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CHAPTER I 

INTRODUCTION 
 

Natural gas is currently the most widely used fuel type for power generation in the United 

States, accounting for approximately 40% of electrical generation in 2020 (US EIA, 2021b). Of 

total natural gas production, tight gas and shale gas extracted by hydraulic fracturing (fracking) 

accounted for over 86% in 2020, which represents more than a 270% increase in fracking since 

2000 as shown in Figure 1.  

 

Figure 1 Fracking Gas Production as Percentage of Total US Natural Gas Production Source: US EIA, 2021a. 

While there were 35 natural gas producing states in 2020, nearly 44% of all US 

production occurred in only two states, Texas (23.9%) and Pennsylvania (20%) (US EIA, 

2021a). Pennsylvania’s prominence as a natural gas producer is due to the fact that nearly 75% 

of Pennsylvania’s land area lies over the Marcellus Shale Formation, a 95,000 square mile 

geological formation of organic-rich shale, which lies between 100 to 8,000 feet below sea level 

under five states: New York, Pennsylvania, Ohio, West Virginia, and Kentucky (US EIA, 2017). 

Of US shale formations, the Marcellus has by far the largest estimated volume of natural gas at 
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410.3 trillion cubic feet (US EIA, 2011), though only 214 trillion cubic feet is considered 

recoverable with current technology (US Geological Survey, 2019).  

Pennsylvania has become the most productive Marcellus natural gas producer for at least 

four reasons: First, nearly 34,000 square miles of the Marcellus lie below Pennsylvania, which is 

over 35% percent of the Marcellus’s total area and a larger area than lies under any other 

Marcellus state (US EIA, 2011). Second, the highest concentrations of natural gas in the 

Marcellus shale are believed to be located under north-central Pennsylvania and south-central 

New York (Lee et al., 2011). Third, in terms of natural gas extraction, the Marcellus is most 

productive at depths between 5,000-8,500 feet (Pennsylvania DEP, 2013), and the average depth 

of the Pennsylvanian Marcellus is approximately 6,600 (Lee et al., 2011). Finally, Pennsylvania 

has the longest history of fossil fuel production of all US states, being the birthplace of the US 

oil industry in 1859 (American Oil & Gas Historical Society, 2021; Madrigal, 2013; Susko, 

2017), and as such, it has developed a civic, political, and regulatory culture amenable to natural 

resource extraction in contrast to a state such as New York, which has banned fracking (Nicks, 

2014; Teirstein, 2021). These circumstances have contributed to the flourishing of 

unconventional (fracking) natural gas production in Pennsylvania, which has grown enormously 

over the past 20 years as shown in Figure 2.  
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Figure 2: Natural Gas Produced per Year in Pennsylvania. Source: Pennsylvania DEP 2021 

The trends shown in Figures 1 and 2 illustrate the dramatic increase in US natural gas 

production and particularly shale gas production that has occurred since the turn of the century. 

This development has been widely recognized as a natural resource boom (Archbold et al., 

2014l; Gourley and Madonia, 2018; Lim, 2018; Mason, 2015; Wang and Krupnick, 2013), which 

is attributed to a variety of factors including high natural gas prices in the early 2000’s, favorable 

government policies including tax and price incentives, and technological innovation that 

allowed for previously irrecoverable natural gas to be extracted (Wang and Krupnick, 2013).  

The fracking boom has been a contentious issue since its inception. Public perception of 

fracking is sharply divided (Swift, 2015), and expert scientific and policy opinion is similarly 

split.  Advocates of US fracking and natural gas have lauded it as a medium for improving US 

energy independence and national security (Matz and Renfrew, 2015; Sica and Huber, 2017),  a 

lower GhG emission transition fuel that can serve to fill the gap between carbon-dense fossil 

fuels and sustainable energy sources (Stephenson et al., 2012; Wu et al. 2016), a means of 

protecting consumers from rising energy costs (Ochieng et al., 2015), and as a vehicle for local 
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economic development (Cronshaw et al, 2016). However, critics of fracking have questioned the 

job-growth potential and magnitude of actual job growth attributable to fracking (Jerolmack, 

2021), have argued that increased natural gas consumption will delay transition to green energy 

(Shearer etl al., 2014), and highlighted the various health and environmental externalities 

associated with fracking (Alexander et al., 2013; Black et al., 2021; Mehany et al., 2015).  

However, it is undeniable that fracking impacts the communities in which it occurs. 

Popular reporting often highlights the negative social impacts that people perceive fracking to 

have on their communities, and these impacts are often attributed to the influx of fracking labor. 

For example, in 2014 The Washington Post reported that the North Dakota Bakken oil boom 

caused an influx of “oil workers living in sprawling ‘man camps’” resulting in “a crime wave -- 

including murders, aggravated assaults, rapes, human trafficking and robberies -- fueled by a 

huge market for illegal drugs, primarily heroin and methamphetamine” (Horwitz, 2014).  Long-

term residents of communities in which fracking is introduced, often report that their 

communities are rapidly transformed into chaotic boomtowns in which quality of life is 

compromised by anti-social behavior (Ruddell and Ortiz, 2015).  Indeed, popular accounts of the 

fracking boomtowns often describe them as a chaotic ‘new wild west’ in which crime runs 

rampant (Briody, 2015; CNBC, 2013; McDonnel & West 2012).  

The self-reported and popular accounts of the community transformation and negative 

social impacts of the fracking boom are consistent with long-standing social theories of the 

origins of crime. The theory of social disorganization first expressed by sociologists Clifford 

Shaw and Henry D. McKay as an explanation for urban juvenile delinquency in 1969 (Bellair, 

2017), and extended to explain the relationship between resource booms and crime by 

sociologists William Freudenburg and E.V. Kohr in the 1970s, contends that rapid population 
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growth can impair communities’ informal controls over behavior leading to an increase in anti-

social behavior including crime (Ruddell, 2017). Additionally, there are several contending 

economic theories proffered to explain the relationship between natural resource booms and 

crime. However, the unique logistics of fracking make it unclear to what extent these existing 

theories apply to the fracking boom. 

  The fracking boom has given rise to renewed social science interest in boomtown 

effects. However, while a growing literature has empirically established a positive relationship 

between fracking and crime, no paper to my knowledge has been able to sufficiently decompose 

the effects of the fracking boom to establish evidence for the causal mechanism of the effect. By 

exploiting the geology of Pennsylvania, the exceptional intensity of fracking in Pennsylvania, the 

unique logistics of fracking, a high-resolution dataset, and employing a fixed-effects 

methodology for causal inference, this paper seeks to extend the existing literature on the 

relationship between fracking and crime by providing insight into mechanism between the 

fracking-crime relationship.  
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CHAPTER II 

BACKGROUND 

 

A. The Marcellus Shale in Pennsylvania, and Shale Gas 

 

Nearly 75% of Pennsylvania’s land area and 45 of its 67 counties lie over the Marcellus 

Shale Formation as shown in Figure 3. The Marcellus Shale is a 95,000 square mile deposit of 

organic-rich black shale composed primarily of clay, quartz, feldspar, pyrite, calcite, and 

dolomite formed in the Appalachian Basin during the Devonian epoch approximately 390 

million years ago (US EIA, 2017). Black shales such as the Marcellus are formed via the slow 

deposition and compression of silts, mud, and organic matter under calm, low-oxygen water, in 

the case of the Marcellus, under an ancient sea (Speight, 2016; Penn State Public Broadcasting, 

2014). The relatively oxygen-free environment at the bottoms of ancient water formations 

prevented organic matter, mostly dead aquatic plants, from decomposing normally (Speight, 

2016). Instead, organic matter became trapped under layers of silt and mud where, under 

immense pressure, it slowly broke down producing hydrocarbons, primarily methane, propane, 

butane, pentane, hexane, and heptane, which collectively are known as natural gas (Speight, 

2016). As the shale formation continued to form, the natural gas became trapped in very thin 

layers and pores distributed throughout the formation (Penn State Public Broadcasting, 2014).  
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Figure 3: Map of Pennsylvania with Counties and Marcellus Shale Formation: Source: Pennsylvania DEP 

 

B. Hydraulic Fracturing, Unconventional Wells, and the Shale Gas Boom 

 

The first commercial attempt to extract natural gas from shale occurred in New York in 

1821 (US EPA, 2011). However, the distribution of natural gas in small amounts distributed 

throughout the shale formation, rather than in concentrated pools or veins as in the case of oil or 

coal, renders the extraction of the natural gas in shale technically and economically infeasible via 

conventional vertical wells. As such, though Pennsylvania has been known to be fossil fuel rich 

since the early nineteenth century, and though the Marcellus shale was fully surveyed and known 

to contain large amounts of natural gas since the 1970s, it was not until a combination of 

technological innovations came to fruition in the 1980s and 1990s, and not until favorable 

economic conditions developed in the early 2000s that natural gas extraction from shale became 

economically viable.  

Fracturing is a long-used method in oil production that involves creating cracks 

(fractures) in rock formations to allow small deposits of natural resources to pool into a larger 

reservoir and be extracted. It was first employed in petroleum production in 1865 when Edward 

Roberts, a Union Lieutenant Colonel, dropped explosive charges known as torpedoes into oil 

wells to increase their yield by cracking the surrounding rock and allowing the oil to pool 
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(American Oil & Gas Historical Society, 2021).  Following the Civil War, Lt. Col. Roberts 

founded the first US fracking firm, The Roberts Petroleum Torpedo Company, in Titusville 

Pennsylvania, which continued to produce and develop fracking technologies until the early 

1990s (Madrigal, 2013).  

However, explosive fracturing is dangerous and produces unpredictable results, 

especially in the context of shale, which is characterized by high structural variability and 

contains highly combustible natural gas (Gandossi and Von Estorff, 2015).  An alternative, non-

explosive fracturing method using pressurized fluid to crack rock formations was introduced in 

1949 by the Haliburton and Stanolind companies and developed throughout the 1950s, but it was 

not until the 1980s that the technology was used for natural gas extraction from shale (American 

Oil & Gas Historical Society, 2021; Palisch et al., 2010).  

The 1973 OPEC oil embargo and subsequent energy crisis sparked interest in developing 

domestic energy sources leading to the US Department of Energy investing hundreds of millions 

of dollars in direct research, numerous research grants, and a full survey of US shale formations 

(Harper, 2008; Golden and Wiseman, 2014). In terms of the development of hydraulic fracturing, 

the most significant beneficiary of this massive public investment was George Mitchell who used 

public funds and publicly funded research to begin experimenting with hydraulic fracturing 

techniques in the Texas Barnett Shale formation (American Oil & Gas Historical Society, 2021; 

Golden and Wiseman, 2014). Throughout the 1980s, Mitchell experimented with hydraulic 

fracturing techniques, and in 1991, Mitchell officially partnered with the US DOE and the 

federally funded Gas Research Institute to research and develop the fracking fluid and 

specialized wellheads required for the hydraulic fracturing of shale formations (American Oil & 

Gas Historical Society, 2021; Golden and Wiseman, 2014).  Mitchell’s company, the Mitchell 
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Energy & Development Corporation continued improving their fracking method and technology 

throughout the 1990s, however they did not pursue patent protection, and by the end of the 

century, they had generated the technique and technology of modern fracturing, which were in 

the public domain, and proved their viability (American Oil & Gas Historical Society, 2021; 

Golden and Wiseman, 2014; Wang and Krupnick, 2013). 

 Mitchell’s innovation was to combine ‘slickwater’ fracking fluid with unconventional 

(horizontal) drilling to maximize both the pressure of the fluid injected into the fracking well and 

the area of the shale that is fractured. Modern hydraulic fracking involves pumping between 1.5 

million to 16 million gallons of water (averaging 4.5 million gallons per well in the Marcellus) 

into a shale formation to create fissures in the rock that will allow the natural gas trapped in the 

shale pores to pool and escape through the well (Duncan et al., 2012). However, these fissures 

soon collapse under the immense pressure of the surrounding rock and earth if not held open by a 

granular material that is injected with the fluid. This granular material, known as a propping 

agent or proppant, is usually sand. However, to maintain the high flow rate necessary to create 

the pressure needed to fracture shale, the viscosity of the water-proppant solution is reduced 

through the addition of chemicals (Palisch et al., 2010). The fracking fluid produced through this 

mixture of water, sand, and viscosity reducing chemicals is called slickwater. Slickwater is 

injected into a well that is first drilled vertically, and then drilled horizontally through the shale 

formation. Horizontal drilling allows the fracturing to occur along a greater area allowing for the 

fractures to reach more natural gas filled pores and a greater quantity of natural gas to be 

extracted as shown in Figure 4. 
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Figure 4: Hydraulic Fracturing  Source: Belyadi, 2011 

 Thus, by the year 2000, the technology needed for the hydraulic fracturing of shale had 

been developed and proven. However, the incentives for massive investment in hydraulic 

fracking did not come to exist until a combination of economic and regulatory conditions aligned 

in the early 2000s. First, due to declining production of conventional natural gas and a booming 

economy, the wellhead price (the wholesale price at the point of production) of natural gas 

dramatically increased in 2000-2001, nearly doubling from the wellhead price in 1998-1999, and 

this price continued to increase until the 2007-2008 financial crisis as shown in Figure 5 (Wang 

and Krupnick, 2015). Second, the passage of the 2005 U.S. Energy Policy Act exempted 

hydraulic fracking from regulation under the Safe Drinking Water Act of 2005, Underground 

Injection Control, the Clean Water Act, the Hazardous Materials Transportation Act, and the 

Emergency Planning and Community Right to Know Act, which abolished mandatory disclosure 

of the contents of fracking fluids, further lowering the costs of fracking (Scanlan, 2017; Susko, 

2017; US EPA, 2015). The combination of elevated wellhead prices, lowered regulatory costs, 



 

 

11 

 

and the existence of readily available, proven technologies led to massive investment in natural 

gas development, and the fracking boom began.  

 

Figure 5: US Natural Gas Wellhead Price, 1976-2012 Source: US EIA 

C. The Pennsylvania Fracking Boom 

 Range Resources drilled the first hydraulic fracking well in Washington County, 

Pennsylvania in 2003, and began commercial natural gas production from this well in 2005 

(Belyadi, 2011; Stedman, 2012).  From 2005 onwards, there has been a steady addition of new, 

unconventional natural gas wells per year in the Marcellus Shale region, with thousands of new 

wells drilled each year since 2008 as shown in Figure 6. While the number of wells drilled per 

year in Pennsylvania alone is significantly less, it has exceeded more than 500 wells per year 

since 2009 and exceeded more than 1000 new wells per year between 2010-2014 as shown in 

Figure 7.  
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Figure 6: Marcellus Unconventional Wells Per Year. Source Marcellus Center for Outreach and Research, 2020: 

http://www.marcellus.psu.edu/resources-maps-graphics-videos.html 

 

 

 

Figure 7: New Natural Gas Wells Per Year in PA. Source: Fractracker Alliance, 2021: 

https://www.fractracker.org/2021/05/pennsylvania-conventional-well-map-update/ 
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CHAPTER III 

THE BOOM-CRIME RELATIONSHIP AND THEORIES OF CRIME 

 
 

A. The Boom-Crime Relationship 

The term ‘boomtown’ has been used to describe the sudden population and economic 

expansions that communities experience due to the discovery of an exploitable natural resource 

or innovation that allows a natural resource to be extracted for at least 100 years, and the 

association between natural resource booms and crime has been observed for even longer. For 

example, as early as 1921, historian Hermann Hagedorn described the town of Medora, North 

Dakota’s as a “boomtown,” and reported that during its 1884 cattle boom, it became a chaotic 

place full of the “outcasts of society, reckless, greedy, and conscienceless; fugitives from justice 

with criminal records, and gunmen who lived by crooked gambling and thievery of every sort” 

(Hagedorn, 1921). Contemporary accounts of the 1849 California gold rush and the 1890s 

Yukon gold rush describe a similar, chaotic, and dangerous milieu (Ruddell, 2017). However, 

while the relationship between rapid economic and population growth and crime has long been 

observed, social theorists did not propose a systematic explanation of this effect until the 1940s. 

B. Social Theories of Crime 

1 Social Disorganization 

 Social disorganization is one of the most cited social theories used to explain the 

relationship between boomtowns and crime. Sociologists Shaw and McKay developed the theory 

of social disorganization in the 1940s to explain spatial and temporal patterns in juvenile 

delinquency in Chicago (McMurtry et al., 2008;  Stratesky et al., 2018). They observed a 

correlation between high rates of population turnover and high rates of juvenile delinquency and 

theorized that rapid changes in population diminish the ability of communities to informally 
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B. Econometric Approach  

The following specification estimates the relationships between initial well development 

and crime and long-term shale gas development and crime: 

ln(𝐶𝑐𝑚𝑦) = 𝛼 + 𝛽1(𝑁𝑒𝑤𝑊𝑒𝑙𝑙𝑅𝑎𝑡𝑒𝑐𝑚𝑦) + 𝛽2(𝐴𝑐𝑡𝑖𝑣𝑒𝑊𝑒𝑙𝑙𝑅𝑎𝑡𝑒𝑐𝑚𝑦−1) 

+𝛾𝑐𝑦 +  𝛿𝑐 + 𝜁𝑐 +∈𝑐𝑚𝑦      (1) 

where 𝐶𝑐𝑚𝑦 is a crime rate (offences per 1000 people) in county c during month m and year y. 

This study is more concerned with the differentiation between the types and intensity of crime 

affected by the two distinct treatments, therefore, to make the changes in the intensity of the 

effect more apparent, the natural log of the dependent variables is used so that the estimates may 

be interpreted as percent changes. It should be noted that crimes are relatively rare occurrences, 

especially violent crimes. As such, even a small change in the quantity of crime can result in a 

large percent change in the crime rate.   

  𝛽1 and 𝛽2 are the coefficients of interest.𝑁𝑒𝑤𝑊𝑒𝑙𝑙𝑅𝑎𝑡𝑒𝑐𝑚𝑦 is the proxy for spudding and 

is defined as the number of new wells per 1,000 people in county c during month m and year y. 

𝐴𝑐𝑡𝑖𝑣𝑒𝑊𝑒𝑙𝑙𝑅𝑎𝑡𝑒𝑐𝑚𝑦−1 is the number of active wells per 1,000 people in county c during month 

m and the previous year, y-1, respectively.  𝛽1 captures the impact that new well development 

has on crime rates, and 𝛽2 captures the impact that long-term fracking gas production has on 

crime rates. The separation of new wells and active wells allows us to identify if new well 

development and fracking gas production in general have heterogenous effects on crime.  

 𝛾𝑐𝑦 is a vector of socioeconomic controls at the county-year level.  𝛿𝑐 is a vector of 

county fixed effects. 𝜁𝑐  is a linear time trend. ∈𝑐𝑚𝑦 is a random error term. 
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CHAPTER VI 

DATA 
 

 Well data was obtained from The Carnegie Museum of Natural History’s Pennsylvania 

Unconventional Natural Gas Wells Geodatabase (Whitacre and Slyder, 2021). This dataset 

contains well spud dates (the date when drilling commences) for unconventional natural gas 

wells. The well data is at latitude-longitude-day level, but in order to merge this dataset with 

crime data, wells were aggregated to the county-month-year level. This paper uses well data 

from 2003 when the first fracking well was drilled in Pennsylvania until 2017. The counts and 

rates for wells prior to 2003 are 0. Active wells in a county are calculated by summing all prior 

new wells and subtracting all plugged wells.  

 There is considerable spatial variation in well location due to the geography of the 

Marcellus shale as shown in Figures 3 and 6. There is also considerable temporal variation and 

variation in the intensity of fracking due to the disparate spud dates as shown in Figure 8. The 

vagaries of the distribution of well-locations and well spud dates provide exogenous variation 
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that can be exploited to identify the relationship, if any, between fracking and crime-rates.

 

Figure 8: New Wells per County in PA 

 Crime data was obtained from the FBI’s Uniform Crime Reporting (UCR) system. The 

UCR contains counts of crimes as reported by local agencies aggregated to the month-county 

level. Crime rates defined as crimes per 1000 people are calculated by dividing the crime count 

by the population and multiplying by 1000. This paper uses the aggregate FBI Index Crime rates, 

as well as rates for nine individual crimes. Violent Index Crimes include aggravated assault, 

rape, murder, and robbery. Property Index Crimes include arson, burglary, larceny-theft, and 

motor vehicle theft. Total Index Crimes include all Violent Index Crimes and Property Index 

Crimes. Figures a1-a5 in the appendix present the evolution of the mean values for these crime 

rates between 1999-2017 for both fracking and non-fracking counties, with a fracking county 

defined as a county which hosts a fracking well at any point between 1999-2017.  

However, reporting to the UCR is at the discretion of local law enforcement agencies, 

and not all criminal complaints result in the creation of a report. For example, if local law 
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enforcement chooses to issue a warning for a criminal complaint, it will not be included in the 

UCR. Furthermore, prior research has established that police departments receive a substantial 

increase in call volume during fracking booms, and since expansions in policing often lag-behind 

the onset of the boom, police departments sometimes lack the manpower and resources to 

respond to every call for police services (Archibold etl al., 2014; Ruddell, 2011; Ruddell, 2017). 

As such, it is likely that boomtown crime is underrepresented in the UCR. Therefore, estimates 

drawn from this data should be considered lower bounds.  

 As socioeconomic controls, mean county income adjusted for inflation and the 

unemployment rate were selected due their recognition by the FBI as variables affecting crime 

(US FBI, 2012). Additionally, the Sex-Ratio (Male population/ Female Population), and the 

percentage of the population comprised of males between 15-24 years old were chosen due to an 

abundance of scholarship establishing their causal relationship to crime as reviewed in section 

3.2.2. Socioeconomic controls include population estimates obtained from The Census Bureau's 

Population Estimates Program, unemployment data from the US Bureau of Labor Statistics, and 

County Economic Profiles obtained from the US Bureau of Economic Analysis. All controls are 

available only at the county-year level. For each year, a constant value is used for each 

socioeconomic control rather than interpolating between years to obtain monthly estimates.  

Tables 1 and 2 presents summary statistics for all independent variables, crime rates, 

counties and years used in this analysis. Tables a1-a8 in the appendix provide summary statistics 

for the years 1999, 2000, 2010, and 2017 specifically.  
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Table 1: Summary Statistics 
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for police and public safety improvements. However, as I have shown in this study, to mitigate 

the most intense and harmful increases in crime, the funds would have to be provided prior to the 

development of fracking wells.    

Table 3: Regression Results: Total Crime Rates 
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Table 4: Regression Results: Violent Crime Rates 
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Table 5: Regression Results: Property Crime 
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CHAPTER VIII 

CONCLUSION 
 

 This paper presents a unique approach to decompose the affect that hydraulic fracturing 

has had on crime rates in Pennsylvania into increases due to existing fracking wells and increases 

due to the drilling of new wells. While a growing literature has established a positive, causal 

relationship between fracking and crime, the mechanisms behind this relationship have not been 

clearly identified. By making use of a high-resolution dataset, the natural experiment produced 

by the geography of the Marcellus Shale formation, and differences in the timing and intensity of 

fracking, this paper is able to identify distinctions in the way that the drilling of new wells affects 

crime compared to how long-term fracking production affects crime. The results indicate new 

drilling has a greater impact on crime, and especially on violent crimes. Since the initial 

construction and drilling of fracking wells is the most labor-intensive period of the fracking 

process, and since the majority of labor employed in this period is non-local, and transient, it is 

likely that the influx of fracking labor is the primary driver behind increases in crime, especially 

violent crime. This result has important policy implications for communities facing the 

introduction of fracking,  
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