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Abstract

Oil spills can lead to irreversible environmental degradation and pose hazards to human health.
We are the first to study the causal effects of onshore oil spills on neonatal and infant mortality
rates. We use spatial data from the Nigerian Oil Spill Monitor and the Demographic and Health
Surveys, and rely on the comparison of siblings conceived before and after nearby oil spills. We
find that nearby oil spills double the neonatal mortality rate. These effects are fairly uniform
across locations and socio-economic backgrounds. We also provide some evidence for negative
health effects of nearby oil spills on surviving children.
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1 Introduction

A large literature argues that oil, gas and other natural resources may be a curse rather
than a blessing for economic and political development.! The negative effects of natural
resources on economic development, corruption, and democratic institutions seem to be
strongest in weakly institutionalized countries (Mehlum et al., 2006; Bhattacharyya and
Hodler, 2010; Tsui, 2011). In these countries, the extraction of oil and gas also typically
brings a host of local side effects, including irreversible environmental degradation and
hazards to human health.

Nigeria, which is Africa’s most populous country and its largest oil producer, is a prime
example of a country cursed by natural resources (Sala-i Martin and Subramanian, 2013).
Since oil discoveries in 1956 and independence in 1960, its citizens have had to endure civil
conflict, military rule, political instability, endemic corruption, and widespread poverty.
Also, onshore oil operations have damaged local soil and water resources and threatened
public health in adjacent communities (United Nations Environment Programme, 2011).
Oil spills resulting from pipeline vandalism, theft, and poor maintenance are a major
source of environmental pollution in Nigeria. The Nigerian Oil Spill Monitor, which
provides data collected by the National Oil Spill Detection and Response Agency, reports
6,637 oil spills from 2005 to 2015. But the health effects of onshore oil spills are not well
understood.

In this paper, we study the effects of onshore oil spills on neonatal and infant mortal-
ity, and on child health. We use geo-referenced data from the Nigerian Oil Spill Monitor
and the Nigeria Demographic and Health Survey (DHS) 2013. The former provides infor-
mation on date and location of oil spills. The latter provides the complete birth histories
of 23,364 Nigerian mothers and information on the survival of their children, as well as
height and weight measurements of their children who were below the age of five at the
time of the interview. We focus on the 2,744 mothers living in the 130 different DHS
clusters with a reported location less than 10 km away from the closest oil spill recorded
between January 2005 and one year after the DHS interviews.

We are mainly interested in the effects of nearby oil spills that occurred prior to a
child’s conception or during pregnancy. Our empirical strategy relies on sibling compar-
isons, i.e., we compare mortality rates of infants of the same mothers, some conceived (or
born) before the first nearby oil spill and some conceived (or born) thereafter. We more-
over control for various birth characteristics and allow for location-specific time trends.
Our identifying assumption is that, conditional on birth characteristics and location-
specific time trends, differences in mortality rates between siblings conceived (or born)
before and after nearby oil spills are not driven by any other systematic influences related

to oil spills. In support of this assumption, we show that pre-treatment trends are absent

1See van der Ploeg (2011) for a review of the literature on the resource curse.



and that our results are not driven by clusters located close to oil production or in areas
with violent conflict.

We find that oil spills during pregnancy have no effect on infant and neonatal mortality
rates. In contrast, oil spills prior to conception lead to a strong increase in neonatal
mortality. They increase the neonatal mortality rate by 38 deaths per 1,000 live births,
which corresponds to an increase by 100 percent on the sample mean. Their effect on
infant mortality is also relatively large, but not statistically significant. We document that
the effect on neonatal mortality is highest for oil spills that occurred in close proximity;,
is relatively persistent over time, and does not depend on the mother’s socio-economic
status or the cluster location. We also find some indicative evidence that oil spills impair
the health of surviving children. In particular, we find that oil spills prior to conception
increase the incidence of low weight-for-height, notably in the first year of life, and the
result is not robust when restricting the analysis to sibling comparisons.

The most closely related contribution in the existing literature is San Sebastian et al.
(2002). They compare pregnancy outcomes across women living in rural communities
in the Ecuadorian Amazon basin. They find that women living close to oil fields have
a higher risk of spontaneous abortion than women living far away from oil fields.? Our
study differs by looking at neonatal and infant mortality as well as child health, and by
documenting that onshore oil spills far from oil production sites are at least as detrimental
as oil spills close to oil production. From a methodological perspective, our paper differs
by not just exploiting cross-sectional variation across locations, but temporal variation
within locations and even across siblings born to the same mother. The use of sibling
comparisons relates our paper to recent contributions studying the effects of prenatal
exposure to various forms of pollution on infant health (e.g., Currie et al., 2009; Almond
et al., 2009; Black et al., 2013; Currie et al., 2013).3

At a more general level, our paper contributes to the emerging literature at the inter-
section of development economics and environmental economics.* This literature is filling
an important gap given that most studies on the economic and health effects of pollution
were conducted in developed countries, while pollution levels are more extreme in some
developing countries (Greenstone and Jack, 2015; Arceo et al., 2016). Like us, Jayachan-
dran (2009) and Aragén and Rud (2016) also study the effects of pollution related to the
extraction of natural resources in developing countries. Jayachandran (2009) looks at for-
est fires that were started by logging companies and palm oil producers, but burned out of

control and affected large parts of Indonesia. She finds strong effects of air pollution due

2In a cross-country setting, Cotet and Tsui (2013) find that oil discoveries reduce infant mortality in
the long run. By design, we cannot estimate the effect of Nigeria’s oil wealth on infant mortality. Instead,
we focus on the local effects of oil spills.

3See Almond and Currie (2011) for a review of the growing literature on the consequences of in utero
health shocks.

4See Greenstone and Jack (2015) for a review of the literature at this intersection.



to these forest fires on infant mortality. Aragén and Rud (2016) document that pollution
resulting from large-scale gold mining in Ghana lowers agricultural productivity nearby.
Other contributions in this literature rely on arguably random variation in regulations
(e.g., Chen et al., 2013; Greenstone and Hanna, 2014; Tanaka, 2015). In contrast, we rely
on the arguably random timing of oil spills in a sample of locations that were affected by
oil spills at some point during the period from January 2005 to July 2014.

Section 2 discusses the epidemiological and clinical literature on the health effects of
crude oil and other petroleum products, with a focus on fetal development and infant
health. Section 3 describes the data, and Section 4 our empirical strategy. Sections 5 and
6 present our findings on neonatal and infant mortality, and on child health, respectively.

Section 7 briefly concludes.

2 Evidence from epidemiological and clinical research

Crude oil consists of a complex mixture of hydrocarbons of various molecular weights.
When crude oil or other petroleum products leak into the environment, the different
compounds may evaporate into the air, be absorbed by the soil, or enter ground and
surface water. Oil spills also often lead to fires, which release respirable particulate matter
(PM) into the air (United Nations Environment Programme, 2011). Human exposure
occurs mainly through dermal contact with soil and water; ingestion of contaminated
drinking water, crops, or fish; or inhalation of vaporized product, or PM and partly
burned hydrocarbons produced by fires. Fetal and child health may be affected through
exposure of parents before conception, through exposure of the mother during pregnancy,
and through exposure of the child after birth. While there is little evidence to reveal
which forms of exposure to oil contamination are most harmful, and for which reasons,
some strands of the epidemiological and clinical literature offer insights into the likely
health impacts of oil spills and some possible biological mechanisms.

Several epidemiological studies have shown adverse effects of parental exposure to
hydrocarbons before or after conception on fetal development, pregnancy outcomes and
child health. Currie and Schmieder (2009) find that higher air-borne releases of toluene, a
hydrocarbon, by US manufacturers lead to shorter gestation, higher incidence of low birth
weight, and increased infant mortality. Studies from the field of occupational medicine
have documented an increased risk of spontaneous abortions among pregnant women
exposed to petroleum products at their work place (Axelsson and Molin, 1988; Xu et al.,
1998; Merhi, 2010). San Sebastian et al. (2002) find that women living in communities
close to oil fields in the Ecuadorian Amazon basin have a higher risk of spontaneous
abortion than women living far away from these oil fields. Exposure of mothers before
conception or during pregnancy to organic solvents, including compounds which are also

present in crude oil (e.g. toluene and benzene), has been found to be associated with an



increased risk of Acute Lymphoblastic Leukemia in children (Shu et al., 1999; Infante-
Rivard et al., 2005). Similarly, exposure of mothers to hydrocarbons is associated with ras
mutations in children, which is one of the most common genetic alterations stimulating
tumor growth (Shu et al., 2004). Paternal exposure to hydrocarbons, too, is associated
with higher rates of spontaneous abortion (Taskinen et al., 1989; Lindbohm et al., 1991).
Higher risks of fetal malformations has been found in offspring of fathers exposed to
organic solvents (Logman et al., 2005; Hooiveld et al., 2006).

We are not aware of any epidemiological study focussing on the health effects of infants’
postnatal exposure to environmental contamination from onshore oil spills. A number of
studies however examine short-term human health effects on clean-up workers and local
residents exposed to major off-shore oil spills (see D’Andrea and Reddy, 2014, for a
review). These studies observe increases in various abnormalities in the hematologic,
hepatic, respiratory, renal, and neurological functions after oil spills. Frequently reported
acute symptoms include respiratory problems, diarrhea, and vomiting, which, if developed
by newborns and infants, can pose serious risks. Pneumonia and diarrhea are indeed major
reasons for child death in Nigeria.’

In addition, several epidemiological studies have found harmful effects of air pollution,
notably PM and other pollutants emitted from combustion of hydrocarbons (in the context
of our study, fires broken out after oil spills), on child health (e.g., Chay and Greenstone,
2003; Currie and Neidell, 2005; Ritz et al., 2006, 2007; Currie et al., 2009; Jayachandran,
2009; Greenstone and Hanna, 2014; Tanaka, 2015). They document that exposure to air
pollution increases the risks of infant and child mortality, incidence of low birth weight,
and premature birth.

More generally, there are good reasons to believe that unborn and newborn infants
may be particularly vulnerable to oil-related pollution. First, they are in a critical de-
velopmental period. Second, they have not yet developed certain defenses against toxic
chemicals, such as the blood-brain barrier. Third, even small doses of pollution may be
large in proportion to their low body weight (Currie et al., 2013).

The exact biological mechanisms linking exposure to crude oil and other petroleum
products to adverse effects on fetal development and infant health remain uncertain.
However, a number of clinical and epidemiological studies offer some indication. First,
polycyclic aromatic hydrocarbons (PAHs) present in crude oil have carcinogenic effects,
and it has been demonstrated that PAHs can cross the placenta and affect the development
of the fetus (Madhavan and Naidu, 1995). For example, Perera et al. (1998) found that
high levels of PAH-DNA adducts in leukocytes of umbilical cord blood were associated
with significantly decreased birth length, weight, and head circumference in newborns.

There is also evidence that maternal exposure to benzene, a hydrocarbon, can initiate

SPneumonia and diarrhea accounted for 19 percent and 14 percent, respectively, of child deaths in
Nigeria in 2013 (Liu et al., 2015).



childhood leukemia while the child is still in the uterus (Carlos-Wallace et al., 2016). Even
in the absence of maternal exposure during pregnancy, fetal development may be affected
as harmful substances accumulate in maternal fat tissue before conception and are released
during pregnancy (Reutman and Meadows, 2013). Second, the higher rates of spontaneous
abortion associated with paternal exposure to hydrocarbons might result from higher
rates of abnormal sperm characteristics (Celis et al., 2000). Third, hydrocarbon exposure
may cause chromosomal aberrations in the unborn (Khalil, 1995), which may result in
spontaneous abortion, or high morbidity and mortality in infancy and childhood (Driscoll
and Gross, 2009).5

As regards the adverse health effects of PM inhalation, the leading explanation from
clinical research is that it causes an inflammatory response that weakens the immune
system (Seaton et al., 1995). Small particles of less than 10 micrometers in diameter
(P M) pose the greatest risk because they penetrate deep into the lungs and can even
enter the bloodstream. Seeing that exposure to PM and other air pollutants has been
shown to have the largest effects if it occurs during pregnancy, and that it negatively affects
pregnancy outcomes (e.g., Chay and Greenstone, 2003; Currie et al., 2009; Jayachandran,
2009), it is likely that neonatal and infant mortality due to air pollution is driven by
impaired fetal development. As PM cannot cross the placenta, the impact on the fetus
probably occurs indirectly by provoking inflammations in the mother (Currie et al., 2009).

Besides these direct health effects, oil spills may also have indirect health effects via
damage of livelihood resources, such as diminished yields from degraded agricultural land,
fishing grounds or wildlife habitat. If an oil spill impairs a community’s food situation
through degradation of agricultural resources and fishing grounds, resulting maternal
malnutrition and sickness may also increase infant mortality risks. Rates of pre-term
birth and low birth weight rise with maternal malnutrition and micro-nutrient deficiencies
(Bhutta et al., 2013).” In addition, the disruptive effects of oil spills also likely evoke
mental stress in the local residents (United Nations Environment Programme, 2011).
Mental stress has been found to increase the risk of spontaneous abortion (e.g., Dean
et al., 2015; Bruckner et al., 2016).

3 Data

We use information about oil spills from the Nigerian Oil Spill Monitor and geo-referenced
household survey data from the Nigeria Demographic and Health Survey 2013 (ICF In-
ternational and Federal Republic of Nigeria National Population Commission, 2013).

The Nigerian Oil Spill Monitor provides geo-coordinates, date of spillage, and some

6Congenital malformations accounted for 5 percent of neonatal deaths in Nigeria in 2013 (Liu et al.,
2015).

"Pre-term birth complications accounted for 33 percent of neonatal deaths in Nigeria in 2013 (Liu
et al., 2015).



supplementary information, for oil spills recorded by the National Oil Spill Detection and
Response Agency (NOSDRA), the Nigerian environmental regulator. It is a dedicated
website (https:\\oilspillmonitor.ng) that is intended to raise awareness of the scale of the
problem. It calls on the public to report oil spills to NOSDRA through a hotline or by
email, but heavily relies on the voluntary engagement and support of oil companies to
provide data. Oil companies may be willing to provide information because it is well-
known that oil spills are often caused by sabotage or theft rather than causes that fall
under their responsibility, such as operational or maintenance errors, pipeline corrosion,
or equipment failure.®

The Nigerian Oil Spill Monitor visualizes the oil spills on a map and enables down-
loading the data in table format.® There are 5,296 oil spills recorded for the time period
from January 2005 to July 2014, which is one year after the collection of the survey data
used in our analysis. Figure 1 illustrates the annual frequency of reported oil spills over
these years. There are only few entries for 2005 and basically none for earlier years. The
coverage has then steadily increased from year to year. This steady increase in the number
of recorded oil spills could be due to an increase in the true incidence of oil spills or due
to an increase in the share of oil spills that get reported. While the relative importance

of the two is unknown, the second reason is most likely the more important one.
Figure 1 around here

Demographic and Health Surveys (DHS) are nationally representative household sur-
veys carried out periodically in developing countries to monitor countries’ development,
notably in areas related to health and fertility. Information is mainly collected from
women of reproductive age, i.e., between 15 and 49 years. The Nigeria DHS 2013 is based
on interviews taken between February and July 2013. It provides the complete birth his-
tories of 23,364 Nigerian mothers and information on survival of their live born infants.
These data are both available at a monthly resolution. The Nigeria DHS 2013 further
collects weight and height /length measures for most children below the age of five at the
time of the interview.

DHS samples the respondents in a two-stage procedure: At the first stage, localities,
referred to as clusters, are chosen to form a nationally representative sample. At the
second stage, households are drawn randomly from census registers of the selected clusters.

Hence, while the sample is not representative at subnational levels such as federal states,

8The Nigerian Oil Spill Monitor reports that sabotage or theft is the cause for 75 percent of the oil
spills and causes that fall under the responsibility of the operator for 15 percent. No cause is reported for
the remaining 10 percent. The oil companies may however have strong incentives to misreport the true
cause if the oil spill is their fault. The website states that “[a]lthough the data gathered by NOSDRA
and displayed here is immensely useful, it does not tell the whole story as the information provided by
oil companies is often incomplete.”

9The dataset of oil spills used in this paper were downloaded by the authors in August 2014.



there is no sampling bias at the level of clusters. The geo-coordinates of clusters are
reported, but slightly displaced for confidentiality reasons. The displacement is done in
a random direction and with a random distance of up to 2 km for urban clusters, 5 km
for rural clusters, and 10 km for one percent of rural clusters. We can thus identify the
distance between each cluster’s recorded location and nearby oil spills in our records. We
can also identify whether these oil spills occurred before or after an infant’s conception
or birth.

Our units of observation are infants born to mothers interviewed for the Nigeria DHS
2013. We include in our main sample all infants born from January 2006 onwards to
mothers living in a cluster with a reported location less than 10 km away from any oil
spill in our records. Our sample consists of 5,043 infants born to 2,744 different mothers
living in 130 different clusters. Figure 2 presents a map of Nigeria showing the locations
of the oil spills and the clusters of the Nigeria DHS 2013. The shaded areas represent the
union of all circles with a 10 km radius around all the oil spills in our records. The 130

DHS clusters used in our analysis are located within these shaded areas.
Figure 2 around here.

We are interested in the effects of oil spills that occurred before conception or during
pregnancy. Our first treatment variable, SPILL(CONC)pne, is equal to one if infant i
of mother m living in cluster ¢ was conceived any time after an oil spill had occurred
less than 10 km away from the reported cluster location, and zero otherwise.!® Our
second treatment variable, SPILL(PREG);n., is equal to one if an oil spill occurred
less than 10 km away during pregnancy, i.e., between infant ¢’s conception and its birth,
and zero otherwise. When looking at child health, we add a third treatment variable,
SPILL(LIFE)p., which is equal to one if an oil spill occurred less than 10 km away
between the child’s birth and the DHS interview, and zero otherwise.

Our main dependent variables are indicator variables for whether or not an infant died
within a specific period of time after birth. We scale these indicator variables to align
them to the conventional definitions of mortality rates, which are the number of infants
in 1,000 live births that died within a given period. The infant mortality rate I M R;,,. is
equal to 1,000 if infant ¢ born to mother m in cluster ¢ died within the first 12 months
of life, and zero otherwise. The neonatal mortality rate N M R;,,. is equal to 1,000 if the
infant died within its first month of life, and zero otherwise. The postneonatal mortality
rate PNM R;,,. is equal to 1,000 if the infant survived the first month, but died within

the first year of life. With analogous definitions, we analyze mortality in the first week

OFor infants conceived up to December 2007, we define as the month of conception the month of birth
minus nine. For infants conceived from January 2008 onwards, we can use additional information on
pregnancy duration to correct the calendar month of conception if pregnancies lasted less (or more) than
nine months.



of life, FW M R;,,., and mortality after the first week but within the first month of life,
PFW M R;,,.. We compute the indicator variables for infant and postneonatal mortality
for infants born at least 12 months before the DHS interview, and the other mortality
indicators for infants born at least one month before the DHS interview.

We use two dependent variables for child health. These are indicator variables for
wasting, i.e., the incidence of low weight-for-height, and stunting, i.e., the incidence of
low height-for-age. Wasting is usually the result of acute significant food shortage or
disease, while stunting is typically caused by long-term insufficient nutrient intake and
frequent infections (UNICEF, 2007). We use the weight and height /length measures in the
Nigeria DHS 2013 to compute weight-for-height and height-for-age z-scores as standard
deviations from the WHO Child Growth Standards reference median. Following the WHO
and DHS, we classify a child as WASTE D;,,. if its weight-for-height z-score is below -2,
and as STUNTE Dy, if its height-for-age z-score is below -2 (World Health Organization,
2008).1

In our regressions, we include various birth, pregnancy and mother characteristics
from the Nigeria DHS 2013. First, we use indicator variables for the infant’s year of birth.
Second, we control for birth order by including indicator variables for whether the child
is the mother’s first live birth, her second live birth, and so forth. Third, we control
for critical birth spacing by including indicator variables for whether the time elapsed
between a birth and the previous birth was less than 12 months, 13-24 months, or 25-36
months. Fourth, we include the mother’s age in the month of birth by a series of indicator
variables for age groups of 5-year intervals, starting at 10-15 years and ending at 45-50
years. We also include indicator variables for the infant’s sex and for multiple births,
whereby each infant of a multiple birth enters as a separate observation.

In order to explore whether the effects we find vary in size or direction with certain
mother or cluster characteristics, we use some additional variables from the Nigeria DHS
2013. First, we distinguish between mothers who completed secondary education and
those who did not. Second, we distinguish mothers by their household’s wealth at the
time of the interview. We define the households with a DHS wealth index score below

the median within our sample as poor, and the other households as non-poor.'? We

The WHO Child Growth Standards reference tables are based on data collected between 1997 and
2003 from approximately 8,500 breastfed infants and appropriately fed children from different countries
(Brazil, Ghana, India, Norway, Oman, and the United States). They are intended to provide a single
international standard that represents the physiological growth for all children from birth to five years of
age (World Health Organization, 2006). To compute the z-scores we use the igrowup standard macro for
Stata provided by the WHO. We further follow DHS in flagging children with z-scores below -6 or above
6 as invalid measurements and excluding them from the analysis.

12The DHS wealth index is based on household assets, amenities and services, including the household’s
drinking water source, the type of toilet facility used, the energy source used for cooking, the materials
of the dwelling’s floor, walls and roof, and whether the household owns certain wealth assets such as a
mobile phone, a TV, a refrigerator, a motorcycle, or a car. The wealth index is then derived by principal
component analysis. For a detailed description of how the DHS wealth index is constructed, see Rutstein
and Johnson (2004).



also distinguish between urban and rural survey clusters, following the classification by
the National Population Commission reported in the Nigeria DHS 2013. Further, we use
information about whether a birth was attended by skilled health personnel, i.e., a doctor,
a nurse or a midwife. This latter information is only available for infants born in the five
years prior to the DHS interview.

In addition, we use spatially explicit data from the Armed Conflict Location and
Event Data Project (ACLED) data base (Raleigh et al., 2010). This data base reports
the actions of rebels, governments, and militias within unstable states, and specifies the
exact location and date of battle events. We construct a variable that indicates whether
any conflict event causing at least one fatality took place within 25 km from the reported
cluster location during the sample period. In addition, we define an indicator variable
that is equal to one if a cluster is located in one of the nine oil-producing states in the
Niger Delta (UNDP 2006).'3

Table 1 present summary statistics.
Table 1 around here

Among others, we see that infant and neonatal mortality rates are around 60 and 37
deaths per 1,000 live births in our sample.!* Moreover, 29 percent of the live born infants
in our sample are treated by an oil spill within 10 km before conception, and 22 percent

by an oil spill during pregnancy.

4 Empirical strategy

In this section, we discuss the empirical strategy for estimating the effects of nearby oil
spills before conception and during pregnancy on mortality over an infant’s first year of
life. The empirical strategy used for estimating the effects on wasting and stunting is very
similar.

We use the following empirical specification:

MRyne = B1SPILL(CONC) e + B2SPILL(PREG )ime + e + ¥ Xime + ¢ X time + €ime

(1)
M R;,,. represents our different mortality rates. The mother fixed effects a,,. ensure
that we only exploit variation in the mortality of siblings born to the same mother.
Comparisons within rather than across mothers ensure that our results are not driven by
any unobserved differences between mothers conceiving before and after the occurrence

of a nearby oil spill or between the clusters in which these mothers are living. The vector

3These nine states are Abia, Akwa Ibom, Bayelsa, Cross River, Delta, Edo, Imo, Ondo, and Rivers.
14For the full sample of the Nigeria DHS 2013, the corresponding infant and neonatal mortality rates
were 81 and 40 for the period from 2006 onwards.
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Xime contains our birth-specific control variables, i.e., our indicator variables for birth
year, birth order, critical birth spacing, mother’s age, multiple birth, and the infant’s sex.
We also control for cluster-specific linear time trends d. X t, where 0. is a cluster-specific
slope parameter and ¢, the infant’s year of birth. We estimate specification (1) using
a linear probability model, and allow standard errors to be clustered at the level of the
DHS cluster.

The coefficients of interest are $; and (5. Given our scaling of the mortality rates,
they indicate the increase in the mortality rate per 1,000 live births caused by a nearby
oil spill prior to conception or during pregnancy, respectively.

We focus on the comparison of siblings born to mothers in clusters that are no less than
10 km away from an oil spill in our records. For identification, we rely on the arguably
random timing of these oil spills within our sample period. Our identifying assumption is
that no other systematic influences related to oil spills are driving differences in mortality
rates between siblings conceived (or born) before and after nearby oil spills, conditional on
birth characteristics. We take three actions in support of this assumption: First, we realize
that changes in (conditional) mortality rates could be affected by local economic, political
or social developments. The cluster-specific time trends in specification (1) should ensure
that such local developments are not driving the results of our sibling comparisons.

Second, changes in mortality rates could be driven by other events that are correlated
in time and space with oil spills. One could imagine that oil spills occur concurrently
with (other) events specific to oil production. We therefore compare the effect of oil spills
on mortality rates for infants born in the oil-producing states in the Niger Delta with the
effect for infants born elsewhere. Alternatively, oil spills are sometimes the result of violent
attacks on oil infrastructure by militant groups (U.S. Energy Information Administration,
2016). Such attacks may involve violence against civilians in the surrounding communities,
which, in turn, might increase neonatal mortality rates. We compare the effect of oil spills
on mortality rates for infants born close to conflict areas with the effect for infants born
far from conflict areas. As shown in Section 5.4 below, we find no evidence that oil spills
have more detrimental effects on mortality rates for infants born in the Niger Delta or in
conflict areas. These findings suggest that our main results are not driven by other events
related to oil production or conflict.

Third, we study whether there is a clear trend in mortality rates in the time before
and up to the first nearby oil spill. We focus on infants born prior to the first oil spill in
our records within 10 km from the corresponding DHS cluster location. For these infants,
we measure how many years have passed between the infant’s birth and the first such oil
spill.  We construct indicator variables for whether the infant’s birth precedes the first

nearby oil spill by up to 1 year, 1-2 years, 2-3 years, 3-4 years, or 4-5 years. Figure 3
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shows how mortality rates developed prior to treatment.
Figure 3 around here

The two graphs on the left look at infant mortality rates, and the two graphs on the
right at neonatal mortality rates. The top graphs plot simply the average mortality rates
for infants born in the five annual intervals prior to the first nearby oil spill. These two
graphs show no clear pre-treatment trends. The bottom graphs plot the coefficients from
regressing the mortality rates on the five indicator variables for the time period by which
the infant’s birth precedes the first oil spill, as well as mother fixed effects, our birth-
specific control variables X, and cluster-specific time trends (as in specification (1)).
These plots again show no clear indication of any pre-treatment trends. If anything, there
is a drop in mortality rates shortly before the first nearby oil spill.*?

Finally, we would like to discuss three data limitations that may affect our results.
First, the data from the Nigerian Oil Spill Monitor are almost certainly incomplete. Fig-
ure 1 shows the steady increase in the number of recorded oil spills over time. As argued
above, it is very likely that this increase is at least partly due to an increase in the share
of oil spills reported and included in the Nigerian Oil Spill Monitor dataset. As a result,
many infants that we assume to be untreated by a nearby oil spill may in fact have been
treated by an unregistered nearby oil spill. Hence, in some cases, we assume that we com-
pare an untreated with a treated sibling while we actually compare two treated siblings.
We may thus underestimate the true effect of nearby oil spills.

The second data limitation is the random displacement of the DHS cluster locations.
Due to this displacement, we may in some cases code infants as treated (untreated) even
though the closest reported oil spill prior to conception or during pregnancy was more
(less) than 10 km away. The possibility of such incorrect assignments of the treatment
status again implies that we may underestimate the true effect of nearby oil spills.

The third data limitation is that the Nigeria DHS 2013 only provides information
about the mothers’ place of residence in 2013. Hence, we know whether a mother’s place
of residence in 2013 is close to an oil spill in our records, but cannot be sure whether she

lived in the same place in earlier years.!®

15The difference between the coefficients for the indicator variables for infants born 0-1 years and 1-2
years before the first nearby oil spill is statistically insignificant in the regression for infant mortality
(p = 0.242) and marginally (in)significant in the regression for neonatal mortality (p = 0.053). If this
drop in mortality rates were taken as an indication of a negative short-run pre-treatment trend, then this
trend would make it less likely that we find positive effects of nearby oil spills on mortality rates.

16Some DHS questionnaires ask about how long mothers have been living continuously in their current
place of residence. This question provides no information about the mothers’ earlier place of residence;
and it is missing in the Nigeria DHS 2013.
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5 Evidence on infant and neonatal mortality

5.1 Main results

Table 2 presents our estimates of the effects of oil spills prior to conception and during
pregnancy on the mortality rates within the first year of life. In column (1), we control for
birth characteristics Xj,,., but we neither include any fixed effects, nor allow for different
time trends across clusters. We then add fixed effects for DHS clusters in column (2) and
cluster-specific time trends in column (3). In column (4), we further add mother fixed
effects. In columns (5) and (6), we then split infant mortality into neonatal and post-
neonatal mortality. The regressions reported in columns (4), (5) and (6) thus correspond
to specification (1).
Table 2 around here

Let us first look at the effect of nearby oil spills that occurred prior to conception
(i.e., SPILL(CONC)jmc). Their effect on the infant mortality rate I M Ry, is positive in
columns (1) to (4), but never statistically significant. The point estimate in column (4)
suggests that a nearby oil spill prior to conception leads to an increase by 31 deaths per
1,000 live births or, equivalently, an increase by 50 percent on the sample mean. When
splitting infant mortality into neonatal and postneonatal mortality in columns (5) and
(6), we find that the increase in infant mortality is driven by an increase in mortality in
the first month of an infant’s life. In fact, the effect of a nearby oil spill prior to conception
on the neonatal mortality rate N M R;,,. is even larger at 44 additional deaths per 1,000
live births, while the effect on the postneonatal mortality rate PN M R;,,. is a decrease
by 13 deaths per 1,000 live births. These point estimates suggest that 70 percent of the
additional infants who died in the first month would not have died in the absence of a
nearby oil spill prior to conception, while 30 percent of them would have died later in the
first year. The effect of nearby oil spills during pregnancy (i.e., SPILL(PREG);n.) on
infant mortality is negative, but statistically insignificant in all columns.

Table 3 focuses on the effect of nearby oil spills on mortality within the first month
of an infant’s life, which allows extending our sample to all infants born up to one month
prior to the DHS interview.

Table 3 around here

Table 3 is organized in the same way as Table 2. We see that the positive effect of oil spills
prior to conception on the neonatal mortality rate NM R;,,. is statistically insignificant
when not controlling for any time-invariant location, household or mother characteristics,
but becomes significant and larger in magnitude when adding cluster and mother fixed
effects and cluster-specific time trends. Our main specification in column (4) is equivalent
to the one in column (5) of Table 2, but based on a larger sample. In this larger sample,

nearby oil spills prior to conception increase the neonatal mortality rate by 38 deaths per
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1,000 live births. Given the sample mean of 37 deaths per 1,000 live births, this coefficient
estimate suggests that a nearby oil spill prior to conception doubles the neonatal mortality
rate. Columns (5) and (6) look separately at mortality in the first week and the remaining
three weeks of the first month, and show that the increase in mortality due to nearby oil
spills is strongest in the first week of an infant’s life.

Again we find no effect of oil spills during pregnancy. There are different interpreta-
tions of this absence of any measurable effect. First, it could be that the main biological
mechanism through which oil exposure harms infant health is through parental exposure
before conception. Second, it could be that only oil exposure early in the pregnancy,
or only oil exposure over a long period of time during pregnancy, have tangible effects
on infant health. We therefore break down oil spills during pregnancy into those that
occurred in the first trimester, i.e., during the first three months of pregnancy, and those
that occurred during the second or third trimester (see Table A.1 in the Appendix). We
find that oil spills during the first trimester have typically larger effects on mortality rates
than oil spills during the second or third trimester. However, the only statistically signif-
icant effect is the one of a nearby oil spill during the first trimester on the postneonatal

mortality rate.

5.2 Temporal and spatial disaggregation

We now disaggregate the effects by the temporal and spatial distances between oil spills
and births. We thereby focus on the effect of nearby oil spills prior to conception on
neonatal mortality, as estimated in column (4) of Table 3.

We first focus on the persistence of this effect over time. We construct indicator vari-
ables that capture the time elapsed between the most recent oil spill before conception
that occurred within less than 10 km and the infant’s conception. Specifically, we con-
struct indicator variables for 0-1 years (i.e., 1-12 months), 1-2 years (i.e., 13-24 months),
and so on up to 4-5 years (i.e., 49-60 months).'” We include the full set of these timing in-
dicators as explanatory variables in a regression of neonatal mortality to examine whether
more recent oil spills have a larger effect than those further in the past. As in our main
specification, we include mother fixed effects and cluster-specific time trends, and control
for nearby oil spills during pregnancy and the birth characteristics X;,,.. Figure 4 plots
the estimated coefficients on these timing indicators and the corresponding confidence
intervals.

Figure 4 around here

The resulting pattern suggests that the positive effect of nearby oil spills prior to concep-

tion on the neonatal mortality rate does not fade away over time — at least not within the

TThere are ten infants in our data for whom the most recent nearby oil spill occurred more than five
years before conception. We exclude these ten observations.
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period we are able to analyze. Rather, oil spills continue to have an effect for at least five
years, with no decrease in the estimated magnitude of the effect.

We now focus on how the spatial proximity of oil spills affects the magnitude of their
effect. To this end, we construct indicator variables for whether the spatial distance be-
tween the reported cluster location and the closest oil spill that occurred before conception
is 0-1 km, 1-2 km, and so on. We replace SPILL(CONC);. by these distance indicators
in our main specification. Panel (a) of Figure 5 plots the estimated coefficients on these

distance indicators and the corresponding confidence intervals.
Figure 5 around here

The effect of oil spills on neonatal mortality is largest for oil spills that occurred less
than 2 km away from the reported cluster location. The decrease of the effect size in the
spatial distance is however not very pronounced. Moreover, most confidence intervals are
large given that the number of treated infants is much lower for each individual distance
indicator than for the combined treatment. The limited effect of spatial distance on the
effect size may indicate that some oil spills are affecting large areas in reality, but could
also be due to the random displacement of cluster locations.

Panel (b) is based on an extended sample that includes all infants born during the
sample period in clusters whose reported location is up to 15 km (instead of 10 km) away
from the closest oil spill in our records. We see that the coefficient estimates for distances
above 10 km are typically no longer positive, which we take as a validation of our choice

to focus on oil spills within a 10 km zone in our main analysis.

5.3 Effect heterogeneity

The effects of nearby oil spills on infant mortality might vary in magnitude with several
characteristics of the infant, the mother, or the socio-economic context. First, we want to
test whether the effects are larger for boys or girls. In general, neonatal mortality is higher
for boys than for girls (e.g., Naeye et al., 1971) and boys tend to be more vulnerable to
in utero health shocks (e.g., Eriksson et al., 2010). We also want to study whether the
effect of oil spills could be driven by out-migration of health care professionals in response
to worsening local living conditions. If so, we would expect to find smaller effect sizes
when just comparing siblings whose births were either all attended or all unattended by
health care professionals. Further, we look at the role that the mother’s education and
the household’s wealth play. One may expect that children born to low-educated mothers
living in poor households are more vulnerable to the harmful effects of oil spills, e.g.,
because these mothers may find it harder to access information about the health risks
related to oil spills or to afford protective measures, and also because they may be more

dependent on contaminated livelihood resources. Lastly, there might be differences in the
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effect of oil spills on neonatal mortality between urban and rural locations, e.g., because
mothers in urban locations may have better access to health facilities and information.
We examine the role of these five different birth, mother and location characteristics
by running five regressions like our main regression for neonatal mortality, as reported in
Table 3, column (4). In each of these five regressions, we interact our two treatment vari-
ables, SPILL(CONC);pme and SPILL(PREG) e, with indicator variables capturing one
of these five characteristics. The coefficients on, and the differences between, the interac-
tion terms with SPILL(PREG);,. are statistically insignificant in all cases. We therefore
report only the estimated coefficients on the interaction terms with SPILL(CONC)ipne

as well as the corresponding confidence intervals in Figure 6.
Figure 6 around here

Starting from the top, the first two rows of Figure 6 show the coefficients on the
interaction terms between SPILL(CONC);n. and the indicator variables for boys and
girls, respectively. We see that the effect of nearby oil spills prior to conception is slightly
larger for boys, but with largely overlapping confidence intervals. The next two rows
show that the effect for births attended by professional health personnel is stronger than
the effect for other births, but the point estimates suggest that these effects are both

18 Hence, there is no

higher than the average effect reported in Table 3, column (4)
indication that nearby oil spills prior to conception increase neonatal mortality mainly
by increasing the scarcity of health personnel. We next distinguish between mothers who
have completed secondary education and mothers who have not, and between poor and
non-poor household. We find no clear pattern suggesting that the mothers’ socio-economic
background plays a key role. We also find no difference in the effects between urban and

rural clusters.'®

5.4 Possible confounders

We interpret the large and statistically significant increase of neonatal mortality after a
nearby oil spill prior to conception as a causal effect of the oil spill. However, mortality

rates might be driven by other events correlated in time and space with the occurrence

8The underlying regression for these two rows is based on a smaller sample because information
on professional birth attendance is only available for the last five years prior to the DHS interview.
Besides the interaction terms, this regression further includes the (uninteracted) dummy variable for the
attendance of professional health personnel.

9F_tests confirm that the difference between the coefficients on the two interaction terms with
SPILL(CONC)m. is not statistically significant in any of the five regressions reported in Figure 6.
Complementary, we study whether nearby oil spills prior to conception affect some of these contextual
characteristics. We find that nearby oil spills have no effect on professional birth attendance and do not
change the composition of mothers giving births in terms of their households’ wealth (see Table A.2 in
the Appendix). Nearby oil spills prior to conception however increase the share of births by mothers with
secondary education.
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of oil spills. Such events might be linked to oil operations around the extraction sites in
the Niger Delta, or to violent attacks on oil infrastructure and other conflict events.

In order to check whether neonatal mortality might be driven by events related to oil
production, we analyze the effect of oil spills separately for DHS clusters that are located
in one of the nine oil-producing states in the Niger Delta, and those located elsewhere. Of
all the infants in our sample, 61 percent were born in the Niger Delta (see Table 1). We
regress the neonatal mortality rate on interaction terms between our treatment variables
and indicator variables for states in the Niger Delta and states elsewhere. Again, we
use our standard sample and controls (as in Table 3, column (4)). Figure 7 presents the
coefficient estimates on the two interaction terms with the pre-conception treatment and

the corresponding confidence intervals in the first two rows.
Figure 7 around here

The coefficients are not statistically significantly different, but the point estimates suggest
that nearby oil spills prior to conception have a stronger effect on the neonatal mortality
rate outside the Niger Delta.?’ This finding makes it implausible that events related to
oil production drive the relationship between oil spills and neonatal mortality.

We also study whether the effect of nearby oil spills on neonatal mortality is stronger
in conflict areas, i.e., in cluster locations no less than 25 km away from a conflict event
involving at least one fatality during our sample period. Of all the infants in our sample,
27 percent were born in such conflict areas (see Table 1). The two bottom rows of Figure 7
show that the effect of nearby oil spills on neonatal mortality is much larger for infants
born outside conflict areas. This large difference is however not statistically significant.
We nevertheless conclude that the higher neonatal mortality rates close to the location of
oil spills that occurred prior to conception are not the result of violent conflict.

In a related exercise, we test whether our main results could be driven by events
that might have taken place in a single part of the country. DHS divides Nigeria into
six geopolitical zones. In five of them, there are DHS clusters less than 10 km away
from an oil spill in our records. We rerun our main regression (Table 3, column (4)) five
times dropping these geopolitical zones one-by-one (see Figure A.1 in the Appendix). The
effect of nearby oil spills prior to conception on the neonatal mortality rate is largest (at 50
additional death per 1,000 live births), but not statistically significant when dropping the
South-South zone, which covers most of the Niger Delta. The effect remains statistically
significant when dropping any of the other geopolitical zones, or when dropping any of
the 36 Nigerian states (results available upon request). We conclude that our main result

is not driven by events in a single geopolitical zone or a single state.

20Results are very similar when replacing the indicator for the Niger Delta with an indicator for clusters
within 25 km from an on-shore oil field, using the geo-locations of oil fields provided by the U.S. Geological
Survey (Persits et al., 2002).
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6 Evidence on wasting and stunting in children

We now look at the effects of oil spills on the health of the surviving children, as measured
by wasting and stunting, i.e., the incidence of low weight-for-height and low height-for-
age, respectively. Based on the discussion in Section 2, we see various pathways for
oil spills to cause wasting or stunting: First, oil spills can impair a community’s food
situation and lead to malnutrition of children through degradation of agricultural resources
and fishing grounds. Second, oil spills may increase the incidence of diarrhea and other
infections. Third, impaired fetal development due to maternal exposure to oil pollution
during pregnancy may lead to low birth weight, which may be associated with wasting or
stunting in surviving children (Rahman et al., 2016).

To examine whether oil spills prior to conception, during pregnancy, or after birth lead
to wasting or stunting, we use different samples of children who were born to mothers
living in clusters with a reported location less than 10 km away from an oil spill. Results

on wasting are presented in Table 4.
Table 4 around here.

Column (1) restricts the sample to children below the age of one and controls for our
standard birth characteristics Xjn.. Column (2) adds cluster fixed effects. We see that
the effects of oil spills prior to conception is positive and statistically significant. The point
estimate suggests that an oil spill prior to conception increases wasting in infants below
the age of one by 25 percentage points, which corresponds to an increase by 100 percent
on the sample mean (which is 0.24 for infants below the age of one). In contrast, we
find no statically significant effects of oil spills during pregnancy or after birth. Columns
(3) and (4) enlarge the sample to children below the age of three and five, respectively.
The point estimate on oil spills prior to conception becomes smaller in magnitude, but
more precisely estimated. Given that column (4) includes children born during a five-year
period, we can now add cluster-specific time trends (again based on the year of birth) in
column (5). The coefficient estimates in columns (4) and (5) suggest that oil spills prior
to conception increase wasting in children below the age of five by 7 percentage points,
which corresponds to an increase by almost 50 percent on the sample mean (which is
0.15 for children below the age of five). The effect becomes smaller in magnitude and
statistically insignificant when adding mother fixed effects.

Results on stunting are presented in Table 5, which is organized in the same way as

Table 4. We find no evidence for an effect of nearby oil spills on stunting.
Table 5 around here.

Taken together, Tables 4 and 5 provide some, but not overly strong evidence that
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nearby oil spills impair child health. The strongest result is that nearby oil spills prior to

conception increase wasting among infants.?!

7 Conclusions

Using geo-referenced data from the Nigerian Oil Spill Monitor and the Nigeria DHS 2013,
and relying on sibling comparisons, we have established that nearby onshore oil spills
prior to conception increase neonatal mortality in nearby locations. We have also found
indicative evidence that oil spills impair the health of surviving children, manifested in
an increase in wasting in infants.

To get an impression of the scale of the problem, we conduct a back-of-the-envelope
calculation: The World Health Organization reports 5,281,386 live births in Nigeria in
2012. The Nigeria DHS 2013 suggests that 8.05 percent of the infants born in 2012 were
born in a cluster located within 10 km from a recorded oil spill that occurred prior to
conception. Further, our causal estimates show that an oil spill less than 10 km away
prior to conception increases neonatal mortality by around 38 deaths per 1,000 live births.
Taken together, these numbers suggest that oil spills prior to conception killed around
16,000 infants within the first month of their life in 2012. Our estimates further suggest
that 70 percent of them, i.e., around 11,000 infants, would have survived their first year
in the absence of oil spills.

There are good reasons to believe that the exact figure may be different than our
back-of-the-envelope calculation suggests, e.g., because we may have underestimated the
true effects due to the incomplete oil spill records and the random displacement of DHS
clusters. Nevertheless, as long as the true figure is not substantially lower, it seems
appropriate to conclude that the frequent onshore oil spills in Nigeria are the cause of
an alarming ongoing human tragedy. While our study does not lend itself naturally to
proposing a specific policy intervention, we are convinced that more attention to the

problem by both the research community and the public is warranted.

2In view of the epidemiological evidence discussed in Section 2, we expect oil spills to affect not only
neonatal and infant mortality and the health of the surviving children, but also pregnancy terminations.
Nigeria DHS 2013 contains a calendar in which the responding mothers indicate whether they were
pregnant, gave birth, or had a pregnancy termination (i.e., abortion or still birth) for each month from
January 2008 to the month of the interview. We estimate the effect of oil spills prior to conception on
pregnancy terminations using this calendar information, thereby taking pregnancies as units of observa-
tion (see Table A.3 in the Appendix). The point estimates of specifications with cluster or mother fixed
effects suggest that an oil spill prior to conception leads to 13 to 19 additional pregnancy terminations
per 1,000 conceptions. (The sample mean is 106 pregnancy terminations per 1,000 conceptions.) These
effects are however not statistically significant. Recall errors by the respondents are a possible reason.
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Figures and tables

Figure 1: Frequency of oil spills recorded by the Nigerian Oil Spill Monitor
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Note: Frequency for 2014 based on records up to July 2014.
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Figure 2: The location of DHS clusters and oil spills in Nigeria

e DHS 2013 clusters
x oil spills Jan 2005 - Jul 2014

10 km zone around oil spills

Notes: Map of Nigeria showing the locations of all oil spills in our records and all clusters of the
Nigeria DHS 2013. The shaded areas represent the union of all circles with a 10 km radius around
all the oil spills.

26



Figure 3: Pre-treatment trends
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(b) Regression-based approach

Notes: The left (right) graphs show results for infant (neonatal) mortality rates. Panel (a) plots
average mortality rates for births 0-1, 1-2, ..., 4-5 years prior to the first oil spill within 10 km from
the DHS cluster location. Panel (b) plots the coefficients from regressing the mortality rates on the
five corresponding indicator variables while controlling for mother fixed effects, birth-specific control
variables X;mn., and cluster-specific time trends. The control group contains all infants from our
sample born more than 5 years prior to the first oil spill within 10 km from the DHS cluster location.
The vertical lines represent the 95% confidence intervals. Standard errors are adjusted for clustering
at the level of DHS clusters.
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Figure 4: Persistence of the effects on neonatal mortality
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Notes: The figure plots the coefficients from a linear regression of the neonatal mortality rate on
the five indicator variables for the last oil spill within 10 km from the DHS cluster location having
occurred 0-1 year, 1-2 years, ..., 4-5 years before conception, while controlling for mother fixed effects,
oil spills during pregnancy, birth-specific control variables X;,., and cluster-specific time trends. The
control group contains all infants from our sample born prior to the first oil spill within 10 km from
the DHS cluster location. The vertical lines represent the 95% confidence intervals. Standard errors

are adjusted for clustering at the level of DHS clusters.
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Figure 5: Spatial disaggregation of the effects on neonatal mortality
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(b) Extended sample

Notes: Panel (a) plots the coefficients from a linear regression of the neonatal mortality rate on the
indicator variables for distances of 0-1 km, 1-2 km, etc., between the DHS cluster location and the
closest oil spill before conception, while controlling for mother fixed effects, distant-specific indicator
variables for oil spills during pregnancy, birth-specific control variables X;,,., and cluster-specific time
trends. The sample is the same as in our main specification (Table 3, column (4)). The vertical lines
represent 95% confidence intervals. Standard errors are adjusted for clustering at the level of DHS
clusters. Panel (b) extends the sample to all infants born in a DHS cluster within 15 km (instead of

10 km) from the closest oil spill in our records.
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Figure 6: Heterogeneity of the effects on neonatal mortality
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Notes: The figure plots the coefficients from five separate linear regressions of the neonatal mortality
rate on the interaction terms SPILL(CONC)ime X Zime and SPILL(CONC)ime X (1 — Zime), while
controlling for mother fixed effects, SPILL(PREG)ime X Zimes SPILL(PREG)imeX (1= Zime), birth-
specific control variables X;,,., and cluster-specific time trends. Z;,,. is a different indicator variable
in each regression, representing one of the five characteristics for which we examine heterogeneity.
The sample is the same as in our main specification (Table 3, column (4)). The horizontal lines
represent 95% confidence intervals. Standard errors are adjusted for clustering at the level of DHS

clusters.
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Figure 7: Potential confounders for neonatal mortality
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Notes: The figure plots the coefficients from two separate linear regressions of the neonatal mortality
rate on the interaction terms SPILL(CONC)ime X Zime and SPILL(CONC)ime X (1 — Zime), while
controlling for mother fixed effects, SPILL(PREG)ime X Zime; SPILL(PREG)ime X (1 — Zime),
birth-specific control variables Xj,,., and cluster-specific time trends. Z;,,. is a different indicator
variable in each regression, representing one of the two potential confounders. The sample is the same
as in our main specification (Table 3, column (4)). The horizontal lines represent 95% confidence

intervals. Standard errors are adjusted for clustering at the level of DHS clusters.
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Table 1: Summary statistics

Variable Obs. Mean Std.Dev. Min. Max.
IMR; . 4,314 60.27  238.01 0 1,000
NMR;ne 5,043 37.08  188.98 0 1,000
PNMR;,. 4,314 25.27  156.95 0 1,000
FWMR;,. 5,043 31.53  174.76 0 1,000
PFW MR 5,043 5.55 74.31 0 1,000
WASTED;. 3,088 0.15 0.35 0 1
STUNTED;,. 2,997  0.21 0.40 0 1
SPILL(CONC)me 5,043 0.29 0.45 0 1
SPILL(PREG)m. 5,043  0.23 0.42 0 1
SPILL(LIFE)n. 3,097  0.61 0.49 0 1
Birth order 5,043 3.34 2.17 1 18
Birth spacing (months) 3,855 38.12  23.96 9 226
Male 5,043  0.51 0.50 0 1
Multiple birth 5,043 0.04 0.19 0 1
Birth attendance 3,464 0.65 0.48 0 1
Mother’s age at birth 5,043  28.09 6.34 12 48
Secondary education 5,043 0.62 0.49 0 1
Poor 5,043  0.61 0.49 0 1
Urban 5,043 0.54 0.50 0 1
Niger Delta 5,043 0.61 0.49 0 1
Conflict (within 25km) 5,043  0.27 0.44 0 1

32



"AT0A1100dS0I ‘TOADT-04()T PUR G ‘T ) )@ 9OURIYIUSIS OJRIIPUL 4 ‘4 ‘yyse SIOISN[O SH(T OUY JO [9AJ] OYJ @ POIDISTI[D
9Ie SIOIIO PIRPUR)G "X0) UTRUI Y[} UT PIQLIISP oIk (*“y Ul 9s0r) SUITPNIOUT) SI[(RLIRA [[y 'SPI0991 Ino ul [[1ds [I0 $9S0[0 Y} WIOIJ WY ()] URT[} SSO SIDISNID
Ul SIOYJOUW 0} MOIAISIUI SEI(] 9Y3 0} Ioud SYjuowW g pue 907 ATenue[ Usom}dq UIOQ S}URJUI [ sopnour o[dureg ‘SuoIssaISol S}09Jjo POXY IBSUIT :SOJ0N

800 60°0 010 010 L0°0 €00 parenbs-y
0eT 0¢t 0eT 0¢t 0cT 0eT SI9IS[O JO IoqUInN
L¥S'T LVS'T L¥S'T LVS'T ARSe LVS'T SIOYIOW JO TN
VIET VIET VIET VIET VIET VIET SjUBJUL JO LOQUINN
SOA SOA SOA ou ou ou S100J0 POXY IO\
SoA SoA SoA SoA ou ou Spua1) sy oyads-19)sn[)
ou ou ou Sk SRV ou S100JJ0 POXT I9)sn[))
SoA SoA SoA SoA sk SoA 2y SOT)SLIOYORIRYD I
(LegT) (es71)  (gbL1)  (Pgor)  (18°T1)  (€8°01)
0%°0- LV61-  L8°61-  IFGI-  G8GI-  gb's- MOTUI)TTIdS
(co61)  (9212)  (evoz) (6161)  (9071)  (¢8TT)
0921 wGL'EY  TITe 087G TF91 LS MONOD)TTIdS
TYWNL THIWN MY N T VT M T T T oqerrea juspuada(]
(9) (9) (v) (¢) (2) (1)

Aypeyrowr juegur uo s[ids [10 Jo $399PH g ORI,

33



4

"AToA1100dS0I ‘ToAD]-94()T PUR G ‘T OYJ 1@ 9OURIYIUSIS OJRIIPUL 4 ‘4 ‘wys SIOISN[D SH(T OUY JO [0AJ] O3 JR
PoI9ISN[O dIR SIOIIS PIRPURIS "1X9) UTRUI 91} UL PACLIISOP oIk (P“!y UT 9501} SUIPNOUT) S9[qRLIRA [[Y "SPIOJDI INo Ul [[IdS 10 1S9SOTD 1) UWIOIJ UL ()] W) SS9]
SI9)SNTO UI SISYJOUW 0) MIIAINUI G (T oY} 0} Jouid Yjuow | pue 90z Arenue[ UsomId( UIOQ SHURJUL [[e sepnoul ojdureg ‘SuoIssaISol S309]jo PaXIj IeaUIT :S9J0N

L0°0 80°0 80°0 60°0 900 ¢00 porenbs-y
0€T 0€T 0€T 0€T 0€T 0€T SIOIST[Y JO oquuiniN
VWLT VWL'T VLT VVLT VWLT ThLC SIOU3OUW JO IoqUIILN
£70°G €70°S €70°G €70°G €70°S €70°G SjUBJUL JO IOqUIILN
SOA SOA Sk ou ou ou S100J0 POXY IO
SoA SoA SoA S0k ou ou Spua1) s} dYoads-193sny))
ou ou ou SoA SoA ou S100JJ0 POXY I9Isn|)
Soh SoA sk Soh SoA SoA PU N SOTYSLIOYORIRYD [IIg
(0677) (o9o1) (1) (8 (r22)  (129)
9F€- Le€- €8°9- 66°€- ege- 18- M(OaYd)T1IdS
(veg) (vper)  (9671)  (9r2r)  (szor)  (062)
Ve o46LTE  FO8E  wudV0E  49T°0C £L°9 M(ONOD)T1IdS
MW MAL I IWNMA - T IWN. T NN T NN TP NN d[qerrea juapuadag
(9) () () (¢) (c) (1)

Ayireriowt Teyeuoau uo s[{Ids 10 Jo s399PH ¢ 9[qel,

34



"ATOAT109dS0I ‘TOADT-04()T PUR G ‘T 92 )@ 9OURIYIUSIS OJRIIPUL 4 ‘4 ‘yuese SIOISN[D SH(J OUY JO [OAJ] O] 1@ POIISTI[D
oIe SIOLID PIRPURIS 'X0) UTRWL oY) Ul POqLISOp ale (WY Ul osol) SUIpn[oul) so[qelrea [[y 'SPI0ool Ino ul [[Ids [0 3S9s0[d o1} WOI} W ()] WeY) SSO] SI9S[D
Ul SUIAI] SIOYJOU 0) UWIOQ oIom OUYM pue ([T 9)0UJ00J 90S) o8URI PI[eA © UMM PUR S[(R[IRAR IR SJUSWSINSLIW JYSOY pue JYSom [OIUM I0J (MOI PUOIIS
Q1] TI PAJRIIPUT SB) 3% JO SIRAA ¢ 10 ¢ ‘T 03 dn WLIPIYD [ SOPNIUL pue ¢107 SH( BMSIN 1) U0 paseq sI o[dureg "SUOISSOISOI 1000 POXT IBAUIT :SOION

iy 0¢'0 ¢1'0 91°0 ¢c'0 ¢c0'0 porenbs-y
0¢T 0¢T 0¢T 0¢T 0¢T 9¢l SI93ST[o JO JIoquunN
691°C 691°C 691°C POL'T 0.9 0.9 sIdjou Jo _UINN
880°¢ 880°¢ 880°¢ 1€6°'T 6.9 6.9 URIPTIYO JO IOqUITLN
SoA ou ou ou ou ou S109[j0 PoOXY IOYI0J
S0k SoA ou ou ou ou spuaIy st} oyeds-1a9sny))
ou SoA SoA SoA SoA ou S100J0 PoxXY I9)Sn[))
SoA SoA SoA SoA SoA SoA U y7 SOTYSLISYORIRYD 1T
(90°0) (¥0°0) (€0°0) (¥0°0) (c1°0) (¥0°0)
100 00~ 000 10°0- 00 €00 MAAIT)TTIIS
(¥0°0) (20°0) (20°0) (€0°0) (80°0) (¥0°0)
00°0- 100 100 c00 01°0 €00 DT d)TTIdS
(50°0) (€0°0) (€0°0) (€0°0) (11°0) (¥0°0)
€00 5,00 55200 s 110 VG 0 €00 M(ONOD)TTIS
s1eak G-() s1eak G-() s1eak G-() s1eak ¢-() s1eak T-() s1eak T-() dnoi3 a8y
MaaIsSym CM'adrsvm Ctadaisvm CMadrsvmM M ad ISy MM Mt ad LSy M d[qerrea juspuada(g
(9) (9) (7) (€) (2) (1)

Surysem uo s[Ids 10 Jo s3199hH 1 9[qRL

35



"AT0A1100dS01 TOAd[-04 0T PUR G ‘T 9} IR 00URIYIUSIS 9JRIIPUL 4 ‘y o 4oy "SIOISN[O SH( OYI JO [9A9]
9T J® PAISISNID dIR SIOLIO PIRPURIG "X} UTRU 91} Ul PA(LISOP aIe (PW!y Ul 9s0y) SUIPN[OUl) So[qeLIeA [[Y 'SP10da1 Ino ul [[1ds 10 1S9S07D 91} W0} Wy (T
R[] $0] SI9YSTI[D UT SUIAI] SIDYIOU 0} WIO] dIoM OUM Pue (T 9J0UJ00] 99S) 9FURI PI[RA B UIIIM PUR d[(R[IRAR OIR SHUSTSINSLIUL JYSIOY YOIM I0] (MOI PUOIIS
9} UI PoJeOIpUl se) 93e JO sIeoA G 10 ¢ ‘T 03 dn USIP[IYD [[e Sepn[dul pue ¢107 SHJ ®LPSIN oY) U0 poseq ST o[dureg 'SUOISSOIFI S1000 POXY IBSUIT :S9J0N

€z0 0Z°0 G1'0 LT°0 8%0 c0°0 parenbs-y
0¢T 0¢T1 0eT1 0¢T1 0eT1 9z1 SI9YST[D JO IOqUINN
LIT°C AR NS LIT°C 6£9°T 129 129 SIS0 JO IoquInN
L66'C L66°C L66°C €G8'T 9¢9 9¢9 UDIP[ID JO IDCUINN]
S0k ou ou ou ou ou muowﬁw @@Nm H@ﬂgoz
SoA SoA ou ou ou ou spue1) swr) oyads-19gsny))
ou SoA SoA SoA SOA ou S10050 Paxy Iogsny))
SoA SoA SoA SoA SoA SoA Uy SOIYSLIDYORIRYYD [IIg
(60°0) (50°0) (70°0) (c0°0) (11°0) #00)
70°0 00°0- 70°0 000 200 700 MU FAIT)TTILS
(c0°0) (€0°0) (z0°0) (€0°0) (20°0) (€0°0)
€00 00°0- 10°0- 10°0- 80°0- 10°0- M OFY)TTILS
(90°0) (70°0) (£0°0) (¥0°0) (80°0) (€0°0)
€0°0- €0°0- 200~ +80°0- 00°0- 200 M ONOD)TIIAS
s1eak G-() s1eak G-() s1eak G-() s1eak ¢-() s1eak 1-() s1eak 1-() dnois o8y
MAFINALS CAAINNLS CdAINALS CAAINNLS C“dAINALS  CdAINNLS oqetrea yuopuado(]
(9) () (1) (¢) () (1)

Buryunys uo sqids 10 Jo s3199H G 9[qRL,

36



Appendix: Additional figures and tables

Figure A.1: Effect of oil spills on neonatal mortality when omitting single regions
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Notes: The figure plots the coefficients from five separate linear regressions of the neonatal mortality
rate on SPILL(CONC);m., while controlling for mother fixed effects, SPILL(PREG);m., birth-
specific control variables Xj,,., and cluster-specific time trends. The sample is the same as in our
main specification (Table 3, column (4)), but one geopolitical zone (indicated below the figure) is
omitted in each regression. The horizontal lines represent 95% confidence intervals. Standard errors

are adjusted for clustering at the level of DHS clusters.
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Table A.2: Effect of oil spills on birth attendance and the type of mothers giving birth

(1) (2) (3)

Dependent variable Professional Secondary Household
birth attendance education wealth
SPILL(CONC)me 0.03 0.05%* 0.01
(0.03) (0.02) (0.01)
SPILL(PREG)me. -0.02 -0.02 0.00
(0.02) (0.02) (0.01)
Cluster fixed effects yes yes yes
Birth year fixed effects yes yes yes
Cluster-specific time trends yes yes yes
Number of births/infants 3,464 5,043 5,043
Number of clusters 130 130 130
R-squared 0.52 0.31 0.71

Notes: Linear fixed effects regressions. All variables are described in the main text. Standard errors
are clustered at the level of the DHS clusters. *** ** * indicate significance at the 1, 5 and 10%-level,
respectively.
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Table A3: Effects of oil spills on pregnancy termination rates

(1) (2) (3) (4)

Dependent variable PTR,n. PTRpn. PTRp,.. PTRpn.
SPILL(CONC)pme 32.56%* 19.09 19.06 12.82
(13.84)  (14.89) (14.89)  (35.38)
Controls yes yes yes yes
Cluster fixed effects no yes yes no
Cluster-specific time trends no no yes yes
Mother fixed effects no no no yes
Number of pregnancies 3,680 3,680 3,680 3,680
Number of mothers 2,484 2,484 2,484 2,484
Number of clusters 130 130 130 130
R-squared 0.02 0.09 0.09 0.09

Notes: Linear fixed effects regressions. Sample is based on the Nigeria DHS 2013 and includes all
pregnancies starting between January 2008 and ten month prior to the DHS interview in 2013 of
mothers in DHS clusters less than 10 km from the closest oil spill in our records. The dependent
variable PT Ry, is equal to 1,000 if pregnancy p of mother m in cluster ¢ ended in an abortion or
still birth, and zero if it ended in a live birth. All other variables are described in the main text. The
controls are an indicator variable for the year of conception and the mothers’ age (in 5-year intervals).
Standard errors are clustered at the level of the DHS clusters. *** ** * indicate significance at the
1, 5 and 10%-level, respectively.
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