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A B S T R A C T

In the past decade, the technological developments in the oil and natural gas extraction industry made
the extraction of shale gas economically feasible and prompted local economic booms across the US.
Anecdotal evidence suggests that areas with unconventional gas development experience a
disproportionate increase in the young male population who are more likely to be involved in risk-
taking behavior. Moreover, the sudden income gains or demographic shifts might increase the demand
for various goods and services, including entertainment and illegal activities provided by the adult
entertainment industry. We investigate the relationship between unconventional gas development and a
variety of risk-taking outcomes such as sexually transmitted infections, and prostitution-related arrests.
Our identification strategy exploits the variation in shale gas or unconventional well drilling across time
and counties in conjecture with a number of datasets that allow us to investigate the potential
mechanisms. Our findings indicate that Pennsylvania counties with fracking activities have higher rates
of gonorrhea and chlamydia infections (7.8% and 2.6%, respectively), as well as higher prostitution related
arrests (19.7%). We posit that changes in the labor market and associated impacts to income or
composition of workers may play a role in the estimated effects, but we do not find evidence in support of
these hypotheses.
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1. Introduction

Over the past decade technological advancements in hydraulic
fracturing (“fracking”) have fueled a boom in unconventional oil
and natural gas extraction in a number of areas – typically rural
areas – across the United States (US). Unconventional or shale gas
development leads to increased demand for labor (James and
Smith, 2017). Similarly, unconventional gas development can
create higher income in the region and attract investors and
businesses that seek to accommodate the increase in population
and associated needs.
$ We thank seminar participants at the RAND DC Health Unit Seminar, FDA
Economics Brown Bag, University of Hawaii, the 2016 Population Association of
American Annual Meetings, and the 2016 ASHEcon Biannual Meetings for useful
comments. We also thank three anonymous referees for their review and invaluable
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Unconventional gas development (hydraulic fracturing or other
related techniques to extract gas from shale formations) requires
significant labor resources that are often not met by the local labor
supply. The influx of transient labor required to meet labor demand
can have two potential effects. First, it can change the demographic
composition to be skewed toward young men. This changes the sex
ratio,1 which can lead to changes in social dynamics and risk-taking
behavior.2 For example, there may be an increased demand for
illegal activities such as solicitation and prostitution.3 Second,
economic growth, macro-economic conditions, or income shocks
1 Anecdotal evidence suggest the men to women ratio can change to 10:1 and as
much as to 30:1 at the peak of the shale boom in North Dakota. See for example
article on M. Zuckerberg’s accounts of visiting North Dakota. Available at https://
www.cnbc.com/2017/07/12/mark-zuckerberg-discovers-what-fracking-boom-
does-for-dating.html, last accessed on 12/10/2017.

2 Compositional change in population is not unique to unconventional gas
development. Wilson (2012) examines the effects of copper mining booms in
Zambia and finds that copper mining boom towns exhibited substantially reduced
rates of transactional sex and multiple partnerships. These results suggest the
copper mining booms led to a compositional change in the population residing in
copper mining cities.

3 See for example The New York Times article “An Oil Town Where Men Are Many,
And Women Are Hounded”. Available at http://www.nytimes.com/2013/01/16/us/
16women.html, last accessed on 12/10/2017.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ehb.2018.08.001&domain=pdf
mailto:tbeleche@gmail.com
mailto:icintina@gmail.com
https://www.cnbc.com/2017/07/12/mark-zuckerberg-discovers-what-fracking-boom-does-for-dating.html
https://www.cnbc.com/2017/07/12/mark-zuckerberg-discovers-what-fracking-boom-does-for-dating.html
https://www.cnbc.com/2017/07/12/mark-zuckerberg-discovers-what-fracking-boom-does-for-dating.html
http://www.nytimes.com/2013/01/16/us/16women.html
http://www.nytimes.com/2013/01/16/us/16women.html
https://doi.org/10.1016/j.ehb.2018.08.001
https://doi.org/10.1016/j.ehb.2018.08.001
http://www.sciencedirect.com/science/journal/1570677X
www.elsevier.com/locate/ehb


70 T. Beleche, I. Cintina / Economics and Human Biology 31 (2018) 69–82
associated with unconventional gas development could alter
individuals’ incentives to be involved in risky behaviors (Paling and
Castello, 2017; Asgeirsdottir et al., 2014, 2016; Colombo et al.,
2018).4 Studies have shown that individual and household level
economic shocks affect the demand for and supply of risky
behavior.5 Increases in income can lead to a rise in risky behavior if
risky behavior is a normal good. However, good health and
appearance may also be normal goods, leading one to invest more
time and money to the production of health as income rises,
thereby averting risky behavior (Philipson and Posner, 2003).

In this paper, we investigate the public health effects of
unconventional natural gas development on a set of outcomes that
include illegal activities and sexually transmitted infections (STIs).
We focus on Pennsylvania, where gas production from the
Marcellus shale formation represents nearly 40% of total uncon-
ventional gas production in the US (US EIA, 2012), and where
unconventional well drilling and gas extraction spread quickly
after 2005 and peaked in 2010. Until recently, many studies have
focused on the environmental implications of unconventional or
shale gas development (e.g., Jackson et al., 2014; Rabinowitz et al.,
2015; Carpenter, 2016). As unconventional gas extraction in
Pennsylvania’s Marcellus shale formation has increased, new
questions about its potential impacts have emerged (e.g., Johnson
et al., 2010; Osborn et al., 2011; Gehman et al., 2012). A small, but
growing body of literature has examined the economic and social
impacts of shale gas development. Specifically, there is evidence
that shale gas development is associated with higher vehicle crash
rates (Graham et al., 2015), higher rates of crimes (James and
Smith, 2017), and have negative impacts on housing (Muehlen-
bachs et al., 2015) and labor markets (Hastings et al., 2015). In
addition, other studies have investigated the impacts of shale gas
and oil development on educational outcomes such as high school
and college attainment (e.g., Weber, 2012; Cascio and Narayan,
2015; Rickman et al., 2017), family formation (Kearney and Wilson,
2016), infant health (Hill, 2018), and hospitalization rates among
the elderly (Peng et al., 2018).

Our study parallels the work by Komarek and Cseh (2017) who
investigate the impact of unconventional gas development in the
Marcellus shale region on gonorrhea rates. We make several
contributions to the literature. First, in addition to examining
gonorrhea rates like Komarek and Cseh (2017), we expand the
analysis to include chlamydia rates, which is the most reported STI
in the United States. Second, we investigate the impact of
unconventional gas development on several measures of risky
behavior as captured in arrests across a spectrum of violations
including prostitution, drunk driving, drunkenness, disorderly
conduct, and liquor law. Third, we explore how the estimated
effects vary by gender, and targeted age groups, and examine
potential mechanisms underlying the estimated effects and
spillovers to counties near and without unconventional gas
development.

Utilizing a difference-in-differences methodology and the
variation in unconventional gas development across time and
counties, we show that counties in Pennsylvania with unconven-
tional gas development experienced an increase in outcomes that
are associated with risky behaviors. Specifically, we find strong
evidence that gonorrhea rates increase more in counties with
4 See for example National Public Radio’s article, “Booming oil fields may be
giving sex trafficking a boost”, February 1, 2014. Available at http://www.npr.org/
2014/02/01/265698046/booming-oil-fields-may-be-giving-sex-trafficking-a-
boost, last accessed on 2/12/15.

5 See for example National Public Radio’s article, “Booming oil fields may be
giving sex trafficking a boost”, February 1, 2014. Available at http://www.npr.org/
2014/02/01/265698046/booming-oil-fields-may-be-giving-sex-trafficking-a-
boost, last accessed on 2/12/15.
unconventional gas development compared to counties without
unconventional gas development. These findings are robust to
various sensitivity specifications, and are consistent—though
smaller in magnitude—with Komarek and Cseh (2017). We also
find evidence that unconventional gas development lead to an
increase in chlamydia rates. However, these results are sensitive to
the period of time or sample of counties examined. Although we
find that unconventional gas development is associated with
higher rates of prostitution-related arrests, a set of sensitivity and
robustness checks indicate that these results may not be
interpreted as causal. Finally, our analysis does not provide
support for changes in demographic composition or income
shocks as mechanisms explaining the effects.

Taken together, the results highlight the importance of
understanding the public health implications – including unin-
tended consequences – associated with unconventional or shale
gas development. They also point out the need to further
understand the drivers and determinants of state-specific health
disparities to effectively coordinate public policy objectives aimed
at promoting healthy sexual behaviors and reducing STIs among
young adults.

This paper is organized as follows. Section 2 presents a
background of unconventional or shale development. Section 3
describes the methodology and data. Section 4 presents and
discusses our results and sensitivity analysis, followed by a
discussion of pre-existing trends (Section 5). Finally, Section 6
concludes.

2. Background

In this study, we refer to “unconventional” oil or gas production
to the use of hydraulic-fracturing or horizontal drilling techniques
or processes to extract natural gas or oil from shale or tight
formations.6 Shale formations are fine-grained, sedimentary rocks
that formed more than 300 million years ago. Hydraulic fracturing
(henceforth, referred to as fracking) has opened new areas for oil
and gas development, where the focus has been on extracting
natural gas and oil from reservoirs found in shale rock formations.
Unconventional gas production has grown substantially in the last
two decades – growing from just 0.8% of natural gas production in
the US in 1990 to 10% in 2007 (US EIA, 2012, 2015a, 2015b). This
growth is expected to continue and in 2015, it was 56%, which has
surpassed the forecast that it would account for approximately 60%
of natural gas production by 2040 (US EIA, 2015a, 2015b). This fast
expansion has resulted in natural gas drilling and production
activities in parts of the country that previously had little to no
such activity. Shale gas can be found in many parts of the US, but
production activities are currently occurring in 16 states (US DOE,
Undated). According to the US Energy Information Administration,
the Marcellus shale region, mostly covering West Virginia and
Pennsylvania, produces almost 40% of the US shale gas production,
thereby making it the largest producing shale gas basin (US EIA,
2014).

In Pennsylvania alone 1360 new unconventional gas wells were
drilled in 2012, up from just 8 in 2005 (FracTracker Alliance, 2012).
Unlike traditional or conventional drilling which involves drilling
vertically below ground (whether underwater or onshore) to
6 An unconventional gas well is a well that is drilled into an unconventional
formation, which is defined as a geologic shale formation below the base of
sandstone or its geologic equivalent where natural gas generally cannot be
produced except by horizontal or vertical well bores stimulated by hydraulic
fracturing. (Pennsylvania Department of Environmental Protection’s Act 13
Frequently Asked Questions. Available at http://www.dep.pa.gov/Business/Ener-
gy/OilandGasPrograms/Act13/Pages/Act-13-FAQ.aspx, last accessed September 17,
2017.)
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Fig. 1. Location of Active Unconventional Wells in Pennsylvania.
Notes: Each dot represents an active unconventional well in Pennsylvania. Data are as of October 1, 2014. The map excludes wells that have been plugged, and wells that lack
location information.
Sources: Authors’ analysis using data from FracTracker Alliance, US Census Bureau, Pennsylvania Department of Environmental Protection, FracTracker Alliance, US Census
Bureau, Pennsylvania Department of Environmental Protection. Available at http//services.arcgis.com/jDGuO8tYggdCCnUJ/arcgis/rest/services/PA_pop_wells_v3/Feature-
Server and http://services1.arcgis.com/k8yxvICm95iIFicb/arcgis/rest/services/PA_Counties/FeatureServer

7 Appendix Figure A2 shows the percentage change in gonorrhea, chlamydia and
prostitution-related arrests between 2003 and 2012. The first panel shows that
there is correlation between an increase in the percentage change in gonorrhea rate
and number of unconventional wells, especially in the Southwest and Central parts
of Pennsylvania. Similarly, there is correlation between an increase in the
percentage change in chlamydia and number of unconventional wells, which is
concentrated in the Western and Northeastern part of the state. However, we do not
observe a clear pattern between the percentage change in prostitution-related
arrests and unconventional gas development.
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extract oil from a reservoir and pumping it into a well, the process
of unconventional gas extraction is more complex and more labor
intensive (see for example Energy and Capital, 2018; OSHA, 2018).
The initial phase is drilling a well. This phase involves building a
well pad, as well as access roads, collection pipelines and fracturing
of the shale formation. This initial phase is short-lived, but is the
most labor intensive process. Most of the employment that is
associated with unconventional gas development in the Marcellus
shale region is to meet the labor demand in the initial phase
(Kelsey and Murphy, 2011). It is estimated that drilling a single well
in the Marcellus shale region involves over 420 individuals
working within nearly 228 different occupations from general
office clerks, truck drivers, and heavy equipment operators to
lawyers, geologists, and engineers. Most of this workforce is
comprised of occupations that require little formal post-secondary
education that are typically filled by non-local or transient workers
(MSETC, 2010).

It is the nature and volume of the labor resources (young,
mostly men and of various socioeconomic backgrounds) required
to conduct the initial phase that motivate our study. Conceptually
and in the context of a supply-demand model, an exogenous shock
can alter labor market conditions, vis-a-vis an increase in demand
for specific laborers, and lead to an increase in the equilibrium level
of employment and wages. Changes in the composition of those
employed in a given community or changes in income can lead to
changes in the social fabric of communities affected that alter
outcomes associated with risk taking behavior. For example, there
could be an influx of young males who may be more likely to have
multiple sexual partners, or engage in unprotected sex, alcohol or
drug use. James and Smith (2017) find evidence that shale gas
development is associated with higher rates of crimes; Komarek
and Cseh (2017) report a substantial increase in gonorrhea rates,
while Kearney and Wilson (2016) report an increase in both marital
and non- marital births increase (i.e., an implied increase in
unprotected sexual intercourse). While there are substantial
differences between crime, natality, and STIs, all can indicate an
increase in risk-taking behavior. It is also possible that changes in
income can lead individuals to consider certain risk-taking
behaviors.

Understanding the driver(s) of the observed impacts is an
empirical question that this study aims to answer. In the next
section, we discuss in more detail the data and empirical approach
used to estimate the impact of unconventional gas development on
the outcomes under investigation.

3. Empirical approach and data

3.1. Data

Our identification strategy uses the geographic variation that
results in the exogenous distribution of shale oil and gas deposits
across the state of Pennsylvania, as well as the temporal variation
in unconventional gas development that has occurred over time.
We specifically focus on the variation that occurs at the county-
level. Fig. 1 illustrates where unconventional wells are located in
Pennsylvania, and shows that there is geographic variation across
counties – with counties in the northwest and southeast having the
largest concentration of wells. Supplementary Appendix Figure A1
shows counties with their corresponding number of conventional
and unconventional wells for 2003–2012, and separately for 2003,
2009, and 2012. The set of panels in Supplementary
Appendix Figure A1 illustrates the growth in unconventional
activity as well as the variation in the distribution and number of
unconventional and conventional wells across counties.7



Fig. 2. Conventional and Unconventional Well Activity in Pennsylvania:1994–2012.
Sources: Authors’ analysis using data from Pennsylvania’s Department of
Environmental Protection’s Office of Oil and Gas Management.
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There is also variation in terms of when unconventional and
conventional gas development occurs. Fig. 2 shows the number of
conventional and unconventional wells in Pennsylvania from 1994
to 2012. The number of conventional wells increased significantly
in the late 1990s; this pattern of growth was not observed in the
number of unconventional wells until the mid-2000s. Of interest is
the year 2009 when the number of conventional wells decreased,
but the number of unconventional wells began to increase at a
faster pace than in the preceding years. In Supplementary
Appendix Table A1, we list the counties in Pennsylvania and their
corresponding counts of unconventional and conventional wells as
well as the year in which unconventional gas development first
occurred and whether the county is considered to be urban or
rural. Supplementary Appendix Table A1 shows that except for one
county (Erie County), counties with unconventional wells also
have conventional wells, and that most of the counties with
unconventional wells are rural.

This study relies on multiple data sources. Unconventional gas
development data come from Pennsylvania’s Department of
Environmental Protection’s (PADEP) Office of Oil and Gas
Management. These data include characteristics of the well,
including drilling dates (also called spud dates), location, well type,
well status (active, plugged oil well, abandoned, regulatory
inactive status), and configuration (vertical, horizontal, deviated).
For this paper, we are interested in identifying unconventional
wells to capture the presence or intensity of unconventional gas
development in a given county-year.

Next, we utilize county-year level data on gonorrhea and
chlamydia rates. These data come from Pennsylvania’s Department
of Health. We note that the Centers for Disease Control and
Prevention have indicated potential deficiencies in utilizing
chlamydia rates for cross-state or national estimates due to
differences in diagnostic, screening, and reporting practices by
certain states (CDC, 2010). However, our analysis focuses on data
for the state of Pennsylvania only, which reduces concerns that
Komarek and Cseh (2017) have regarding the compatibility of
chlamydia rates across states.

Chlamydia and gonorrhea rates are also available by ethnic,
gender, and age groups (15–24 and 25–34). Although STI
information is available for Blacks and Hispanics, we limit our
analysis to Whites due to potential issues with sample size and
reporting for the other groups (CDC, 2016).

We also consider other risky behaviors captured by crime data
made available by the US Department of Justice and Pennsylvania’s
Uniform Crime Reporting (PAUCR) System (http://www.paucrs.pa.
gov). The types of crimes we consider for the main analysis include
prostitution and commercialized vice, driving under the influence
(DUI), liquor law violations, drunkenness, and disorderly conduct.
Prostitution and commercialized vice includes promotion of or
participation in sexual activities for profits, it includes prostitution,
soliciting or transporting persons for prostitution, owning or
providing a place where prostitution is performed or to assist or
promote prostitution. Thus, we refer to this type of arrest as
prostitution-related. Overall arrest data are available for 2003–
2012, but arrest data by ethnic, gender, and age groups (18–24 and
25–34) are available for 2005–2012.

Our analysis draws from other data sources to enable us to
control for variables that may explain some of the results, as well as
to examine the sensitivity of our results. We utilize information on
the number of hospitals and the number of mental and substance
abuse facilities to capture changes in expenditures in health or
infrastructure that might be associated with or be responses to
risk-taking behavioral outcomes in each county over time. These
data come from Pennsylvania’s Department of Health County
Health Profiles (http://www.statistics.health.pa.gov/). In addition
to these data, we use the number of full time police officers per
1000 population to capture changes in law enforcement as part of
our analysis. These data come from Pennsylvania’s Uniform Crime
System’s Annual Crime Reports and are captured at the Common
Human Service Region, which include multiple counties. Although
these data are not at the county-level, the measure still captures
geographic variation in law enforcement resources over time. We
also obtain data on total annual unconventional and conventional
gas production from PADEP. Coal mining is prominent in
Pennsylvania and is a source of energy that can impact
unconventional or conventional gas production. To account for
potential substation among the various sources of energy, we also
gather data on coal production. Coal production data come from
the US Energy Information Administration (www.eia.gov). Popu-
lation data to calculate STI and arrest rates and other population-
related measures come from the US Census Annual County
Resident Population Estimates.

Our analysis focuses on the period 2003–2012, which covers the
period of growth in unconventional well drilling, as well as the
period for which most of the data are available, but we also conduct
a sensitivity analysis that includes data from 2003 and 2014. In
addition, we note that the period of analysis includes the Great
Recession and the evolution of the opioid epidemic. Because labor
market conditions can impact decisions to allow drilling in an area,
we gather county unemployment data from the Bureau of Labor
Statistics, Local Area Unemployment Statistics. Other data
compiled to examine include county-level annual opioid prescrip-
tion rates for 2006–2012 from CDC’s Opioid Overdose website
(https://www.cdc.gov), drug and abuse related arrests for 2003–
2012 from the PAUCR System, and viral hepatitis deaths for 2003–
2012 from Pennsylvania’s Department of Health. Finally, we use
the American Community Survey (ACS) to gather county-level
information on population and industry-specific employment for
2005–2012. In addition, we utilize the ACS to compile measures of
income and percent of population moving or renting.

Data from the ACS show that employment in Pennsylvania’s
mining industry has increased over 2005 and 2012, and that the
largest increase in employment is among those between 21 and 30
years of age (see Fig. 3). This growth in industry employment has
been reported by others (e.g., Weinstein and Partridge, 2011), and
provides evidence that the increase in employment is correlated
with unconventional gas development in Pennsylvania. Of interest
is that in the period 2005–2008, there was a steady increase in the
number of conventional wells, but we do not observe employment
rates increasing in tandem with this trend. This supports our
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Fig. 3. Employment in Pennsylvania’s Mining Industry.
Source: Authors’ calculations based on the American Community Survey 2005–2012.

T. Beleche, I. Cintina / Economics and Human Biology 31 (2018) 69–82 73
argument that unconventional gas development creates a shock to
employment. In Table 1, we investigate how counties with
conventional wells compared to counties without any wells
(unconventional or conventional)8 along a series of demographic
and economic factors before (2003–2006) and after (2007–2012)
the period of growth in unconventional gas development. Table 1
shows that the rates of gonorrhea, chlamydia, and DUI arrests
increased across time in counties with unconventional gas
development activities. By contrast, except for DUI arrests, the
other types of arrests decreased over time in counties with
unconventional wells. Counties without any wells exhibit a similar
pattern for most of the outcomes. Interestingly, the means of for
STIs and commercialized vice for counties without wells are
greater in magnitude than the means of counties with unconven-
tional wells, but this is the opposite for DUIs, liquor law,
drunkenness, and disorderly conduct arrests. In the sensitivity
section, we explore the possibility that some of the effects may be
explained by patterns specific to urban or rural areas.

Next, Table 1 shows that there was little change in the
overall mean number of conventional wells, but that the mean
number of unconventional wells increased substantially in
2007–2012. Similarly, various demographic characteristics
remained unchanged across the two time periods for both
the target and control group (except for the percent of
Hispanics and the unemployment rate). Although there were
little changes across time, Table 1 shows differences between
counties without any wells and counties with unconventional
wells. Generally, counties with unconventional wells had
8 We note that in our methodology the control counties include counties without
any unconventional activity. Most counties, except Erie County, have both
unconventional and conventional wells. We treat Erie County as a control group,
consistent with Peng et al. (2018). We refer to the control counties as counties
“without any drilling” or “with no unconventional well activity” interchangeably.
lower percentage of Blacks and Hispanics, higher unemploy-
ment rate, and lower number of hospitals or mental and
substance abuse facilities than counties without wells. These
differences may be inherent to the rural/urban nature of the
groups. Moreover, counties with unconventional gas develop-
ment have a higher proportion of 15–24 year-olds. Young males
in this age category are more likely to be involved in risky
behaviors, as well as those that are more likely to be employed
in the shale oil and gas industry. There is also a stark difference
with respect to unconventional gas production between 2003–
2006 and 2007–2012 across the target and control counties;
the difference is not as large for conventional gas production or
coal production. These statistics point to differences in the
demographic composition between counties with and without
unconventional gas development, and the importance in
controlling for them in our analysis.

3.2. Empirical approach

To evaluate the effect of unconventional gas development in
Pennsylvania on risky behavior, we rely on a difference-in-
differences methodology, with a model given by Eq. (1).

Yct = α + β1*unconv_wellsct + β2*conv_-
wellsct + gc + lt + gc*trend + dXct + ect. (1)

Yct denotes our measure of risky behavior in county c in year t as
captured by one of the following outcomes: 1) the prevalence of
the STIs; 2) arrests for prostitution; 3) arrests for DUI; 4) violation
of liquor laws; 5) drunkenness; and 6) disorderly conduct. The STI
prevalence is measured as a total number of gonorrhea (or
chlamydia) cases per 100,000 population. Similarly, arrests are
measured as the total number of arrests for a given offense per
100,000 population.

Eq. (1) captures unconventional and conventional well activity
simultaneously. This specification is informed by Fig. 2, (as well as



9 Results of specifications without weights are available upon request. The results
for gonorrhea rates are robust across specifications; the results for chlamydia rates
and prostitution arrests are weaker in the statistical sense, with generally larger
point estimates variables of interest for chlamydia and smaller for prostitution
arrest. Additionally, for the estimates that are statistically significant in both the
weighted and unweighted regressions, standard errors are generally larger in the
unweighted regressions. This suggests that the weighted regressions lead to
improved precision of our estimates.
10 This methodology is consistent with Komarek and Cseh (2017) but we differ in
how the threshold is defined and in the set of covariates included in the
specifications. Komarek and Cseh (2017) define High in two ways: counties with 50
or more unconventional wells or counties with 33 or more unconventional wells.
Unlike our methodology, Komarek and Cseh (2017) do not control for conventional
well activity.
11 As a sensitivity test, we tried the cutoffs similar to Komarek and Cseh (2017) and
obtained qualitatively similar estimates, albeit larger in magnitude (available upon
request). The difference in magnitude is possibly due to differences in sample size,
composition of treatment and control counties as we use data from Pennsylvania
only, rather than combined Pennsylvania, New York, Ohio, and West Virginia, and
differences in covariates included in the model.

Table 1
Summary Statistics of Outcome Measures, 2003–2012.

2003–2006 2007–2012

Counties with
Unconventional Wells

Counties without
Unconventional Wells

Counties with
Unconventional Wells

Counties without
Unconventional Wells

Chlamydia Rate 135.69 195.91 184.27 243.94
Gonorrhea Rate 25.93 52.01 29.18 50.72
Commercialized Vice Rate 4.14 12.01 2.61 7.36
DUI Rate 435.71 374.95 444.54 417.46
Liquor Law Rate 299.71 235.98 217.82 187.18
Drunkenness Rate 196.06 173.01 187.28 167.66
Disorderly Conduct Rate 521.53 508.50 443.20 451.53
Number of Any Wells 90.73 0 90.05 0
Number of Conventional Wells 90.40 0 64.33 0
Number of Unconventional Wells 0.33 0 25.73 0
Male (%) 49.60 49.22 50.03 49.31
White (%) 95.77 90.93 94.99 89.46
Black (%) 2.69 6.08 3.08 6.76
Hispanic (%) 1.16 4.61 1.61 6.00
15-24 (%) 14.08 13.18 13.84 13.19
25-34 (%) 10.75 11.57 10.66 11.38
Unemployment Rate 5.92 4.86 7.58 7.08
Number of Hospitals 3.35 4.74 3.12 4.76
Number of Mental and Substance Abuse Facilities 7.43 14.57 7.25 14.33
Log of Unconventional Output 1.11 0 8.25 0
Log of Conventional Output 10.70 0 11.29 0
Log of Coal Output 7.58 1.17 7.74 1.29

N = 160 N = 108 N = 240 N = 162

Notes: Rates are in per 100,000 population. Most counties, except Erie County, with conventional wells also have unconventional wells.
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Supplementary Appendix Table A1 and Fig. A1), which showed that
unconventional well activity is correlated with conventional well
activity. In Eq. (1), unconv_wellsct is a binary indicator of whether
there was unconventional well activity in county c in period t.
Using this specification, the effect of having a shale boom or
unconventional gas development is captured by the estimated

coefficient of unconv_wellsct. (i.e., b̂1 ), while the estimated

coefficient of conv_wellsct (i.e., b̂2 Þ captures the effect of
conventional well activity in county c at time t. We posit that
the impact is driven by unconventional well activity, and thus we

would expect b̂1 to be statistically significant, but not b̂2 Þ.
Measuring unconventional gas development activities or shale

booms with a dichotomous variable is consistent with the
literature (Komarek and Cseh, 2017; Peng et al., 2018), but we
also consider separate specifications, including a dichotomous
variable that captures any type of conventional and unconven-
tional wells, a continuous variable capturing the total number of
unconventional wells, a dichotomous variable that captures the
presence of conventional wells only, a dichotomous variable that
captures the presence of unconventional wells only, and a
dichotomous variable that captures the presence of unconven-
tional wells and a continuous variable for the total number of
conventional wells. We emphasize that our identification strategy
exploits the variation associated with unconventional gas devel-
opment from which we observed corresponding changes in
employment, but we consider and discuss conventional activity,
where appropriate, to account for its correlation with unconven-
tional gas development.

The specifications control for a set of variables (X) that include
unemployment rate, the number of hospitals, number of mental
and abuse centers, log of unconventional gas production, log of
conventional gas production, log of coal production, and number of
officers per 1,000 population across time and counties. In addition,
in Eq. (1), gc is a set of dummies for each county that captures fixed
differences in risky behavior across counties, and lt controls for
year effects common to all counties. We also control for county-
specific linear trends (gc*trends). Standard errors are clustered at
the county level, and all regressions are weighted by population
counts.9

While the dichotomous measure can help assess whether the
presence of drilling activity affects the outcomes of interest, it does
not allow one to make an inference on whether the intensity of the
activity matters. This is more relevant because the data show that
the number of unconventional wells drilled varies substantially
across counties. Thus, to identify whether there are differences
between high and low drilling activity, we estimate the following
model in Eq. (2):10

Yct = α + β1*unconv_wells1–
9ct + β2*unconv_wells10or morect + β3*conv_wells1–
9ct + β4*conv_wells10or morect + gc + lt + gc*trend ++ dXct + ect. (2)

where we implicitly define high level of drilling activity as 10 or
more wells being drilled (unconv_wells10or more or conv_wells10or
more) and low if there were 1 to 9 wells (unconv_wells1–9 or
conv_wells1–9). These cutoffs were determined by natural breaks
in the distribution.11 All other variables are defined as in Eq. (1). We



Table 2
Effect of Conventional or Unconventional Well Activity on Outcomes of Interest, 2003–2012.

Gonorrhea Chlamydia Prostitution and
Commercialized Vice

DUI Liquor Law Drunkenness Disorderly
Conduct

Panel A.
Unconventional Well Activity 7.578** 8.991* 3.785** 9.762 �4.487 �2.761 14.93

(3.035) (5.335) (1.615) (12.52) (8.844) (5.579) (12.58)
Conventional Well Activity �2.763 �7.650 0.752 �6.495 9.492 �6.973 5.522

(6.074) (8.063) (1.183) (17.69) (14.30) (14.68) (37.57)
Panel B.
Unconventional Well Activity: 1-9 wells (Low) 6.692** 8.461 3.855** 11.40 �5.665 �3.118 14.63

(3.061) (5.351) (1.698) (12.40) (8.845) (5.676) (12.73)
Unconventional Well Activity: 10+ wells (High) 18.97*** 16.26* 2.343 �8.869 12.61 3.869 24.89

(6.056) (8.849) (1.535) (30.08) (13.38) (12.35) (20.01)
Conventional Well Activity: 1-9 wells (Low) �3.196 �7.973 0.862 �6.030 8.644 �7.431 4.513

(6.208) (8.642) (1.174) (18.60) (13.33) (14.38) (37.47)
Conventional Well Activity: 10+ wells (High) 2.340 �6.097 2.107 �23.65 9.892 �11.55 �13.07

(12.73) (14.28) (2.172) (29.82) (17.29) (17.76) (43.14)
PA Mean 96.71 345.52 19.21 407.51 215.70 206.98 501.04

Notes: Sample contains all counties in Pennsylvania in 2003–2012 (N = 670). All specifications control for unemployment rate, number of hospitals, and number of mental and
substance abuse facilities in a county-year, oil and gas production (conventional and unconventional), coal production, officers per 1,000 population, county fixed effects, year
fixed effects, and county-specific linear trends. Standard errors clustered at the county level are in parentheses. Regressions are weighted by county-level population. Panel A
and Panel B correspond to specification in Eq. (1) and (2), respectively. *** 1%; ** 5%; * 10%.

12 Results not shown, but available upon request, indicate that the estimated
coefficients and their corresponding statistical significance vary little when we use
alternative measures of law enforcement.
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note that in this case using a continuous counts of wells is
inappropriate as the relationship between intensity and the
outcomes of interest is most likely not linear, i.e., the increase
from 1 to 2 wells might have a different effect on an outcome than
the effect of change in wells from 20 to 21. We test whether the
coefficients on the low and high intensity dummies in Eq. (2)
differ from each other and fail to reject the null in most of
the regressions except for gonorrhea and prostitution related
arrests.

Before discussing our results, we note other considerations
that are important for the interpretation and validity of our
estimates. First, the assumptions of exogeneity and parallel
trends assumptions must be satisfied to enable causal interpre-
tation of the results. Second, we must also rule out potential
confounders that can threaten the biasedness of our results. (We
discuss this further in Section 5.) To understand the potential
cofounders, we first discuss risk factors associated with the
outcomes of interest. Gonorrhea and chlamydia are more
prevalent in young adults than in older persons, partly because
younger individuals have a greater propensity to engage in
unprotected sex, they are also more likely to switch sexual
partners frequently or have multiple sexual partners (IOM 1997,
pp. 69–117; IOM, 2001, pp. 87–178). There are also biological
factors that make women more susceptible to infection when
exposed to a sexually transmitted disease agent (IOM 1997, pp.
69–117). In addition, rates of STIs differ by socioeconomic status
and race/ethnicity (Harling et al., 2013). Besides these known
risks, there could be other factors, such as changes in the
epidemiological context, population-level trends in risk behavior
that may further contribute to the incidence of STIs and
prostitution-related arrests (Gift and Aral, 2016; IOM, 2001,
pp. 87–178). Such factors can confound our estimates and make
it difficult to separate or identify the impact. For example, sexual
violence may contribute to the transmission of the disease
because victims may be less able to protect themselves from STIs
or prostitution-related activities. There is also an association
between the selected outcomes and substance abuse, particu-
larly as they relate to alcohol and drug use. In our case, drug use
is of interest because the opioid epidemic evolved during the
period of analysis, and not controlling for the opioid epidemic
may pose a significant threat to the validity of our estimates.
Further, STIs may not produce symptoms that would prompt
medical treatment or may have long periods before the infection
manifests itself, which could lead to underreporting or selection
of the most severe cases. Similarly, arrests rates and STIs may
vary in response to changes in resources, testing, media
campaigns, and even changes in social norms and stigma.
Though we are unable to control for all the potential confounders
like sexual violence, our data and methods allow us to assess this
issues more generally. We discuss these and other issues as we
present the results and robustness of our findings.

4. Results

4.1. Main results

Panel A of Table 2 presents our estimates for the coefficient of
interest in Eq. (1) for gonorrhea, chlamydia, prostitution-related
arrests DUI, liquor law violations, drunkenness, and disorderly
conduct. The estimated impact of unconventional gas develop-
ment on gonorrhea rates is 7.578 (se = 3.035). This estimate
represents a 7.84% increase relative to the average gonorrhea rate
in Pennsylvania between 2003 and 2012 of 96.71 cases per 100,000
population. The effect is larger at 20.32% if we use the county level
mean during the period of analysis. (Recall, our data are at the
county level and the average county level rate is much lower at
37.29 per 100,000 population.) Similarly, the coefficient for the
specification where chlamydia rate is the dependent variable is
8.991 (se = 5.335), which represents 2.60% of the state’s mean
chlamydia rates during the period of interest. Finally, the estimated
impact of unconventional well activity on prostitution-related
arrests is 3.785 (se = 1.615), and represents about 19.70% of the
mean in arrests. The estimated effects for gonorrhea and
prostitution-related arrests are statistically significant at the 5%
level, but they are only marginally statistically significant for
chlamydia.12 We do not find statistically significant evidence that
unconventional gas development leads to higher arrests associated
with DUI, liquor law violations, drunkenness, or disorderly
conduct. Further, we find no statistically significant effects
associated with conventional well activities for any of the
outcomes. The lack of statistical significance on conventional well
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activities supports our assumption that unconventional gas
development, which is resource-intensive and creates a shock
not produced by conventional well activities.13

In Supplementary Appendix Table A2, we present the results
from five separate specifications, where we use a combination of a
dichotomous variable that controls for conventional or unconven-
tional activities, as well as a continuous measure of the number of
wells in a county-year (panels A–E). The specifications in panels C
and E provide statistical evidence that unconventional drilling
activities are associated with an increase in gonorrhea rates,
chlamydia rates, and prostitution-related arrests. These results are
consistent with those of Table 2 in terms of the magnitude of the
coefficients, as well as the level of statistical significance.

Next, we explore whether the lack of effects when using the
measure in counts is driven by its skewed distribution as shown in
Fig. 1 and Supplementary Appendix Table A1 in that some counties
have only a few wells, while others have substantially many more.

4.2. Investigating the effect of intensity of unconventional gas
development on outcomes

Panel B of Table 2 presents the estimated coefficients from
Eq. (2). We estimate this specification to investigate whether
intensity of drilling activity alters the estimates from Eq. (1) shown
in panel A of Table 2. We note that this specification includes a set
of four categorical variables, two of each to capture high and low
intensity of unconventional and conventional gas development.
For brevity and because the coefficients of high and low activity for
conventional gas development are not statistically significant, in
panel B of Table 2 we only present the coefficients of unconven-
tional gas intensity. The results reveal the following. First,
unconventional gas development is associated with an increase
in gonorrhea, chlamydia rates, and prostitution-related arrests.
This impact is statistically significant for each of the coefficients
that capture Low (1–9 wells) or High (10 or more wells) drilling
activity when the dependent variable is gonorrhea rates. We test
the equality of unconventional Low and unconventional High
estimates and reject the null of equality (p-value 0.006) for
gonorrhea. Further, panel B shows that the estimated coefficient of
High and Low is marginally statistically significant for chlamydia
and prostitution-related arrests, respectively. While we fail to
reject the null of equality of unconventional High and Low
estimates for chlamydia (p-value 0.172), we do so for prostitution-
related arrests (p-value 0.055). Except for prostitution-related
arrests, the magnitude of the estimated coefficients is larger in
counties with High unconventional gas development than those in
Low activity counties. The estimated coefficient of High represents
19.6%, 4.70%, and 12.2% of the mean of gonorrhea, chlamydia, and
prostitution-related arrests, respectively. Similarly, the estimates
of the Low indicators represent 6.92%, 2.45%, and 20.07% of the
state’s mean of gonorrhea rates, chlamydia rates, and prostitution-
related arrests, respectively. These results suggest that the
presence of unconventional gas development does have an impact
13 In the specifications shown in Table 2, the coefficient of the number of hospitals
(not displayed) is positive and statistically significant at the 5% level for gonorrhea,
drunkenness, and chlamydia rates. On the other hand, the coefficient of the number
of mental and substance abuse facilities is positive and statistically significant at the
5% level for prostitution-related arrests. The coefficient of unemployment is mostly
statistically insignificant for all specifications except for disorderly conduct, where
it is positive and statistically significant at the 5% level. The log of unconventional
gas production is negative and statistically significant for gonorrhea. The log of coal
production is positive and marginally statistically significant for DUI, but negative
and marginally statistically significant for drunkenness. The coefficient of officers
per 1000 population is negative for gonorrhea but positive for disorderly conduct; in
both of these cases, the coefficient is statistically significant at the 5% level.
on select outcomes, and that impact increases with the intensity of
the activities for gonorrhea and chlamydia rates. These findings for
gonorrhea are consistent—though smaller in magnitude—with
Komarek and Cseh (2017). The results so far show that the presence
of unconventional gas development impacts gonorrhea, chlamyd-
ia, and prostitution-related arrests in most of the specifications.
Thus, for the remaining sections, we focus on these three
outcomes. In the next subsection, we examine the sensitivity of
our estimates.

4.3. Sensitivity analysis

To understand the drivers of our estimates, we perform a battery
of sensitivity tests on estimation samples that include counties that
meet certain criteria. The results are summarized inTable 3. First, the
results of panel A present the results of the specification where we
exclude counties with 50% or more of their population residing in
urban areas. This allows us to investigate the extent to which
urbanicity explains our results given that urban counties are less
likely to have unconventional gas development (as shown in
Supplementary Appendix Table A1) and more likely to have higher
STI rates. The estimate on unconventional gas development for
gonorrheadecreases byabout75% relative tothe baselinereportedin
Table 2 (i.e., 5.543 vs 7.578 cases per 100,000). While the effect on
chlamydia is larger (12.400 vs 8.991 cases per 100,000), the
estimated coefficient of conventional gas development is not
statistically significant for gonorrhea or chlamydia. For prostitu-
tion-related arrests, the estimates on both types of well activity are
small in magnitude and statistically insignificant, indicating that the
estimated effects are an urban phenomenon.

Second, to identify whether the effects are driven by counties
with “substantial” unconventional drilling activity, in panel B of
Table 3 we drop counties that over period 2008-2012 had over 100
new unconventional wells. The estimate on unconventional gas
development becomes smaller and statistically insignificant for
gonorrhea and chlamydia but larger for prostitution-related arrests
andremainsstatisticallysignificant atthe5%levelwhencomparedto
the baseline results of Table 2. We repeat this exercise, but exclude
counties thathad100 orfewerwellsduring2008–2012. Inresults not
shown, but available upon request, we find that none of the
estimated coefficients is quantitatively similar for chlamydia and
prostitution-related arrests but is larger for gonorrhea when
compared to the baseline, albeit we lose statistical precision due
to a reduction in sample size. Because the estimated coefficients in
both scenarios are qualitatively similar to the baseline estimates but
with much larger standard errors, we concludethat the estimates are
not driven by very low activity counties or very high activity counts
and that the qualitative difference is driven by the sample size. This
result also suggests that the impacts are present by the mere
presence of unconventional well activity.

Next, we eliminate two counties that had the highest STI rates to
test whether they drive the observed effects (panel C of Table 3). The
estimate on unconventional gas development increases in magni-
tude for chlamydia and decreases for gonorrhea and prostitution-
related arrests. All the estimated coefficients of interests are
statistically significant at the 5% level. These results are consistent
with those in panel A in that the estimated coefficients for gonorrhea
and prostitution-related arrests become smaller. However, the
magnitude of the reduction is less pronounced in panel A because in
panel C we are only excluding two urban counties. Of interest is the
fact that in both panel A and panel C, the estimated coefficient of
chlamydia actually becomes larger compared to the baseline. This
suggests that there are differences in STI transmission patterns or
epidemiology between urban and rural areas. Rural-urban differ-
ences in STI acquisitions have been reported in Pennsylvania (see for
example, Pinto et al., 2018).



Table 3
Sensitivity Tests for Effect of Conventional or Unconventional Well Activity on Select Outcomes.

Gonorrhea Chlamydia Prostitution and
Commercialized Vice

Panel A: Exclude urban counties (N = 420 counties)
Unconventional Well Activity 5.543* 12.400** �0.009

(2.912) (5.338) (1.445)
Conventional Well Activity �2.463 �8.145 �0.161

(4.699) (12.780) (1.191)

Panel B: Exclude counties with more than 100 new unconventional gas wells in 2008–2012 (N = 550)
Unconventional Well Activity 6.646 7.927 4.266**

(4.070) (7.911) (2.065)
Conventional Well Activity 3.191 �9.560 1.361

(6.640) (9.771) (1.595)

Panel C: Exclude counties with highest STI rates (N = 650)
Unconventional Well Activity 7.322*** 14.660** 2.479***

(2.429) (5.837) (0.889)
Conventional Well Activity �7.543 �11.560 0.292

(4.537) (8.536) (0.928)

Panel D: Exclude counties along state border that border Marcellus Shale states (N = 600)
Unconventional Well Activity 4.393 5.878 4.066**

(2.800) (6.796) (1.697)
Conventional Well Activity 2.093 �3.492 �0.632

(7.847) (9.630) (1.134)

Panel E: Exclude counties that did not have unconventional wells activity between 2003–2012, but bordered counties that had such activity, i.e., control group contains
counties that do not border unconventional activity counties (N = 560)
Unconventional Well Activity 8.140** 8.968 3.883**

(3.314) (5.590) (1.650)
Conventional Well Activity �2.203 �8.607 0.863

(6.205) (8.186) (1.240)

Notes: All specifications control for unemployment rate, number of hospitals, and number of mental and substance abuse facilities in a county-year, oil and gas production
(conventional and unconventional), coal production, officers per 1,000 population, county and year fixed effects, and county-specific linear trends. Standard errors clustered
at the county level are in parentheses. Regressions are weighted by county-level population. Period includes 2003–2012. A full output is available upon request. *** 1%; ** 5%; *
10%. “Substantial” activity is defined as the number of new unconventional wells in 2008–2012 exceeds 100.
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In panel D, we test for spillover from other states that lie above
the Marcellus shale by dropping counties that border the states of
Ohio and West Virginia both of which have unconventional gas
development.14 The majority of these counties have high
unconventional gas development activity. This exercise allows
us to address the possibility that observed changes may be
impacted by unconventional gas development in the neighboring
states. Dropping these counties leads to estimates that are smaller
in terms of magnitude for gonorrhea and chlamydia and they are
less precisely estimated becoming statistically insignificant.
However, the estimated impact on prostitution-related arrests
becomes larger and remains statistically significant at the 5% level.
In this exercise, the increase in the standard errors appears to be
driven by loss in variation in unconventional gas development. Yet,
we cannot rule out that the estimated effects on gonorrhea and
chlamydia are partly driven by influences in other neighboring
states where unconventional gas development is also present.

Finally, we evaluate whether there are spillover impacts on
counties that did not have any wells from bordering counties that
had unconventional drilling activity (panel E). The estimates from
this test are not materially different from the ones in Table 2 and
indicate a rejection of the hypotheses of spillover effects from
counties with unconventional gas development to counties
without unconventional gas development.

Overall, the sensitivity tests support our main findings of an
association between unconventional gas development and an
increase in STIs and prostitution related arrests. The results for
14 There are counties in Pennsylvania that border Maryland and New York but
even though they have oil and gas reserves they do not permit unconventional gas
development. The state of New Jersey does not have oil or gas reserves.
other types of crimes examined are consistent with the main
findings, with a vast majority of estimates for unconventional and
conventional wells activities being statistically insignificant (not
shown, but available on request). The results also point to potential
differences driven by urban or rural characteristics, as well as
potential spillovers from and to areas with unconventional gas
development but not into areas where only conventional gas
development occurs. Motivated by these findings in the next
subsection, we explore potential mechanisms to further under-
stand our results.

4.4. Mechanisms

An obvious question that arises is whether the effects are
confined to gonorrhea, chlamydia and prostitution-related arrests
or have a broader impact on public health outcomes. Specifically,
we want to rule out potential confounders or contributing factors
that may explain the estimated effects. We do this by examining
the impact on viral hepatitis deaths and drug related arrests.
Similarly, we want to investigate whether observed changes in STIs
and prostitution related arrests can be driven by potential changes
in gender composition, measured by the time-varying county level
sex ratio. We explore this set of hypotheses and present their
results in panel A of Table 4.

The analysis shown in panel A of Table 4 presents the results of
Eq. (1) with the alternative dependent variables, viral hepatitis
deaths, sex ratio, and drug abuse related arrests. In columns (1) and
(3) we estimate Eq. (1) where the dependent variable is the rate of
viral hepatitis deaths and drug abuse related arrests, respectively.
With this set of specifications we are interested in examining
whether unconventional gas development is leading to an increase
in other risky behaviors such as drug use. Understanding whether



Table 4
Exploring the Mechanisms of The Estimated Effects.

(1) (2) (3)

Panel A. Effect of Conventional or Unconventional Well Activity on Other Outcomes
Dependent Variable Viral Hepatitis Deaths Sex Ratio Drug Related Arrests
Unconventional Well Activity �0.0513 �0.000532 �3.885

(0.232) (0.000571) (9.501)
Conventional Well Activity �0.0580 �0.000337 �2.682

(0.355) (0.000576) (12.990)

Panel B. Effect of Unconventional Well Activity on Income and in-Migration
Dependent Variable Annual Personal

Income (log)
Percent of Residents
Not Living in Current
Home Last Year

Percent of Residents
Renting Current Home

Unconventional Well Activity �0.00271 �0.000837 0.00236
(0.0230) (0.00712) (0.00886)

Conventional Well Activity �0.0739 0.0375* 0.0214
(0.0527) (0.0212) (0.0186)

Notes: Period includes 2003–2012 (N = 670) for Panel A; 2005–2012 (N = 174) for Panel B. All specifications control for county and year fixed effects. Panel B includes only
counties for which annual American Community Service data are available. Standard errors clustered at the county level are in parentheses. Specifications also control for
unemployment, number of hospitals, number of mental and substance abuse facilities, number of officers per 1,000 population, oil and gas production (conventional and
unconventional), and coal production. Regressions are weighted by county-level population. *** 1%; ** 5%; * 10%.
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this phenomenon is occurring is relevant to rule out potential
confounders that may bias our estimates. We are also interested in
ruling out that our main findings are not driven by omitted secular
trends associated with the opioid epidemic. The estimated
coefficients of unconventional well activity are negative and
statistically insignificant, indicating that drug abuse as measured
by these two variables is not associated with unconventional well
activity.

In Supplementary Appendix Table A3, we present the results of
the main specifications controlling for opioid prescription rate for
2006–2012 for which this measure is available. The estimated
coefficient of prescription rate is positive for chlamydia and
gonorrhea, but negative for prostitution-related arrests; the
coefficient is not statistically significant in any of the specifications.
In this set of specifications, the estimated coefficients of
unconventional gas development are slightly higher for gonorrhea
and chlamydia and slightly lower for prostitution-related arrests,
but the coefficients are less precisely estimated resulting in
statistical significance at the 10% level. The result of the last column
of Supplementary Appendix Table A3, where the dependent
variable is opioid prescriptions, shows that the estimated
coefficient of unconventional well activity is negative and
statistically significant at the 10% level. This result is surprising.
It is possible that this estimate reflects work-leisure trade-offs that
limit individuals to seek care (recall that workers in this industry
work long hours) or other activities that may be correlated with
opioid prescription. More importantly for the unbiasedness of our
estimates, these results suggest that shale gas development is not
increasing other risky behaviors associated with the opioid
epidemic during the period of analysis in a way that would cast
doubt on our estimated effects—if anything it seems to be
attenuating the effects. We note, however, that according to data
from the National Institute of Drug Abuse (NIDA, 2018), opioid
abuse related deaths began to increase at an alarming rate in 2012
and thus our study results cannot be generalized outside of the
2003–2012 period studied.

Results of column (2) do not support the null hypothesis that
unconventional gas development affects the sex ratio. The point
estimate is small and imprecise. It is possible that our measure of
gender composition is built on population counts that do not
account for transient population and, hence, a lack of results might
not be surprising. Additionally, to test whether changes in county
level gender composition affect our outcomes of interest, we re-
estimate Eq. (1) adding sex ratio as an additional control. This
modification does not materially affect the estimates reported in
Table 2 and the coefficient of sex ratio is not statistically significant
(nor reported, but available on request).

Overall, while the gender composition hypothesis may plausi-
bly explain changes in risk taking behavior, we do not find support
in its favor given the available data. We are also interested in
understanding whether the effects are driven by changes in
economic conditions that result in increased demand for risky
behavior or by changes in the proportion of individuals that are
more likely to be involved in risky behavior. Panel B of Table 4 show
the results of the specifications that explore whether counties with
unconventional gas development can explain changes in personal
income, or changes in the proportion of transient residents (or
potential in-migration). Specifically, we estimate separate speci-
fications of Eq. (1) where the dependent variable is replaced by
either the log of annual personal income or the percent of residents
not living in their current home last year. Finding statistically
significant coefficients for unconventional gas development would
point to a potential mechanism driving the results.

In column (1) of panel B, where the dependent variable is the
log of annual personal income, the coefficients of both conven-
tional and unconventional well activity are negative, but not
statistically significant. When the dependent variable is the
percent of residents in a given county who did not reside in the
same county in the preceding year (column 2 of panel B), the
estimated coefficient for unconventional well activity is negative
and statistically insignificant. On the other hand, the estimated
coefficient of conventional well activity is positive and marginally
statistically significant. These results do not provide evidence to
support the hypothesis that changes in the composition of the
population are driving our results. There is also no evidence that
unconventional well activity leads to changes in personal income.

4.5. Heterogeneous effects

In the previous sections, the results consistently showed that
counties with unconventional well activity experience higher rates
of gonorrhea and prostitution-related arrests than counties that do
not have any unconventional well activity. In this subsection, we
investigate whether the effects vary by gender, certain age groups
(15–24 and 25–34), and by race/ethnicity (see Supplementary
Appendix Table A4). All specifications control for both
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unconventional and conventional well activity, a full set of time-
varying county-specific controls, as well as year and county fixed
effects and county-specific linear trends. The dependent variables
are gonorrhea, chlamydia, and prostitution-related arrests.

The results of column (1) show that counties with unconven-
tional well activity had an increase in the rate of gonorrhea for all
the subgroups examined, with varying degrees of impact and most
of the estimates being statistical significant at the 5% level. When
compared to the state mean during the period of analysis and for
the respective groups, the estimated coefficients suggest that the
impact on gonorrhea rates is largest among Whites (25.3%) and
smallest among 15–24 year-olds (6.2%). The estimated impacts for
females and males represent 7.5% and 8.2%, of the state mean for
each group. The estimated coefficients of conventional well
activity are statistically insignificant for all the groups examined.
The results of column (2) are for the specification where the
outcome is chlamydia rates. We find statistically significant effects
at the 5% level on chlamydia rates for all groups except males. The
estimates suggest that chlamydia rates increased 3.3%, 9.7%, and
5.0%, respectively for females, Whites, and 25–34 year-olds. The
smallest estimated impact of 1.1% is for males, but it is not
statistically significant. When drilling activity is defined as
conventional, there is no evidence that this type of drilling activity
had an impact on chlamydia rates, except for the 25–34 year-old
group where the coefficient is 31.65 (or 5.8% of the mean) and
statistically significant at the 5% level. While for some groups the
impacts may appear large, those are not as high as the national
annual growth rates in the respective populations groups. For
example, while on average our estimates for females exceed the
national average growth rate in 2012–2016 for gonorrhea and
chlamydia rates; by contrast, our estimates are below the national
average growth rate for males.

The results of Supplementary Appendix Table A3 column (3)
indicate there is an increase in prostitution-related arrests for all
groups, but with varying degrees of statistical precision. Relative to
the state mean of each group, the magnitude of the estimated
effects is 11.3% for women and 32.7% for men. The finding of a
larger impact of unconventional well activity on men than women
suggests a related increase in the demand for sex services. We note
that these specifications control for law enforcement, and that we
lose statistical power for most of the groups examined. In addition,
given data limitations, the samples in column (3) are restricted to
2005–2012, which may partially explain the loss in statistical
power. However, we caution the reader in making causal
interpretations of these results for prostitution-related arrests,
and to place these results in the context of our findings in Section 5
(Pre-existing Trends).

4.6. Are the results persistent?

Another question of interest is whether the estimated impacts
persist over time. In Supplementary Appendix Table A5, we present
the results of the main specification of Eq. (1) for two separate
samples, 2002–2013 (panel A) and 2002–2014 (panel B). The
results of panel A show that the coefficient of unconventional well
activity is smaller than the baseline for all the outcomes examined
(7.131 vs 7.578 for gonorrhea and 3.651 vs 3.785 for prostitution-
related arrest), dropping the most for chlamydia (8.991 vs 3.659).
Though the statistical significance remains for gonorrhea and
prostitution-related arrests, the coefficient of chlamydia becomes
statistically insignificant. The increase in the magnitude of the
standard errors suggests that the loss of statistical power may be
explained by loss in variation when we add 2013. (A loss in
variation in consistent with a decline in unconventional well
activity that started in 2012, see Fig. 2.) The results of panel B show
similar results to those in panel A, but with loss in statistical power
for gonorrhea. The results of Supplementary Appendix Table A5
indicate that the estimated impacts decrease as we examine the
years when the trend reversed in 2011. Again, this may be
indicative that as the initial phase of unconventional drilling came
to pass, the associated impacts go away along with the associated
decrease in labor demand. This in turn indicates that the effects are
on those more directly involved in unconventional well drilling
industry than on the community at large.

5. Pre-existing trends

A question that arises is whether the estimated effects can be
attributed to unconventional well and related activities rather than
to pre-existing trends. In Fig. 4, we explore this issue further.
Specifically, we plot gonorrhea and chlamydia rates, as well as
prostitution arrests over time. Panel A presents gonorrhea rates for
the counties with no unconventional well activity (solid line titled
“None”) and counties with unconventional well activity (dashed
line titled “Unconventional”). (Note that according to Supplemen-
tary Appendix Table A1, most counties with unconventional wells
also have conventional wells.) The rates of gonorrhea seemed to be
on a parallel trend except until around 2008 when there was a
larger increase in gonorrhea rates for counties with unconven-
tional well activity. Similarly, in panel B, we plot the rates of
chlamydia. The rates of chlamydia followed a relatively flat path
until around 2009 when chlamydia rates increased faster in the
counties with any type of well activity compared to counties with
no activity. Finally, in panel C, we present the rates of prostitution-
related arrests. In this case, the rate of prostitution-related arrests
seems to also follow a parallel trend up until 2011 when the slope is
steeper for counties with any well activity. Fig. 4 suggests that the
trends for the outcomes of interest follow a parallel trend and that
the trend started to look different around 2008 and 2009 for most
of the outcomes.

Because our identification strategy exploits intertemporal and
spatial variation in unconventional gas development, in Supple-
mentary Appendix Figure A4 we also examine whether there are
differences between counties with and without any unconven-
tional well activity in the years preceding and following the year in
which unconventional well activity occurred (year 0). The results
show that gonorrhea and chlamydia had similar trends across the
counties with and without unconventional gas development. On
the other hand, counties without unconventional activity showed a
steeper downward trend for prostitution-related arrests compared
to their counterparts. This potential violation of the pre-existing
trends assumption suggests that our results for prostitution-
related arrests may not have causal interpretation or may be
biased, even when we control for county-specific linear trends.
However, the data do not show this to be a concern for chlamydia
and gonorrhea. These results are consistent with the findings from
Supplementary Appendix Table A4 which show the estimated
impact for each of the specifications before and after unconven-
tional well activity started. In this sample, we limit the sample to
counties where unconventional well activity began between 2006
and 2008 to allow for a more balanced sample throughout most of
the time bins.

6. Discussion and conclusion

The development of technology has made the extraction of oil
and gas by unconventional techniques economically feasible in
areas such as Pennsylvania, which have also led to an increase in
the demand for labor resources that are often not met by local labor
markets. Our analysis showed that employment – especially
among young individuals – in the mining industry in Pennsylvania
has grown in tandem with the growth in unconventional gas



Fig. 4. Index of Chlamydia and Gonorrhea Rates and Prostitution and Commercialized Vice Arrests: 2003–2012.
Notes: “None” refers to counties with no unconventional drilling activities; “Unconventional” refers to counties with unconventional well activity, which in most cases may
include conventional drilling.
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development in the last few years. Feyrer et al. (2017) showed that
areas where unconventional gas development occurs exhibit
economic benefits in the form of higher wages and increased
employment. Thus, while increases in employment are seen as a
positive outcome of shale booms, there can be other unintended
consequences.

In this paper, we investigate the impact of unconventional gas
development, as measured by unconventional well activity, on
measures associated with risky behavior such as gonorrhea,
chlamydia, and prostitution-related arrests. Our analysis relies on a
difference-in-differences methodology and exploits the variation
over time and counties associated with unconventional gas
development to examine this question. We posited that the influx
of labor into Pennsylvania could lead to changes in the
demographic composition toward young men who are more likely
to be involved in risky behavior or that income shocks associated
with unconventional gas activity could alter individuals’ incentives
to be involved in risky behaviors, as some of the existing literature
has found (e.g., Dinkelman et al., 2007; Dupas and Robinson, 2012;
Gertler et al., 2005; Oster, 2012; Robinson and Yeh, 2011; Kohler
and Thornton, 2012).

Our findings provide evidence that counties with unconven-
tional gas development exhibit higher rates of gonorrhea,
chlamydia, and prostitution-related arrests compared to counties
without. However, additional analysis showed that these effects
are potentially sensitive to the types of counties in the sample, as
well as to the period examined. We also showed that there are
differential effects of unconventional gas development on gonor-
rhea, chlamydia, and prostitution related arrests by age groups and
gender. More specifically, our analysis shows an increase in
gonorrhea rates in counties with unconventional gas develop-
ment; the estimates are statistically significant and are consistent
with the existing literature. The results are robust to a number of
sensitivity tests that exclude various counties from the analysis.
Interestingly, the estimated impact of unconventional gas activity
(relative to their respective group means) on arrests for prostitu-
tion-related activity and rates of gonorrhea infection are higher for
men than women. Although we do not have the data to formally
analyze it, this finding begs the question of whether males are the
source of the infection, and the extent to which women are
engaging in risky behavior via unprotected sex.

Taken together, at best, we interpret the statistical significance
of the results as evidence that gonorrhea and chlamydia rates are
higher in counties with unconventional gas activities, but we
caution the reader in making interpretations about the magnitude
of the effects on prostitution-related arrests given the sensitivity of
the estimates to the composition of some samples as well as to
potential violation of the parallel trends assumption for this
outcome. Our most conservative estimate of the impact of
unconventional well activity on gonorrhea and chlamydia rates
is 7.84% and 2.6%, respectively. The chlamydia rate prevalence in
the US was increasing over the study period with an average
annual growth rate of about 5%. The effect that we find in
Pennsylvania is moderate in comparison. Additionally, changes
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over time in prevalence of chlamydia and gonorrhea rates
substantially differ from each other. Supplementary
Appendix Figure A2 shows that percentage change from 2003 to
2012 for chlamydia rate has a more uniform increase across all
counties, while that for gonorrhea rate exhibits increase only in
certain counties. Given a uniform increase in chlamydia rates it
might not be surprising that results of our models are volatile with
respect to this outcome and depend on the sample composition
(i.e., counties or period of analysis considered).

Gonorrhea rates, on the other hand, experienced an increase
since 2009 after a prolonged decreasing trend. Our estimate
exceeds the average annual growth rate observed in the recent
years, but is substantially lower than the 20% reported in Komarek
and Cseh (2017). Although Komarek and Cseh (2017) use a different
definition of high and low intensity, 2001–2013 and other state
data, their specifications do not control for various controls that we
believe may be biasing their results upwards, including production
of unconventional and conventional gas, coal production, law
enforcement activity, and most importantly, county-specific
trends.15

We also investigated other types of arrests such as drunken-
ness, disorderly conduct, or DUI, but we consistently find no
evidence that counties with unconventional well activity experi-
enced a differential impact compared to counties without it. This
finding does not contradict the findings in Graham et al. (2015)
who find an increase in vehicle and heavy-truck crashes in counties
with unconventional gas extraction, speculating that an increase in
traffic volume, the degradation of roads due to intensive heavy-
truck use, and highway safety exemptions that allow truckers to
work longer hours might be contributing factors. These findings
are possible if, for example, the impact of poor infrastructure is
greater than the impact of risk-taking behavior, or if they net out.

To conclude, we posited that changes in the labor market may
drive changes in employment and associated changes in the
composition of workers or changes in income, but we did not find
evidence in support of either of these hypotheses. We identified
potential threats to the validity of our estimated impacts on
prostitution-related arrests but not on gonorrhea or chlamydia,
pointing to a causal interpretation. Further, even though we were
unable to control for an exhaustive list of confounding factors, we
did not find evidence that other measures of risky behavior such as
opioid prescription rates, viral hepatitis deaths or drug abuse
arrests confound our estimates. Thus, our empirical strategy
provides strong evidence that unconventional or shale gas
development poses significant risks to public health and that
unconventional or shale gas development has policy implications
beyond the economic and environmental impacts often cited.
Given the potential sensitivity to the sample chosen, further
research is needed to understand the policy implications of
unconventional gas development on risky behavior as well as on
the opioid epidemic more fully.
15 We note that our estimates are related but not directly comparable, due to
differences in the methodology as well as in the counties included in the sample. In
particular Komarek and Cseh (2017) include the states of Ohio, West Virginia, and
New York. However, when we estimate our specifications without conventional and
unconventional production, coal production, law enforcement, and county-specific
linear trends, the estimated coefficient for gonorrhea doubles the magnitude of
what we have estimated in this study (coefficient =15.030 vs 7.578), and which
would represent about 15.5% of the state mean. Although Peng et al. (2018) examine
hospitalization rates, their study control for production and county-specific linear
trends and their results suggest an impact of unconventional gas development on
various measures of hospitalization that is around 5% and 6%, which is more in line
with the magnitude of our results.
Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.1016/j.
ehb.2018.08.001.
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