.456) (0.021) (0.028) (0.778) (2.417)

Discovery, t−3 0.199 0.024 0.033 0.668 0.183

(0.399) (0.021) (0.028) (0.597) (0.377)

Discovery, t−4 0.238 0.000 0.009 0.710 −0.223

(0.436) (0.019) (0.013) (0.598) (0.772)

Discovery, t−5 1.045 −0.005 −0.001 0.561 0.083

(0.945) (0.022) (0.020) (0.462) (0.239)

Discovery, t−6 0.871 0.005 0.007 0.319 −0.223

(0.848) (0.018) (0.021) (0.341) (0.397)

Discovery, t−7 0.658 0.027 0.035 0.276 −0.475

(0.907) (0.023) (0.030) (0.299) (0.297)

Discovery, t−8 0.810 0.021 0.028 0.310 −0.843

(1.003) (0.017) (0.020) (0.280) (1.004)

Discovery, t−9 1.569 0.030** 0.035** 0.043 −3.618

(1.486) (0.014) (0.014) (0.280) (2.950)

Discovery, t−10 1.529 0.018 0.023 −0.023 −2.716*

(1.512) (0.032) (0.036) (0.257) (1.442)

Obs. 6,185 6,573 4,315 6,573 2,971

The sample includes only countries that did not make any giant discoveries between 1935 and 1950. The sample
excludes Liechtenstein as an extreme influential outlier. The independent variables measure the amount of oil
discovered, in million barrels of oil equivalent, per 100 square kilometers in a country year. All regressions control for lag
population, lag GDP per capita, lag economic growth, lag democracy, war, country and year-fixed effects. Robust
standard errors clustered at the country level are reported in parentheses.

1982, with the sharpest decrease in 1986. The second period captures 9 more years after 1986. Data
availability determined the third period, which captures price increases. There was a spike in price in
1990 and a drop in 2009 but they were short lived, thus unlikely to change expectations. The results
hold on shorter periods excluding these spikes.
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Table 7. The impact of oil discoveries: robustness to sample period

1970–1982 (Oil price↗) 1983–1995 (Oil price↘) 2001–2008 (Oil price↗)

Teen
births

Male/Female
age 2 Infant

mortality
Teen
births

Male/Female
age 2 Infant

mortality
Teen
births

Male/Female
age 2 Infant

mortality

Discovery all all no Africa all all all no Africa all all all no Africa all

t −0.204 −0.041 −0.037 −0.405 0.444 0.030 0.050 −0.670 −0.151 0.057 0.083 0.263

(0.581) (0.046) (0.051) (0.528) (1.416) (0.114) (0.164) (0.904) (0.489) (0.093) (0.149) (0.258)

t−1 −0.356 −0.030 −0.024 −0.734 0.305 −0.087 −0.098 −0.807 0.208 0.050 0.091 0.766**

(0.573) (0.039) (0.039) (0.687) (1.304) (0.099) (0.131) (0.712) (0.524) (0.068) (0.104) (0.319)

t−2 −0.836 −0.033 −0.025 −0.721 1.023 −0.214 −0.306 −1.416** −0.006 −0.050 −0.066 0.842*

(0.593) (0.055) (0.061) (0.699) (0.852) (0.244) (0.293) (0.550) (0.583) (0.129) (0.215) (0.500)

t−3 −0.327 −0.024 −0.012 −0.173 2.026 0.218** 0.234* −0.475 0.105 −0.107 −0.185 1.076**

(0.767) (0.045) (0.051) (0.604) (1.286) (0.109) (0.140) (0.669) (0.635) (0.179) (0.328) (0.515)

t−4 0.126 −0.135 −0.144 −0.715 1.276* 0.140*** 0.132** −0.543 0.264 −0.051 −0.112 1.220**

(0.760) (0.129) (0.139) (0.529) (0.687) (0.048) (0.054) (0.394) (0.779) (0.164) (0.340) (0.484)

t−5 −0.591 −0.059 −0.066 −0.376 1.944* 0.107** 0.104** 0.018 0.179 −0.145 −0.319 0.761**

(0.658) (0.086) (0.098) (0.674) (1.160) (0.048) (0.051) (0.545) (0.785) (0.250) (0.453) (0.380)

t−6 −0.523 0.004 0.012 0.380 1.797* 0.101* 0.107* 0.453 0.618 −0.102 −0.269 0.539

(0.508) (0.069) (0.079) (0.966) (1.028) (0.052) (0.057) (0.424) (0.692) (0.116) (0.207) (0.510)

t−7 0.154 −0.032 −0.032 1.760** 1.871** 0.077** 0.089** 0.772* 0.149 −0.006 −0.120 −0.140

(1.248) (0.104) (0.126) (0.748) (0.880) (0.033) (0.043) (0.435) (0.615) (0.146) (0.245) (0.362)
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Table 7. (Continued.)

1970–1982 (Oil price↗) 1983–1995 (Oil price↘) 2001–2008 (Oil price↗)

Teen
births

Male/Female
age 2

Infant
mortality

Teen
births

Male/Female
age 2

Infant
mortality

Teen
births

Male/Female
age 2

Infant
mortality

Discovery all all no Africa all all all no Africa all all all no Africa all

t−8 0.095 0.016 0.034 1.485** 1.791** 0.056 0.070 0.360 0.246 0.029 0.018 −0.237

(1.078) (0.062) (0.071) (0.584) (0.770) (0.050) (0.058) (0.436) (0.638) (0.123) (0.250) (0.323)

t−9 −0.261 0.058 0.065 2.109*** 1.498** 0.116 0.144* 0.625 0.450 −0.021 −0.038 −0.350

(0.453) (0.117) (0.158) (0.789) (0.661) (0.079) (0.082) (0.399) (0.689) (0.078) (0.161) (0.375)

t−10 −0.640 0.015 0.016 2.065*** 1.044* 0.223** 0.241** 0.196 0.004 −0.012 0.061 −0.734**

(0.407) (0.109) (0.139) (0.705) (0.606) (0.090) (0.093) (0.366) (0.786) (0.143) (0.304) (0.308)

Obs. 1,665 1,665 1,074 1,665 1,780 1,780 1,151 1,780 1,207 1,207 815 1,207

The sample includes all data available. The independent variables measure the number of discoveries in a country year. All regressions control for lag population, lag GDP per capita, lag
economic growth, lag democracy, war, country and year-fixed effects. Robust standard errors clustered at the country level are reported in parentheses.
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prices and shed some light on the cause of some of the contradictions in previous
literature.

There is no significant evidence that during periods of increasing prices, 1970–1982
and 2001–2008, giant oil discoveries are associated with significant changes in sex
ratios. However, when oil prices were on a downward trend, discoveries were
associated with higher male/female ratios. This is consistent with the idea that oil
discoveries lower the value of females, but a large enough income effect can offset
some of the impact of this change on health outcomes.26 The explanation is fully
supported by the effect on teen births. Giant oil discoveries are associated with an
increase in teen births during decreasing oil prices but not during periods of
increasing oil prices. This pattern of coefficients rejects the idea that the effect of oil
discoveries is fully explained by improved local marital prospects because the value
of marriage should increase during high oil prices. On the other hand, a large
enough windfall may reduce the likelihood that parents dispose of their teen
daughters through marriage or could increase demand for products from sectors
with less gender-skewed employment and thus the demand for women labor.

More puzzling could be the estimated effect on infant mortality. Oil discoveries
appear to be associated with higher infant mortality mostly during periods of
increasing prices when the income effect might lead someone to conclude that infant
mortality should decrease.27 In addition, this effect holds even during recent periods
when health technologies might mediate the negative impact of poorer maternal
health. An answer might be found by looking at determinants of infant mortality.
High physical demands could increase the risk of miscarriage, preterm birth, or
injury during pregnancy. As men are increasingly employed in oil fields, women
might take over more physically demanding tasks that were otherwise fulfilled by
men. Future research using micro-data should investigate the exact mechanisms
given that the natural resource discoveries appear to be associated with short-term
increases in infant mortality independent of the availability of health technologies.

5.2.2 Micro-level data and within-country regional variation
We report results from our analysis of Colombia and Indonesia in Table 8. Using
within-country regional variation removes concerns of comparability of the treatment
and the control group when external factors may affect the magnitude of the impact
of discoveries. However, the micro-level evidence is not necessarily superior. The
within-country analysis likely identifies mostly differences due to changes in
employment but underestimates the income effect because within-country
redistribution (public programs for instance) implies that the control regions also
experience an income effect. As such these results should be considered
complementary.

Due to data availability, we cannot perform an event analysis, so we report results
from a difference-in-difference analysis. The results are consistent with the
macro-level results; following giant oil discoveries, women living closer to the

26These results are not driven by changes in health technologies given the consistency of oldest and
newest data. To note: ultrasound first took off in Great Britain in the 1970s, became routine in the
developed world by the end of the 20th century [Nicolson and Fleming (2013)] and at least became
available in less developed countries during the period investigated.

27The income effect need not refer only to how private agents make use of the oil discovery windfall; it
could also capture the windfall in government revenues used for social programs.
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Table 8. The impact of giant oil discoveries: case study

Women age⩽20 Women age 21–35 Women age >35 Women age 30–34 Age⩽1 Age 2

# children Yrs. educ # children Yrs. educ # children
Yrs.
educ

Sons
left

Daughters
left Alive Male Alive Male

Colombia

Discovery
1992,
1993

−0.020 −0.024 0.201*** −0.425*** 0.414*** −0.131 0.030 0.061*** 0.006 −0.011 −0.010 −0.071*

(0.059) (0.331) (0.052) (0.142) (0.149) (0.196) (0.027) (0.023) (0.008) (0.033) (0.011) (0.042)

2,990 2,989 23,977 23,975 19,808 19,806 8,515 8,515 8,460 8,283 5,813 5,666

Indonesia

Discovery
1996

0.083*** −0.532** 0.091 −0.172 0.173 −0.261 0.056*** 0.028* 0.012* 0.051 −0.035*** 0.071***

(0.027) (0.226) (0.079) (0.270) (0.150) (0.178) (0.013) (0.015) (0.007) (0.043) (0.008) (0.019)

5,001 5,001 66,411 66,394 50,648 50,626 24,220 24,220 26,743 25,546 16,331 15,403

These regressions use data from Demographics and Health Surveys (DHS) for Colombia (years 1986, 1990, 1995, 2000, 2005) and Indonesia (years 1991, 1994, 1997, 2002–2003, 2007). During this
period Colombia made giant oil discoveries in 1992 and 1993 and Indonesia made a giant oil discovery in 1996. The independent variable is a dummy equal to 1 in the regions closest to the
discovery after the discovery, and zero otherwise. All regressions control for woman’s age, urban residence, region FE, and year FE. All regressions are weighted using the sampling weights
provided by DHS. All regressions report robust standard errors. In the case of Indonesia, there are more than 20 different regions, and thus the standard errors are clustered at the region level.
Given the small number of regions (5) in Colombia, the standard errors are not clustered.
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location of discovery in both Colombia and Indonesia have more children and fewer
years of education. The age group most affected differs in a predictable manner
based on prevalent levels of education in each country.

Both countries have low tertiary education attainment but there are significant
differences in the proportion of women for which the decision to pursue tertiary
education is relevant. According to the 2006–2007 World Bank data (the end of the
period investigated) only ∼22% of women 25+ completed upper secondary education
in Indonesia, versus ∼34% in Colombia.28

Thus, the decision to pursue tertiary education is relevant for a larger number of
women in Colombia than in Indonesia. DHS data indicate that during the period
investigated in Colombia about 10% of women had more than a high-school
education while in Indonesia only about 4%. In Indonesia, DHS data indicate that a
larger proportion of women decides whether to pursue more than 6 years of
education (∼25% drop off school between the 6th and the 7th year) or more than 9
years of education (∼15% of women continue education after the 9th year). The
results are consistent with these differences. In Colombia, we find evidence of a
significant increase in fertility among women 21–25 accompanied by a significant
decrease in educational attainment. The same does not hold among women 20 or
younger suggesting that the decision of attending secondary education has not been
affected as much as the decision to pursue tertiary education. In Indonesia, we see
an increase in fertility and a corresponding drop in education among very young
women, 20 years old or younger.

We also find evidence consistent with an impact on the outcomes of children. The
evidence from Indonesia is consistent with the macro-level evidence. We find no change
in infant (1 year or less) mortality and sex ratios, but an increase in mortality rates and
the proportion of males among surviving 2-year-olds suggesting atypical patterns of
survival favoring males. However, we find no such evidence for Colombia.29

Another way to investigate potential changes in parental investment is by looking at
gender differences in the likelihood of leaving the parental home at early ages. In the
DHS data, 40% of Colombian women and almost 50% of Indonesian women had
the first birth between the ages 16 and 19. We find that in Colombia women aged
30–34, whose children are still young, are more likely to report having daughters
than sons elsewhere. The same does not hold in Indonesia. Thus, although we
consistently find evidence of deterioration of women outcomes the mechanism may
vary with local factors.

These results may not generalize to other countries. Future research may need to
focus on local data to identify the locally specific channels of the effect.

5.2.3 Other robustness checks
We perform a range of other sensitivity checks that are reported in full in the Appendix
available on-line. Here, we only summarize our findings. First, the effects could be
limited to autocratic regimes if they reflect increased ability of autocrats to promote

28https://data.worldbank.org/indicator/SE.SEC.CUAT.UP.FE.ZS?locations=ID-CO accessed 1/26/2022.
29We attempted to investigate the potential mechanism behind these outcomes. We found no evidence

of gender differences in vaccination or breastfeeding among children age less than 2 in Colombia. Diarrhea
prevalence may be higher among females, but the difference is not significant. In Indonesia, the length of
breastfeeding seems to be shorter and the likelihood of vaccination lower for girls than for boys although
again the differences are not statistically significant.
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policies unfavorable to women but favored by the ideologically motivated winning
coalition [Liou and Musgrave (2016)]. We found that the effects are robust to
excluding regimes with polity score less than −5.

Second, a concern could be that the results may be driven by other factors when
many major oil discoveries took place in countries with significant Muslim
communities. We re-estimate the model using a sample that retains only countries
where the Muslim population represents less than 10% of the total population and
find that the results are robust on this sub-sample.

Third, the effects identified in this paper could be explained by lower job market
opportunities for women. We investigate the impact of giant oil discoveries on
women labor force participation rate. Although not a perfect measure because
discoveries could be affecting the type of jobs or the pay of women, without much
impact on the number of women holding some sort of employment, we find
evidence that oil discoveries are negatively correlated with women’s labor
participation rate, an effect robust to alternative measures of shock.30 On their own
these results may not say much about labor market opportunities of women because
they could reflect only the impact of oil-fueled development on women’s labor force
participation, which tends to first decrease and then increase as countries develop.
Nevertheless, when all results are considered together, they provide support for the
idea that shocks to the natural resource sector disproportionately affect women
negatively.

Fourth, we use all oil and gas discoveries that account for simultaneous shocks due to
gas discoveries. The results are robust to this change in the specification as well.

6. Discussion and conclusions

Gender inequality is a persistent trait throughout history. Cultural differences and
intergenerational transmission of gender attitudes can explain some of the differences
in gender gaps across societies, but the question remains as to what explains the
formation and survival of these cultural idiosyncrasies. Increasingly, researchers try
to find answers among historical changes such as technological shocks that favored a
certain gender given local features of the natural environment [Ross (2008), Alesina
et al. (2013), Voigtlander and Voth (2013)]. This paper adds to that body of
literature evidence that a certain feature of the natural environment favoring male
employment could affect women’s relative outcomes. Using a plausibly exogenous
source of identification, giant oil discoveries, and an event-type empirical strategy we
estimate the effect up to 10 years after discovery and report evidence that oil
discoveries are associated with relatively poorer health outcomes of females versus
males. These effects are short lived and seem to be tapering off within 8 years from
the discovery, consistent with the inverted U-shaped path of male employment
following oil and gas discoveries. Most industry job creation takes place before the
production begins [Jacquet (2011)]. Recent studies of the shale boom suggest that
positive effects on employment decrease over time [Tsvetkova and Partridge
(2016)].31 Moreover, there are reports of increased FDI in some discovery areas and,
thus, growth in sectors that may not favor male employment. The effect of oil

30Results reported in Appendix Table A5.
31Tsvetkova and Partridge (2016) report that the effect on employment grows for about 6 years and

decreases afterwards. Komarek (2016) reports the effect declines after 4 years.
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discoveries on health could decrease both because of the lower employment gender gap
and because of the income effect associated with the onset of production.

We also find evidence of effects on fertility and gender education gap that seem to be
longer lived, i.e., do not taper off within 10 years. Our empirical strategy does not
identify long-run effects. Long-run effects could be possible when changes in
educational outcomes of women affect the outcomes of their offspring, when
sequential shocks reinforce each other, or when the specific local conditions32 lead to
the perpetuation of gender employment and the wage gap. Of most concern is the
impact on educational outcomes of women because that could be the path to the
perpetuation of gender gaps in the long run, a hypothesis we believe should be of
interest to future research.

The estimates reported here also allow us to reconcile some discrepancies from
previous literature investigating the effect of oil on health. We find significant
heterogeneity in the effect. For instance, all effects vary with the expected value of
discovery as proxied by oil prices with sharp differences between periods of
increasing oil prices (1970–1982 or 2001–2008) and those of decreasing prices
(1983–1995). Although not reported we also found that oil discoveries are associated
with a decrease in infant mortality during the 1950–1969 period. These results are
useful in understanding the differences among various estimates of the effect of oil
on health. Ross (2003) reports that oil dependence leads to worse health outcomes,
an effect fully mediated through the impact of oil on political regime. These results
received support from findings that oil is negatively associated with democracy [Tsui
(2011)], and democracy is positively associated with health [Besley and Kudamatsu
(2006)]. On the other hand, Cotet and Tsui (2013) report a positive effect of oil on
health especially in non-democracies. Neither paper includes data after 2000 and,
thus, miss the improvement in health driven by the most recent discoveries. At the
same time, Cotet and Tsui (2013) include more of the early data and conclude that
oil wealth is associated with an improvement in health outcomes, while Ross (2003)
using newer data misses the early improvement in health and finds that oil
dependency is associated with poorer health. This paper finds that the results are
even more nuanced and suggest that attempts to predict the effect of mineral
resources on health should account for oil prices and for the differential impact on
women.

The proposed explanation for the effects reported in this paper is the change in the
labor market conditions triggered by a significant oil discovery. The changes in the
labor market are likely reinforced by changes in the marriage market but appear to
be offset by a large enough income effect and these effects do not vary significantly
with the political regime.

Importantly, there is suggestive evidence that the income effect of the natural
resource windfall offsets some of the impact of labor market changes. There is no
change in fertility and relative female enrollment in tertiary education33 during
periods of high oil prices, suggesting that a large enough income effect could allow
women to delay fertility and pursue further education. This income effect along with
the results indicating that the negative effects of giant oil discoveries are most
detrimental in the early years following a discovery and before production ramps up

32One example could be the absence of FDI toward other sector to mediate the effect of increased
employment in oil industry.

33Not reported in the paper but available on request.
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but may perpetuate if not addressed suggest a potential solution. Countries could take
advantage of the expected future oil rents to fund pre-emptive policies that enhance
educational and employment opportunities for women.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/dem.2022.16.
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