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Abstract

This article investigates the costs of terror using prenatal exposure to Boko Haram
attacks as a case study. Difference-in-difference estimates exploits variation in timing
and geography of attacks to identify exposed cohorts and assess impact of terror on
child in utero. Increase in terror fatalities reduces birth weight and increases low
birth weight probability for cohorts exposed within six months of pregnancy. Large
size effects between sibling comparison suggests a reinforcing response to terror by
households.

Keywords: birth weight, pregnancy, terror, Boko Haram
JEL classification Numbers: I12,J13,O15

∗Contact: Department of Economics, University of Navarra (email: anwokolo@alumni.unav.es). I thank
James Fenske, Olga Shemyakina, Alex Armand and conference participants at 2015 CSAE conference for
helpful comments and suggestions.

mailto:anwokolo@alumni.unav.es


1 Introduction

The long term indirect costs of terror can be 10 to 20 times larger than the direct costs
(Global Terrorism Index, 2014). Yet it is unclear whether this constitutes a small or big
effect on households. Two arguments give small effect view credence: terror casualities are
low when compared to affected population and the large scale of human capital substitution
in production. Accordlingly, the effect of terror is mitigated by the opportunity and ability
to substitute production inputs (Becker and Murphy, 2001; Krueger, 2001). The argument
for big effect view are three-fold. First, certain economic sectors are less resilient to terror
attacks and suffer more losses. Second, indirect costs of fear can lead to overreaction either
by households or the government. Lastly, terror attack increases uncertainty which harms
investment (Abadie and Gardeazabal, 2003)1. The existence of the two effects, big and
small, suggests that the cost of terror depends on the magnitude and persistence of attacks.
Furthermore, initial attacks may have stronger impact than later attacks as a result of
household response to the shock value of attacks.

This paper investigates the costs of terror using prenatal exposure to Boko Haram attacks
in Nigeria as a case study. The focus on the impact of terror attacks on birth weight ensures
the avoidance of potential cofounding factors associated with other forms of violence across
the country. In addition, restricting the analysis to a single terror group presents an ideal
experiment to assess the effect of persistent terror attacks on households. The study is
related to the literature that examines the effect of prenatal environmental exposures on
child health through mechanisms such as maternal health, economic shocks and pollution
(Almond and Currie, 2011; Almond et al., 2005; Black et al., 2007; Oreopoulos et al., 2008;
Royer, 2009; Currie and Vogl, 2013). In addition, it closely relates to the indirect effect
of conflict exposure on (household) health production function through an important early
health indicator (Camacho, 2008; Smits et al., 2006; Mansour and Rees, 2012).

I use a difference-in-differences model and exploit variation in timing and geography of
Boko Haram terror attacks to identify the impact of terror on child in utero. In comparison
to unexposed cohort, I find that in utero exposure to increase in fatalities during the first six
months of pregnancy reduces birth weight and increases low birth weight probability. This
effect is reinforced within siblings comparison and is robust to the inclusion of district-specific
time varying characteristics and linear trends.

Boko Haram (which translates to western education is forbidden) was founded in 2002
1See Krueger (2007) for a review of this literature.
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with the aim to create a strict Islamic state in the north of Nigeria to address societal ills
such as corruption and bad governance. However, it was not until mid-2009 that it turned
to large-scale terrorist activity which has steadily increased to an average of 1175 fatalites
per year between 2009-20142. The group claimed responsibility for nearly all terrorist acts in
Nigeria ranging from armed assaults, bombings and kidnappings. In 2014 it abducted more
than 200 Chibok girls from school and carried out attacks that lead to at least 3878 deaths.
These attacks have led to internal displacement of more than a million people3.

The intensity of Boko Haram activity provides an ideal study of in utero terror exposure.
Figure 1 shows monthly terror fatalities in last five years with an average of 235 deaths
each month. Spatial distribution of terror (see Figure 2) show concentration of attacks in
northeast of Nigeria due primarily to its role as Boko Haram base of operations4. The rest
of the paper discusses the data and identification strategy used in capturing terror exposure.
The results section presents several robustness checks.

Data source: ACLED, Raleigh et al. (2010).

Figure 1: MONTHLY TERROR FATALITIES, 2009-2014

2The total number of fatalities within this period was 7047 deaths. See Raleigh et al. (2010).
3See Internal Displacement Monitoring Centre (2015)
4Boko Haram activity in Nigerian northeast region is 55 times as large compared to the rest of the country.
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Data source: ACLED, Raleigh et al. (2010).

Figure 2: DISTRIBUTION OF TERROR FATALITIES ACROSS DISTRICTS , 2009-2014

2 Data and Methodology

I use the 2013 Nigeria Demographic and Health Survey (NDHS) data. The NDHS contains
data on 38,522 households interviewed between February and June 2013. Information at
the household level relates to birth registration, maternal education and age, marital status,
paternal demographic characteristics, maternal behavior during pregnancy (e.g. number of
prenatal visits) and infant health at birth. The household data is merged with data on
fatalities by Boko Haram collected by ACLED on a monthly basis at district level over 2009-
2013 period. I construct three terror intensity variables by matching the number of Nigerians
killed by Boko Haram to children in the NDHS based on their date of birth and district of
residence5. The estimation is restricted to infants born between January 2009 and July 2013
in the north east region of the country 6. The mean birth weight in the northeast region for

5These calculations are based on the assumption that with a median gestational age of 38 weeks.
6The upsurge in terror attacks started in July 2009 and the final birth entry in the survey is on July 2013.
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the study period was 3098 grams with 7.06 per cent of births weighing less than 2500 grams7.
To capture time-varying pre-conflict trends and district level household characteristics, I use
socioeconomic variables such as unemployment rates, wage levels, rainfall, temperature and
food supply disruption indicators from Nigeria General Household Survey (NGHS) conducted
between 2010-2013. This controls for possible selection into fertility and divergence in trends
of terror-affected districts.

Exploiting variation in timing and geography of terror attacks, I estimate a difference-
in-difference model to identify the causal effect of terror on child in utero as follows:

yi = α0 +
3∑

j=1
αj × Terrorj × I(inutero)i + βXi + τyob + γmob + λdist + εi (1)

where yi is the dependent variable of interest for individual i . Terrorj is the number
of terror fatalities per capita during pregnancy trimesters; I(inutero)i is an indicator that
takes the value of 1 for the cohort born between January 2009 - July 2013 who are exposed
to at least one terror incident, and 0 otherwise. Xi is a vector of individual characteristics
such as gender, parental education, marital status, age at birth, age at marriage, religion,
ethnicity, place of residence, and district-level characteritics around the time of conception
such as unemployment rates, wage levels, food security indicators, rainfall and temperature.
τyob is a vector of year of birth indicator. γmob is a vector of month of birth indicators. λdist is
a vector of district of birth indicators. εi is a random error term. The trimester parameters
measure the extent to which cohorts (inutero) exposed to terror fatalities differ from those
not exposed or exposed to terror attempts. This captures the idea that terror attempts
and fatalities are not predetermined. In other words, pregnancy trimesters are differentially
affected by terror attacks in relation to proximity and impact of the initial and subsequent
terror fatalities8. In an alternative regression estimation, I restrict sample to siblings (using
unique family identifiers) and compare children (in utero) exposed to terror fatalities to their
siblings. Put differently, I estimate equation (1) with family fixed effects to control for family
characteristics that affect fertility decisions in respones to terror attack exposure9. I also
add controls for district time varying characteristics and district specific-linear time trends

7Weight at birth of less than 2500 grams is defined as low birth weight.
8I assume that the cost of terror at district level increases with the number of terror attacks per capita

and the local population size. See Gould and Klor (2010) for conceptual framework.
9This is to remove potentially cofounding factors from unobserved characteristics, for instance, adjustment

to mother’s behavior given exposure to terror attacks.
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to capture long-run changes such as fertility rates and health sector development across
districts.

3 Results

Table 1 presents the effects of terrorism on birth weight for full and non-migrant household
sample. Point estimates are significantly negative for cohorts exposed to terror fatalities
during early pregnancy trimesters. Relative to unexposed children of similar cohort, terror
exposed children had a birth weight of 20 grams standard deviation lower for first trimester
exposure and of 6 grams standard deviation lower for second trimester exposure (column 1).
This implies a negative mean difference of 0.65% and 0.2% for in utero exposure to fatalities
in comparison to unexposed cohorts. The result is consistent to the inclusion of household
and district level characteristics (column 2). Given the possible displacement caused by
terror, I evaluate the impact of terror fatalities for a sample of non-migrant households
(columns 3-4). The coefficients of the treatment variable remain stable and significant. In
contrast, exposure during the third trimester has a positive effect on birth weight. A plausible
explanations is the estimation bias due to unobserved heterogeneity at the family level. This
is addressed in Table 2 which presents the impact of terror on birth weight with family fixed
effects. The magnitude of the coefficients across columns (1-4) imply that the total effect of
terror fatalities in utero exposure is negative and significant until the third trimester. Birth
weight decreases by 25 and 13 grams respectively for a standard deviation increase in first
and second trimester in utero terror exposure. These results show that the magnitude of the
point estimates correspond to terror fatalities during early pregnancy with a negative birth
weight mean difference of 0.8% (first) and 0.45% (second) trimester exposure.

Table 3 presents similar estimation using an indicator of low birth weight as a dependent
variable. Estimates show that exposed cohorts have a 0.5% probability of having a birth
weight of less than 2500 grams for second trimester exposure. The effect increases to 0.7%
probability for sibling fixed effects estimation in Table 4 which suggests a reinforcing effect
of parental response to terror exposure.
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3.1 Robustness

I conducted several checks varying from heterogenous effects, placebos and inclusion of pos-
sible shocks correlated with terror attacks10. For heterogenous effects, the samples are par-
tioned for different subgroups based on religion (muslim and non-muslim) and gender. Two
placebo groups are created for terror fatalities that occur during preconception period (1-3
months before birth) and postnatal period (1-3 months after birth) for exposures outside
pregnancy trimester. Results indicate that muslim and female child in utero have a higher
probability of having a low birth weight due to exposure to terror fatalites. Furthermore,
preconception and post-birth terror exposure have less chance of causing low birth weight.
Estimates are also robust to the inclusion of shocks correlated with terror attacks such as
rainfall, temperature and commodity prices.

Additional tests are carried out for possible non-linear effects and the long-run impact
of terror exposure child health using height-for-age. Similar to findings by Camacho (2008),
results show that exposure to additional terror fatalities are non-linear and increases the
effect of birth weight reduction. Estimation on long-run effect on child health show a negative
impact for in utero exposure during the last trimester. However, there are no effects within
sibling comparisons.

4 Conclusion

I examine the effect of 2009-2013 terror attacks of Boko Haram in Nigeria on the birth weight
of infants using natality data from demographic and health survey in addition to information
on the exact date and location of attack collected during this period. Specifically, I examine
the effect of terror fatalities on birth weight and on the probability of having low birth
weight. I find that additional fatality during trimesters of pregnancy reduces birth weight
and increases the probability of the infant weighing less than 2500 grams. This impact
is stronger and persistent if attacks occur in the first and second trimester and is robust
to possible responses to terror attacks such as endogenous fertility, migration, rainfall and
temperature shocks.

10Results are available on request.
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Table 1

THE EFFECT OF TERROR FATALITIES ON BIRTH WEIGHT

Full sample Non-migrant sample

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

inutero × trimester fatalites:

Terror 1 -20.08∗∗ -20.05∗∗ -22.47∗∗ -22.24∗∗

(8.05) (8.97) (8.51) (9.28)
Terror 2 -5.73∗∗ -6.27∗∗ -6.21∗∗ -6.66∗

(2.87) (3.13) (3.07) (3.36)
Terror 3 18.64∗∗∗ 17.76∗∗∗ 18.73∗∗∗ 17.89∗∗∗

(4.78) (4.85) (4.94) (5.02)

District fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics No Yes No Yes
N 4419 4392 3870 3855
R2 0.385 0.386 0.380 0.381

Note: The dependent variable is birth weight (in grams). Standard errors clustered by district

are in parentheses. All regressions are based on weighted data for the period January 2009

through July 2013 and include controls for year and month of birth, mother’s age at birth

and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level



Table 2

THE EFFECT OF TERROR FATALITIES ON BIRTH WEIGHT

Full sample Non-migrant sample

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

inutero × trimester fatalites:

Terror 1 -25.37∗∗ -21.24∗∗ -27.49∗∗ -27.49∗∗

(10.68) (10.26) (10.74) (10.97)
Terror 2 -13.94∗∗∗ -11.02∗∗∗ -15.43∗∗∗ -13.05∗∗∗

(2.17) (2.61) (2.20) (2.77)
Terror 3 -11.42 -22.85 -9.56 -17.16

(17.70) (22.58) (16.63) (22.53)

Family fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics No Yes No Yes
N 2336 2330 2055 2052
R2 0.210 0.215 0.215 0.218

Note: The dependent variable is birth weight (in grams). Standard errors clustered by district

are in parentheses. All regressions are based on weighted data for the period January 2009

through July 2013 and include controls for year and month of birth, mother’s age at birth

and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level
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Table 3

THE EFFECT OF TERROR FATALITIES ON LOW BIRTH WEIGHT

Full sample Non-migrant sample

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

inutero × trimester fatalites:

Terror 1 -0.0011 -0.0012 -0.0004 -0.0006
(0.001) (0.001) (0.001) (0.001)

Terror 2 0.0050∗∗∗ 0.0049∗∗∗ 0.0055∗∗∗ 0.0054∗∗∗

(0.001) (0.001) (0.002) (0.002)
Terror 3 0.0026 0.0028 0.0036 0.0038

(0.003) (0.003) (0.003) (0.003)

District fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics No Yes No Yes
N 4419 4392 3870 3855
R2 0.237 0.238 0.239 0.239

Note: The dependent variable is a dummy equal 1 for low birth weight (≤ 2,500g). Standard errors

clustered by district are in parentheses. All regressions are based on weighted data for the period

January 2009 through July 2013 and include controls for year and month of birth, mother’s age at

birth and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level
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Table 4

THE EFFECT OF TERROR FATALITIES ON LOW BIRTH WEIGHT

Full sample Non-migrant sample

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

inutero × trimester fatalites:

Terror 1 0.0039 0.0050 0.0041 0.0052
(0.003) (0.003) (0.003) (0.003)

Terror 2 0.0072∗∗∗ 0.0074∗∗∗ 0.0076∗∗∗ 0.0077∗∗∗

(0.001) (0.001) (0.001) (0.001)
Terror 3 -0.0000 -0.0030 0.0013 0.0014

(0.005) (0.006) (0.005) (0.006)

Family fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics No Yes No Yes
N 2336 2330 2055 2052
R2 0.197 0.204 0.195 0.197

Note: The dependent variable is a dummy equal 1 for low birth weight (≤ 2,500g). Standard errors

clustered by district are in parentheses. All regressions are based on weighted data for the period

January 2009 through July 2013 and include controls for year and month of birth, mother’s age at

birth and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level
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Table 5

HETEROGENOUS EFFECT OF TERROR FATALITIES

Religion Gender

Variable Muslim Non-muslim Female Male

inutero × trimester fatalites:

Terror 1 0.0058∗ -0.0269 0.0446∗∗∗ -0.0020
(0.003) (0.061) (0.011) (0.003)

Terror 2 0.0112∗∗∗ 0.0040 0.0124∗∗∗ 0.0071∗∗

(0.004) (0.004) (0.003) (0.003)
Terror 3 -0.0053 -0.0182∗ 0.0503∗∗ 0.0021

(0.007) (0.011) (0.025) (0.010)

Family fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics No Yes No Yes
N 1816 514 1086 1244
R2 0.218 0.238 0.243 0.291

Note: The dependent variable is a dummy equal 1 for low birth weight (≤ 2,500g). Standard errors

clustered by district are in parentheses. All regressions are based on weighted data for the period

January 2009 through July 2013 and include controls for year and month of birth, mother’s age at

birth and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level
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Table 6

THE EFFECT OF TERROR FATALITIES ON LOW BIRTH WEIGHT WITH PLACEBO

Full sample Non-migrant sample

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

Terror (preconception period) -0.0185∗∗∗ -0.0185∗∗∗

(0.001) (0.002)
inutero × trimester fatalites:

Terror 1 0.0050 0.0032∗ 0.0052 0.0034∗

(0.003) (0.002) (0.003) (0.002)
Terror 2 0.0074∗∗∗ 0.0068∗∗∗ 0.0077∗∗∗ 0.0072∗∗∗

(0.001) (0.001) (0.001) (0.001)
Terror 3 -0.0030 -0.0060 -0.0014 -0.0049

(0.006) (0.006) (0.006) (0.006)

Terror (postnatal period) 0.0173 0.0201
(0.012) (0.013)

Family fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Month fixed effects Yes Yes Yes Yes
District time varying characteristics Yes Yes Yes Yes
N 2336 2330 2052 2052
R2 0.204 0.211 0.197 0.206

Note: The dependent variable is a dummy equal 1 for low birth weight (≤ 2,500g). Standard errors

clustered by district are in parentheses. All regressions are based on weighted data for the period

January 2009 through July 2013 and include controls for year and month of birth, mother’s age at

birth and marriage, infant’s gender and birth order, unemployment rate and wage level by district.

Terror (preconception period) are fatalities that occured 1-3 months before conception and terror

(postnatal period) are fatalities that occured 1-3 months after birth.

***Statistically significant at 1 percent level

**Statistically significant at 5 percent level

*Statistically significant at 10 percent level
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