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ABSTRACT

Firearm violence is a pervasive public health crisis in the United States, with significant numbers
of homicides involving firearms, including indiscriminate shootings in public spaces. This paper
investigates the largely unexplored consequences of stress induced by these attacks on newborn
health. We use two approaches to examine this question. First, we consider the "beltway sniper"
attacks of 2002 as a natural experiment, using administrative birth records with maternal
residential addresses in Virginia. The beltway sniper attacks, a series of random shootings in the
Washington DC metropolitan area, led to significant terror and disruptions in daily life over a
three-week period. We compare birth outcomes of children exposed to the attacks in utero due to
timing or having a residential address near a shooting location to those who were not exposed.
Second, we investigate the impact of in-utero exposure to mass shootings on infant health
outcomes using restricted-access U.S. Vital Statistics Natality records from 2006 to 2019 and
leveraging variation in the timing of mass shootings in counties where at least one shooting
occurred.

Our findings reveal that mass shootings impose substantial, previously unconsidered costs on
pregnant women and their infants. Exposure to the beltway sniper attacks during pregnancy
increased the likelihood of very low birthweight and very premature birth by 25 percent. The
analysis based on national data from mass shootings confirms these findings, albeit with smaller
effect sizes. These results underscore the need to recognize the broader impact of violence on
vulnerable populations when assessing the true costs of firearm violence. Calculations based on
our estimates suggest significant economic burdens, with the additional costs of the beltway
sniper attacks reaching $15.5 billion in 2023 dollars and mass shootings imposing annual costs of
seven billion dollars. These findings suggest that pregnant women and their infants may require
additional support in the aftermath of mass gun violence.
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1. Introduction

Firearm violence is a public health epidemic, affecting communities all over the United
States. One of the many disturbing aspects of this epidemic is the persistent and increasing
occurrence of homicides committed with a firearm. According to the Centers for Disease Control
and Prevention (CDC), 19,592 people died from firearm homicides in the United States in 2022,
accounting for 41 percent of total deaths from firearms, with the rest mainly accounted for by
suicides.! In addition to these deaths, more than four times as many Americans each year sustain
non-fatal firearm injuries (Kaufman et al., 2021). Between 2019 and 2020, the firearm homicide
rate increased by about 35 percent, from 4.6 to 6.1 per 100,000 persons, reaching the highest
recorded level in over 25 years (Kegler et al., 2022).

A particularly alarming symptom of the firearm violence epidemic is the increase in the
frequency and lethality of incidents in which an individual shoots indiscriminately at people in a
public area. These active shooter or mass shooting incidents? not only result in direct harm through
loss of life and medical expenses, but also have the potential to cause psychological harm such as
post-traumatic stress, fear, and depression among members of affected communities (Lowe and
Galea, 2017; Rossin-Slater et al., 2020; Brodeur and Yousaf, 2022; Soni and Tekin, forthcoming).
Furthermore, the severity of these effects appears to be positively related to the intensity and the

physical proximity of the shooting incident (Thoresen et al., 2012; Shultz et al., 2014).

!'See https://publichealth.jhu.edu/2023/cdc-provisional-data-gun-suicides-reach-all-time-high-in-2022-gun-
homicides-down-slightly-from-2021.

2 For example, there were 61 incidents designated as active shooter incidents in 2021 by the Federal Bureau of
Investigation (FBI), which represents a 53 percent increase from 2020 and a 97 percent increase from 2017 (FBI,
2021). The FBI defines an active shooter as one or more individuals actively engaged in killing or attempting to kill
people in a populated area. Implicit in the definition of this term is the use of firearms as the weapon of choice. “Mass
shootings” are a related type of incident. Although there is no universally accepted or official definition of a mass
shooting, the general criteria used to categorize an event as a mass shooting incident is the murder of four or more
people (not including the shooter) with a firearm in a single incident that is not related to more conventionally
motivated crimes such as armed robbery, gang shootings, or drug violence.



There has been a rise in high-fatality indiscriminate killings in public spaces in recent years
(Agnich, 2015; Lowe and Galea, 2015, 2017; Webster, 2017; Lin et al., 2018), accompanied by
increased media coverage (Roeder, 2016; Jetter and Walker, 2018). This greater media attention
has led to increased public awareness despite the fact that random shootings are still rare and
account for less than one percent of firearm deaths, sparking significant public concern and fear
(Luca et al., 2020). A recent survey by the American Psychological Association shows that nearly
80 percent of adult Americans live with stress due to the possibility of a mass shooting, and about
three-quarters report changing their behavior to avoid becoming a victim.?> As a result of the
staggering human toll, there are persistent calls for lawmakers to take substantive action to help
curb this violence.*

There is a large literature in economics devoted to understanding the determinants of
firearm violence and the effects of the policies and programs aimed at reducing its prevalence
(Duggan, 2001; Edwards et al., 2018; Cook and Ludwig, 2000; Luca et al., 2017; McClellan and
Tekin, 2017; Anderson et al., 2021). Yet relatively little is known about the impacts of firearm
violence beyond the effects on those who are directly victimized. Information is especially lacking
about the effects on some of the most vulnerable groups in society such as those who are pregnant
and their infants.>

The goal of this paper is to examine the causal effect of stress induced by the fear of gun
violence during pregnancy on newborn health. To accomplish this goal, we rely on two sources

of data, which have complementary strengths. The first uses the 2002 “beltway sniper” attacks as

3 See https://www.apa.org/news/press/releases/2019/08/fear-mass-shooting.

4 The U.S. Senate recently voted 65 to 33 to pass a bipartisan gun control bill, the Safer Communities Act, which was
considered to be the most significant legislation addressing guns in nearly 30 years. President Biden signed the bill
into law on June 26, 2022.

3 This is partly because victim identities are generally withheld for confidentially reasons.



https://www.apa.org/news/press/releases/2019/08/fear-mass-shooting

a natural experiment and leverages administrative birth records with information on maternal
residential addresses from Virginia. As explained in detail below, the beltway sniper attacks were
a series of random shootings in the Washington DC metropolitan area and along Interstate 95 in
Virginia between October 2™ and 22", 2002. The attacks left ten people dead and three people
critically injured. During this three-week period, millions of people living in and around the areas
that experienced shootings were terrorized and experienced major disruptions in their lives. Our
primary empirical strategy involves comparing the birth outcomes of children in utero during the
time and near the locations of the shootings to those of children who were not exposed to the
attacks in utero because of timing or because their mothers resided farther from the attacks.

To provide context for the sniper attacks analysis and shed light on the broader implications
of U.S. firearm violence, we perform a second analysis, examining the effect of exposure to mass
shootings during pregnancy on birth outcomes using all U.S. Vital Statistics Natality records from
2006 to 2019. Specifically, we estimate the impact of in-utero exposure to mass shootings on infant
health outcomes using a difference-in-differences research design, taking advantage of arguably
exogenous variation in the occurrence of these incidents across counties and over time. We
anticipate these estimates to be smaller than the estimated effects of the beltway sniper attacks.
This is primarily due to the time-limited nature of mass shootings, in contrast to the three-week
duration of the sniper attacks, and because counties represent large geographic units where not all
residents are likely to have been equally affected by a shooting.® Nonetheless, examining the
pattern of estimated effects of mass shootings on birth outcomes helps us to assess the external

validity of the beltway sniper estimates.

® An additional reason is that the national Vital Statistics Natality data include month of birth but not date of birth so
that the timing is less precise in this second analysis.



The goal of this paper is to examine the causal effect of stress induced by firearm violence
during pregnancy on infant health. Our analysis indicates that extreme incidences of firearm
violence have substantial costs on third parties that have not been considered previously. Exposure
to the beltway sniper attacks during pregnancy increased the likelihood of very low birthweight
(birthweight<1,500 grams) and extreme prematurity (gestational length<32 weeks) by 25 percent.
The impact on birthweight is most pronounced for those exposed during the first and second
trimesters, with effect sizes of 40 and 35 percent, respectively, while no discernible effect is
observed for those exposed during the third trimester. For extreme prematurity, the effects are
concentrated among those exposed during the first six months of pregnancy, especially during the
second trimester, with an effect size of approximately 30 percent. The analysis based on national
data from mass shootings confirms the finding that extreme incidences of firearm violence inflict
significant costs on infants affected in utero, though as predicted the effect sizes in the national
mass shooting analysis are smaller.

These findings highlight the importance of considering the broader impact of violence on
vulnerable populations when assessing the true costs of such incidents. Calculations based on our
findings suggest that the additional costs of the beltway sniper attacks because of harms to children
in utero totalled $15.5 billion in 2023 dollars. Our estimates using national data imply that effects
of mass shootings on children in utero impose costs of seven billion annually. These results
suggest that pregnant women and their infants are likely to need additional support in the form of
counselling and access to health care following incidents of mass gun violence and should be
remembered when policies to help victims are implemented and in public health surveillance.
More broadly, these additional costs of violence underline the need for effective policy responses

to firearm violence.



The rest of the paper is laid out as follows. Section 2 provides background information
about the effects of stress during pregnancy, while Section 3 describes relevant features of the
beltway sniper attacks. The data are described in Section 4, and Section 5 describes our methods.
Section 6 presents the results, followed by a series of robustness checks and placebo analyses in
Section 7. Section 8 provides a discussion of mechanisms, while Section 9 provides a calculation

of the costs of mass shootings on children in utero. Conclusions appear in Section 10.

2. Stress During Pregnancy and Birth Outcomes

Infant health at birth is an important predictor of an individual’s success later in life. Low
birthweight is associated with poorer cognitive development and educational attainment as well as
lower employment and earnings (e.g., Black et al., 2007; Currie and Moretti, 2007; Oreopoulos et
al., 2008; Currie et al., 2010; Figlio et al., 2014). Additionally, adverse conditions during
pregnancy cause poor health among newborn children, which often persists over time and
adversely affects human capital accumulation and labor market productivity. Most of the literature
documenting these effects considers physical health insults, such as famines (Almond et al., 2010;
Scholte et al., 2015), radiation (Black et al., 2019), extreme temperature (Bruckner et al., 2014),
malnutrition (Almond and Mazumder, 2011), and air pollution (Chay and Greenstone, 2003, 2005;
Currie and Walker, 2011; Currie and Schwandt, 2016).

There is a medical literature documenting a relationship between maternal prenatal stress
and birth outcomes, but the causal interpretation of these results is hindered by the fact that

exposure to firearm violence is not random but related to a myriad of individual and neighborhood



factors such as economic deprivation, discrimination, social disorganization, and or poor health
(Friedson and Sharkey, 2015; Sampson et al., 1997; Sampson, 2011).”

A growing number of economic and social science studies have sought to measure the
causal effects of stress during pregnancy. Aizer et al. (2016) use a sample of pregnancies from the
early 1960s in Providence and Boston to estimate the effect of cortisol levels during pregnancy on
educational attainment in primary school. This study has the advantage of having a direct measure
of stress (cortisol levels), and directly demonstrating a relationship between cortisol and future
child outcomes. It does not however, focus on the impact of individual particularly stressful events
like gun violence.

Black et al. (2016) and Persson and Rossin-Slater (2018) examine the effects of stress
experienced in utero due to the death of close relatives in Norway and Sweden, respectively, using
variations in the precise timing of bereavement relative to the child's birth. Similarly, Currie et al.
(2022) explore the impact of intimate partner assaults during pregnancy on infant health outcomes,
comparing the effects of incidents before or after pregnancy.

Several studies focus on stress-inducing events and experiences such as earthquakes
(Glynn et al., 2001; Torche, 2011), hurricanes (Currie and Rossin-Slater, 2013), the terrorist
attacks of 9/11 (Lauderdale, 2006; Brown, 2014), and the prevalence of landmines (Camacho,

2008) to make inferences about the impact of fetal exposure to stress on infant health. While these

7 The association between maternal prenatal stress and adverse birth outcomes is well-described in the medical
literature and several causal pathways have been hypothesized. For instance, stress stimulates the production of
corticotrophin-releasing hormone (CRH), which has adverse effects on infant health outcomes (Hobel and Culhane,
2003; Grote et al., 2010). Similarly, both animal and human studies have shown that stress in utero may have re-
programming effects on neurodevelopment and the hypothalamic-pituitary adrenal axis (HPA), which could affect a
developing fetus (Weinstock, 2008; Glover et al., 2010). Furthermore, stress during pregnancy may suppress the
mother’s immune system, and negatively affect the offspring’s developing immune system (Stott, 1973; Weinstock,
2008). Aside from these channels, adverse behavioral responses to stress, such as maternal cigarette smoking or
alcohol consumption, can also have adverse effects on the health of the fetus.



studies overcome the challenge of non-randomness of exposure, it can be difficult to separate out
the effect of stress from the other effect of other impacts of these events and experiences.

This paper contributes to the existing literature on the influence of maternal stress during
pregnancy by focusing on psychological stress caused by firearm violence. Arguably our results
mainly reflect the effects of stress per se rather than, for example, effects on family income and
organization that could result from a stressful event, or direct personal exposure to hardship or
physical violence.

There are two studies that take on the question of the relationship between prenatal
exposure to firearm violence and birth outcomes, while also attempting to account for the potential
endogeneity of exposure. Torche and Villarreal (2014) examine the effect of maternal exposure
to local homicides on birthweight using monthly Mexican data at the municipality level from 2008
to 2010. The authors control for municipality fixed effects, implicitly assuming that violence is
the only factor that varies over time within each city. Surprisingly, they find that exposure to
homicides in the first trimester increases infant birthweight and reduces the proportion of low
birthweight children. The authors argue that pregnant women exposed to local violence engage in
health-enhancing behaviors such as increased use of prenatal care. However, in municipality-level
data it is difficult to rule out other explanations such as differential migration in response to
violence.

Goin et al. (2020) use data on birth, death, emergency department, and hospital records
from California between 2007 and 2011 to estimate the association between living in a
neighborhood with high firearm violence and preterm delivery. The authors use a propensity score
approach combined with a machine learning algorithm to identify neighborhoods with similar

characteristics but differing levels of firearm violence. They find that firearm violence is associated



with an increased risk of preterm delivery, which is partially mediated by increases in infections
and substance use.

Finally, two recent studies focus on the effect of school shootings on the mental health of
a different vulnerable group: school-aged children. Rossin-Slater et al. (2020) look at the effects
of 44 school shootings on prescriptions of antidepressants among children living within five miles
of a school compared to those living 10 to 15 miles away. Bharadwaj et al. (2021) examine the
effects of the mass shooting in Norway on July 22, 2011. They compare survivors to a matched
control group and find that survivors have lower test scores, more health visits, more diagnoses of
mental health problems, and ultimately fewer years of schooling and lower labor force

participation. They also find effects on the mental health of parents and siblings of survivors.

3. The Beltway Sniper Attacks and the Definition of Mass Shootings

The beltway sniper attacks were a series of shootings that occurred in October 2002 in the
Washington, D.C., metropolitan area and along Interstate-95 in Virginia. The attacks were
perpetrated by two gunmen, who targeted seemingly random individuals in various public
locations. Over a period of three weeks, between October 2 and 22, 2002, ten people were killed,
and another three were critically injured by precisely aimed rifle shots fired from a distance. The
shootings occurred in multiple locations, with five attacks in Virginia resulting in three deaths and
two serious injuries, while the other eight incidents took place within several miles of the Virginia

border in Maryland and the District of Columbia. A timeline for the shootings along with a short



description of the victims is presented in Table 1.% The locations of these thirteen shootings are
marked in the map displayed in Figure 1.

The beltway sniper attacks generated a significant amount of fear and anxiety among the
residents of the affected areas. The victims were chosen indiscriminately without any apparent
motive, shot down during their regular activities like mowing the lawn, pumping gas, shopping,
or reading a book on a bench. The snipers targeted both men and women, showing no distinct
preference for the race or age of the victims. The unpredictable and seemingly random nature of
the shootings caused panic and lead to widespread behavioral changes, as people sought to protect
themselves and their families from potential harm. Individuals altered their routines by skipping
work and school, running or weaving through parking lots to avoid being targeted, canceling
outdoor activities, and avoiding shopping centers and gas stations in the affected areas. (Coppola,
2004; Zivotofsky and Koslowsky, 2005; Mitchell, 2007). The attacks had detrimental effects on
the mental health of individuals living in the communities bordering the affected areas. For
example, Schulden et al. (2006), analyze contemporaneous data from a survey of 1,205 adults in
the communities impacted by the shootings. They find that 44 percent of respondents experienced
at least one symptom of traumatic stress, while 7 percent reported symptoms consistent with a
diagnosis of post-traumatic stress disorder.

Many studies have shown that experiencing mass trauma can lead to high rates of
psychiatric issues, impacting not only the individuals directly affected but also those indirectly

exposed (Schultz et al., 2014; Soni and Tekin, forthcoming). For instance, a study of survivors of

8 The initial shooting of the beltway sniper attacks occurred at 5:20 p.m. inside a craft store in Maryland, approximately
an hour before the first deadly shooting took place several miles away near a food warehouse. This shooting is
excluded from the analysis since no one was injured and it did not generate much public anxiety or panic. Including
this incident as part of the beltway sniper shootings does not alter our results, which is not surprising given its close
geographical proximity to a subsequent fatal shooting on the same day.



the Oklahoma City bombing found that over one third of those exposed to the blast developed
post-traumatic stress disorder (PTSD) (North et al., 1999). Following the September 11 terrorist
attacks, 7.5 percent of the overall Manhattan resident population exhibited PTSD symptoms, with
this number rising to 20 percent for those living closest to the attacks (Galea et al., 2002).

The perpetrators used a modified car with a hidden compartment that allowed them to shoot
from a concealed position, making it difficult for witnesses to identify the source of the gunfire.
The shootings ultimately led to one of the largest criminal manhunts in U.S. history, involving
federal, state, and local law enforcement agencies. Ultimately, the intensive search concluded in
the arrest of the two gunmen at 3:15 a.m. on October 24, 2002 after police were tipped off by two
911 calls from a rest stop in Maryland where the two snipers were sleeping in their car. Two men,
one aged 41 and the other aged 19 were found guilty of murder and weapon charges in 2003. The
older one was executed in 2009, while the younger man was sentenced to life in prison without
parole.

The beltway sniper shootings differed from some of the other mass trauma events studied
in the literature in several ways that may have led to a higher mental toll. First, the sniper attacks
took place over an extended period of approximately three weeks. This prolonged duration meant
that the public was exposed to a sustained period of fear and uncertainty, which can exacerbate
psychological distress. The elusive nature of the snipers and the difficulty authorities faced in
apprehending the perpetrator could have intensified feelings of powerlessness and vulnerability in
the community and amplified the emotional impact of the attacks.

Our analysis of national data on mass shootings uses a measure of mass shootings that
aligns with the FBI's definition of mass murderers, in keeping with other recent studies (Krouse

and Richardson, 2015; Luca et al. 2020; Yousaf, 2021; Brodeur and Yousaf, 2022; Soni and Tekin,

10



forthcoming).” Specifically, the criteria for defining a mass shooting are as follows: (1) The
incident resulted in the death of four or more individuals, excluding the perpetrator(s); (2) Firearms
were the primary weapons used in the incident; and (3) The incident is unrelated to gang, drug, or
other criminal activity. The last condition helps to identify incidents that a pregnant person might

perceive as representing an increased threat to their own safety.

4. Data

The analysis of the beltway sniper attacks relies on the Vital Statistics Natality records
from Virginia between 1998 and 2004. These data cover the universe of births in the state and
include detailed information about health at birth and background information about the mother.
A contractual agreement with the Virginia Department of Health, allowed us to use a restricted
version of these records which includes the mother’s residential address. These data also include
the child’s sex, birth order, plurality, birthweight in grams, an indicator for any congenital
abnormalities, gestational length in weeks, the Apgar score, and maternal education. Furthermore,
the data have information about the delivery, such as whether the birth was through cesarean
section, if labor was induced, whether the mother experienced gestational hypertension, and a
number of complications that may occur during labor or delivery (e.g., premature rupture of
membranes). Lastly, they include information about maternal behaviors during pregnancy,
including the frequency of prenatal care visits and whether the mother smoked either before or

during pregnancy.

° The FBI’s definition of a "mass murderer" is an individual who kills four or more people, not including themselves,
in a single occurrence, typically in a single location, with no distinctive period between the murders (Federal Bureau
of Investigation, 2008).
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The original data set has 690,340 birth records. Over 91 percent (628,596) had addresses
that were successfully geocoded.!® The distance between each of the maternal addresses and each
of the thirteen sniper shooting locations was calculated using the latitude and longitude of each
location and assigning the shortest distance to be the most relevant shooting for each residential
address. Mothers residing within a 10-mile radius of the closest shooting were considered part of
the treatment group while those outside a 10-mile radius were the control group. We also present
alternative estimates using radii of seven miles or five miles.

As a final restriction, the main analysis includes only mothers who lived within a 50-mile
radius of any shooting. This restriction reduces the number of observations to 350,651. Virginia is
a state with large variations between urban and rural areas concerning socioeconomic status,
cultural norms, political perspectives, and attitudes towards gun ownership. Moreover, all of the
shootings occurred in relatively urban areas.!! Limiting the analysis sample to mothers who resided
within a 50-mile radius of the closest shooting helps to create treatment and control groups that
resemble each other more closely. However, we also present estimates based on a sample relaxing
this restriction.

The primary measures of birth outcomes are an indicator for very low birthweight (below

1,500 grams) and very preterm (less than 32 weeks of gestation).!> While we focus on these two

10 The geocoding match rate is in line with the results found by Edwards et al. (2014) in their analysis of live births in
the state of North Carolina in 2005. A substantial number of the unmatched addresses in our analysis were PO Boxes
(28 percent) or began with an alpha character indicative of rural route numbers or combinations of route and box
numbers (26 percent) indicating that they would likely be excluded from our main analysis sample of those within 50
miles of a shooting in any case.

! Ten of the 13 sniper shootings occurred in the DC metropolitan area encompassing urban neighborhoods in Northern
Virginia or Maryland and DC areas within a several miles of Virginia. The remaining three incidents occurred in
relatively urban areas alongside the Interstate-95 corridor nearby the cities of Fredericksburg and Richmond.

12 In the vital statistics data, there are two variables related to gestation length. The first measure is based on the
conventional calculation of gestation using the date of the last menstrual period. However, this variable is sometimes
missing or may be measured with error. As an alternative, the records include a clinical estimate of gestation, which
considers all available information, including ultrasound measurements (Currie et al., 2022). For our analysis, we use
this clinical estimate as it provides a more reliable measure of gestation length and is available for all births.

12



severely adverse birth outcomes in the main analysis, results for birthweight in grams, low
birthweight (below 2,500 grams) and preterm (34 or 37 weeks of gestation) are also presented in
supplementary analyses. In addition, we construct indices of adverse birth outcomes in order to
avoid possible pitfalls due to multiple hypothesis testing.

Finally, we make the following additional restrictions to the main analysis sample:
Excluding babies with gestational length less than 23 weeks because not many of these babies
survive and these values could be recorded in error; excluding mothers who were younger than
age 18 at the time of delivery; and excluding women with a conception date after the last shooting
occurred. The reason for this later exclusion is that women who were exposed to the shootings
before conception might still be affected by trauma stemming from these incidents. Therefore,
women with a conception date after the last shooting might not constitute a clean control group.
However, as we demonstrate in the robustness analysis, the estimates remain stable when
considering alternative control groups, including one that includes women who were exposed to
the beltway sniper attacks after the completion of pregnancy or before conception. We also show
that the results are also robust to including women younger than 18 and babies with less than 23
weeks of gestation in the estimation sample. Imposing these criteria generates an analysis sample
of 264,446 observations. About 45 percent of these mothers lived within a 10-mile radius of a
shooting and constitute the treatment group. The rest lived between 10 to 50 miles of a shooting
and form the control group.

Descriptive statistics for the analysis sample as well as for the treatment and control groups
separately are shown in Table 2. The average age of a sample mother is 29 with treated mothers
being slightly older than the mothers in the control group. Mothers residing within a 10-mile

radius of a sniper attack are more likely to be married and Hispanic, and less likely to be White or

13



Black, as well as being more educated than those with an address outside this bandwidth. With
respect to the outcome variables, a little over one percent of infants are very low birthweight and
approximately 1.3 percent were very premature within a 10-mile radius of a sniper shooting. In
the control group, the comparable figures are higher at 1.4 percent and 1.5 percent within 10- to
50-mile of a shooting.

These means suggest that the treatment group is somewhat better off, at least with respect
to expected birth outcomes, which means that any estimated effects of the sniper attacks could be
regarded as a lower bound on the true effects. The final column of Table 2 displays the summary
statistics for observations located beyond the 50-mile radius of the nearest shooting incident and
shows that limiting the control group to people within the 50-mile radius does make the treatments
and control groups more comparable. In what follows, we will assess the extent to which the
treatment and control groups were evolving along parallel trends prior to the beltway sniper
attacks.

The attacks could have prompted some pregnant mothers to give birth in other parts of
Virginia, far removed from the areas where the shootings occurred, or possibly even in other states.
If pregnant women stayed in Virginia but avoided delivering in hospitals near the shooting
locations, then these births would still be captured in the Virginia Natality records. If women
chose to leave Virginia to give birth elsewhere, then we would expect to see a decline in Virginian
fertility rates in the nine months following the shootings. Another possibility is that extreme stress
triggered by exposure to the sniper attacks could have resulted in miscarriages or stillbirths, leading
to a decline in the number of live births in the months following the shootings. However, Appendix
Figure 1 shows that there are no discernible changes in Virginian fertility patterns following the

sniper attacks.

14



The FBI's Supplementary Homicide Reports (SHR) are the primary source of information
about mass shootings nationally. The SHR provides a database of U.S. homicides based on reports
from local law enforcement agencies in 49 states and the District of Columbia.!> However, the
UCR Program is voluntary and some law enforcement agencies do not consistently submit SHR
forms to the FBI, resulting in potential limitations and inconsistencies in the data (Huff-Corzine et
al., 2014). To ensure accuracy, each incident was verified using additional media organizations
and government sources.!* This process not only corrected inconsistencies in the SHR data but
also helped to identify and include mass shootings that were not present in the SHR. In total, there
were 113 incidents in 96 counties between 2006 and 2019.!° Figure 2 shows the geographical
variation and yearly number of incidents. Variations in the criteria used to define mass shootings
lead to inconsistent assessments of both their frequency and lethality. For instance, the Gun
Violence Archive incorporates incidents related to gangs and drug activities. By excluding
conventional crimes, we focus on random and unpredictable shooting incidents, which we
hypothesize are the most likely to induce stress in uninvolved third parties.

National data on infant health at birth were obtained from the restricted access version of
the U.S. Vital Statistics Natality records maintained by the National Center for Health Statistics
(NCHS) at the Centers for Disease Control and Prevention. These records cover all births

registered in the 50 states and the District of Columbia and are based on information obtained from

13 The SHR contains information on the victim and suspected offender's characteristics, such as age, sex, and race, as
well as details about the incident, such as the location, number of victims killed, type of weapon used, relationship
between the victim(s) and offender(s), and the circumstances surrounding the incident.

14 These sources included the USA Today's Mass Killings List, the Washington Post's Mass Shooting List, the Mass
Shootings in America Project, the FBI's Active Shooter Incidents in the USA Report, and Gun Violence Archive.
These organizations differ in the criteria they use in constructing databases on mass shootings, including the minimum
number of victims, the location of the incident, whether the shooting was associated with conventional crimes such as
gang violence or robbery, and the relationship between the perpetrator and the victims.

15 The analysis period starts in 2006 because that is when one of the main sources of information for mass shootings,
USA Today, began tracking these incidents. The endpoint was chosen as 2019 in order to avoid major shifts in societal
dynamics caused by the COVID-19 pandemic and its aftermath.
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both mothers and hospitals. The data coverage is similar to what was described above for the
Virginia data except that we do not observe the exact residential address or day of birth. We can
observe the mother’s county of residency and month of birth allowing us to connect birth records
to the mass shooting database, but with more error than in the Virginia data. The variables used
in the mass shooting analysis and the process employed to construct the sample align closely with
the approach adopted in the analysis of the beltway sniper attacks. Our mass shooting analysis
considers all counties that experienced at least one mass shooting between 2006 and 2019. Sample

construction and descriptive statistics for the national sample are discussed in Appendix A.

5. Empirical Methods

In order to estimate the causal impact of exposure to the beltway sniper attacks on birth
outcomes we adopt a difference-in-differences estimation strategy. The outcomes of infants born
to mothers who lived near one of the shooting sites during their pregnancy during October 2002
are compared to the outcomes of infants born to mothers who lived further away, and this
difference is compared to the analogous difference for infants born to mothers whose pregnancy
did not overlap with October 2002.'¢ Specifically, the treatment group includes babies who were
in utero between October 2 and 23, 2002, and whose mothers lived within 10 miles of one of the
shooting sites.!” All other infants within 50 miles radius are in the control group. This estimation

strategy is formalized in the following equation:

16 The standard difference—in—differences estimator can produce biased results in the presence of heterogeneous
treatment effects over time (e.g., Goodman—Bacon, 2021; de Chaisemartin and d’Haultfoeuille, 2020), but this issue
is not a concern in this context because the timing of treatment does not vary over time.

17 The last shooting incident took place on October 22, 2002, and shooters were arrested at 3:15 a.m. on October 24,
We have selected October 23 as the last date of the treatment period because the snipers remained at large until the
end of October 23. However, using October 22 or 24 as the endpoint of the treatment period does not alter the
estimates.
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Yimdve = & + B Closeimaye *Tri'imaye + 2 Closeimaye *TriZimaye + B3 Closeimaye *Tri*imaye + 1t Closeimaye

+n ClOSeimdyc *COinCideimdy+ ¢Xvimdyc + ﬁudmy + O+ ot + Eimdyc (1)

where Vimaye 1S a birth outcome of child i conceived in day d, in month m, and year y in county c.
Closeimayc 1s a binary indicator for whether the child’s mother lived close to one of the shooting
sites during pregnancy. Tri%imac (i.e., k = 1, 2, 3) are binary indicators representing the mother’s
trimester-specific exposure to the sniper attacks during pregnancy. “First trimester” is defined as
0 to 91 days post-conception, “second trimester” is 92-182 days post-conception, and “third
trimester” is 183-280 days post-conception.!® Equation (1) also includes an interaction term
between the closeness indicator and a binary variable indicating that the expected delivery date
coincided with the shooting period. This specification allows for a separate effect on the infants
of women who had an expected delivery date between October 2 and October 23, 2002 since these
women might have faced special obstacles getting to hospital, for example.!” The vector X contains
observable characteristics including indicators for the mother’s age, marital status, educational
attainment, race and ethnicity, child’s gender, and indicators for parity and plurality. The vector o
represents county fixed effects and Aawy stands for day-month-year of conception fixed effects.
Specifications using weekly or monthly rather than daily fixed effects are also reported below.
Finally, the most comprehensive specifications include county-specific linear time trends (0., at

the conception month-year level) to control for common trends and shocks to infant health that

18 The first trimester indicator is assigned a value of one if the conception dates are within the range of July 24, 2002,
to October 23, 2002, and zero otherwise. The second trimester indicator is set to one if the conception dates fall
between July 23, 2002, and April 23, 2002, and the third trimester indicator takes on a value of one if the conception
dates are between April 22, 2002, and January 16, 2002, and zero otherwise.

1% The estimated coefficients on this term are small and never statistically significant in any of our models. These
1,172 women were exposed to the shootings in the last few days of pregnancy and may have been exposed to between
one and thirteen shootings. Including a separate indicator for them ensures that everyone in the sample that identifies
the main effect of interest was exposed to all thirteen shootings.
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might be correlated with our treatment indicators at the county level. The &may 1s a child-specific
idiosyncratic error term. Standard errors are clustered at the county level, making statistical
inference robust to arbitrary forms of both heteroskedasticity and serial correlation within counties
over time.

Reports about the shootings dominated the news cycle during this period with intense
coverage from both the local and national media organizations.?’ Therefore, it is safe to assume
that all of the women in our sample heard about the incidents and felt some level of anxiety and
fear. By choosing as treated women those who lived close to a shooting, we aim to capture the
fear caused by the risk of becoming a victim. However, since the definition of “close” is unclear
a priori, we experiment with 10, 7, and 5-mile radii and show results from this analysis in the
robustness section.

Given these considerations, the benchmark estimation sample can be described as:

S = {i=1| Conception date < [October 2-23, 2002] < Expected Birthdate}; =1 | 1 [Birthdate <
[October 2-23, 2002]; = 1}, where “Expected Birthdate” is the expected birthdate of the child,
calculated by adding 280 days to the date of conception. The “expected” rather than the “actual”
birthdate is used because the stress caused by the shootings might have altered the actual birthdate
by influencing gestational length. Using the expected birthdate, helps to guard against bias from
the potential endogeneity of the actual birthdate.?!

In equation (1), the coefficients f;, [, and [ are the parameters of interest, representing
the trimester-specific impacts of exposure to the sniper attacks in utero on birth outcomes. A

causal interpretation of 5, /», and S5 in equation (1) hinges on the validity of the “parallel trends”

20 Media coverage was so intense that over 50 articles appeared in the Washington Post alone during the three-week
period of the shootings (Muzzatti and Featherstone, 2007). Furthermore, over 70 percent of citizens reported that they
had followed the news more than usual during the weeks of the sniper attacks (Coppola, 2004; Mitchell, 2007).
2! This approach follows that of Black et al. (2016), Persson and Rossin-Slater (2018b), and Currie et al., 2022).
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assumption required by the DiD method. That is, although there may be pre-existing differences
in birth outcomes between babies born to treated and control mothers as shown in Table 2, there
must be no pre-existing differential trends between the two. The plausibility of this assumption
can be tested in several ways. First, we perform a balance test to assess correlations between the
treatment variables and several measures of maternal and child characteristics. If, for example,
the racial or ethnic composition of Virginia was changing over time in a way that was correlated
with proximity to the sniper attack sites, then this demographic change could potentially confound
the estimates. Appendix Table 1 shows that treatment indicators do not predict the race, ethnicity,
education, age, or marital status of mothers. Similarly, there is no correlation between the treatment
indicators and the child’s gender or the singleton birth indicator.?

Finally, the “parallel trends” assumption is directly tested by estimating an event-study
specification that allows the treatment to have impacts across various periods of exposure. This
test is performed by estimating a dynamic model which is specified as follows:

L+ . .
Vimdye = o + Zf,=_4+ ,Bq CloseimdyCTrlimZyCJrn Close * Coincideimqyc +1 Closeimdye + ¢ Ximaye
q*—-1

+ ldmy +otot+ Eimdyc (2)

In equation (2), the coefficients S, [, and fs are defined as in (1) as the trimester-specific impacts
of exposure to the sniper attacks in utero on birth outcomes. Lagged parameters capture the effects
of exposure to the sniper attacks during the post-pregnancy period. For example, £ corresponds
to the impact of exposure to sniper shootings within the three months after the expected date of

delivery. The other lagged parameters denote the impacts of exposure in the subsequent three-

22 In our analysis, we also include county-specific linear time trends in the most comprehensive specification in order
to control for any unobservable county-level compositional changes that are trending linearly over time and could be
correlated with birth outcomes.
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month periods. Because exposure after the pregnancy is over should have no effect on birth
outcomes, this dynamic model allows us to investigate the presence of omitted variables which
would violate the identification strategy. As shown below, the results are robust to alternative lag
and lead structures.

In contrast to the beltway sniper attacks which occurred at one point in time, the research
design for the analysis of the national mass shooting data is based on staggered treatment because
the incidents occurred at different times in different counties. When treatment is staggered,
standard DID estimates can be biased in the presence of heterogeneous treatment effects
(Goodman-Bacon, 2021; de Chaisemartin and d’Haultfceuille, 2020; Sun and Abraham, 2021). To
overcome this bias, we use the estimator proposed by Borusyak et al. (2023). A detailed description

of the methodology used in the mass shooting analysis is provided in Appendix B.

6. Results
The Beltway Sniper Attacks

Estimates of equation (1) showing the impact of in utero exposure to the beltway sniper
attacks on birth outcomes are shown in Table 3. Trimester-specific estimates appear in Panel A
and overall estimated effects for any exposure during pregnancy are shown in Panel B. Columns
1 and 3 present estimates with conception day-month-year and county fixed effects as well as
mother and child characteristics. Columns 2 and 4 add county-specific linear trends.

The estimates in column 1 suggest that exposure to mass shootings during the first and
second trimesters of pregnancy increases the likelihood of very low birthweight by around 25

percent. When county-specific linear trends are included in column 2, the estimates still indicate
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that exposure to sniper attacks during the first and second trimesters increases the risk of very low
birthweight and the effect size grows to approximately 35 to 40 percent of the baseline.

Turning to the estimates for prematurity in column 3, the estimates for the first and second
trimesters are positive but are less precisely estimated than those for very low birthweight, perhaps
because gestational age is often measured with error. However, in the specification with county-
specific trends (column 4), the point estimates on very premature are similar to those on very low
birthweight in column 2 and the estimated effect of exposure to the shootings during the second
trimester is statistically significant. The point estimate suggests that exposure to the sniper attacks
in the second trimester caused the likelihood of very premature birth to increase by about 32
percent. Panel B of Table 3 shows the overall effect of exposure to the shootings at any point in
pregnancy. Here the model with county-specific trends suggests that exposure to the shootings
during pregnancy increased both the incidence of very low birthweight and of extreme prematurity
by about 25 percent.

The results from an event-study analysis in the form of equation (2) are presented in the
top panel of Figure 3. 2* In order to maintain consistency with the categorization of pregnancy into
trimesters, the pre-sniper attack period is also divided into three-month segments. The figure
indicates that for women whose pregnancies ended prior to the first attack, there are no statistically
significant differences in either very low birthweight or extreme prematurity between the treatment
and control areas. Among women affected by the attacks in the 1% and 2™ trimesters of their

pregnancies, the treatment group has a significantly higher probability of very low birthweight.

23 The point estimates from the event-study analysis are presented in table format in Appendix Table 2.
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Among women affected in the second trimester of their pregnancy, there is also an elevated risk
of being very premature in the treatment group compared to the control.?*

As discussed earlier, women with a conception date after the shootings ended might still
have been traumatized. As a result, the benchmark control group includes only women who
experienced the shootings after they became pregnant. Figure 4 shows event study estimates
comparing women in the treatment and control areas who conceived after the shooters were
captured: There is no statistically significant difference between the two groups in this period.

Taken together, the results show that exposure to the Beltway sniper during pregnancy
increased the incidence of very low birthweight and extreme prematurity. Table 4 presents
estimates using a wider spectrum of outcomes in order to gain insights into the broader
ramifications of the sniper attacks and to develop a more comprehensive understanding of their
effects. These models all include county-specific linear trends, making them most comparable to
columns (2) and (4) of Table 3.

The results indicate that exposure to the shootings during pregnancy led to a 26-gram
reduction in overall birthweight, representing a 0.7 percent decrease over the baseline. This effect
is most prominent for babies born to mothers who experienced these incidents during the second
trimester of their pregnancy, with a larger reduction in birthweight of approximately 40 grams. As
shown in column 2, the effect on birthweight is more pronounced at the lower end of the

distribution, with an approximately 12 percentage point increase in likelihood of giving birth to a

24 The event-study estimates are robust to exclusion of county-specific linear trends (please see Appendix Figure 3).
Specifically, the very low birthweight estimates are all positive and they are significant at the 95 percent level for the
first and second trimester indicators. Likewise, the very premature estimates are all positive, and significant at the 90
percent level for the second trimester indicator. The event-study estimates without county-specific trends are, if
anything, more precisely estimated than the semi-dynamic specification without the trends shown in Table 3.
Additionally, the estimates remain quite stable and consistent when using different event-study specifications with
alternative leads and lags. As an illustration, Appendix Figure 2 shows estimates from a model using five lags and
three leads.
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low birthweight baby (birthweight less than 2500 grams) and these effects appear to be entirely
driven by exposures in the first and second trimesters. Column 3 displays estimated effects on
gestational length in weeks. While exposure to sniper attacks during pregnancy is associated with
a slight yet statistically significant decrease in gestation length overall, the impact is primarily
attributable to exposures during the first and second trimesters.

Next, we present estimates on binary indicators of prematurity as defined by gestational
cut-offs of 34 weeks (column 4) and 37 weeks (column 5). These estimates indicate that exposure
to the sniper shootings during the first and second trimesters increases the likelihood of gestational
lengths below 34 weeks by approximately 25 percent. However, as we move away from the tails
of the distribution, and use a cut-off of 37 weeks of gestation, the effect dissipates and loses
statistical significance. Column 6 examines the risk of having an abnormal condition at birth.?®
The estimate on the any exposure during pregnancy indicator suggest a roughly 8 percent higher
risk, but the coefficient is not precisely estimated. Finally, column 7 shows that exposure to sniper
attacks during pregnancy does not appear to impact the probability of having a low Apgar score.?®

The estimates in Table 4 are consistent with those of Table 3 in that they show that exposure
to the beltway sniper shootings increased the probability of adverse birth outcomes. However,
concerns about multiple hypothesis testing arise when examining a spectrum of inter-related
outcomes. To address this concern, the measures are grouped into two indices. The first, a severe
birth outcomes index, is comprised of the following indicators: very low birthweight, very preterm,

any abnormal conditions at birth (e.g., use of assisted ventilation), and low Apgar score. The

25 These conditions include anemia, fetal alcohol syndrome, hyaline membrane disease, meconium aspirations
syndrome, assisted ventilation, seizures, infectious condition, birth injury, and any unknown conditions. The
composite variable available to us reflects the existence of any of these conditions, and therefore, we are unable to
examine them individually, except for assisted ventilation, which was included as a separate variable.
26The Apgar score, reported on a scale of 0 to 10, is determined by a doctor's assessment of the baby's skin color, heart
rate, reflexes, muscle tone, and breathing soon after birth. Scores below seven are categorized as low.
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second is a broad birth outcome index, which adds all the remaining variables in Table 4:
continuous birthweight in grams, low birthweight, an indicator for preterm based on a 34 weeks
of gestation cutoff, an indicator for preterm based on 37 weeks of gestation cutoff, and gestation
in weeks. To create these indices, each outcome variable is oriented so that a higher value
represents a more adverse outcome. Then, each outcome is standardized by subtracting the mean
of the control group and dividing by the control group's standard deviation before adding the
components.

The estimates for the outcome indices are presented in columns 8 and 9 of Table 4. In the
case of the severe birth outcome index, the estimates show that exposure to the beltway sniper
shootings during pregnancy leads to a decline in newborn health as shown in column 8. The
estimates are largest among babies born to mothers who experienced the sniper attacks during the
first and second trimesters, with effect sizes of approximately 0.03 standard deviations for each
trimester. When we consider the broader birth outcome index in column 9, the evidence once again
suggests a decline in newborn health among exposed infants. The effect sizes are similar to those
obtained for the severe birth outcome index.

We provide further evidence about the validity of these DiD estimates using the indices by
performing an event-study analysis, shown in Figure 5, to examine the parallel trends assumption.
The event-study estimates suggests that the assumption holds.

National Mass Shootings Analysis

This section shifts the focus to examining the impact of mass shootings on pregnancy
outcomes at the national level between 2006 and 2019, exploiting within-county variation in the
timing of mass shootings in a difference-in-differences framework. If the precise timing of mass

shootings is not systematically related to within county time-varying unobserved factors
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determining infant health outcomes, then this empirical approach can yield causal estimates of the
impact of mass shootings on birth outcomes.

The results of this analysis are presented in a way that aligns with the discussion of the
beltway sniper attacks. Trimester-specific estimates are shown in Panel A of Table 5 and the
overall effects for any exposure during pregnancy appear in Panel B. Column 1 presents estimates
based on a specification that includes county fixed effects and conception quarter-by-year fixed
effects, while column 2 also incorporates mother and child characteristics.

The point estimates from this analysis are smaller than those from the analysis of the
beltway sniper shootings, as expected. Mass shootings tend to be brief, often lasting only a few
minutes or hours, whereas the beltway sniper attacks persisted for a period of three weeks. Another
difference lies in the fact that an individual could reside in the same county as a mass shooting but
live more than 10 miles away from the location of the actual incident. The fact that we only
observe county rather than exact residential location in the national data is likely to attenuate the
estimated effects. A third issue is that we can connect shootings to pregnancy intervals only at the
monthly level, so our measure of when someone was exposed during their pregnancy is also subject
to error.

Estimates in column 2 of Panel A show that experiencing a mass shooting during first
trimester of pregnancy is associated with an increased incidence of very low birthweight and
extreme prematurity. The point estimates translate into effect sizes of 5.7 percent (0.069/1.219)
for very low birthweight and 5.2 percent (0.073/1.394) for extreme prematurity. A causal
interpretation of these estimates rests on the assumption that infant outcomes in a particular county
were not already trending differently compared to other counties prior to a mass shooting, an

assumption that is supported by the event-study evidence in Figure 6.
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Table 6 presents the estimated effects of exposure to a mass shooting during pregnancy on
the same set of outcomes examined in the sniper attacks analysis. The first two columns show that
second-trimester exposure to a mass shooting during pregnancy is associated with a slight
reduction in birthweight (3.4 grams) and a small 1.9 percent increase in the incidence of low
birthweight. Column 3 indicates that second-trimester exposure to a mass shooting is associated
with a decrease in gestation length of 1.3 weeks (approximately 3.4 percent). Columns 4 and 5
display estimates on the impact of prematurity obtained using gestation cut-offs of 34 and 37
weeks, respectively. Results using the 34-week cutoff imply that second-trimester exposure to a
mass shooting increases the likelihood of prematurity 2.7 percent. Using the 37-week cutoff
produces similar estimates. Furthermore, Column 6 shows that experiencing a mass shooting
during the first and second trimesters of pregnancy raises the probability of the newborn having
an abnormal condition by about 8 and 7 percent, respectively.?’” Column 7, shows that exposure in
the third trimester results in a 6 percent increase in the probability that the newborn has a low
Apgar score.?®

Following the approach in the beltway sniper analysis, two composite indices were created
using the outcome categories in Table 6. Estimates using these indices as dependent variables show
that exposure to a mass shooting during the first, second, and third trimesters leads to an increase
in the severe birth outcomes index of 0.008, 0.005, and 0.004 standard deviations, respectively

(column 8). Focusing on the broader index, the results are similar with effect sizes of 0.005, 0.006,

27 The conditions included in this category are assisted ventilation, admission to a neonatal intensive care unit,
surfactant deficiency, use of antibiotics, seizures, and birth injury. There is a slight difference in the types of conditions
included in this variable between the Virginia birth records and the U.S. natality data.

28 The U.S. Vital Statistics Natality records used in our national analysis of mass shootings include a more
comprehensive range of variables related to infant and maternal health compared to the Virginia data used in the
analysis of sniper attacks. The findings from these additional variables largely align with the evidence emerging from
our main analysis. For instance, exposure to a mass shooting during the first trimester is associated with a roughly 5.7
percent increased likelihood of an infant being admitted to a neonatal intensive care unit. Also the results are robust
to the inclusion of this condition in the birth outcomes indices.
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and 0.003 standard deviations (column 9). Furthermore, the results from the any exposure
specifications shown in Panel B reveal that exposure to a mass shooting anytime during pregnancy
leads to an increase in the likelihood of severe birth index by 0.006 standard deviation and the
likelihood of broader birth index by 0.008 standard deviation. Event study versions of these results
shown in Appendix Figure 4 support the assumption of parallel pretrends underlying these DiD

estimates.

7. Robustness and Heterogeneity of the Estimates Across Subgroups

Table 7 probes the robustness of the beltway sniper analysis to changes in the way that the
sample is constructed. For example, the results are almost identical if we include mothers younger
than age 18 or eliminate any gestational age restrictions as shown in columns 1 through 4. It could
be argued that some control variables such as marital status of the mother and child gender could
be affected by maternal stress (e.g. if boys are more vulnerable to fetal loss). However, excluding
these variables (columns 5 and 6) has a minimal impact on the estimates. The results from the
event-study versions of these specifications are shown in Appendix Figures 5-7. As demonstrated
by the figure, there is no evidence of any statistically significant pre-trends in the difference
between the treatment and control units. Finally, the estimates obtained using a sample that
includes births conceived after October 23, 2002 are shown in columns 7 and 8. These point
estimates are slightly smaller than those shown in Table 3, which could reflect lingering trauma
after the shootings.?’

Table 8 explores heterogeneity in the estimates across demographic subgroups. We begin

by presenting estimates for mothers with more than a high school education (columns 1 and 2) and

2 The event-study estimates from the analysis including births conceived after October 23, 2002 is displayed in Figure
4.
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those with a high school degree or less (columns 3 and 4). These estimates show that the effects
are largest among relatively more educated mothers. Turning to estimates by race, columns 5 to
6 demonstrate that the estimates for white mothers closely align with the overall estimates in terms
of magnitude and statistical significance. The effects among Black mothers (columns 7 and 8) are
sizable but imprecisely estimated. Finally, we provide estimates for subgroups categorized by
maternal age. These estimates indicate that the overall effects are primarily driven by mothers who
are older than 30 years at the time of delivery. In summary, the beltway sniper shootings appear to
have had a more significant impact among exposed pregnant women with relatively high
socioeconomic status. It is possible that this group experienced greater increases in stress levels
over their baseline levels compared to less advantaged women who may experience greater
baseline levels of stress in their day to day lives.

Table 9 shows estimates using alternative geographic definitions of closeness to the sniper
attacks as well different boundaries for the spatial coverage of the analysis area. The first two
columns show estimates using a seven-mile radius around each shooting. The next two columns
narrow the exposure area to a five-mile radius around a shooting. Using a seven-mile radius to
define “close” produces the largest point estimates and suggests that both exposure in the first
trimester and exposure in the second trimester increased very low birthweight and extreme
prematurity. Using a five-mile radius produces estimates that are generally slightly smaller, but
still highly statistically significant for the impact of exposure in the first and second trimesters.

The effect of relaxing the 50-mile restriction is shown in columns 5 to 8 of Table 9.
Columns 5-6 show estimates from a sample that includes mothers within a 100-mile radius of any
shooting while columns 7 and 8 present estimates using the full sample of Virginia births.

Including everyone within 100 miles, or everyone in Virginia, produces smaller estimates of the
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impact of exposure to the shootings during pregnancy, perhaps because the broader treatment
group pulled in by relaxing the 50-mile restriction is less comparable to the treatment group.
However, the estimated effect of exposure in the second trimester is still statistically significant.

Next, we assess the sensitivity of our estimates to using an empirical specification with
week or month fixed effects rather than daily fixed effects. As shown in Appendix Table 3, the
estimates of the effects of exposure to the beltway sniper shootings during pregnancy are
remarkably robust to these alternative specifications.

Placebo Analyses

We perform two placebo analyses to further assess the validity of our estimates of the
effects of the beltway sniper attacks. In the first analysis, models are estimated assuming that the
shootings occurred on the same dates but in a different year. As shown in Appendix Table 4, none
of the results obtained for the years 1998, 1999, 2000, and 2001 are statistically significant. In the
second exercise, we created 22-day windows partitioning the sample period which resulted in 70
possible “shooting” periods. The model was then estimated treating each of these windows as the
period of the attacks.

Appendix Figure 8 plots the distribution of point estimates from these permutations for
two outcomes: very low birthweight and very premature. The baseline estimates of the coefficients
on each trimester indicator from column 2 and column 4 of Table 3 are shown with a vertical red
line. The distribution of placebo estimates that are greater than the baseline estimates are shown
in blue. We also perform this placebo analysis for both the specification with a single binary
indicator for exposure to the attacks at any time during pregnancy (Appendix Figure 9). In both
panels of the figure, the evidence closely aligns with what is reported in Table 3 and suggests that

is unlikely that the effects we find were generated by chance. For example, the placebo estimates
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are greater than the actual estimates from Table 3 only 5.7 percent of the time for very low
birthweight and none of the placebo estimates are larger in magnitude pertaining to very premature
births for the specification with single binary indicator of exposure.
Robustness of the National Mass Shootings Data

In line with the Beltway sniper analysis, the estimated effects of mass shootings on birth
outcomes remain remarkably robust to alternative sample constructions. These alternatives involve
the inclusion of mothers younger than age 18, removing any gestational age restrictions, and
excluding potentially endogenous characteristics like marital status and the sex of the child. These
estimates and event-study figures are shown in Appendix Table 5 and Appendix Figures 10-12.

As in the beltway sniper analysis, Appendix Table 6 shows that the effects obtained in the
mass shooting analysis appear to be primarily driven by mothers with more than a high school
education, who are white, and who are older than age 30. These estimates reinforce the finding
that it is the more socioeconomically advantaged women, who tend to experience lower levels of
baseline stress, who bear the greatest burden from a sudden increase in stress, possibly because

more disadvantaged women suffer more from stress on a day-to-day basis.

8. Potential Mechanisms

Given these findings, it is important to inquire about the potential mechanisms that may
underlie these observed effects. One plausible mechanism is the profound impact of maternal stress
during pregnancy. Chronic stress can lead to the release of stress hormones, such as cortisol,
which, when elevated for prolonged periods, can negatively impact placental function and fetal

growth (Mulder et al., 2002; Hobel and Culhane, 2003; Grote et al., 2010). Moreover, prenatal
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stress could compromise the mother's immune system, and adversely affect the developing
immune system of the offspring (Stott, 1973; Ruiz and Avant, 2005; Weinstock, 2008).

Beyond these pathways, negative behavioral reactions to stress by pregnant women could
also detrimentally affect fetal health. These data have information on an array of maternal
behaviors, as well as conditions and medical procedures during pregnancy and delivery, which
may help illuminate some of the underlying mechanisms driving the estimated effects on infant
health. These variables are treated as outcome measures using our most comprehensive
specification to assess whether they are affected by the shooting treatment indicators. The results
of this analysis are presented in Table 10. The first column shows that exposed mothers had a 7.6
percent increased probability of having a procedure performed.’® The procedures include
amniocentesis, induction of labor, stimulation of labor, ultrasound, or any other unknown
procedure, but the estimates in the second column suggest that most of the effect is explained by
an increase in inductions. As shown in column 7, we do not see any significant changes in
likelihood of C-Section delivery associated with exposure to the sniper attacks.

The third column shows that tobacco use during pregnancy was unrelated to exposure to
the shootings. This finding appears to rule out increased smoking due to stress as a likely
mechanism. Similarly, there is no significant overall change in the use of prenatal care (column
4). However, we do observe some effects on prenatal care at the extreme ends of the distribution
(column 5). Specifically, women who were exposed to sniper attacks during the first trimester are
more likely to receive more than nine prenatal care visits which is consistent with the findings of
Torche and Villarreal (2014). Similarly, Currie et al. (2022) find that women who experienced an

assault early in their pregnancy tend to visit the doctor sooner to monitor the fetus's health. If

30 In some cases, we know that a procedure was performed but the specific type is labeled as unknown.
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mothers take actions to protect their fetus from the harmful impacts of stress, then our results may
represent a conservative estimate of the true impact of exposure to the sniper attacks during
pregnancy on infant health.

Column 6 considers the effects of exposure to the beltway shootings on the incidence of
gestational hypertension. Interestingly, women exposed in the third trimester have a 16 percent
higher probability of experiencing gestational hypertension which has been linked to higher levels
of stress hormones and inflammation (Landsbergis et al., 1996; Mulder et al., 2002). This finding
demonstrates that stress from the shootings has a physiological impact on the body.

The measures considered in Table 10 are also available in the national data. The results
from the analogue of Table 10 are shown in Appendix Table 7. These results do not show much
association between exposure to a mass shooting and any of these maternal conditions and
procedures during delivery. Perhaps this is not surprising considering the brief duration of mass
shootings and the large geographic scope of counties, as highlighted earlier. The only exception is
that women are again at a higher risk of developing gestational hypertension if they experienced a
mass shooting anytime during pregnancy, but the effect appears to be strongest among those
exposed in the first trimester. There is also a peculiar negative effect on the any tobacco use during
pregnancy among those exposed in the third trimester, though the effect size is only 3 percent.

Taken together, the overall picture is consistent with the hypothesis that the cascade of

biological changes triggered by exposure to extreme stress has detrimental effects on infant health.

9. The Costs of Exposure to Firearm Violence During Pregnancy

Estimates of the costs of firearm violence generally rely on willingness-to-pay approaches
(Cohen et al., 2004) and jury awards (Miller et al., 1996), and implicitly assume that the
consequences of firearm violence are fully understood. These methods rarely consider intangible
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costs such as the psychological pain and suffering caused by firearm violence, or the possible
transmission of these costs to newborn children. Recent studies have highlighted the adverse
economic consequences of mass shootings on local economies, leading to significant and persistent
declines in individual earnings (Brodeur and Yousaf, 2022) and consumer confidence about the
overall economic outlook (Lagerborg et al., 2023) among residents in counties affected by these
tragic events. But these studies do not account for the potential toll resulting from the harmful
impact of mass shootings on pregnancy outcomes.

To contextualize our estimates of the effects of gun violence on infant health, we conducted
a back-of-the-envelope calculation of the additional economic costs resulting from exposure to
shootings during pregnancy. We adopt a comprehensive approach that considers the costs
associated with the increase in very low birthweight through six different channels: higher infant
mortality rates, increased medical expenses at and shortly after birth, costs related to childhood
disability, reduced adult income, increased adult disability, and diminished life expectancy. 3! The
calculation of these costs are illustrated in Appendix Table 8. Adding the costs from each channel
yields a total cost of very low birthweight of $2,977,477 (in 2023 dollars). Multiplying by the
estimated effect of exposure to the sniper attacks during pregnancy on the probability of very low
birthweight from Table 3 (0.316 percentage point), yields an additional social cost of $940,883
from an exposure to the Beltway sniper shootings during pregnancy. There were 16,506 Virginian

women whose pregnancy overlapped with the sniper attacks and who lived within 10 miles of a

31 Our calculation of the social costs of exposure to extreme firearm violence on birth outcomes follows the approach
used in Currie et al. (2022). This comprehensive approach encompasses six channels including (i) costs due to infant
death based on Mathews et al. (2015) and Cutler & Meara (2000); (ii) infant medical care cost based on Rogowski
(1998); (iii) childhood disability cost based on Hack et al. (2002) and Stabile & Allin (2012); (iv) cost due to reduction
in adult income based on American Communities Survey (2017) and Bharadwaj et al. (2018); (v) cost of adult
disability based on Hack et al. (2002) and Anderson et al. (2010); and (vi) cost of long-term mortality risk (i.e., reduced
life expectancy) based on Bharadwaj et al. (2018) and Lee et al. (2009). For other details, see Appendix F of Currie
et al. (2022).
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shooting. Multiplying this figure by $940,883 yields a total cost of $15.5 billion dollars from the
increase in very low birthweight attributable to this tragic episode of firearm violence. As shown
in Appendix Table 8, the bulk of this cost comes from the cost associated with increased likelihood
of infant mortality (43 percent) and cost of long-term mortality risk (42 percent).

Additional perspective can be gained by using the results from the national mass shooting
analysis. The estimates shown in Table 5 indicate that county-level exposure to a mass shooting
during pregnancy results in a 0.028 percentage point increase in the likelihood of very low
birthweight. Multiplying this estimate by the total cost of very low birthweight presented in
Appendix 8 generates an average social cost of $83,369 per mass shooting during pregnancy for
each woman. According to the U.S. Vital Statistics Natality records, 1,168,120 women were
exposed to a mass shooting during their pregnancy between 2006 and 2019. Therefore, our
estimates imply additional social costs of roughly 7 billion dollars per year, or a total of $97.4
billion dollars over this period. The results are based on 113 mass shootings and suggest that one
additional mass shooting incident places an additional cost burden of approximately $862 million
dollars on the children of pregnant women residing in the affected counties.

These estimates are likely to understate the true social cost of stress due to gun violence
for several reasons. First, mass shootings make up only one percent of gun deaths and many
women are affected by stress stemming from other types of gun violence. A possible reason why
we see larger effects of exposure to mass shootings on women of relatively high socioeconomic
status is that women of lower socioeconomic status may be more likely to live in circumstances in
which they are already fearful of gun violence. Second, we do not measure the effects of gun
violence on parents’ psychological well-being, which is important not only for their own welfare

but for their children’s. Similarly, we do not measure the effects of trauma on children who were
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already born at the time of the attacks. Third, some of our estimates, such as those showing
increases in the number of prenatal care visits after first trimester exposure, hint at possible
compensatory responses on the part of parents that may reduce the harmful effects of exposure to
gun violence.

The analysis suggests first that interventions to reduce gun violence would have positive
effects on pregnant women and their children. However, even in the absence of such measures, it
is possible that greater attention to the effects of gun violence on mother’s mental health might
help to mitigate the negative effects we identified. Screening pregnant women for depressive
symptoms is simple and inexpensive. According to a recent study investigating the cost-
effectiveness of various screening tools for identifying depression in early pregnancy in the United
Kingdom, the cost of implementing the screening is $5.61 per pregnant woman using the Whooley
two-item screener (Heslin et al., 2022). Since post-partum depression is also thought to have
negative effects on infants, screening using an instrument like the 10-item Edinburgh Postnatal
Depression Scale could also be helpful (Cox et al., 1987; Hewitt et al., 2009).3

Recently, the U.S. Preventive Services Task Force, an independent panel comprising
national experts in disease prevention and evidence-based medicine, issued a recommendation that
clinicians screen all adults between the ages of 19 and 64 for anxiety disorders, as well as screening
all adults, including those aged 65 and older, for major depressive disorder (O’Connor et al.,

2023).3 The statement emphasized that these recommendations also extend to pregnant and

32 The Whooley questions are a set of two questions developed as a screening tool to assess for depression (Whooley
et al., 1997; Arroll et al., 2005). The two questions are: (1) During the past month, have you often been bothered by
feeling down, depressed or hopeless?; (2) During the last month, have you often been bothered by having little interest
or pleasure in doing things? If a woman answers ‘yes’ to either question, she can be referred for further mental health
treatment. According to Heslin et al. (2022) the cost of the slightly more involved Edinburgh Postnatal Depression
Scale is $11.63 per person.

33 The Task Force assigned a “B” grade to the recommendation, implying that there was high certainty that the net
benefit was moderate or there was moderate certainty that the net benefit was moderate to substantial.
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postpartum adults. If these recommendations were widely followed, they might help to mitigate

the toll of gun violence.

10. Conclusions

This study provides new evidence about the impact of exposure to severe and
indiscriminate firearm violence during pregnancy on birth outcomes. We begin with an analysis
of the effects of the beltway sniper attacks, a series of random shootings that unfolded in October
2002, using data from Virginia birth certificates between 1998 and 2004. This analysis is
complemented by a nationwide exploration of the impact of mass shootings in the United States
on birth outcomes, using county-level restricted access birth records from 2006 to 2019.

The findings indicate that exposure to a beltway sniper attack during pregnancy amplified
the likelihood of very low birthweight and extreme prematurity by 25 percent. The impact on
birthweight is most significant for those exposed during the initial and second trimesters, with
effect sizes of 40 and 35 percent, respectively. Regarding extreme prematurity, once again, the
effects are most pronounced among those exposed in the first six months of pregnancy, particularly
in the second trimester, with an effect size of approximately of 30 percent. The analysis of
nationwide data from mass shootings underscores the finding that severe, random firearm violence
imposes considerable burdens on individuals indirectly influenced by these incidents, particularly
infants affected in utero. The estimated effects of mass shootings in the national analysis are
qualitatively similar though smaller. This aligns with the shorter duration of mass shootings
compared to the three-week span of the sniper attacks and the larger geographic scope of counties
as well as the fact that we are less able to precisely match mothers to shootings (in terms of location

and timing) in the national data.
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Evaluating the social cost of crime, especially violent crime involving firearms, is of crucial
significance for shaping policy discussions. The urgency of reducing the violence has been
intensified by the rising prevalence of mass shootings, in the United States. Existing methods for
calculating the costs often assume that all victimization costs have been adequately captured.
However, existing estimates do not include costs due to effects on children in utero. Our findings
indicate that the beltway sniper attacks resulted in social costs of $15.5 billion that have not been
factored into previous assessments. Estimates using the national data on mass shootings suggest
that they impose $7 billion in societal costs annually due to their impacts on pregnant women and
their infants. The results imply that implementing interventions to alleviate the stress that is
generated by these events among pregnant women could have substantial advantages, benefiting

not only the women themselves but also future generations and society as a whole.
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APPENDIX A
Data and Sample Construction for the Mass Shooting Analysis

In alignment with our state-level analysis from Virginia, our primary birth outcome
measures are indicators of Very Low Birthweight and Very Premature. These are defined as having
a birthweight of less than 1,500 grams and a gestational length of less than 32 weeks. Additional
variables that are considered include Low Birthweight (birthweight< 2500 grams), and Premature
(gestational length< 34 and 37 weeks). Beyond birthweight and gestational length, the extensive
information present in the Vital Statistics Natality records is used to create several additional
measures of infant health. First, we create a binary indicator for any conditions at birth if the
newborn had one of these conditions: assisted ventilation required immediately following delivery
or for more than 6 hours, admission to NICU, newborn given surfactant replacement therapy,
antibiotics received by the newborn immediately following delivery, seizure or serious
neurological dysfunction, and birth injury. Second, a binary indicator is created to capture whether
the newborn was admitted to the intensive care unit. Third, low 5-minute Apgar score indicator is
generated when the 5-minute Apgar score registers below 7. Finally, measures of the number of
prenatal visits and an indicator for C-Section delivery are constructed.

To calculate a mother’s exposure to mass shootings during pregnancy, estimated
conception month are generated by subtracting the gestational length from the month and year
(Black et al., 2016; Persson and Rossin-Slater, 2018; Currie et al., 2022). Consistent with the sniper
analysis, the analysis sample in the national data includes mothers who are between the ages 18
and 49 at the time of delivery. The estimation sample is also restricted to births with gestation of

at least 23 weeks (Persson and Rosin-Slater, 2018).>* The benchmark analysis focuses on counties

3% Our results are robust to including women under the age of 18 and infants under 23 weeks of gestation in our
estimation sample. Please see Appendix Table 5 and Appendix Figures 10 and 11 for details.
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that experienced at least one mass shooting between 2006 and 2019. Imposing these restrictions
yields a sample of approximately 3 million observations. However, as a robustness check the
analysis is also performed using all counties in the United States including those where no mass
shooting has occurred.

Appendix Table 9 presents the summary statistics for birth outcomes and selected control
variables by mothers’ exposure to mass shootings during pregnancy in counties that experienced
at least one mass shooting. The mothers who are in the treatment group are slightly older, more
likely to have lower education levels (i.e., less than high school degree at the time of delivery),
and less likely to be black compared to mothers who are in the control group. The fraction of births
that are in the Very Low Birthweight category is around one percent in treatment and control
groups, respectively. The prevalence of Very Premature births follows a similar pattern. More
specifically, the sample mean for Very Premature births is around 1.5 percent in both samples.

One consideration is whether the occurrence of mass shootings affects the composition of
infant health outcomes, which could potentially introduce bias in our results. For instance, if the
trauma caused by a mass shooting increases the likelihood of stillbirth, this could lead to a selection
into the analysis sample. Some women may also decide to deliver their baby in a different county
or go out of state in response to a mass shooting. Note that the case of moving to another county
should not matter for our analysis as these babies would still be considered born in the same state.
To investigate these issues, we estimate our model using the total number of births at the county
level as the outcome variable. The estimates from this analysis are economically and statistically
insignificant, suggesting that the occurrence of mass shootings did not have a significant effect on

the number of births in the affected counties.®> In addition, we visually inspect the per capita

35 The estimates and standard errors are 35 and 66 for the specification with binary indicator of exposure. For the
trimester-specific specification, they are 13 and 81 for the first trimester, 25 and 70 for the second trimester, and 60
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quarterly county averages of fertility rates for up to seven quarters preceding a mass shooting and
three quarters following the shooting. The results are presented in Appendix Figure 13, and they
do not provide clear visual evidence of a significant shift in the county averages of fertility rates
around the time of a mass shooting. Lastly, we investigate the possibility of changing locations in
response to a mass shooting by making use of the indicators in the natality records that signify
whether the state and county of occurrence of birth and residence are different. A virtual inspection
of the proportion of these cases over time reveal no evidence of a shift in delivery location around
the time of occurrence of a mass shooting. We also estimated our most comprehensive model
using these indicators as outcomes. Again, this analysis resulted in no evidence to suggest that

mass shootings induce pregnant women to move other states or counties.®

APPENDIX B
Empirical Method for the Mass Shooting Analysis

To obtain the causal estimates of the effect of exposure to mass shootings on infant health
outcomes, we exploit the within-county variation in the timing of the mass shootings using a
difference-in-differences framework. Unlike the Virginia analysis, nationwide Vital Statistics data
do not contain exact date of birth. Instead, we possess information on the month and year of each
birth. To calculate a mother’s exposure to mass shootings during pregnancy, we first generate

estimated conception quarter-year by subtracting the physician estimated gestational length from

and 64 for the third trimester. Aside from being statistically insignificant, these estimates are practically zero given
the baseline number of births of 3,403 per quarter.

36 The estimates on all three trimester indicators as well as the binary any exposure indicator are zero and statistically
insignificant in this regression.
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the actual quarter-year of delivery (Black et al., 2016; Persson and Rossin-Slater, 2018; Currie et
al., 2022).%7

Our empirical model can be specified as follows:
Yiee = B, + B,Tride + B,Trid+ BTrid + Xip 1y + Ac+ Ve + &ice, (3)
where y;.; is infant i’s birth outcome (i.e., very low birthweight or very premature), whose
mother’s county of residence is ¢, and conceived in quarter-year t. Tri¥ ( k=1, 2, 3) are the key
treatment variables representing mother’s trimester-specific exposure to a mass shooting. More
specifically, Tri¥ are indicator variables, which take on the value of one for mothers who
experienced a mass shooting in their county of residence ¢ within the corresponding trimester k.
Consistent with the Sniper shooting analysis, X}, is a vector of observable characteristics
including indicators for the mother’s marital status, parity and plurality categories, mother’s age
(<20, 20-24, 25-34, 35+, and missing), maternal education (less than high school degree, high
school degree, some college degree, bachelor’s degree or more, missing); male infant, mother’s
race/ethnicity categories; and birth order categories. A, and v; denote mother’s county of residence
fixed effects and conception quarter-year fixed effects. Finally, &,is an idiosyncratic error term.

The set up above compares women who experienced mass shootings during pregnancy and
those who experienced the mass shootings before, or after pregnancy. However, the women who
experience mass shootings in their county of residence before conception might still be
traumatized. Thus, we constitute my benchmark control group only with women who experience
mass shootings affer pregnancy (Persson and Rossin-Slater, 2018b; Matsumoto, 2018; Currie et

al., 2022). This is consistent with our approach for the Virginia analysis. Nevertheless, our results

38 We define first trimester as, 0 to 2 months post-conception, second trimester as 3 to 5 months post-
conception, and third trimester as 6 to 8 months post-conception.
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are robust to employing alternative control groups such as forming control groups with women
who experienced mass shootings before or after pregnancy (as stated above), including women
who give birth in counties never experienced mass shootings in the estimation period.

To maintain consistency with our Virginia analysis, we have defined the control and
treatment groups based on the expected date of birth instead of the actual date of birth. This
approach is taken to avoid violating the excludability requirement given the possibility that
"realized gestational length" could be influenced by the treatment.

The validity of our research design relies on the assumption that the timing of mass
shootings is not related to within-county unobserved factors that may potentially affect infant
health outcomes. Any systematic pre-incident cross-county differences that influence incident
timing and infant health outcomes simultaneously may bias estimates. Consistent with the beltway
sniper analysis, our treatment indicators do not predict the race, ethnicity, education, age, or marital
status of the mothers (Appendix Table 10). Similarly, there is no correlation between the treatment
indicators and the child’s gender or the singleton birth indicator. However, we also include county-
specific linear time trends in our most comprehensive specifications in order to control for any
unobservable county-level compositional changes that are trending linearly over time and could
be correlated with birth outcomes.

To further assess the validity of this assumption, we estimate an event-study version of
equation (3) expressed as follows:

Yiet = ¢0 + ZZ=—5 KqTrié‘,t+q + Xiict ¢2 + Ac+ Vi t+ Gt (4)
q=5

The set of coefficients {K‘qTT'ié'th} for ¢ > 0 are the variables of interest, estimating the

trimester-specific exposure to mass shootings on infant health outcomes. The lags represent

separate indicators for exposure to mass shootings in/during post-pregnancy periods (q = -5 is the
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reference category).

Note that the specifications in equations (3) and (4) do not include county-specific linear
trends to avoid potentially distorting dynamic treatment effects as highlighted in Borusyak et al.
(2023) and Miller (2023). Furthermore, these models are estimated with the sample of counties
that experienced a mass shooting during our analysis period. As emphasized by Wolfers (2006),
unit specific trends are justifiable when there is a sufficient sample period available before the
treatment starts. In our case, we only include five pre-treatment periods for each mass shooting in
the national analysis (i.e., T=-5 is the reference category).

The research design for the mass shooting analysis employs staggered treatment, as mass
shooting incidents occurred at various times across different counties. However, the two-way fixed
effects models with staggered treatment can exhibit several forms of biases (i.e., under-
identification and negative weighting) (Sun and Abraham, 2021; Borusyak et al., 2023). To
address these concerns, we adopt the imputation estimator developed by Borusyak et al. (2023) in
our analysis of mass shootings.

Appendix Table 11 presents a comparison of means for all child and mother characteristics
based on treatment status (i.e., counties ever experienced mass shootings or “ever treated counties”
vs. counties never experienced mass shootings during the estimation period or “never treated
counties”). The final column of Appendix Table 11 provides the disparity in means and reports t-
test outcomes for “ever treated counties” versus “never treated counties.” As indicated in column
3, all observable characteristics, including the outcome variables, are systematically different in
ever treated counties compared to never treated counties. Furthermore, ever treated counties might
experience different trends for infant health outcomes compared to the counties that have never

witnessed mass shootings. To reduce such confounding factors, mitigate any potential biases, and
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ensure the validity and reliability of our results we adopt the ever-treated counties as the primary
sample for our main analysis (Dobkin et al., 2018; Sun and Abrahams, 2021). However, as shown
in Appendix Table 12, our main results are robust to conducting the DiD analysis using both ever

and never treated counties.
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Figure 1: Geographic Distribution of Sniper Shootings

Notes: This figure illustrates the precise locations of the Sniper Shootings that occurred between October
2 and October 22, 2002, as listed in Table 1. Red circles on the map denote a 10-mile radius around each
incident, calculated based on the latitudes and longitudes of the shootings.
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Figure 2: Characteristics of National Level Mass Shootings
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Notes: The top panel of this figure presents a graphical representation of the incidence of mass
shootings between 2006 and 2019, as determined by the criteria outlined in Section 3. The data
sources utilized for this analysis include the following references: SHR, USA Today (2023), The
Washington Post’s Mass Shooting List (2023), the Mass Shootings in America (MSA) Project pre-
pared by Stanford University Geospatial Center and Stanford Libraries (2019), the FBI's Active
Shooter Incidents in the USA Report (2017), and the Gun Violence Archive (2023). The bottom
panel plots the geographic distribution of mass shootings between 2006 and 2019 based on the
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Figure 3: Dynamic Effects of Sniper Shootings on Infant Health Outcomes
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure 4: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: Post Sniper

Shootings Period
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-

tion (2). “1”,

“2”, and “3” denote exposure to Sniper shootings within the first, second, and

third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure 5: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: Severe and
Broad Birth Outcomes Indices
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Notes: This figure shows event study estimates for Severe and Broad Birth outcome indexes. Each
panel shows the coefficient estimates with 95% confidence intervals based on equation (2). “1”
, “2”, and “3” denote exposure to Sniper shootings within the first, second, and third trimesters
of pregnancy, respectively. g = —1 is the reference category. Standard errors are clustered at the

county level.
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Figure 6: Dynamic Effects of Mass Shootings on Infant Health Outcomes
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Notes: This figure shows event study estimates using the imputation estimator from Borusyak
et al.(2022). Each panel shows the coefficient estimates with 95% confidence intervals based on
equation (4). “1”, “2”, and “3” denote exposure to mass shootings within the first, second, and
third trimesters of pregnancy, respectively. g = -5 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Table 1: Timeline of Beltway Sniper Shootings

Oct-02
Oct-03
Oct-03
Oct-03
Oct-03
Oct-03
Oct-04
Oct-07
Oct-09
Oct-11
Oct-14
Oct-19
Oct-22

A 55-year old man murdered while crossing a parking lot of a food warehouse

A 39-tear old man murdered while mowing grass

A 54-year old man murdered while pumping gas at a gas station

A 34-year old woman murdered while seated on a bench at a bus station, reading a book
A 25-year old woman murdered vacuuming her car at a gas station

A 72-year old man murdered while walking on a sidewalk

A 43-year old woman injured while loading her van at a shopping mall

A 13-year-old-boy critically injured at a school

A 53-year old man murdered while pumping gas

A 53-year old man murdered while pumping gas

A 47-year old woman murdered while loading packages into her car at a Home Depot parking lot

A 39-year old man injured in a parking lot outside a steakhouse
A 35-year old man murdered as he stood outside his vehicle
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Table 2: Descriptive Statistics

(1) (2) (3) (4)
Full Sample Within 10 Miles Between 10 and 50 Beyond 50
of Shootings ~ Miles of Shootings Miles of Shootings

Panel A: Control Variables

Mother Age 29.331 30.046 28.729 26.991
(5.800) (5.645) (5.860) (5.814)
Married 0.770 0.812 0.735 0.666
(0.421) (0.391) (0.442) (0.472)
White 0.718 0.729 0.708 0.675
(0.450) (0.445) (0.455) (0.468)
Black 0.174 0.118 0.221 0.277
(0.379) (0.323) (0.415) (0.448)
Other Race 0.107 0.151 0.070 0.047
(0.309) (0.358) (0.255) (0.212)
Hispanic 0.123 0.181 0.074 0.036
(0.328) (0.385) (0.262) (0.187)
High School or Less 0.373 0.337 0.403 0.503
(0.484) (0.473) (0.491) (0.500)
More than High School 0.616 0.646 0.590 0.494
(0.487) (0.478) (0.492) (0.500)
First Baby 0.414 0.432 0.399 0.404
(0.493) (0.495) (0.490) (0.491)
Singleton 0.966 0.966 0.965 0.969
(0.183) (0.181) (0.184) (0.173)
Male Child 0.512 0.512 0.512 0.511
(0.500) (0.500) (0.500) (0.500)
Panel B: Outcome Variables
Very Low Birthweight 1.222 1.061 1.358 1.498
(10.988) (10.247) (11.573) (12.146)
Very Premature 1.428 1.280 1.553 1.643
(11.865) (11.240) (12.365) (12.713)
Observations 264,611 120,953 143,658 207,694

Notes: This table presents sample averages for several control and outcome variables using Vital Statis-
tics Natality records from Virginia. Column 1 displays sample averages for the corresponding vari-
ables within a 50-mile radius of the closest shooting (full sample). Column 2 provides sample av-
erages for mothers residing within a 10-mile radius of the closest shooting, constituting the treat-
ment group. Column 3 presents the sample averages for the control group, specifically, mothers for
whom the closest shooting is within 10-50 miles distance to their residence. Lastly, Column 4 displays
the sample averages for mothers residing beyond a 50-mile radius from the closest shooting incident.
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Table 3: The Effects of Sniper Shootings on Infant Health Outcomes

Coefficient (x 100)
(Standard Error)

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

Very Low Very Low Very Very
Birthweight Birthweight Premature Premature

Panel A:
1st Trimester x 10 miles 0.346** 0.503** 0.163 0.410

(0.163) (0.197) (0.270) (0.285)
2nd Trimester x 10 miles 0.291** 0.438*** 0.227 0.455**

(0.116) (0.132) (0.178) (0.184)
3rd Trimester x 10 miles -0.148 -0.010 -0.039 0.178

(0.182) (0.223) (0.192) (0.208)
Panel B:
Exposure to Shootings During 0.172* 0.316** 0.121 0.350**
Pregnancy x 10 miles (0.098) (0.143) (0.110) (0.132)
Mean DV 1.222 1.222 1.427 1.427
Conception Day-Month-Year FE Yes Yes Yes Yes
County FE Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes
County Specific Linear Trends No Yes No Yes
Observations 264,372 264,372 264,549 264,549

Notes: Each column in Panels A and B corresponds a separate regression. The outcomes in
the first two columns pertain to cases of Very Low Birthweight, while the last two columns
concern Very Premature births. The estimates presented in Panel A represent interaction
terms involving trimester indicators reflecting exposure to Sniper shootings and the binary
indicator variable Close. Estimates presented in Panel B replace the trimester indicators
with an overall measure of exposure to shootings during pregnancy. See text for more de-
tails about regression specifications and controls. Both outcomes are multiplied by 100 for
ease of interpretation. Standard errors are clustered at the county level. *** p < 0.01, **

p<0.05*p<0.1.
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Table 5: The Effects of Mass Shootings on Infant Health Outcomes:
National Level Mass Shootings Analysis

Coefficient (x 100)
(Standard Error)

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

Very Low Very Low Very Very
Birthweight Birthweight Premature Premature
Panel A:
1st Trimester 0.077*** 0.069*** 0.083** 0.073**
(0.027) (0.025) (0.035) (0.034)
2nd Trimester 0.015 0.017 0.014 0.017
(0.024) (0.023) (0.032) (0.031)
3rd Trimester -0.025 0.000 -0.021 0.009
(0.021) (0.020) (0.024) (0.023)
Panel B:
Exposure to MS During 0.022 0.028 0.025 0.033
Pregnancy (0.021) (0.019) (0.026) (0.024)
Mean DV 1.219 1.219 1.394 1.394
Conception Quarter and Year FE Yes Yes Yes Yes
County FE Yes Yes Yes Yes
Mother/Child Characteristics No Yes No Yes
Observations 2,930,950 2,930,950 2,933,866 2,933,866

Notes: This table presents estimates of the effect of exposure to mass shootings between 2006
and 2019 on Very Low Birthweight and Very Premature births. The coefficient estimates are
obtained using imputation estimator from Borusyak et al.(2022). Each column in Panels A
and B corresponds a separate regression. The estimates presented in Panel A are trimester
indicators reflecting exposure to mass shootings. Estimates presented in Panel B replace the
trimester indicators with an overall measure of exposure to shootings during pregnancy. See
text for more details about regression specifications and controls. Both outcomes are multi-
plied by 100 for ease of interpretation. Standard errors are clustered at the county level. ***
p<0.01,* p<0.05,*p<0.1.
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Figure A1l: Total Number of Births by Birth Month-Year in Virginia
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Notes: The figure shows the total number of births by birth month-year between 1998 and 2004
using the Vital Statistics Natality records from Virginia. The vertical red lines in graph denote
January 2002 and October 2002, respectively.
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Figure A2: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: Alterna-
tive Number of Leads with 5 Pre-Treatment Indicators

(a) Very Low Birthweight
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure A3: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: Exclud-
ing County Specific Linear Time Trends

(a) Very Low Birthweight
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure A4: Dynamic Effects of Mass Shootings on Infant Health Outcomes: Severe and
Broad Birth Outcomes Indices

(a) Severe Birth Outcomes Index
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Notes: This figure shows event study estimates using the imputation estimator from Borusyak
et al.(2022). Each panel shows the coefficient estimates with 95% confidence intervals based on
equation (4). “1”, “2”, and “3” denote exposure to mass shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —5 is the reference category. Standard errors are
clustered at the county level. 73



Figure A5: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: Includ-
ing Mothers Below 18

(a) Very Low Birthweight
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure A6: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: No Ges-

tational Age Restrictions

(a) Very Low Birthweight
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.
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Figure A7: Dynamic Effects of Sniper Shootings on Infant Health Outcomes: No Mar-
ital Status and Gender of the Child Controls

(a) Very Low Birthweight
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Notes: Each panel shows the coefficient estimates with 95% confidence intervals based on equa-
tion (2). “1”, “2”, and “3” denote exposure to Sniper shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —1 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation.

76



Figure A8: Placebo Estimates of Sniper Shootings: Magnitudes of the Trimester Indi-

cators
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Notes: Each figure illustrates the distributions of coefficient estimates for each trimester indicator
concerning the simulated shootings generated within 22-day windows partitioning the sample
period . The vertical lines represent the actual estimates, and the x-axis of each plot displays the 77
ratio of placebo estimates exceeding the actual estimates.



Figure A9: Placebo Estimates of Sniper Shootings: Magnitudes of the Treatment Indi-

cators
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Notes: Each figure illustrates the distributions of coefficient estimates for single binary indicator
for exposure to attacks concerning the simulated shootings generated within 22-day windows
partitioning the sample period. The vertical lines represent the actual estimates, and the x-axis
of each plot displays the ratio of placebo estimates exceeding the actual estimates.
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Figure A10: Dynamic Effects of Mass Shootings on Infant Health Outcomes: Including
Mothers Below 18

(a) Very Low Birthweight
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Notes: This figure shows event study estimates using the imputation estimator from Borusyak
et al.(2022). Each panel shows the coefficient estimates with 95% confidence intervals based on
equation (4). “1”, “2”, and “3” denote exposure to mass shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —5 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation. 79



Figure A11: Dynamic Effects of Mass Shootings on Infant Health Outcomes: No Ges-
tational Age Restrictions

(a) Very Low Birthweight
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Notes: This figure shows event study estimates using the imputation estimator from Borusyak
et al.(2022). Each panel shows the coefficient estimates with 95% confidence intervals based on
equation (4). “1”, “2”, and “3” denote exposure to mass shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —5 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation. 80



Figure A12: Dynamic Effects of Mass Shootings on Infant Health Outcomes: No Mari-
tal Status and Gender of the Child Controls

(a) Very Low Birthweight
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Notes: This figure shows event study estimates using the imputation estimator from Borusyak
et al.(2022). Each panel shows the coefficient estimates with 95% confidence intervals based on
equation (4). “1”, “2”, and “3” denote exposure to mass shootings within the first, second, and
third trimesters of pregnancy, respectively. g = —5 is the reference category. Standard errors are
clustered at the county level. Both outcomes are multiplied by 100 for ease of interpretation. ~ 81



Figure A13: Birth Composition in National Data: Total Number of Births by Quarter-
Year
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Notes: This figure shows quarterly number of births by county up to seven quarters preceding a mass shooting and
three quarters following the shootings (between 2006 and 2019) using U.S. Vital Statistics Natality records.
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Appendix Table 2: The Effects of Sniper Shootings on Infant Health
Outcomes Including Leads and Lags

Coefficient (x100)
(Standard Error)

(1) (2)

Very Low Very
Birthweight Premature
-4 Pre x 10 miles 0.179 -0.027
(0.210) (0.241)
-3 Pre x 10 miles 0.223 0.050
(0.302) (0.403)
-2 Pre x 10 miles -0.151 -0.195
(0.232) (0.339)
-1 Pre x 10 miles (Omitted) () ()
1st Trimester x 10 miles 0.618** 0.375
(0.265) (0.327)
2nd Trimester x 10 miles 0.556** 0.420**
(0.240) (0.200)
3rd Trimester x 10 miles 0.111 0.143
(0.279) (0.313)
Conception Day-Month-Year FE Yes Yes
County FE Yes Yes
Mother/Child Characteristics Yes Yes
County Specific Linear Trends Yes Yes
Observations 264,372 264,549

Notes: Each column represents a separate regression based on equation
(2). The dependent variablefor first (second) column is Very Low Birth-
weight (Very Premature). The estimates represent interaction terms in-
volving trimester indicators reflecting exposure to Sniper shootings and
the binary indicator variable Close. g = —1 is the reference category. See
text for more details about regression specifications and controls. Both
outcomes are multiplied by 100 for ease of interpretation. Standard er-
rors are clustered at the county level. *** p <0.01, ** p <0.05, * p <0.1.
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Appendix Table 3: The Effects of Shootings on Infant Health: Alternative Fixed Effects and Trends

Weekly Fixed Effects Monthly Fixed Effects

and Weekly Trends and Monthly Trends
(1) (2) (3) (4)
Very Low Very Very Low Very
Birthweight Premature Birthweight Premature
1st Trimester x 10 miles 0.507** 0.419 0.507** 0.413
(0.202) (0.295) (0.200) (0.294)
2nd Trimester x 10 miles 0.388*** 0.386** 0.383*** 0.380**
(0.140) (0.180) (0.141) (0.178)
3rd Trimester x 10 miles -0.039 0.151 -0.036 0.150
(0.227) (0.209) (0.229) (0.208)
Panel B:
Exposure to Shootings During 0.290* 0.321** 0.289* 0.314**
Pregnancy x 10 miles (0.147) (0.136) (0.146) (0.135)
Mean DV 1.222 1.427 1.222 1.427
Conception Week-Month-Year or Month-Year FE Yes Yes Yes Yes
County FE Yes Yes Yes Yes
Mother/Child Characteristics Yes Yes Yes Yes
County Specific Linear Trends Yes Yes Yes Yes
Observations 264,374 264,551 264,374 264,551

Notes: Each column in Panels A and B corresponds a separate regression. The outcomes in the first two
columns pertain to cases of Very Low Birthweight, while the last two columns concern Very Premature
births. The estimates presented in Panel A represent interaction terms involving trimester indicators re-
flecting exposure to Sniper shootings and the binary indicator variable Close. Estimates presented in Panel
B replace the trimester indicators with an overall measure of exposure to shootings during pregnancy. Both
outcomes are multiplied by 100 for ease of interpretation. Standard errors are clustered at the county level.
“% < 0.01, % p<0.05,* p<0.1.

85



T0>d,600>d . T00>d
xxx [2A9[ £3UNOd Y3 JB PaI12ISN|d a1k SIOIId piepuel§ ‘uonjeldrdidiur Jo ased 10§ 00T £q pardnnw are sawodInQ "S[OIUOD pue suonedynads uors
-$313391 Inoqe s[Ire}ap 10w 10§ 3x33 935 Aoueuaid Furnp sunooys 03 axnsodxs Jo INsLIW [[BISAO U YIIM SIOJLDIPUI I9}SdWLL} 3y} doe[da1 g [due]
ur pajuasard sayewnysyg “2s0j) d[qerrea 10jedipur Lreurq ay3} pue sgunooys rodrug 03 arnsodxs SUrdJAI SI0LIIPUT J9)SIWII} SUIA[OAUT SWLID} UOT)
-oeId)ur Juasardar v [oued ur pajuasaid sajewinysa Ay, -d[qertea yuapuadap ay3 se (axnjewar £137) WSomyiarg moT £19A Aojdwd suwnjod (u2ad)
PPo oy, ‘sSunooys paje[nwis jo sieak 9y} ajedrpur sgurpesy uwnjo)) ‘uorssaidar ayeredss e 03 spuodsariod g pue Y S[oUEJ Ul UWN[OD Yoeq :SIJON

791°91C €0091¢ 8689971 97,991 96€°LTT 18711 G8€69 $1£69 SUOT}BATISqO
SOx S9X SIX SaX S S S S9X spuai], reaur] oymadg £juno)
S9X SIx SIX SIX S9X S9x S9X Sax soTIsTIdYdRIRYD) PIIYD/IYION
SIx S9x SIX SIX S S Sax SIx 44 £3uno)
S9X SIx SIX SIX SIX S9x S9X Sax dd Teax-yruoN-Leq uonndaouo)
VAdu ! 0ST'1 24 12T 16€°1 091°1 0€€’1 0€T'T AQ UedN
(sT1°0) (91T1°0) (F¥1°0) (08T1°0) (881°0) (91°0) (F12°0) (80z°0) so[rux 01 X A>ueudaig
€50°0- 8T1°0- 8071°0- 080°0- 922°0- $90°0- 0€1°0- £20°0 Surm sSunooyg 03 arnsodxg
:g [oueg

(L¥1°0) (05T1°0) (562°0) (892°0) (8%¢°0) (852°0) (s€z0) (0¥Z°0)
810°0 200°0 69%°0- 807°0- 8¥5°0- *LEV0- 091°0- 061°0- SI[TW T X 193SAWILL], PIE

(€12°0) (£81°0) (6£1°0) (9€7°0) (6€2°0) (s¥z°0) (LT°0) (s¥Z°0)
ARG £80°0- 850°0 601°0- ¥80°0- 161°0 080°0- 65€°0 S3[IW (T X J23S3WLL], pug

(0627°0) (922°0) (691°0) (692°0) (z92°0) (£ST°0) (8€€0) (692°0)
190°0- $0€°0- IST°0 G010 %00 IF1°0 8€T1°0- 0€0°0 SO[TW ()T X 19)SAWILLT, IST

amjewa1q ySemyiirg aInjewald IYSomyarg  arnjewalq yYSomMyMrg  dInjewdrd  1YSomyIIg
VEETN MOT AIdp VSETN MOT AIap K197 MOT K197 K197 MOT AIdA
(8) (2) (9) (s) (¥) (€) (@) (1)

100¢C 000 6661 8661

I01Ig piepuels
(001 x) yuapYI20)

sgunjooyg 1adrug 10j sisA[euy 0qade[J woiy sajewrnysy : § afqe], xipuaddy

86



T0>d 600> d 4k ‘TO'0 > d xxx TPAI] £4JUNOD 1) 1€ PAIAISN[D dIB SIOIID PIEPUEIS
‘uomyelaxdiajur Jo ased 10§ 00T Aq parjdn[nuu are sowodINQ 'S[OIIUOD pUE SUOIFLIPIDAds UOISSa1391 Inoqe S[re1dp dI0W I0J 1X9)
9ag Aoueudaid Jurnp s3unjooys 03 31nsodxa JO 2INSLIW [[BIJA0 UE IIM SIOIEDIPUT J9)SawiLr) a3 aderdar g [oue  ur pajuasaid
sarewnysyg ‘sSunjooys ssewr 0} ainsodxa JUrI0a[ja1 SI0JEDIPUT I9ISIWILI) 3Tk Y [dUeJ UT pajuasaid sajewrisa ay], ‘uorssardar ajere
-das e spuodsai10d g pue y s[oueJ ur uwnjod yoey ‘d[qeriea juspuadap 3y} se (arnjewaid £19A) 1ySromiyarg mo A19p Aordurs
suwnjod (UaAd) ppo YL, "(Zz0zZ) Te 12 Yedsniog woiy 10yewnsa uorreynduwr Suisn paure}qo aIe S91eWIISa JUIIDYFI0D Y, 'SaW0IIN0
U3]eaY JUBJUTI SNOLIEA UO 107 PUE 900 U99M19q s3UT00Ys ssewr 03 21nsodxa Jo 109JJ9 3} JO $a1ewn)sa syuasaid a[qey sty :Sa70N

998°C€6C 0S6°0€6CT  €L£9€6'T  ¥/L8TE6'T  18%'G66T  €0ST66C SUONBAIdSqO
ON Sax Sax Sox SOx S9x So1ISTIR1ORIRYD) PIIYD/ISYION
SaxX SaxX Sax Sax Sax SaX a4 £yunon
S9x Sax SOx Sox Sox Sox d Teax pue 121renQ) uonndaouo))
761 61271 6¥¥'1 S za 10¥'1 Yaal A UBdN
(¥20°0) (610°0) (520°0) (610°0) (€20°0) (610°0) Adueudarg
9€0°0 1€0°0 9€0°0 620°0 ge0’0 8200 Sunng sSunjooyg o3 ainsodxyg
:g 1ouedg
(€20°0) (020°0) (520°0) (120°0) (¥20°0) (020°0)
010°0 100°0 €10°0 100°0 010°0 100°0 I9)sawWl], pIg
(0€0°0) (€20°0) (1€0°0) (€20°0) (0€0°0) (€20°0)
120°0 020°0 €200 610°0 120°0 L10°0 I9)sawLl], pug
(z€0°0) (¥20°0) (5€0°0) (20°0) (z€0°0) (%20°0)
«xLL0°0 +xx€20°0 *€L0°0 +xx020°0 xxG20°0 +xx990°0 I93SaWLL], 38T
dInjewarJ dromyprg  aImjewald JYIMUMIg  dInjewald  IYy3omyprg
Axop MoT K17 K197 MoT K17 Axap MoT K1\
(9) (S) (%) (€) (2) (1)
s[oxyuo) pryd 3yl SUOI}ILIISAY 81 Mo[a2g
JO Iapuan) pue snjeig [ejLIeJ]A ON a3V [euonje)san oN SIYJO apnpouj

s3urjooyg ssejq [9A9] [eUonjeN :sasA[euy ssaulsnqoy] :g a[qe], xrpuaddy

87



88

T0>d 600> d 4y ‘TO0 > d ys TOAI] £JUNOD 3} & PAISISN]D d1€ SIOLID pIepue)§ ‘UoTie3dIdIaiut Jo ased 10§ 00T £q parjdnnur axre ssuwrodnQ
'S[o1U0d pue suorjedyIdads uorssaISar Jnoqe s[rejap 2I0W 10y 1xd) 395 s3uriooys ssew 0} arnsodxa Jur}da[JoI SI0JEITPUT I93SIWILT) o1 PIjuasald sajewn)sa oy, *d[qeLrea Juapuadap ayy se (srnjewar ] £19))
ySramyiaig moq £1ap Lojduwrs suwnod (uaad) ppo ayJ, ‘sisk[eue 10y pasn sdnoid-qns Surpuodsariod ayy urejdxes sSurpeay uwnjo) *(zz0g) e 12 Nedsniog woiy 1ojewrss uoneindwr Suisn paureiqo are
$91BWI}SI JUAIYFa0d Y], ‘uorjendod jo sdnoid-qns JUaIaIp 10J SAUW02INO Y3[eay JUBJUT SNOLIBA UO 6107 PUB 9007 U9IMIaq sSUrjooys ssewr 03 a1nsodxa Jo 3033 a3 Jo sajewn)sa syuasard a[qes sIYJ, :Saj0N

€P0'6SE T F6SLSET  €T8TLST  9SE'CLST 99%'69% 01989% ITTLET'T  E€PP'SET'T  0F9'G80°T  808F80'T  €THPEP'T  L9LTEPFT SUOTIEAIISqO)
SoX Sk EEIN SoX Sk SaX SoX SoX Sk SoX SoX Sk SOMSLIddRIRYD UZSU\HMSHOE
SaX Sk SaX SaX Sk SaX SaX S9X SaX SaX SaX Sk a4 Nﬁﬂﬂou
S9x S9x S9A S9K Sax S9X S9A S9K S9x S9A S9K SoX EERLDN —uﬁw umﬁaﬂg COﬁ&muCOU
U1 6TT LT€1 961’1 L£9T S9%'T 691°1 1860 8761 Tee1 1621 9€T'T AQ uedy
(6€0°0) (1€0°0) (1€0°0) (620°0) (620°0) (180°0) (zeo0) (610°0) (190°0) (£90°0) (550°0) (¢%0°0)
7500 €€0°0 $10°0- $10°0- 10T°0- $90°0- $00°0 100°0 0%0°0 0%0°0- 1€0°0 9€0°0 I9)sawWIlL], pIg
(6€0°0) (820°0) (9€0°0) (820°0) (z80°0) (€£0°0) (£20°0) (020°0) (¥80°0) (690°0) (650°0) (8%0°0)
1400 9€0°0 720°0- €10°0 690°0- €20°0- €00°0 800°0 FIT0 £90°0 P10 %901°0 I9)saWlL], pug
(z¥0°0) (££0°0) (1%0°0) (0€0°0) (180°0) (080°0) (££0°0) (820°0) (9£0°0) (120°0) (990°0) (650°0)
*x9E1°0 +xG0T°0 61070 8€0°0 8€0°0- $20°0- +€L0°0 *xxL60°0 651°0 £90°0 xxxlLT°0 +xx8GT°0 193S9WILI]L, IS

amjewarg JySromyirrg  armjeward JySomyirg  aamjeward YSPmMUMIg  aInjeward YSIOMUMIg  aInjeuwrarg  YSomuylarg

ammpeward  JySromylaig
K197 MOT AI9A JSETN MOT K197 JSEN MOT K197 JSETN MOT K197 JSETN MOT K197 VS ETN MOT AI9A
(1) (rn) (o1) (6) (8) (2) (9) (s) (¥) (€) (@ (1)
0€ uey} IO 0€ ueyJ, ssa ssa7 10 1o0y>s ySryg
a8y s 1aYyjo a3y s, 110N syderg SATYM [ooy>s yStyg uey} dI0JA

a8y [eurajey pue ‘Aypruylg/adey ‘uonjedonpyg £q sSunjooyg ssey Jo s394 yudurjear], snoauadoraldy :9 a[qe], xipuaddy



T0>d . G0°0>d 4y TO0 > d yy T3] £JUN0D 3Y3 JE pa1)SN[D
dIe SI0LId piepuelg uore}aIdialur Jo ased 105 00T £4q parpdnnur are sowodinQ *s[0I3u0d pue suoryedyrads uorssai3al noqe s[rejdp 10w
10§ 31X} 939G ‘s3urjooys ssewr 03 21nsodxd SUr}d3[Ja1 SI0}LDIPUT I9ISIWILI} o1k pajudsaid sajewnyss oy ], "uorssaidar ajeredas e 03 spuodsariod
g pue y s[oueJ ur uwnjod ydeq ‘(¢z0z)Te 1° yedsniog woiy royewnss uonendwr Suisn paure;qo a1e S9}LWIISd JUIIDGFI0D Y, SIW0D
-JNO }[eaY [BUId}BW SNOLIBA UO ¢T(Z PUE 900 UdaM12q SSUII00YS sseul 03 21nsodxa Jo 103j39 2} Jo sajewn)sa syuasaid a[qes Sy, Sa0N

S0P 0€6C €£9°50SC THP1'808'T  E€PI'808°CT  9¥6 IFP'T  TS6'6T6T 092°905C SUOTIeAIaSqQ)
SIX SIX SIX SIX SOX S9X SOX so1sLIajdRIRYD) PIIYD/I9YION
SOX SOX SIX SOX SOX SOX Sax 44 £1uno)
SIX SOx SOX SIx SIx S9X SIX d. Teax pue 1o1reny) uondaduo)

Py ee c19¥ 986°08 8FEIT 6¥9°¢ £59°81 €0S°F¢ AQ UeaN

(9%1°0) (5£0°0) (z81°0) (¥€0°0) (z£0°0) (zL1°0) (9%¢°0) Koueudaig

790°0- «0621°0 961°0- 800°0- $80°0- rARN0) 9/7°0 Sunm( s8unooyg 03 arnsodxg
:g [uedg

(Fe10) (%01°0) (8£1°0) (820°0) (¥50°0) (8£1°0) (zs€0)

€80°0 FET0 €61°0- Z10°0- «GT1°0- S61°0 850°0 19)SaWLIT, PIg

(891°0) (€60°0) (961°0) (9€0°0) (z80°0) (£61°0) (LS¥°0)

£90°0- $%0°0 761°0- $10°0 260°0- $60°0 81€°0 IajsawILi], pug

(¥81°0) (960°0) (0€7°0) (s%0°0) (%01°0) (€12°0) (06£°0)

L0T°0- +x6020 202°0- 920°0- 9€0°0- 9%0°0 65¥°0 Ia3sawli], 1S
'V [oued

SJISIA 218D  SJISIA 218D  Adueu8aig
uotsua}rad A1y [ereuarg [ereuarg Sunn IoqeT jo S9INPad0IJ
CoﬁuwmlU ﬁmﬁo_umwmmw JION 10 6 mO H@QEEZ oSN Ouuwn_o,.ﬁ Coﬁujﬂﬁ: Umboamﬂo \AC<

(2) (9) (S) (%) (€) (@) (1)

S2INPad0IJ [EIIPIN PUE SaW0dINQ YI[LIY [euIdje]y uo sSurjooyg ssejy 03 aansodxg jo s303yq 3y ], 3£ a[qel xrpuaddy

89



‘019z 98e 0} yoeq (ymoid adem juadiad 7 Yum
97ex JunodsIp juadiad G e a°1) ajer [eax Juadiad ¢ e Sursn pajunodsip are s3urured jey) Surunsse A3AING SAIUNWWOY) UBDLIDWY /(7 Y} Ul $9 03 9] safe woij ejep sSuruied
JO uonNQLISIP Y} 1940 3e32133e om ‘sFurured SWIIYI] JO dN[eA PAIUNOISIP Judsaxd ay} duTwId}Ap 0], “Xapur 2o1d JdWnNsuod g 3y} Suisn sanjea ¢zZ0g 03 paisnipe uoneyur
ud3q 2AY sjunowe Ie[[o Aduejdadxa 9JI[ Ul SUONONPAI pue AIQesIP J[NPE YIM PIJRIOOSSE S}SOD [EDIPIUL PASEIIOUT ‘QWOdUT J[NPE Ul Sased1ddp ‘AII[IqeSIp pooyplIyd Yirm
P21BID0SSE $}S0D PIseaIdUT ‘Y3I1q SUIMO[[0] A[21BIPIUWIWT PUE & $}SOD [eDIPIW paseardur ‘A}I[elow jueyur Jo ajex 12yS1y ‘Surpnour S[QUUEYD XIS Y}IM UOTJRIOSSE S}SOD PISLaId
-UT I9PISUO0d M ‘(ZZ0Z) "Te 32 d11m)) SUIMO[[O] "S[oPoW (G d[qe], Ul §70°0) SSUI00Ys ssew pue (¢ 3[qe], ur 91¢ ) syoere 1adrus 03 arnsodxa Areurq ay3 woiy 3YIromyIiq mof
AISA JO POOYIIYI[ Y} UO S}03)J PAJLWIIISI INO IsN A\ "SSUTI00YS ssew pue sydejje 1drus 0 21nsodxa Jo 300 Y} JO UOTIB[NOI[D INO JO S[Iedp Yy syuasaid d[qe) Sy, :SION

69€°¢8$ £88°0%6$ LLV'LL6TS 150D pajewnisy [e1o],
(6007) "Te 32 997 pue (8107) '[e 12 [empereyg 9%T'SES YLLL6ES 8LL'8STT$ YSLI A31[E1I0W Wi1d)-3U0] JO 150D
(0102) 'Te 10 wosIOpUY pue (Z00T) ‘Te 12 YoeH 69€C$ 9€.9T$ 60978$ (a1e [edIPaW) AN[IqESIP }[NPE JO 150D
(8102)
‘Te 12 (empereyq pue (£107) £49AING SaNTUNWIWO) UBILIDWY €85 185°9$ $28°02$ aWOdUT J[NPE Ul UOIIINPAL 0} NP 350D
(2102) UtV pue a[iqeis pue (z00g) ‘e 19 YoeH €981 Te01e$ £2599% 1500 A1[1qeSIp Pooyp[IyD
(8661) Psmo30y 6%0°L$ 875 6.L$ PELISTS 150D 918D [BIIPAUI JUEJU]
(000¢) eIEI PUE IBIND pUE (GTOT) [E 12 SMAYNEN 092°9¢$ TTT60¥$ 900°56TT$ 1eap Juegur 0} 0P 150D
sgunooyg sse sypeny radiug
23Inog ajeurrnysy [ouueyn

uswop) yueugarg uo s3urjooyg ssejy pue sydeyy 1adrug Jo 3s0) [erdog ayy Sunernofe) :g a[qe], xipuaddy

90



Appendix Table 9: Descriptive Statistics,
National Level Mass Shootings Analysis

(1) (2) (3)

Full Treatment  Control
Sample Group Group
Panel A: Control Variables
Mother Age 28.930 29.039 28.859
(5.881) (5.867) (5.889)
White 0.729 0.723 0.732
(0.445) (0.447) (0.443)
Black 0.159 0.162 0.158
(0.366) (0.369) (0.364)
Other/Native 0.112 0.115 0.110
(0.315) (0.318) (0.313)
Hispanic 0.383 0.381 0.384
(0.486) (0.486) (0.486)
High School or Less 0.370 0.365 0.373
(0.483) (0.482) (0.484)
More than High School 0.630 0.635 0.627
(0.483) (0.482) (0.484)
First Baby 0.322 0.321 0.322
(0.467) (0.467) (0.467)
Male Child 0.512 0.512 0.512

(0.500) (0.500) (0.500)

Panel B: Outcome Variables

Very Low Birthweight 0.012 0.012 0.012
(0.110) (0.110) (0.110)

Very Premature 0.014 0.014 0.014
(0.117) (0.117) (0.117)

Observations 2,969,057 1,168,120 1,800,937

Notes: This table presents sample averages for several control and out-
come variables for mothers who reside in Ever Attacked counties, us-
ing U.S. Vital Statistics Natality records data for the mass shootings be-
tween 2006 and 2019. Column 1 displays sample averages for the cor-
responding variables for women who resides in Ever Attacked coun-
ties (full sample). Column 2 provides sample averages for mothers
who were exposed to shootings during their pregnancies, constituting
the treatment group. Column 3 presents the sample averages for the
control group, including women who experienced mass shootings af-
ter their expected month of delivery.
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Appendix Table 11: Characteristics of Counties Ever Experienced Mass

Shootings vs. Never Experienced Mass Shootings

(1)

(2)

3)

Counties Counties
Variables Ever Experienced Never Experienced Difference
Mass Shootings Mass Shootings

Very Low 1.219 1.242 -0.023***
Birthweight (10.974) (11.075) (0.007)
Very 1.394 1.421 0.027***
Premature (11.726) (11.837) (0.007)
First Baby 0.322 0.307 -0.015%**
(0.467) (0.461) (0.001)

Mother’s Age 28.930 28.259 -0.670%%*
(5.881) (5.765) (0.003)

Whites 0.728 0.768 0.040%**
(0.0445) (0.422) (0.001)

Blacks 0.159 0.149 -0.010***
(0.366) (0.356) (0.001)

Others/Natives 0.112 0.080 -0.032%**
(0.315) (0.272) (0.001)

Hispanics 0.377 0.177 -0.199%%*
(0.485) (0.0382) (0.001)

More than 0.630 0.667 0.035%**
High School (0.483) (0.472) (0.001)
High School or 0.370 0.334 -0.035***
Less (0.483) (0.472) (0.001)
Married 0.573 0.609 0.036***
(0.495) (0.488) (0.001)

County Population 0.750 0.122 -0.628***
Size>1m (0.433) (0.328) (0.001)
County Population Size 0.166 0.199 0.033***
Between 500k and 1m (0.372) (0.399) (0.001)
County Population Size 0.050 0.181 0.131%**
Between 250k and 500k (0.218) (0.385) (0.001)
County Population Size 0.023 0.206 0.182%%*
Between 100k and 250k (0.151) (0.404) (0.001)
County Population Size 0.010 0.292 0.282%**
Between 100k and 250k (0.099) (0.454) (0.001)

Notes: This table compares the sample averages of several control and outcome
variables for mothers who reside in Ever Attacked counties and Never Attacked
counties using U.S. Vital Statistics Natality records data for the mass shootings be-
tween 2006 and 2019. Column 1 displays sample averages for the corresponding
variables for women who resides in Ever Attacked counties. Column 2 provides
sample averages for mothers who live in Never Attacked Counties. Column 3
presents the difference between first and second columns. *** p < 0.01, ** p < 0.05,

*p<0.1.
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Appendix Table 12: The Effects of Mass Shootings on Infant Health Outcomes
National Level Mass Shootings Analysis: Including Never Treated Counties

(1) (2)

Very Low Very
Birthweight Premature

Panel A:
1st Trimester 0.045%** 0.032

(0.012) (0.021)
2nd Trimester 0.005 0.019

(0.010) (0.017)
3rd Trimester -0.017 -0.003

(0.013) (0.016)
Panel B:
Exposure to MS During 0.011 0.016
Pregnancy (0.009) (0.016)
Mean DV 1.193 1.380
Conception Quarter and Year FE Yes Yes
County FE Yes Yes
Mother/Child Characteristics Yes Yes
County Specific Linear Trends Yes Yes
Observations 191,901 191,901

Notes: This table presents estimates of the effect of exposure to mass shootings be-
tween 2006 and 2019 on Very Low Birthweight and Very Premature births. The
coefficient estimates are obtained using imputation estimator from Borusyak et
al.(2022). The estimation sample includes the observations from Never Treated
Counties as well. For computational efficiency purposes the estimation sample is
collapsed at the conception quarter-year by county level. Regressions are weighted
by number of women who gave birth at the conception quarter-year and county
level. Each column in Panels A and B corresponds a separate regression. The es-
timates presented in Panel A are trimester indicators reflecting exposure to mass
shootings. Estimates presented in Panel B replace the trimester indicators with an
overall measure of exposure to shootings during pregnancy. See text for more de-
tails about regression specifications and controls. Both outcomes are multiplied by
100 for ease of interpretation. Standard errors are clustered at the county level. ***
p<0.01,* p<0.05,*p<0.1.
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