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Executive Summary 

Shale gas development in rural America provides both benefits and costs to local 

communities. Crime is often discussed in literature and media as one of the costs associated with 

the industry’s presence. Few studies, however, attempt to establish a statistical relationship 

between crime and shale gas development. Additionally, the methods used by scholars to 

establish this relationship vary, particularly in regard to the proxies used for measuring shale gas 

development. 

This study aims to provide to a better understanding of the county-level impacts of shale 

gas development in rural communities. Specifically, the analysis seeks to gain insight into the 

relationship between different types of crime and shale gas development. The types of crime in 

this study span both violent and property crimes, including criminal homicide, forcible rape, 

robbery, aggravated assault, burglary, larceny, and motor vehicle theft. The primary research 

questions are as follows: Is there a statistically significant relationship between different types of 

crime and shale gas development in rural communities? What types of crimes are related to shale 

gas development? How do results differ when using well completion data as a proxy for shale 

gas development? 

Using rural county-level panel data spanning the years 2000 to 2013, the study is an 

unbalanced panel, with the observational unit being a year in a county. There are seven models, 

each with different types of crime as the response variable and shale gas development as the 

explanatory variable of interest. Other explanatory variables include industry employment, 

population, age, sex, education (high school diploma and college degree), inequality (poverty 

and median household income), unemployment, divorce, law enforcement, political leanings, 

and weather. 
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After running several regression models and adjusting for overall model fit and 

assumption testing, the research finds that shale gas development is only statistically 

significantly associated with assault rate and motor vehicle theft rate, when controlling for all 

other socioeconomic variables in the model. Specifically, the association between assault rate 

and well completion shows a highly statistically significant relationship, with a p-value of 0.001. 

An increase in the number of wells completed by one is expected to increase assault rate by 1.2 

percent, holding all other variables in the model constant. In regards to motor vehicle theft rate, a 

regression analysis shows a strong statistical significance with well completion (p-value = 

0.009). Holding all other variables in the model constant, an increase in the number of wells 

completed by one is expected to increase motor vehicle theft rate by 0.7 percent. In each model, 

however, not all assumptions for multiple linear regressions are met. Thus, this consideration 

must be kept when considering the validity of results.  

The results for assault rate and motor vehicle theft rate hold some similarities with the 

literature focused on crime and shale gas development in rural communities. In terms of 

commentary gleaned on the shale gas industry as a result of this research, this study may garner 

insight on the characteristics of the shale gas industry’s workforce more so than any underlining 

impacts of the industry as it relates to resource extraction. For example, since the industry 

requires a skilled workforce that typically migrates to areas for development, characteristics of 

those employed should be considered. Criminology research shows that age, sex, and education 

all have significant relationships with rates of crime. Education, specifically, is shown to have a 

significant impact on rates of assault and motor vehicle theft. Further research should explore the 

demographic characteristics of those employed by the industry to see if these characteristics 

overlap with demographics proven to correlate with crime rates.  
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Additionally, an interesting continuation of this research could include state-specific or 

region-specific analyses. These results might provide more detail into the state-specific 

characteristics that influence crime rates. For example, studying the differences in crime impacts 

for counties with a long history of oil and gas presence compared to those where the industry is 

relatively new may produce interesting results. If oil and gas does not have an historic presence 

in the region, transient, out-of-state skilled laborers are required to migrate to the area due to 

demand for labor. This may led to disruptive social effects that are associated with higher crime 

rates. 
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Introduction 
Literature Review 
	  

In regards to its composition, natural gas primarily consists of methane (CH4) with lesser 

contributions coming from other hydrocarbon gases some of which include butane, ethane, and 

propane. It is found in rock formations, also known as reservoirs, under the surface of the earth. 

Natural gas consists almost entirely of methane once is it cleaned and processed, and it is then 

distributed through pipelines for endpoint uses in the residential, commercial and industrial 

sectors. The term “conventional gas” is applied to natural gas deposits found in high 

permeability rock formations. These formations are usually composed of sandstones or 

carbonates, and the hydrocarbons have traveled here from finer grained rock formations like 

shale formations. “Unconventional gas,” conversely, refers to the natural gas found in shale 

source rocks (shale gas), extremely low permeability sandstone (tight gas) or coal seams 

(coalbed methane) (National Energy Technology Laboratory [NETL], 2013). 

Beginning in the late 1970s, efforts to extract and develop unconventional gas began to 

increase. With the rise of natural gas prices, technological advancements, and tax enhancements, 

interests in developing this natural resource became a reality and production began to soar in the 

early 2000s. While tight gas and coalbed methane is expected to maintain its share of the U.S. 

natural gas supply in the upcoming years, shale gas is projected to increase significantly. 

Currently, unconventional gas accounts for 65% of U.S. natural gas supply, with the remainder 

coming from conventional sources. By 2040, however, gas from unconventional sources is 

expected to constitute 79% of the U.S. natural gas mix (NETL, 2013). 
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Figure 1. Natural gas production by source and projections for the future, 1990-2040. Given in trillion 
cubic feet by year. Source: U.S. Energy Information Administration (EIA), 2014. 

 
Shale gas, in particular, experienced a major boom in recent years. This boom is the 

result of a few factors that together make production economical. Advancements made in 

horizontal drilling, for example, make it more economically feasible to drill horizontal laterals. 

Another factor comes in the form of advances in hydraulic fracturing, allowing for reductions in 

cost and increases in the effectiveness of pumping treatments in a wellbore. Finally, between 

1998 and 2008, natural gas prices experienced a rapid increase from about $2/Mcf to over 

$10/Mcf, making development a desirable investment (NETL, 2013). 
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Figure 2. Lower 48 states shale plays. Source: U.S. Energy Information Administration (EIA), 2015. 
 

Research on shale gas development in rural American communities spans a number of 

topics ranging from the environmental to socioeconomic impacts. Some scholars examine local 

impacts to natural resources like groundwater, while others look at the benefits and costs to local 

governments (Vengosh, et.al., 2014; Kondash & Vengosh, 2015; Raimi & Newell, 2014). Local 

benefits from shale gas development can be significant, with local revenue generated from 

severance taxes by the state, local property and sales taxes, and direct payments and in-kind 

contributions from oil and gas companies. However, increased development also leads to 

demand for local services due to increased population, and rural communities often have a lack 

of physical and human infrastructure to meet those needs (Raimi & Newell, 2014). In addition to 

those costs, crime is often denoted as a negative impact in literature and a common complaint 

from communities as a result of increased shale gas activity. While these costs to rural 
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communities are discussed frequently, few studies take an empirical, temporal approach to 

analyzing the issue of crime throughout the shale gas boom. 

Studies outlining the benefits of the natural gas boom determine that the boom led to 

moderate economic increases on the local level. Weber (2011) seeks to quantify the impacts of 

unconventional gas development in rural areas, with the highlights of his study showing 

moderate increases in employment, wage and salary income, and median household income. His 

study focuses specifically on Colorado, Texas, and Wyoming due to the large expansion of 

natural gas production in these areas. His results suggest that for each million dollars spent on 

gas development, 2.35 jobs are created within the county of production. These additional 

employment opportunities lead to a 1.5% annual increase in employment compared to pre-boom 

years in shale gas counties.  

A recent study by Raimi and Newell (2014) finds that the net impact from recent oil and 

gas development is positive for local public finances. The study analyzes localities in Arkansas, 

Colorado, Louisiana, Montana, North Dakota, Pennsylvania, Texas, and Wyoming. Though the 

demand on local services remains a cost, increased revenues from sources associated with 

development outweigh the costs. As a result, local governments are able to maintain the services 

they provide, such as roadways. The largest source of revenue for county governments comes in 

the form of property taxes on oil and gas production and leases on county-owned land. In 

counties and municipalities that do not collect property taxes, the largest source of revenue 

typically is generated from severance taxes distributed by the state. Like counties with land 

holdings, municipalities with significant land collect revenue in the form of leasing bonuses and 

royalty payments. Additionally, for municipal governments much of the benefit of oil and gas 
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development comes from increased revenue from sales taxes created as a result of population 

growth and more economic activity.  

While most areas experience net positive impacts, some rural regions experience negative 

effects. For example, the Bakken region struggles to adapt to the rapid, large-scale growth of the 

sector and experiences net negative fiscal effects. Rural areas in western Colorado and Wyoming 

also struggle to financially manage issues during periods of heavy development. One of the 

major costs for counties comes from road maintenance and repair as a result of oil and gas 

related traffic. Other costs are associated with growing service demands due to population 

increases, such as demand for more law enforcement, emergency services, and administrative 

staff. For municipalities, in particular, sewer and water infrastructure upgrades and the need for 

additional staff prove a major cost (Raimi & Newell, 2014). 

A less frequently discussed cost of shale gas development is the impact on crime rates. 

For decades, scholars discussed the disruptive effects of rapid community change in rural areas, 

particularly disruptive effects related to substance abuse, familial disturbances, child behavioral 

problems, crime, and civil disorder (Kassover & McKeown, 1981). More recently, scholars are 

discussing the disruptive effects resulting from crime in regions of resource extraction and 

production during the boom and bust phases of development (Putz, Finken, & Goreham, 2011). 

These disruptive effects propel the discussion around social disorganization theory. The theory 

poses that social disorder results primarily from low economic status, ethnic heterogeneity, and 

residential mobility within a community. As a result of this disorder, crime and delinquency 

increases. Instead of focusing on factors related to people, the theory supposes that crime results 

more from features of a place (Sampson & Groves, 1989; Krubin & Weitzer, 2003). The 
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presence of oil and gas development brings with it many of these characteristics of place that 

lead to social disorder, such as transient workers and weak social networks.  

For example, Johnson County, Texas experienced a demand for increased emergency and 

law enforcement services. The county hired four new officers as a response to increased traffic 

and local crimes such as DUIs, and spending for law enforcement increased by $3 million over 

the years 2007 to 2009. Gaines County, Texas also reported an increase in crime, reporting only 

zero to one capital murder trial a year in pre-boom years to eight capital murder trails in 2013 

(Raimi & Newell, 2014). North Dakota, in particular, received an abundance of newspaper 

attention highlighting the increased rates of crime in the presence of recent shale gas 

development (Weber, Geigle, & Barkdull, 2014).  

   Aside from the anecdotal relationship drawn between crime and oil and gas 

development, there is little statistical evidence to establish a connection. Luthra, Bankston, 

Kalich, and Forsyth (2007) explore a time-series analysis to uncover the effects of offshore oil 

development in coastal regions of Louisiana. Using county-level data from 1974-1998, they 

analyze rate of crimes for homicide, robbery, burglary, larceny, and assault and find that their 

analysis does not indicate any strong or consistent relationship between crime rates and shifts in 

oil activity.  There is, however, a significant association between population and all types of 

crime. Another study, focusing on the western United States, similarly finds that there is little 

evidence of effects on violent crime rates in rural areas as a result of energy development and the 

establishment of “boom towns” (Wilkinson, Reynolds, Thompson, & Ostresh, 1984).  

Additional research, however, shows mixed results when attempting to establish the 

relationship between crime and natural resource-related development. Some studies indicate 

strong, positive relationships, while others indicate that no relationship exits. Much of this 
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variation can be attributed to the differences in scope, with studies focusing on one area in 

particular indicating a strong relationship and studies focusing on a national scale indicating no 

relationship (Freudenburg & Jones, 1991). Furthermore, even fewer studies exist that attempt to 

uncover the relationship between crime and shale gas development during the latest resource-

boom to occur in the United States: the shale boom. 

Using mining employment as a percentage of total employment and the number of 

mining jobs per capita as proxies for resource development, Deller and Schrieber (2012) find that 

frac-sand mining activity is not associated with violent crime. While the relationship with violent 

crime is statistically insignificant, they suggest further analysis on property crime rates, such as 

burglary and larceny, to discern if a relationship exists. When comparing mining towns to other 

nonmetropolitan counties, Deller and Schrieber find a strong, statistically significant difference 

between the two groups, with mining counties having a lower property crime rate comparatively.  

Much of the research that focuses on shale gas development uses states or counties as a 

unit of analysis and narrows the study scope to one location as a case study. In a study looking at 

Pennsylvania, West Virginia, and Ohio, scholars find a statistically significant increase in violent 

crimes in high-drilling counties, an increase of 17.7 percent during the period of 2005 to 2012. 

Property crimes in these counties also show a statistically significant increase of 10.8 percent in 

high-drilling counties. Drug and alcohol related crime has a particularly high increase in counties 

with major drilling activity. Pennsylvania drug abuse rose 48 percent between 2005 and 2012. 

Stakeholder surveys conducted in Tioga and Greene counties in Pennsylvania, Wetzel county in 

West Virginia, and Carroll county, Ohio indicate that the number of arrests and reported crimes 

increased during the height of drilling activity, especially those related to DUIs, theft, assaults, 

and traffic violations (Price et al., 2014).    
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Another study attempts to uncover an empirical relationship between crime rate and shale 

gas development in rural communities in the United States, widening the study to the United 

States instead of taking simply a location-based approach. James and Smith (2014) investigate 

the shale boom on a national scale as well as specifically in the Mountain West. The study 

specifies a distinction between shale counties and booming shale counties, with tests regarding 

booming plays producing a higher magnitude in results. Their results primarily highlight these 

booming plays.  

In regards to the Mountain West region, results reveal that during the shale boom years, 

the Mountain West experienced a significant increase in GDP per capita, the percent of the 

population between the ages of 20 and 39, and a moderate increase in mining employment. 

Furthermore, the male population trends upward during the boom, but holds no statistically 

significant effect, while population trends downward before the boom and experiences a reverse 

in this trend after 2005. Crime rates in the Mountain West during the boom show varied results. 

Assaults nearly double, while murder and rape show no statistically significant relationship. 

Property crimes, specifically burglary, larceny, and motor vehicle theft, increase by about 30 

percent (James & Smith, 2014). 

Next, James and Smith examine the shale boom and crime on a national scale to 

determine if the effects seen in the Mountain West—an attempt to hone in on North Dakota as a 

case study—hold true for shale development across the United States. Similar to the Mountain 

West, GDP and mining employment show a positive, statistically significant effect over the 

boom years. These results, however, are not as large as the Mountain West. While overall 

population experiences a downward trend, the percentage increase of male and youth in the 

population is statistically significant. Regarding crime, the magnitude of results is less than in the 
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Mountain West. Nevertheless, each crime category (murder, rape, assault, burglary, larceny, 

robbery, and motor vehicle theft) shows positive, statistically significant effects with shale gas 

development, with assault again experiencing the largest percentage increase. When compared to 

the control group, which includes non-shale counties, treatment counties have more growth in 

crime during the boom years but lower crime rates in general than control counties (James & 

Smith, 2014).    

Study Motivation 

This study aims to provide to a better understanding of the county-level impacts of shale 

gas development in rural communities. Specifically, the analysis seeks to gain insight into the 

relationship between different types of crime and shale gas development. The primary research 

questions are as follows: Is there a statistically significant relationship between different types of 

crime and shale gas development in rural communities? What types of crimes are related to shale 

gas development? The product of the study is a regression analysis using panel data from 2000 to 

2013.  

The study additionally aims to further current research, focusing on a nation-wide 

assessment of counties within major shale plays instead of a location-specific case study. Unlike 

previous research, however, this analysis seeks to discern a relationship using well completion as 

a proxy for shale gas development. The primary importance of the study is to conduct an 

assessment using a different metric for shale gas development in order to determine if results 

vary compared to previous research, such as that completed by James and Smith (2014). 

Data 
	  

The scope of this study is partially defined by the data available as well as a county’s 

status as rural. The study scope defines a rural county based on the definition provided by the 
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Office of Management and Budget (OMB), which establishes metropolitan and micropolitan 

areas for use in tabulating Federal statistics. Based on this definition, metropolitan areas contain 

a population of 50,000 or more people, while a micropolitan area holds a population less than 

50,000 people but more than 10,000. Metropolitan and micropolitan counties were omitted from 

the study in order to limit the scope to rural counties (United States Census Bureau, 2013). 

Descriptive statistics of the selected counties, however, indicate that some counties contained a 

population larger than 10,000 people, suggesting that at least some counties fell within the 

population range of micropolitan areas despite being listed as a rural county by the OMB. 

Additionally, if crime statistics were reported as “zero” for a given year, that data point was 

considered missing, following suit with previous research (James & Smith, 2014). Finally, 

counties were deemed “shale counties” or “non-shale counties” based on their presence in the 

well completion dataset obtained from Drillinginfo (DI Desktop, 2015). These three primary 

determinants leave the remaining study area for shale communities limited to counties in 

Arkansas, Colorado, Kansas, Montana, North Dakota, Ohio, Oklahoma, Pennsylvania, Texas, 

Utah, West Virginia, and Wyoming.  

The period studied included the years 2000 through 2013, which is meant to capture any 

alterations in crime rates as a result of the shale gas boom.  The period of the shale gas boom is 

defined as the years from 2005 to 2014, while the period before the boom is defined from 2000 

to 2004. Wang and Krupnick (2013) report that only 1.6 percent of natural gas production in the 

United States was a result of shale gas prior to 2005. In 2005 that number increased to 4.1 

percent. Between the years of 2005 and 2010, shale gas production grew to account for 23.1 

percent of natural gas production in the United States. 
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In 2006, the Federal Bureau of Investigation (FBI) released a factsheet outlining some of 

the root causes of crime and explaining the difficulty in creating a complete, accurate analysis on 

crime. The agency cautions that generalizing the causes of crime across the nation, states, 

counties, and jurisdictions can infer inaccurate correlations, since crime correlates with different 

variables given the unique qualities of each location. Thus, crime is best studied on the 

jurisdictional level, where one can consider the many variables of a specific location that are not 

necessarily measurable across entities. Furthermore, the FBI advises that geographic and 

demographic variables be considered in analyses on crime, since historically these variables have 

been shown to affect the number and type of crimes committed within a place. Such geographic 

and demographic variables include (FBI, 2006):  

(1) Population density  

(2) Concentration of youth 

(3) Stability of population and transient patterns 

(4) Transportation 

(5) Economic conditions such as median income and poverty 

(6) Cultural, education, and religious factors as well as attitude towards crime 

(7) Family conditions, such as divorce 

(8) Climate 

(9) Strength of police force, crime reporting, and other components of the justice 

system 

The scope of this analysis draws in several of these variables that may account for 

increased crime outside of the potential impact from shale gas development. Due to available 

data, the analysis considers variables related to population, age, sex, education level, poverty, 
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median income, unemployment, divorce, religion, law enforcement, political leanings, climate, 

and natural resources and mining industry employment (included in an effort to capture transient 

populations). Each of these variables, including crime and shale gas development, is detailed in 

the following sections.  

Crime 

Under the Uniform Crime Reporting Program (UCR), the FBI provides county level 

crime statistics for a number of different crimes. Among those, the FBI’s UCR defines eight 

offenses as “Part I” crimes. These offenses include murder and non-negligent homicide, forcible 

rape, robbery, aggravated assault, burglary, larceny, motor vehicle theft, and arson. For the 

purpose of this analysis, arson is omitted as one of the offenses studied due to data availability. 

Furthermore, homicide, forcible rape, robbery and aggravated assault are deemed violent crimes, 

while burglary, larceny, and motor vehicle theft are classified as property crimes. Each type of 

crime is analyzed individually and not aggregated. Crime data from 2000 through 2008 were 

obtained from the Census Bureau (United States Census Bureau, n.d.a). However, the Census 

Bureau terminated the counties database after 2008. As a result, data for the years 2009 through 

2013 were obtained through the Inter-University Consortium for Political and Social Research 

(ICPSR), with the original source of crime reports taken from the United States Department of 

Justice (DOJ) (DOJ, 2009; DOJ, 2010; DOJ, 2011; DOJ, 2012; DOJ, 2013). Crime data was 

presented in the form of number of crimes per county. I normalized this data by using county 

level population data from the given year to create a rate.1  

Definitions for each type of crime are provided by the Uniform Crime Reporting Program 

(2009) and paraphrased below: 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Crime rate is derived given the following formula: 
𝐶𝑟𝑖𝑚𝑒  𝑅𝑎𝑡𝑒 = (!"#$%&  !"  !"#$%&

!"!#$%&'"(
)   ∗ 100, 000  𝑝𝑒𝑜𝑝𝑙𝑒. 
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(1) Criminal homicide is defined as the willful killing of a person, with negligent 

homicides, suicides, and attempted murders excluded. Deaths resulting from personal 

negligence, traffic fatalities, and accidental deaths outside of gross negligence are also 

not included in the statistics. Furthermore, the reporting system does not include 

justified homicides. Such acts considered justified include the killing of a felon by an 

on-duty law enforcement officer and the killing of a felon by a citizen during the 

criminal act.   

(2) Forcible rape includes forcibly engaging in sexual intercourse against a female’s will. 

The definition includes attempts to rape, in addition to the act, regardless of age, with 

the exception of consensual statutory offenses.  

(3) Robbery encompasses the taking or attempted taking of anything valuable. Robbery 

occurs under the presence of force, the threat of force, violence, and/or by instilling 

fear in the victim.  

(4) Aggravated assault is defined by an attack upon a person by another, motivated by the 

intent of inflicting bodily harm, which is likely to cause death of severe bodily harm. 

Aggravated assault typically includes use of a weapon, and simple assaults are 

excluded from this category.  

(5) Burglary includes illegal entry or an attempted illegal entry in order to commit a theft 

or felony. 

(6) Larceny encompasses the unlawful taking of property from another. This definition 

excludes motor vehicles as property. The UCR lists examples of larceny that include 

the theft of bicycles, shoplifting, pick-pocketing, or the taking of any other possession 

without force, violence, or fraud. Unlike many of the other crimes outlined above, the 



CRIME IN SHALE COUNTIES   
	  

19 

definition for this crime does not include attempted larceny. Additional exclusions 

include embezzlement, forgery, and check fraud, among others.  

(7) Motor vehicle theft or the attempted theft of a motor vehicle includes vehicles that run 

on land surfaces and specifically excludes motorboats, airplanes, and equipment for 

construction and farming.  

Resource Development Data 

Shale gas development. In a study on the employment impacts of shale gas 

development, DeLeire, Eliason, and Timmins (2014) outline the measurable employment 

impacts of the shale gas industry through the case study of Pennsylvania. In their report, they 

detail the direct effects of the demand for skilled workers to bring a new well online. Nearly 80 

percent of the labor associated with shale gas development is demanded in the drilling and 

stimulation phases. In many areas, particularly those in which resource extraction is a new 

industry, most of this employment comes in the form of transient out-of-state workers, since 

drilling and stimulating a new well requires workers exhibiting an array of diverse, yet specific, 

skills. As a result, an estimated 70 to 80 percent of workers are thought to be transient workers.  

To capture this influx in population as a result of the industry, well completion data is 

used as a metric for measuring development. The dataset used for this metric is a larger 

compilation of shale gas completion and production data supplied by the Duke University 

Energy Initiative covering their study-area states, which in turn helped established the scope of 

this study. Within this compilation, data on well completion was obtained from Drillinginfo 

through DI Desktop (DI Desktop, 2015). Thus, well completion data is used as a metric instead 

of production levels in order to capture a better level of drilling activity in the area in terms of 

human involvement and community impacts from increased population. 
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However, there are some limitations to the data. The numbers reported from well 

completion are not always indicative of shale gas development. In some instances, the data is 

capturing tight oil as well. Thus, the data more accurately allows for comment on energy booms 

and criminal activity rather than exclusively shale gas development and criminal activity. For 

example, the Bakken formation and Eagle Ford are largely sights of tight oil production, while 

Marcellus, Haynesville, Fayetteville, Woodford, and Barnett are mostly sights of shale gas 

production. Additionally, some states do not report dates of well completion. Rather, they report 

the first date of production as the year in which the well was completed (Daniel Raimi, personal 

communication, October 8, 2015).  

Industry employment. Natural resources and mining industry employment further 

serves as a means of identifying migrant populations who live outside of counties and commute 

into shale counties for work. This county-level data was obtained from the Bureau of Labor 

Statistics and provided data points for annual average employment on a yearly basis (Bureau of 

Labor Statistics, n.d.). The use of this data serves as a crude estimate of migrant population, as 

well as a secondary proxy for measuring shale gas development.  

Demographic Data 

Population. Historically, many scholars have argued the relationship between crime and 

population, but James J. Nolan III (2004) establishes a relationship specifically between UCR 

crime rate and population size in his study, “Establishing the statistical relationship between 

population size and UCR crime rate: Its impact and implications.” Nolan found that when cities 

of various sizes were examined together, crime rate and population size showed a positive and 

statistically significant relationship. However, when considering cities ranging from 25,000 to 

49,000 people, he found no relationship to population size. A study by Lee and Thomas (2010) 
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challenges these findings, purporting that population change elevates violent crime rates in rural 

communities over sustained periods of growth. I maintained population as an explanatory 

variable since the scope of the study focuses on rural communities (United States Census 

Bureau, 2015a). 

Age. Research shows that age is the one of leading factors associated with crime. Ulmer 

and Steffensmeier (2014) note that the majority of the population involved in crime occurs in 

adolescent and early adulthood groups. This especially holds true with the UCR’s violent crime 

index. The population with the highest involvement in these types of crime are those younger 

than 25. In fact, persons younger than 30 years of age commit 50 percent of most crimes. 

Steffensmeier and Harer (1987; 1999) also note that national crime rate trends can be explained 

by the proportion of the population within a location falling within the age group of 15 to 24 

years old. Furthermore, the relationship between crime and age has been shown to be invariant. 

That is, crime is closely related to age regardless of other variables across society and time 

(Hirschi & Gottfredson, 1983). As a result, I used age as a variable in this study, capturing the 

percent of people between the ages of 15 and 29 within a county during a given year (United 

States Census Bureau, 2015a).   

Sex. The Bureau of Justice Statistics released a special report in 1999 that details the 

relationship between crime and sex. The report looks at all arrests, as well as those related to 

violent crime. Statisticians found that women accounted for only 22 percent of all arrests. 

Additionally, women only accounted for 14 percent of violent offenders. Conversely, males 

committing violent crimes are much higher, with one in nine males 10 years and older classified 

as an offender. That equals a per capita rate of six times more than that of women. As such, sex 

is used as an explanatory variable for crime, with the metric being the percent of males present in 
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a population (United States Census Bureau, 2015a). 

 Education. Educational attainment proves to significantly reduce the probability of 

incarceration. Not only does education reduce the probability of crime in general, but it has 

shown to have the biggest impacts on murder, assault, and motor vehicle theft (Lochner & 

Moretti, 2003). Educational attainment data were collected from the American Community 

Survey and the decennial census. Data from 2000 through 2008 are based on the 2000 census, 

while data from 2009 through 2013 are based on estimates from the American Community 

Survey. Two variables for education are considered, including percent of the population with a 

high school diploma and percent of the population with a four-year college degree (United States 

Census Bureau, 2012).  

Inequality. In 2002, the World Bank released a study demonstrating the effects of 

inequality on violent crime. Statisticians found a positive correlation between crime rates and 

inequality within and across countries. They further assert that this correlation suggests causation 

from inequality when controlling for other crime determinants (Fajnzylber, Lederman, & 

Loayza, 2002). Hsieh and Pugh (1993) study more closely the relationship between violent crime 

and economic conditions, looking specifically at the relationship between violent crime, poverty, 

and income inequality. They found in their study that most analyses on violent crime showed a 

positive relationship with both poverty and income inequality. Of those relationships, 80 percent 

were at least moderately strong. Hsieh and Pugh conclude, therefore, that both poverty and 

income inequality are associated with levels of violent crime, particularly violent crimes related 

to homicide and assault. To account for inequality’s effects on crime rate, I use poverty and 

median household income as proxies for county level statistics. These data were obtained from 

the Census Bureau’s Small Area Income and Poverty Estimates (SAIPE) for School Districts, 
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Counties, and States (United States Census Bureau, 2015b). Poverty is measured as the percent 

of all ages in the population below the national poverty line. Median household income is 

measured in U.S. dollars. A limitation to this data is that the median household income is not 

adjusted to reflect inflation (i.e. the data is not normalized to the value of the dollar in a specified 

year). 

Unemployment. Raphael and Winter-Ebmer (2001) conducted a state-level study on 

both property crime and violent crime in the United States, attempting to establish if a 

relationship exists between these types of crime and unemployment. While controlling for state-

level demographic and economic factors, their study delves into state effects and year effects 

during the 1990s. The results suggest that the decrease in property crime during the 1990s is 

closely linked to decreased rates of unemployment. A linkage between violent crime and 

unemployment proved less significant, showing that of the violent crimes, only rape is weakly 

related to unemployment rates. Another study looks specifically at the relationship between 

unemployment and motor vehicle theft. While historically this relationship has been shown to be 

weak at the national level, a state-level analysis indicates a strong relationship between the two. 

A one percent change in the rate of unemployment leads to about 24 additional motor vehicle 

thefts per 100,000 people (Melick, 2003). To obtain a metric for unemployment, I used data from 

the Bureau of Labor Statistics, looking at unemployment rates across counties for the years 

2000-2013 (United States Department of Labor, n.d.). 

Divorce. While it has been established that crime is more prevalent among youths and 

young adults, additional studies have attempted to better understand the contributing factors that 

make this age group more vulnerable. One such study looks at the relationship between family 

dynamics, such as divorce, to uncover an explanation for why crime is more prominent among 
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young people. The study finds that a moderate to strong positive relationship exists between 

divorce and juvenile violent crime. Historically, findings regarding this relationship have been 

mixed, but modern research is leaning towards the argument that divorce correlates with 

delinquency among children and young adults (Fry, 2010). While county-level divorce rate data 

proved unavailable, I obtained data on divorce rates across states and years from the Centers for 

Disease Control and Prevention (CDC) (2014). 

Religion. The criminological and sociological research on religion and crime 

traditionally has suggested a negative relationship between the two. That is, as the presence of 

those consistently attending church services increases, crimes appear to decrease. While certain 

religious beliefs (i.e. the content and sect of religious beliefs) may be of importance and require 

more examination, current research purports that religious affiliations in general make people 

more prone to believing in the importance of following laws. Thus, religious affiliation serves as 

a deterrent to acts of criminality. This theory is especially important when religious norms of a 

place differ from secular norms (Pettersson, 1991). To measure religious activity, I used the 

results of a 2015 Gallup poll to estimate the percentage of a state’s population that attends 

weekly religious services. This data, however, does not account for possible changes over time 

nor does it measure county-level statistics (Newport, 2015). As a result, the use of this variable 

was approached with caution, and I ultimately decided to exclude it from the study.  

Law enforcement. Recently, scholars suggest that the presence of police in society 

influences the level of crime. Previous literature indicates that a positive relationship between 

crime rates and the number of police exists. However, much of this literature fails to 

acknowledge societal response over time. For example, jurisdictions with high crime rates 

usually hire more police officers, while jurisdictions with lower crime rates respond by 



CRIME IN SHALE COUNTIES   
	  

25 

employing fewer police officers. Thus, it proves important to examine which change occurred 

first. Using Granger causality as a method of analysis, researchers reveal that increases in police 

force precede declines in crime, thus proposing that as the number of police officers increases, 

crime rates decrease (Levitt & Miles, 2006). To test the impacts of the local police force on 

crime rates, I obtained county-level data on the number of police officers in each study year 

(FBI, 2014). The number of people in the population per police officer was calculated, and this 

number was used as a variable for law enforcement. The use of this variable proves important, as 

an inability to respond to a growing population is a common situation in counties experiencing 

increased shale gas activity (Raimi & Newell, 2014).  

Political leanings. Political leanings may also shed light on social characteristics and/or 

components of the justice system that contribute to crime. An analysis of 2008 UCR data 

revealed a higher crime rate in red states than blue states. In terms of violent crime rate, the 28 

blue leaning states during the 2008 Presidential election reported 389 incidents of violent crime 

per 100,000 people. Red states, however, demonstrated a rate of 412 incidents per 100,000 

people, having over a five percent higher occurrence of violent crime than blue states. In regards 

to property crime, the disparity between blue and red states proved even greater. Blue states 

reported a crime rate of 2,989 property crime incidents per 100,000 people, while red states 

reported an eight percent higher rate of 3,228 incidents per 100,000 people. The analysis, 

however, does not account for other underlying demographic characteristics of these states that 

may be contributing to crime rates, such as the increased levels of lower-income residents in red 

states (Ostermeier, 2009). The political leaning of states was measured using electoral votes in 

Presidential elections between 2000 and 2012. For years between elections, the percentage points 

representing votes deemed democratic or republican was held constant (New York Times, 2012). 
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The quality of this data, however, is questionable, as it could not be located at a more granular 

level. Thus, the inclusion of this variable was approached with caution. 

Geographic Data 

Weather. Temperature has been shown to have a positive relationship to violent crimes 

and other types of crime. Research shows that the association exists between varying latitudes as 

well as seasons. Some research shows that increased crime tends to accompany warmer climates, 

while there exists almost an uncontested claim that hotter seasons and months contribute to 

increased crime rates (Field, 1992; Ranson, 2012). Although weather is often overlooked in 

criminology, Field (1992) writes that temperature, along with age and sex, is one of the most 

consistent factors related to crime rate. To capture this relationship, I established two variables 

for weather. One variable that uses the average July temperature of a state in a given year, and 

another variable that uses the average January temperature of a state in a given year (National 

Oceanic and Atmosphere Administration [NOAA], 2015). Similar to the data on political 

leanings, the variables for weather provided a coarse measure. As a result, there are limitations to 

the information being captured through this proxy.  

Methods 

Counties were selected based on three primary criteria. If the Census Bureau deemed a 

county a metropolitan or micropolitan county, that county was eliminated to include a sample of 

only rural counties. If counties reported a crime of zero for a given year, I assumed a lack of 

reporting for the year; that data point was instead treated as missing data. These two criteria 

aligned with the methodology established in previous literature by James and Smith (2014). 

Additionally, all counties within study states that are considered non-shale counties are used as 

controls. Non-shale counties were designated as such based on well completion data (DI 
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Desktop, 2015). If counties were listed within the data for well completion, that county was 

deemed a “shale county.” Well completion data also dictated the states included in the analysis. 

The data for non-shale counties included 15 states, with a total of 5,027 observation points 

(Table 2). The data for shale counties included 12 states, with 2,323 observation points (Table 1). 

Table 1. Description of states and regions within “shale counties.” 
Shale Counties Sample 

State/Region Frequency % of Total 
1 Arkansas 140 6.03 
2 Colorado 42 1.81 
3 Kansas 97 4.18 
4 Montana 42 1.81 
5 North Dakota 70 3.01 
6 Ohio 42 1.81 
7 Oklahoma 84 3.62 
8 Pennsylvania 168 7.23 
9 Texas 1,526 65.69 

10 Utah 28 1.21 
11 West Virginia 14 0.60 
12 Wyoming 70 3.01 

 
Midwest 209 9.00 

 
Northeast 168 7.23 

 
South 1,764 75.94 

 
West 182 7.83 

 
Total Observations: 2,323 
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Table 2. Description of states and regions in control group (“non-shale counties”).  
Control Sample 

State/Region Frequency % of Total 
1 Arkansas 378 7.52 
2 California 182 3.62 
3 Colorado 462 9.19 
4 Kansas 855 17.01 
5 Louisiana 280 5.57 
6 Montana 602 11.98 
7 North Dakota 490 9.75 
8 New Mexico 168 3.34 
9 Ohio 196 3.90 

10 Oklahoma 490 9.75 
11 Pennsylvania 28 0.56 
12 Texas 238 4.73 
13 Utah 168 3.34 
14 West Virginia 350 6.96 
15 Wyoming 140 2.78 
  Midwest 1,541 30.65 
  Northeast 28 0.56 
  South 1,736 34.53 
  West 1,722 34.26 

Total Observations: 5,027 
 
Exploratory Data Analysis 

Before creating regression models to analyze the relationship between shale gas 

development and crime, the data were explored in more detail to uncover trends and summary 

statistics. As depicted below, shale development through 2000-2013 in the study group counties 

followed closely to the trend set by the shale boom, as expected. Shale development (measured 

as the number of completed wells) in the counties being studied began to significantly increase 

beginning in 2005. The number of completed wells increased each year following 2005, with a 

dip in well completion in 2009 followed by an increase until 2012 (Figure 3).  
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Figure 3. The number of wells completed in a given year throughout the counties included in this study. 
 

Crime rates varied by type over 2000 to 2013. Murder rates showed no obvious trends 

throughout the study years. There was, however, a drastically steep increase between 2012 and 

2013 for both shale and non-shale counties, which brings to question the accuracy of crime 

reporting data concerning murder for 2013. Additionally murder trends did not indicate any 

noticeable differences in rates between shale counties and non-shale counties (Appendix A, 

Figure A1). Rape rates in shale counties showed a slight increase from 2005-2008, with a drop in 

2009 and a sharp peak in 2010. This peak in 2010 also existed for non-shale counties. Through 

the years 2005-2008, non-shale counties demonstrated an upward trend in rape rates as shale 

counties did (Appendix B, Figure B1).  Robbery and assault rates showed no obvious trends 

across time, with shale and non-shale counties reporting relatively similar numbers (Appendix C, 

Figure C1; Appendix D, Figure D1). Assault rates, however, revealed a significant increase in 

2012 in shale counties. Burglary and larceny rates remained relatively steady over study years, 

with both showing a decline in 2013 (Appendix E, Figure E1; Appendix F, Figure F1). For 

burglary, shale and non-shale counties indicated similar variation throughout time, with non-

shale counties having a slightly lower rate of burglary throughout the study. Motor vehicle theft 
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rates in shale and non-shale counties closely followed one another. Motor vehicle theft remained 

mostly constant through time, with large increases in 2013 (Appendix G, Figure G1).  

Descriptive statistics were calculated for each of the study groups (Tables 3 & 4). The 

mean murder rate in shale counties was 32.67 murders per 100,000 people, compared to 27.21 

murders per 100,000 people for non-shale counties. The median murder rate for shale counties, 

however, was lower than non-shale counties, at 9.97 murders per 100,000 people and 11.16 

murders per 100,000 people, respectively. Mean rape and robbery rates in shale counties and 

non-shale counties showed similar results, while the mean assault and burglary rates in shale 

counties was higher than in non-shale counties. However, median assault rates were nearly equal 

in both shale and non-shale counties, while the median burglary rate in shale counties amounted 

to 452.49 burglaries per 100,000 people compared to 359.30 burglaries per 100,000 people in 

non-shale counties. Larceny and motor vehicle theft also demonstrated similar means for shale 

and non-shale counties, with the median larceny rate in shale counties slightly larger than the 

median larceny rate in non-shale counties. Demographic characteristics between shale and non-

counties were relatively the same. Shale counties, however, showed a slightly higher population 

than non-shale counties.   
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Table 3. Summary statistics for shale counties. 
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Table 4. Summary statistics for non-shale counties. 

 
 
Transformations 

Histograms and box plots of each variable revealed that none of the residuals have 

normal distributions (see Appendices A-H). Most had a right tail, showing slight to severe 

skewness. January and July temperatures, conversely, displayed a left tail. Tests were run to 

determine the appropriateness of transformations for each variable, and many variables were log-

transformed. The log transformations for rape, robbery, assault, motor vehicle theft, poverty, 

median household income, and law enforcement all produced good transformations. The log 

transformations for murder, burglary, larceny, population, high school diploma, college degree, 



CRIME IN SHALE COUNTIES   
	  

33 

and unemployment produced decent results, but the distributions were still not normal. 

Nevertheless, I decided to transform these variables, because the transformation produced a 

distribution closer to normal than the originals. Tests for age, sex, democratic political leanings, 

republican political leanings, divorce, January temperature, July temperature, and industry 

employment showed that the untransformed variables produced better distributions than various 

transformation options. As a result, these variables were left untransformed despite non-normal 

distributions. The validity of regression results, therefore, is questionable for models in which 

these variables are included. I decided to eliminate religion as a variable in all models due to the 

fact that estimates were given for only one year at the state-level.  

Models and Assumptions 

This study was an unbalanced panel, with missing data for some counties in various 

years. The observational unit was a year in a county. There were seven models, each with 

different types of crime (murder, rape, robbery, assault, burglary, larceny, and motor vehicle 

theft) as the response variable and shale gas development as the explanatory variable of interest. 

Other explanatory variables included industry employment, population, age, sex, education (high 

school diploma and college degree), inequality (poverty and median household income), 

unemployment, divorce, law enforcement, political leanings, and weather. Time fixed effects 

were used to control for unobserved variables that are the same across entities but vary over 

time. Thus, I modeled fixed effects panel regressions for each type of crime using clustered 

standard errors. The year 2013 was excluded from each model to avoid the dummy variable trap.  

Several models were tested before deciding upon final models. For each model, I 

considered whether or not variables should be lagged due to the potential of delayed effects on 

the response variable. Specifically, I ran models after lagging law enforcement. The logic behind 
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this decision was that crime rate would take a year to adjust to an increase or decrease in the 

number of police officers. For instance, increased numbers of men and women in law 

enforcement might have deterred civilians from committing crimes since there were more 

officers patrolling streets. Similarly, a reduction in the number of police officers might have led 

to increased crime since there were more people in the population than could be managed by 

available personnel.  

Additionally, I considered an interaction effect between well completion and industry 

employment. I created this interaction to test whether well completion interacted with the 

number of people employed by the natural resources and mining industry in their influence on 

crime. Since the variable for industry employment encompassed the entire natural resources and 

mining industry, this interaction attempted to assess whether industry employment and shale 

development, specifically, influenced crime. 

While each model can be found in the appendices, the following models were of most 

interest:  

ln 𝑎𝑠𝑠𝑎𝑢𝑙𝑡!" =   𝛽! + 𝛽! 𝑤𝑒𝑙𝑙  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛!" + 𝛽! ln 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛!" + 𝛽! 𝑎𝑔𝑒!" + 𝛽! 𝑠𝑒𝑥!"
+ 𝛽! ln 𝑐𝑜𝑙𝑙𝑒𝑔𝑒!" +𝛽! ln 𝑝𝑜𝑣𝑒𝑟𝑡𝑦!" + 𝛽! ln 𝑖𝑛𝑐𝑜𝑚𝑒!" + 𝛽! ln 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡!"
+ 𝛽! lagged[ln 𝑝𝑜𝑙𝑖𝑐𝑒!" ] + 𝛾!!!" 𝑌𝑒𝑎𝑟!"""!!"#! + 𝛿!!!(𝐸𝑛𝑡𝑖𝑡𝑦!!!!") + 𝜇!" 

 
ln 𝑚𝑣𝑡ℎ𝑒𝑓𝑡!" =   𝛽! + 𝛽! 𝑤𝑒𝑙𝑙  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛!" + 𝛽! ln 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛!" + 𝛽! 𝑎𝑔𝑒!" + 𝛽! 𝑠𝑒𝑥!"

+ 𝛽! ln 𝑐𝑜𝑙𝑙𝑒𝑔𝑒!" +𝛽! ln 𝑝𝑜𝑣𝑒𝑟𝑡𝑦!" + 𝛽! ln 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡!"
+ 𝛽!(𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦  𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡!") + 𝛾!!!"(𝑌𝑒𝑎𝑟!"""!!"#!) + 𝛿!!!(𝐸𝑛𝑡𝑖𝑡𝑦!!!!") + 𝜇!" 

 
In each equation 𝑖 represented the entity, 𝑡 represented the year, 𝛽! was the constant (intercept), 

𝛽! signified an unknown coefficient on an explanatory variable, and 𝜇!" was the error term.  

The hypothesis for each of these models was 𝐻!:  𝛽! = 0 (where 𝑗 represented each 

variable) and 𝐻!:  𝛽! ≠ 0. The reported f-statistics for the regression models represented a joint 

hypothesis regarding the slope of the coefficients. It measured the overall fit of the model, with 
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the null hypothesis stating that explanatory variable coefficients were equal to zero and the 

alternative hypothesis stating that at least one of the coefficients was not equal to zero.  

 The assumptions for time fixed effects panel data followed those of ordinary least 

squares. Each observation was assumed independent due to simple random sampling. For fixed 

effects, variables were presumed independent across entities but not within an entity, allowing 

for a variable to be correlated over time within an entity. Linearity was assumed, which means 

the conditional mean of the error terms had a mean of zero. The next assumption was in regards 

to homoscedasticity, stating that the conditional distribution of error terms was normally 

distributed with constant variance. I also assumed no perfect multicollinearity, which occurs 

when two explanatory variables are highly correlated, causing the estimation of one or both to be 

inaccurate. Furthermore, it was presumed that residuals were independent and normally 

distributed.  Under ideal conditions, large outliers would be excluded.  

Results 

After running several regression models and adjusting for overall model fit and 

assumption testing, I found that shale gas development—using the proxy of well completion—

was only statistically significantly associated with assault and motor vehicle theft, when 

controlling for socioeconomic variables in the model. Therefore, only these two models are 

discussed in detail. The regression results for all other models can be found in the appendices. 

Since all models failed to meet every assumption outlined above, several efforts were taken to 

adjust for this shortcoming. For instance, alternative transformations were considered but 

deemed an unsuitable fit. I also considered dropping variables from the model entirely, and in 

many cases pursued this route. Lastly, I considered dropping data points with high influence and 
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leverage. After doing so, I ran regression analyses on the modified data and included those 

results for comparison as well.  

The final model for assault indicated that the only variables with an association were well 

completion, population, and law enforcement (Table 5). The association between assault and 

well completion showed a highly statistically significant relationship, with a p-value of 0.001. 

An increase in the number of wells completed by one is expected to increase assault rate by 1.2 

percent, holding all other variables in the model constant. Furthermore, there was a strong 

significance between assault and population size (p-value=0.009) and a significant relationship 

between assault and law enforcement (p-value=0.034). A decrease in population by one percent 

is expected to decrease assault rate by 2.561 percent, holding all other variables constant. In 

terms of law enforcement and while holding all other variables constant, an increase in the 

number of police officers by one percent in the pervious year is expected to increase assault rate 

by 0.164 percent. The model had an f-statistic of F (22, 159) = 8.84 with an associated 

probability of 0.0000, thus rejecting the null hypothesis that all coefficients are equal to zero. 

The r-squared value amounted to 0.56 with an adjusted r-squared value of 0.49.  
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Table 5. Regression results for assault. 
ASSAULT 

(log) 
Variable Unit Transformation Coefficient P-value 

Shale Development # completed wells   0.0012*** 0.001 
Population # of county residents log -2.561** 0.009 
Age % pop between 15 & 24   0.018 0.254 
Sex % pop male   0.053 0.485 
College Degree % pop with college degree log -0.562 0.273 
Poverty % pop in poverty log -0.476 0.160 
Median Income Median household income in US $ log -0.489 0.522 
Unemployment % pop unemployed log 0.108 0.611 
Law Enforcement # of ppl per police officer log & lagged 0.164* 0.034 

Obs = 1255 
F (22, 159) = 8.84 
Prob > F = 0.0000 
R-squared = 0.5608 

Adjusted R-squared = 0.4867 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 
To test that the model met assumptions, several statistical tests were run. The variance 

inflation factor (VIF) indicated a mean VIF of 2.31, which concludes that the model meets the 

assumption of no perfect multicollinearity. Thus, no explanatory variables were highly correlated 

with one another. To maintain the homoscedasticity assumption of constant variance of error 

terms, the model was run with robust standard errors. While a fitted-verses-residual plot showed 

some extreme points, there was no obvious patterning in the results (Figure 4). This result 

suggested that the linearity assumption held true. In regards to the independence assumption, 

panel data allowed for correlation over time within entities. It should be noted, however, that 

correlation might have existed between entities due to regional geographic characteristics. A 

Shapiro Wilk test of normality was used to estimate the distribution of the error terms. The result 

indicated a small p-value, thus rejecting the null hypothesis of normal distribution. Finally, I 

used Cook’s Distance to estimate the influence and leverage of individual data points. The 

results indicated that several data points had high leverage and influence. Thus, the model failed 
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to meet all of the assumptions, which should be kept in mind when considering the validity of the 

results.  

 
Figure 4. Fitted verses residual plot for assault rate model. Plot examines the homoscedasticity 
assumption. 

  
As a result of several data points having high leverage and influence, I ran a model that 

excluded them, altering the number of observations from 1,255 to 1,185. The regression results 

maintained that a strong, statistically significant relationship existed between assault and well 

completion as well as assault and population (Table 6). Slight changes occurred in the results for 

well completion and population. Well completion maintained a p-value of 0.001, while the p-

value for population shifted from 0.009 in the initial model to 0.007 in the modified model. 

Coefficient values changed slightly throughout the new model. As a result, an increase in the 

number of wells completed by one is expected to increase assault rate by 1.3 percent, while a 

decrease in population by one percent is expected to decrease assault rate by 2.30 percent, both 

instances holding all other variables constant. The dropped data points, however, altered the 

result for law enforcement and no longer suggested a statistically significant relationship with 
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assault. The r-squared amounted to 0.57, with an adjusted r-squared of 0.50. All assumption 

testing produced good results, with the exception of normality of residuals. 

 Table 6. Regression results for assault with Cook’s Distance points dropped. 
ASSAULT 

(log) 
Variable Unit Transformation Coefficient P-value 

Shale Development # completed wells   0.0013*** 0.001 
Population # of county residents log -2.301** 0.007 
Age % pop between 15 & 24   0.020 0.198 
Sex % pop male   -0.006 0.902 
College Degree % pop with college degree log -0.888 0.820 
Poverty % pop in poverty log -0.289 0.299 
Median Income Median household income in US $ log 0.322 0.820 
Unemployment % pop unemployed log -0.004 0.299 
Law Enforcement # of ppl per police officer log & lagged 0.126 0.558 

Obs = 1185 
F (22, 158) = 9.23 
Prob > F = 0.0000 
R-squared = 0.5729 

Adjusted R-squared = 0.4963 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 

 
Figure 5. Fitted verses residual plot for assault rate model with Cook’s Distance points removed. Plot 
examines the homoscedasticity assumption. 
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A regression analysis for motor vehicle theft rate revealed an association with well 

completion, poverty, and industry employment. With a p-value of 0.009, the relationship 

between motor vehicle theft and well completion showed strong significance. The relationship 

between motor vehicle theft and industry employment also indicated a strong significance, with a 

p-value of 0.005. The relationship between motor vehicle theft and poverty was approaching 

significance at the 0.1 level. Holding all other variables constant, an increase in the number of 

wells completed by one is expected to increase motor vehicle theft rate by 0.7 percent, while a 

decrease in industry employment by one person is expected to decrease motor vehicle theft rate 

by 0.4 percent. Furthermore, a one-unit decrease in the percent of the population living in 

poverty is expected to decrease motor vehicle theft rate by 0.379 percent, holding all other 

variables constant. The regression produced an f-statistic of F (21, 163) = 7.91, with an 

associated probability of 0.000, suggesting the variable coefficients were not equal to zero. The 

model returned an r-squared of 0.50 and an adjusted r-squared of 0.42. 
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Table 7. Regression results for motor vehicle theft. 

MOTOR VEHICLE THEFT 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0007** 0.009 
Population # of county residents log 0.707 0.324 
Age % pop between 15 & 24   0.003 0.817 
Sex % pop male   -0.016 0.768 
College Degree % pop with college degree log 0.321 0.141 
Poverty % pop in poverty log -0.379+ 0.099 
Unemployment Median household income in US $ log -0.191 0.144 
Industry  
Employment 

# of ppl employed by natural 
resources and mining industry   -0.0004** 0.005 

Obs = 1330 
F (21, 163) = 7.91 
Prob > F = 0.0000 
R-squared = 0.5037 

Adjusted R-squared = 0.4240 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 

 
Figure 6. Fitted verses residual plot for motor vehicle theft rate model. Plot examines the 
homoscedasticity assumption. 

 
Post estimation tests were conducted on the model for motor vehicle theft to determine if 

assumptions were met. The mean variance inflation factor for the model was 1.59, showing that 

no explanatory variables were highly correlated and that the model met the assumption of no 
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perfect multicollinearity. As with assault, the model for motor vehicle theft was run with robust 

standard errors in order to maintain the homoscedasticity assumption, which states that constant 

variance of the error terms is present. A fitted-verses-residual plot revealed no clear signs of 

patterning. The points clustered around zero, with possible outliers (Figure 6). Therefore, I 

concluded that the linearity assumption held true. As mentioned previously, panel data allows for 

correlation over time within entities. As with the assault model, though, independence was 

brought into question due to potential correlation between states as a result of regional 

geographic characteristics. A Shapiro Wilk test of normality predicted that the model did not 

meet the assumption of normal distribution. Lastly, Cook’s Distance identified several data 

deemed high in leverage and influence. These post estimation tests revealed that the regression 

model did not meet each assumption.   

In an attempt to fix failed assumptions, I removed data points showing high leverage and 

influence for the motor vehicle theft rate model. The number of observations between models 

dropped from 1,330 to 1,251. The regression results still showed a relationship between motor 

vehicle theft rate and well completion, poverty, and industry employment, with p-values 

equaling 0.011, 0.076, and 0.012, respectively (Table 8). Additionally, results revealed that 

unemployment was approaching significance, with a p-value of 0.094. An increase of one in the 

number of wells completed is expected to increase motor vehicle theft rate by 0.6 percent, while 

a one person decrease in industry employment is expected to decrease motor vehicle theft rate by 

0.3 percent. Additionally, a one-unit decrease in the percent of the population living in poverty is 

expected to decrease motor vehicle theft rate by 0.354 percent, while a one-unit decrease in the 

percent of unemployment is associated with a decrease in motor vehicle theft rate by 0.219 

percent. All interpretations are dependent on holding all other variables constant. The percent 
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variation in motor vehicle theft rate explained by the explanatory variables remained similar to 

the initial model. All assumptions held true for the model with the exception of normality of 

residuals.  

Table 8. Regression results for motor vehicle theft with Cook’s Distance points dropped. 

MOTOR VEHICLE THEFT 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0006** 0.011 
Population # of county residents log 0.460 0.462 
Age % pop between 15 & 24   -0.002 0.890 
Sex % pop male   -0.012 0.806 
College Degree % pop with college degree log 0.257 0.216 
Poverty % pop in poverty log -0.354+ 0.076 
Unemployment Median household income in US $ log -0.219+ 0.094 

Industry Employment # of ppl employed by natural 
resources and mining industry   -0.0003** 0.012 

Obs = 1251 
F (21, 161) = 10.77 
Prob > F = 0.0000 
R-squared = 0.5065 

Adjusted R-squared = 0.4224 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 

 
Figure 7. Fitted verses residual plot for motor vehicle theft rate model with Cook’s Distance points 
removed. Plot examines the homoscedasticity assumption. 
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Discussion and Conclusion 

While several different types of crime were tested, assault and motor vehicle theft were 

found to be the only crimes demonstrating a relationship with shale gas development. Most 

notably, assault was highly statistically significant in its relationship with shale gas development. 

With an increase of one completed well, assault rate is expected to increase by 1.2 percent, 

holding all other variables constant. The other statistically significant relationships with assault 

are logically to be expected. For example, the relationship between assault rate and population 

also has a strong statistical significance. A decrease in population is expected to decrease assault 

rate by 2.56 percent. This relationship between population and crime is supported by the research 

of Lee and Thomas (2010), finding that population change elevated crime rates in communities. 

However, the coefficient result on population seems unreasonable high, which brings to question 

the quality of the model. Additionally, law enforcement exhibited a statistically significant, 

positive relationship with assault. Thus, as the number of police officers rose so did crime. The 

variable for law enforcement was lagged to allow for a one-year time difference, thus attempting 

to model a response in crime rate due to changes in law enforcement. These results differed from 

the notions established in current literature, which demonstrated a negative relationship between 

the number of police officers and crime (Levitt & Miles, 2006). The result, however, could be 

due to the unique circumstances of shale counties, wherein law enforcement has difficulty 

keeping pace with increasing population and crime rates (Raimi & Newell, 2014). 

Motor vehicle theft also demonstrated a strong statistically significant relationship with 

shale gas development. Each additional well completed is expected to increase motor vehicle 

theft rate by 0.7 percent, holding all other variables constant. Industry employment and shale gas 

development also had a highly statistically significant relationship. This metric was a 
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measurement of the number of people within a county employed by the natural resources and 

mining industry. It was meant to serve as a secondary proxy for shale gas development and a 

means of capturing employees who did not reside within the county and were not counted in 

county population statistics. A decrease in industry employment by one person is expected to 

decrease motor vehicle theft rate by 0.4 percent, holding all other variables constant. Poverty is 

approaching significance, suggesting a decrease in motor vehicle theft rate of 0.379 as poverty 

decreases by one percent, holding all other variables constant. While Hsieh and Pugh (1993) 

found a strong relationship between violent crime and poverty, this study expanded upon their 

findings, suggesting the possibly of a relationship between property crime and poverty.  

The results for assault and motor vehicle theft held some similarities with the literature 

focused on crime and shale gas development in rural communities. While looking at a case study 

of the Mountain West, James and Smith (2014) found no statistically significant relationships to 

crime when testing murder or rape, but they did find significant relationships for all other types 

of crime, with assault being the most notable. In terms of crime on a national scale, they found 

statistically significant relationships between all types of crime and shale gas development. Their 

proxy for this development, however, was measured through oil and gas mining employment and 

the designation of a play as “booming,” which they defined by the geological characteristics of a 

play. My results also indicated the most statistically significant relationship exists between 

assault and shale gas development, with well completion used as a proxy. Motor vehicle theft, 

similarly, exhibited a strong statistically significant relationship with well completion. I tested 

the significance of industry employment as well, finding a statistically significant relationship 

with motor vehicle theft rate, as Smith and James (2014) found. However, my results did not 

indicate a statistically significant relationship with industry employment and assault as James 
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and Smith (2014) did. This could be the result of differences in study scope as well as differences 

in methods.  

In terms of commentary gleaned on the shale gas industry as a result of this research, my 

research may garner insight on the characteristics of the shale gas industry’s workforce rather 

than any underlining impacts of the industry as it relates to resource extraction. For example, 

since the industry requires a skilled workforce that typically migrates to areas for development, 

characteristics of those employed should be considered (DeLeire, Eliason, & Timmins, 2014). 

Criminology research shows that age, sex, and education all have significant relationships with 

rates of crime (Steffensmeier & Harer 1987; 1999; United States Census Bureau, 2015a; Lochner 

& Moretti, 2003). Education, specifically, is shown to have a significant impact on rates of 

assault and motor vehicle theft (Lochner & Moretti, 2003). Further research should explore the 

demographic characteristics of those employed by the industry to see if these characteristics 

overlap with demographics proven to correlate with crime rates. Thus, my research may capture 

the impacts associated with the workforce of the shale gas industry—a workforce that may share 

demographic characteristics to other types of development as well, not solely resource extraction.  

When considering the validity of the results, it is to be noted that model assumptions 

were not met completely for either assault or motor vehicle theft. The quality of the data should 

also be considered. For example, crime statistics are reported by individual county law 

enforcement, allowing for increased human error and inconsistency between entities. 

Furthermore, the FBI cautions against using UCR crime statistics to make inferences on a 

national scale due to the unique combination of characteristics in jurisdictions that contributes to 

crime (FBI, 2006). Shale gas development data, as well, has its limitations, as the data is not 

completely transparent. In some cases, well completion data is capturing tight oil (Daniel Raimi, 
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personal communication, October 8, 2015). Thus, the numbers reported are not always indicative 

of shale gas development. Additionally, while these statistical findings suggest assault and motor 

vehicle theft have an association with shale gas development, the study does not suggest 

causality. Despite these shortcomings, the models introduced interesting insights that assist 

current literature by investigating the relationship between crime and shale gas development 

using the proxy of well completion as a metric for shale gas development. 

Furthermore, the results of these regression analyses can only be inferred to the counties 

included in the study. While the results potentially hold true for other rural, shale counties within 

the United States, results are expected to vary depending on scope. For example, James and 

Smith (2014) found differing results when comparing the United States as a whole to the 

Mountain West. An interesting continuation of this research could include state-specific or 

region-specific analyses. These results might provide more detail into the state-specific 

characteristics that influence crime rates. For example, studying the differences in crime impacts 

for counties with a long history of oil and gas presence compared to those where the industry is 

relatively new may produce interesting results. If oil and gas does not have an historic presence 

in the region, transient, out-of-state skilled laborers are required to migrate to the area due to 

demand for labor (DeLeire, Eliason, & Timmons, 2014). This may led to disruptive social effects 

like those proposed by social disorganization theory, or it may led to an increase in population 

with demographic characteristics that are associated with higher crime rates (Sampson & Groves, 

1989; Krubin & Weitzer, 2003).  
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Appendix A 

Murder 

 
Figure A1. Murder rates in shale and non-shale counties throughout the study years. 

 

 
Figure A2. Box plot and histogram of murder rates in shale counties. 
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Figure A3. The above regression line is the final equation decided upon for murder. The initial model did 
not adhere to regression assumptions. As a result, alternative transformations for variables were 
considered. I decided upon the above transformations, because the model assumptions were better met 
under these conditions. Initially, the model did not meet the assumptions for homoscedasticity or 
normality of residuals. While the model above still does not meet the assumption for homoscedasticity, it 
does meet the assumption for normality of residuals. Furthermore, points with high leverage and 
influence also were removed to test if model assumptions were better met under these conditions. 
However, this regression did not aid in meeting assumptions. In fact, fewer assumptions were met under 
these conditions. Thus, the regression results with Cook’s Distance points removed are not reported. 

 
Table A1. Regression results for murder. 

MURDER 
(1/square root) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells square root -0.0001 0.954 
Population # of county residents square root -0.0001 0.975 
Age % pop between 15 & 24 log 0.173 0.036 
Sex % pop male   0.016 0.189 
College Degree % pop with college degree 1/square root 0.101 0.819 
Poverty % pop in poverty log 0.016 0.828 
Median Income Median household income in US $ log -0.024 0.851 
Unemployment % pop unemployed 1/sqaure root 0.063 0.790 
Law Enforcement # of ppl per police officer log 0.013 0.692 

Obs = 430 
F (22, 134) = 21.60 
Prob > F = 0.0000 
R-squared = 0.8047 

Adjusted R-squared = 0.6931 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
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Figure A4. Fitted verses residual plots for the murder regression model. Left shows initial model, while 
right shows model with Cook’s Distance points dropped. Plot examines the homoscedasticity assumption 
and shows signs of patterning, indicating the model does not meet the homoscedasticity assumption.  



CRIME IN SHALE COUNTIES   
	  

60 

Appendix B 

Rape 

 
Figure B1. Rape rates in shale and non-shale counties throughout the study years. 

 

 
Figure B2. Box plot and histogram of rape rates in shale counties. 

 
  



CRIME IN SHALE COUNTIES   
	  

61 

ln 𝑟𝑎𝑝𝑒!" =   𝛽! + 𝛽! 𝑤𝑒𝑙𝑙  𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑜𝑛!" + 𝛽! ln 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛!" + 𝛽! 𝑎𝑔𝑒!" + 𝛽! 𝑠𝑒𝑥!"
+ 𝛽! ln 𝑐𝑜𝑙𝑙𝑒𝑔𝑒!" +𝛽! ln 𝑝𝑜𝑣𝑒𝑟𝑡𝑦!" + 𝛽! ln 𝑖𝑛𝑐𝑜𝑚𝑒!" + 𝛽! ln 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡!"
+ 𝛽! ln 𝑝𝑜𝑙𝑖𝑐𝑒!" +   𝛽!" 𝑗𝑢𝑙𝑦𝑡𝑒𝑚𝑝!" + 𝛾!!!"𝑌𝑒𝑎𝑟!"""!!"#! + 𝛿!!!(𝐸𝑛𝑡𝑖𝑡𝑦!!!!") + 𝜇!" 

 
Figure B3. The above regression line is the final equation decided upon for rape. This model did not 
adhere to all regression assumptions. As a result, alternative transformations for variables were 
considered. I decided upon the above transformations, because the model assumptions were not better met 
under different transformations of variables. The model above does not meet the assumption of normality 
of residuals. Furthermore, points with high leverage and influence also were removed to test if model 
assumptions were better met under these conditions. Under these conditions, the normality of residuals 
assumption is still not met. The regression results with Cook’s Distance points removed are included for 
comparison. 
 

Table B1. Regression results for rape. 
RAPE 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   -0.0001 0.727 
Population # of county residents log 1.566 0.037 
Age % pop between 15 & 24   0.027 0.243 
Sex % pop male   -0.057 0.382 
College Degree % pop with college degree log 0.628 0.026 
Poverty % pop in poverty log 0.222 0.521 
Median Income Median household income in US $ log -0.654 0.326 
Unemployment % pop unemployed log -0.219 0.279 
Law Enforcement # of ppl per police officer log 0.021 0.865 
July Temperature Average July temperature   0.031 0.034 

Obs = 828 
F (23, 146) = 2.56 
Prob > F = 0.0004 
R-squared = 0.5395 

Adjusted R-squared = 0.4212 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
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Table B2. Regression results for rape with Cook’s Distance points dropped. Points with high leverage 
and influence were removed to test if model assumptions were better met under these conditions.  

RAPE 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0001 0.819 
Population # of county residents log 0.894 0.220 
Age % pop between 15 & 24   0.032 0.203 
Sex % pop male   -0.060 0.334 
College Degree % pop with college degree log 0.664 0.015 
Poverty % pop in poverty log -0.012 0.972 
Median Income Median household income in US $ log -1.001 0.106 
Unemployment % pop unemployed log -0.254 0.191 
Law Enforcement # of ppl per police officer log -0.025 0.833 
July Temperature Average July temperature   0.029 0.046 

Obs = 800 
F (23, 145) = 2.92 
Prob > F = 0.0001 
R-squared = 0.5430 

Adjusted R-squared = 0.4213 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 

 
Figure B4. Fitted verses residual plots for the rape regression model. Left shows initial model, while right 
shows model with Cook’s Distance points dropped. Plot examines the homoscedasticity assumption. Plots 
show no obvious patterning and are mostly distributed around zero, indicating that the homoscedasticity 
assumption is met.  
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Appendix C 

Robbery 

 
Figure C1. Robbery rates in shale and non-shale counties throughout the study years. 

 

 
Figure C2. Box plot and histogram of robbery rates in shale counties. 
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Figure C3. The above regression line is the final equation decided upon for robbery. This model did not 
adhere to all regression assumptions. As a result, alternative transformations for variables were 
considered. I decided upon the above transformations, because the model assumptions were not better met 
under different transformations of variables. The model above does not meet the assumption of normality 
of residuals. Furthermore, points with high leverage and influence also were removed to test if model 
assumptions were better met under these conditions. Under these conditions, the normality of residuals 
assumption is still not met. The regression results with Cook’s Distance points removed are included for 
comparison. 

 
Table C1. Regression results for robbery. 

ROBBERY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   -0.0001 0.852 
Population # of county residents log -1.503 0.027 
Sex % pop male   0.122 0.036 
January 
Temperature Average January temperature   

-0.023 0.042 
Obs = 726 

F (17, 136) = 2.05 
Prob > F = 0.0123 
R-squared = 0.5837 

Adjusted R-squared = 0.4723 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 
Table C2. Regression results for robbery with Cook’s Distance points dropped. Points with high leverage 
and influence were removed to test if model assumptions were better met under these conditions. 

ROBBERY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   -0.0002 0.684 
Population # of county residents log -1.582 0.030 
Sex % pop male   0.124 0.037 

January Temperature Average January temperature   
-0.009 0.434 

Obs = 699 
F (17, 136) = 1.81 
Prob > F = 0.0325 
R-squared = 0.5837 

Adjusted R-squared = 0.4668 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
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Figure C4. Fitted verses residual plots for the robbery regression model. Left shows initial model, while 
right shows model with Cook’s Distance points dropped. Plot examines the homoscedasticity assumption. 
Plots show no obvious patterning and are mostly distributed around zero, indicating that the 
homoscedasticity assumption is met.  
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Appendix D 

Assault 

 
Figure D1. Assault rates in shale and non-shale counties throughout the study years. 

 

 
Figure D2. Box plot and histogram of assault rates in shale counties. 
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Appendix E 

Burglary 

 
Figure E1. Burglary rates in shale and non-shale counties throughout the study years. 

 

 
Figure E2. Box plot and histogram of burglary rates in shale counties. 
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Figure E3. The above regression line is the final equation decided upon for burglary. This model did not 
adhere to all regression assumptions. As a result, alternative transformations for variables were 
considered. I decided upon the above transformations, because the model assumptions were not better met 
under different transformations of variables. The model above does not meet the assumption of normality 
of residuals nor does it produce good results when testing for homoscedasticity. Furthermore, points with 
high leverage and influence also were removed to test if model assumptions were better met under these 
conditions. Under these conditions, the normality of residuals assumption is still not met, but the 
homoscedasticity test results appear slightly better. The regression results with Cook’s Distance points 
removed are included for comparison. 

 
Table E1. Regression results for burglary. 

BURGLARY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0001 0.632 
Population # of county residents log 0.195 0.719 
Age % pop between 15 & 24   -0.006 0.530 
Sex % pop male   0.000 0.999 
College Degree % pop with college degree log 0.160 0.534 
Poverty % pop in poverty log -0.010 0.966 
Median Income Median household income in US $ log -0.915 0.078 
Unemployment % pop unemployed log -0.161 0.154 
Law Enforcement # of ppl per police officer log -0.010 0.912 

Obs = 1345 
F (22, 158) = 3.80 
Prob > F = 0.0000 
R-squared = 0.6767 

Adjusted R-squared = 0.6267 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
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Table E2. Regression results for burglary with Cook’s Distance points dropped. Points with high 
leverage and influence were removed to test if model assumptions were better met under these conditions. 

BURGLARY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0002 0.469 
Population # of county residents log 0.091 0.851 
Age % pop between 15 & 24   -0.006 0.533 
Sex % pop male   0.013 0.765 
College Degree % pop with college degree log 0.113 0.604 
Poverty % pop in poverty log -0.064 0.964 
Median Income Median household income in US $ log -0.554 0.160 
Unemployment % pop unemployed log -0.064 0.510 
Law Enforcement # of ppl per police officer log -0.034 0.652 

Obs = 1274 
F (22, 157) = 4.59 
Prob > F = 0.0000 
R-squared = 0.6771 

Adjusted R-squared = 0.6243 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 

 

 
Figure E4. Fitted verses residual plots for the burglary regression model. Left shows initial model, while 
right shows model with Cook’s Distance points dropped. Plot examines the homoscedasticity assumption. 
The plot on the left (without leverage and influence points removed, shows some signs of patterning 
(possible negative slope), suggesting that the homoscedasticity assumption is not met. The plot on the left 
(with leverage and influence points removed) shows that points mostly distributed around zero, indicating 
that the homoscedasticity assumption is met.  
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Appendix F 

Larceny 

 
Figure F1. Larceny rates in shale and non-shale counties throughout the study years. 

 

 
Figure F2. Box plot and histogram of larceny rates in shale counties. 
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Figure F3. The above regression line is the final equation decided upon for larceny. This model did not 
adhere to all regression assumptions. As a result, alternative transformations for variables were 
considered. I decided upon the above transformations, because the model assumptions were not better met 
under different transformations of variables. The model above does not meet the assumption of normality 
of residuals nor does it produce good results when testing for homoscedasticity. Furthermore, points with 
high leverage and influence also were removed to test if model assumptions were better met under these 
conditions. Under these conditions, the normality of residuals assumption is still not met., but the 
homoscedasticity test results appear slightly better. The regression results with Cook’s Distance points 
removed are included for comparison. 

 
Table F1. Regression results for larceny. 

LARCENY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0003 0.380 
Population # of county residents log -1.120 0.087 
Age % pop between 15 & 24   0.019 0.083 
Sex % pop male   -0.032 0.538 
High School 
Diploma % pop with high school diploma log 0.464 0.242 
College Degree % pop with college degree log 0.210 0.420 
Poverty % pop in poverty log -0.044 0.856 
Median Income Median household income in US $ log -0.241 0.601 
Unemployment % pop unemployed log -0.339 0.036 
Law Enforcement # of ppl per police officer log 0.089 0.561 
Divorce % of pop divorced   -0.224 0.187 
January 
Temperature Average January temperature   0.010 0.251 
July Temperature Average July temperature   -0.002 0.885 
Industry 
Employment 

# of ppl employed by natural 
resources and mining industry   -0.0002 0.052 

Obs = 1342 
F (27, 158) = 2.21 
Prob > F = 0.0013 
R-squared = 0.6810 

Adjusted R-squared = 0.5049 
Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
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Table F2. Regression results for larceny with Cook’s Distance points dropped. Points with high leverage 
and influence were removed to test if model assumptions were better met under these conditions. 

LARCENY 
(log) 

Variable Unit Transformation Coefficient P-value 
Shale Development # completed wells   0.0005 0.055 
Population # of county residents log -0.581 0.355 
Age % pop between 15 & 24   0.009 0.422 
Sex % pop male   0.029 0.526 

High School Diploma % pop with high school diploma log 0.369 0.156 
College Degree % pop with college degree log 0.193 0.368 
Poverty % pop in poverty log 0.065 0.710 
Median Income Median household income in US $ log -0.118 0.742 
Unemployment % pop unemployed log -0.216 0.027 
Law Enforcement # of ppl per police officer log -0.058 0.397 
Divorce % of pop divorced   -0.297 0.042 

January Temperature Average January temperature   0.007 0.239 
July Temperature Average July temperature   -0.005 0.662 

Industry Employment # of ppl employed by natural 
resources and mining industry   -0.0001 0.183 

Obs = 1262 
F (27, 157) = 2.62 
Prob > F = 0.0001 

R-squared = 0.0.7266 
Adjusted R-squared = 0.6799 

Note: +, *, **, *** denotes significance at the 0.1, 0.05, 0.01, and 0.001 levels, respectively. 
 

 
Figure F4. Fitted verses residual plots for the larceny regression model. Left shows initial model, while 
right shows model with Cook’s Distance points dropped. Plot examines the homoscedasticity assumption. 
The plot on the left (without leverage and influence points removed, shows some signs of patterning 
(possible negative slope), suggesting that the homoscedasticity assumption is not met. The plot on the left 
(with leverage and influence points removed) shows that points mostly distributed around zero, indicating 
that the homoscedasticity assumption is met. 
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Appendix G 

Motor Vehicle Theft 

 
Figure G1. Motor vehicle theft rates in shale and non-shale counties throughout the study years. 

 

 
Figure G2. Box plot and histogram of motor vehicle theft rates in shale counties. 
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Appendix H 

All Other Variables 
 

 
Figure H1. Box plot and histogram of well completion in shale counties. 

 

 
Figure H2. Box plot and histogram of population in shale counties. 

 

 
Figure H3. Box plot and histogram of age in shale counties. 
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Figure H4. Box plot and histogram of sex in shale counties. 

 

 
Figure H5. Box plot and histogram of high school diploma in shale counties. 

 

 
Figure H6. Box plot and histogram of college degree in shale counties. 
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Figure H7. Box plot and histogram of poverty in shale counties. 

 

 
Figure H8. Box plot and histogram of median household income in shale counties. 

 

 
Figure H9. Box plot and histogram of unemployment rate in shale counties. 
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Figure H10. Box plot and histogram of law enforcement in shale counties. 

 

 
Figure H11. Box plot and histogram of democratic political leanings in shale counties. 

 

 
Figure H12. Box plot and histogram of republican political leanings in shale counties. 
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Figure H13. Box plot and histogram of divorce rate in shale counties. 

 

 
Figure H14. Box plot and histogram of January temperature in shale counties. 

 

 
Figure H15. Box plot and histogram of July temperature in shale counties. 
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Figure H16. Box plot and histogram of religion in shale counties. 

 

 
Figure H17. Box plot and histogram of natural resource and mining industry employment in shale 
counties. 


