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Abstract

Objectives: This paper examines the impact of local economic activity on criminal behavior. We build
on existing research by relaxing the identification assumptions required for causal inference, and estimate
the impact of local economic activity on recidivism.

Methods: We use the fracking boom as a source of credibly exogenous variation in the economic condi-
tions into which incarcerated people are released. We replicate and extend existing instrumental variables
analyses of fracking on how many released offenders return to state prison seperately from aggregate crime
and arrests.

Results: Our instrumental variables estimates imply that a ten thousand dollar increase in the value of
per capita production is associated with a 2.8 percent reduction in the one-year recidivism of ex-offenders
at the county level. Improved labor market conditions, specifically an increase in wages for young adults,
may explain a non-negligible fraction of the reduction in recidivism associated with economic booms.
In contrast, we replicate existing work finding that fracking increased aggregate measures of crime and
arrests.

Conclusion: Increased economic opportunity appears to have a different impact of overall crime than
on recidivism. This suggests that the relationship between economic opportunity and offending may be
conditioned by local social ties. Further research examining how social connections and labor markets
affect individual criminal behavior is needed.

*We would like to thank John MacDonald and three anonymous referees for helpful comments and suggestions. All
results, conclusions and errors are our own. Eren: Department of Economics, University of California, Riverside (e-mail:
ozkane@ucr.edu). Owens: Department of Criminology, Law and Society and Department of Economics, University of
California, Irvine (e-mail: egowens@uci.edu).



1 Introduction

One of the legacies of the United States experiment with mass incarceration in the 1980s and 1990s is
that an increasingly large number of people are now leaving confinement and reentering general society.
According to the National Prisons Statistics, in 2019 over 600 thousand people were released from state or
federal prison, roughly 30 thousand more than the number of people entering those same facilities. Many
of those released will continue to engage in crime; around 40% of people released from prisons in 2005
were arrested at least once during their first year of release (Alper and Markman 2018). In contrast to the
scope of the problem, there is currently limited casual evidence on what sorts of policy interventions can
successfully reduce the probability that someone leaving incarceration will be re-incarcerated (Nagin et
al. 2009; Doleac 2020). This is noticeably different than the evidence on offending more generally, where
there is a fair amount of evidence on “what works” to reduce crime (e.g., Nagin 2013; National Academies
of Sciences, Engineering, and Medicine 2018). In this paper, we combine insights from two strands of
literature to provide new estimates of the role of labor market opportunities on recidivism, exploiting
credibly causal variation in local economic activity generated by the fracking boom of the mid-2000s.
We find evidence that increased economic activity reduced recidivism, despite being associated with an
increase in overall crime and arrests at the county level.

A large literature, spanning criminology, economics, and sociology, examines the role of an individ-
ual’s economic opportunity in recidivism. Employment is consistently found to be a strong correlate of
desistance (Bushway and Reuter 2001; Laub and Sampson 2001; Doleac 2020), and individuals who are
released into areas where actual or perceived labor demand is higher are less likely to recidivate (Raphael
and Winter-Ebmer 2001; Corman and Mocan 2005; Galbiati et al. 2021; Yang 2017; Schnepel 2018; Agan
and Makowsky 2021).

At the same time, experimental evaluations of job placement and job training for formerly incar-
cerated people are substantially more mixed. There are many credible potential explanations for this.
Discrimination against ex-offenders in the labor market may dampen the ability of trained, qualified, for-
merly incarcerated people to be hired (Pager 2011; Agan and Starr 2018). Many experimental evaluations
have low statistical power, which is particularly problematic if the true average impact of job training
programs on wages and employment is small (Doleac 2020). Requiring participation in even “one stop”
re-entry programs, particularly if they are ineffective, may inadvertently create an additional task that
formerly incarcerated people must complete to comply with parole terms, potentially crowding out more

effective, individually driven, job search efforts (Denver et al. 2017; Schnepel 2018).



We contribute to this literature by exploring the recidivism of people who, rather than being required
to participate in a training or placement program, are simply released into economies with a high de-
mand for relatively low skilled labor. While unexplained variation in labor market conditions on release,
previously studied in Schnepel (2018) and Yang (2017) may not necessarily be correlated with individual
characteristics, in this paper we know the precise reason for the increased economic activity. As a result,
we require a weaker identifying assumption than the existing research evaluating the impact of economic
conditions on recidivism.

The increase in economic activity we analyze is due to the growth of the oil and gas industry in certain
parts of the United States. This growth was the result of technological developments, which lowered the
cost of extracting oil and natural gas from underground shale formations through hydraulic fracturing or
“fracking.” The increased revenue for energy companies also appears to have had some positive spillover
effects for local residents; fracking in areas that sit over shale formations, which are overwhelmingly in
rural areas and relatively small cities, has been estimated to generate an average wage increase of around
$0.20 for every dollar of new production (Feyrer et al. 2017).

We identify the causal effects of this local economic activity on recidivism, measured using the National
Corrections Reporting Program (NCRP). Our central modeling approach replicates IV strategy developed
by Feyrer et. al. (2017) to estimate the causal impact of fracking revenue on a variety of socioeconomic
outcomes. The approach involves instrumenting for the amount of fracking revenue in one county with
the average annual revenue generated by the larger “shale play” (an area sharing particular geographic
and geological properties) where the county is located. Intuitively, we estimate whether people are more
or less likely to return to prison when they are released into a community located on top of a shale play
that happens to be more, or less, productive in that year. Under the assumptions that (1) changes in the
value of a shale play are driven primarily by technological advances in drilling, (2) each county contributes
only a small fraction of the total shale play revenue, and (3) there is no plausible reason that advancement
in drilling technology is correlated with an individual’s propensity to recidivate, except through the net
impact of that technology on the local economy, our estimates can be interpreted as the causal impact of
economic activity on recidivism. To facilitate comparisons with existing research (specifically Schnepel
2018), we focus on one-year recidivism rates to emphasize the role of economic activity in both desistance
from crime and a person’s ability to comply with parole conditions, although the results do not change
in a meaningful way when we examine return to prison over longer time horizons.

We estimate that a ten thousand dollar increase in the per capita value of energy production is
associated with a 2.8% reduction in the one-year recidivism of ex-offenders relative to those released into
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other counties or at different times, an effect only slightly larger than the 2% reduction in recidivism
associated with a one standard deviation increase in construction jobs identified in Schnepel (2018). This
suggests that economic activity generated by fracking resulted in almost 2,250 fewer offenders returning
to prison (within one year of release) between 2006 and 2014.

Of course, economic activity itself can generate a wide array of socioeconomic changes, and each
individual change may influence criminal behavior through a unique mechanism. Our single economic
shock cannot separately identify exactly what about increased economic activity translates into more
successful re-entry. However, we do explore the potential channels through which economic activity leads
to lower recidivism in counties experiencing fracking booms, ranging from post-fracking compositional
changes in the population to wage growth. We find that increased wages likely explain a non-negligible
fraction of our findings.

Our results are consistent with Street (2019), which finds that long-time residents of areas in North
Dakota that benefited from fracking are less likely to have criminal charges filed against them in court.
We conclude that the findings of Street (2019) likely hold outside of the specific North Dakota context,
and relate to recidivism as well as general offending by established residents. Of course, like Street
(2019), our local average treatment effects are estimated in the more rural places where fracking has
primarily occurred, but the similarity of our results to Schnepel (2018) suggest that the relationship
between economic opportunity and returning to prison is independent of how urbanized a place is.

This paper also contributes to a growing literature that specifically investigates the relationship be-
tween hydraulic fracturing activity and economic and social outcomes (Feryer et al. 2017; James and
Smith 2017; Kearney and Wilson 2018; Bartik et al. 2019; Street 2019; Cascio and Narayan 2020).
Notably, a recent review of 25 studies of fracking and crime concluded that the positive relationship
between increased production and crime is, essentially, undisputed (Stretesky and Grimmer 2020). We
are able to replicate this finding in our specific context, and conclude that our findings complicate this
fracking-crime relationship by documenting a relationship between the economic activity generated by
hydraulic fracturing activity and recidivism which differs from the average impact on crime.

While speculative, our results are consistent with evidence that local community ties not only condi-
tion, but potentially invert, the relationship between economic booms and individual criminal behavior.
Alternately, our results can be interpreted as identifying potential heterogeneity in the relationship be-
tween community ties and criminal behavior.!

The remainder of the paper is organized as follows. Section 2 discusses hydraulic fracturing. Section

'See Cochran (2019) for a recent review of this research.



3 describes the data, and Section 4 the empirical methodology. Section 5 presents the results and several

robustness checks. Our conclusions are provided in Section 6.

2 Background

In order to identify the impact of local economic conditions on recidivism, we exploit variation in the oil
and gas production generated by the development of hydraulic fracturing. This technological innovation
created a sharp increase in the amount of economic activity in regions with the geographic features
conducive to oil and gas extraction. We can use the timing of this technological innovation to better
understand the causal impact of economic growth on recidivism, as long as this technological change
in the ability of energy companies to extract oil and gas from the geographic formations underlying a
released individual’s hometown is not related to when that individual is released from prison and their
underlying propensity to recidivate.

Fracking is a well stimulation technique involving the high-pressure injection of water, sand and
chemicals into low permeability shale formations that contain large reservoirs of oil and natural gas. The
process of fracking begins by drilling a well into shale, and inserting a casing pipe into the well bore.
Fluid is then injected into the shale at high pressure, creating cracks in the rock. The fluid itself contains
material called proppants, typically sand, which then hold the fractures open and enable oil and gas to
escape to the surface through the casing pipes. The widespread adoption of horizontal drilling, which
involves drilling vertically until a target depth is reached, and then drilling several thousand feet further
horizontally into a rock formation, has broadened the scale and scope of hydraulic fracturing.

Throughout the text, we refer to shale formations in the form of “basin” and “play.” A shale basin,
usually covering hundreds of square miles, is a bowl-shaped area containing multiple oil and natural gas
resources. A shale play is part of a basin with particular geographic and geological properties that allow
for drilling and production to actually occur.?

The development of hydraulic fracturing, in conjunction with horizontal drilling, has dramatically
increased domestic oil and gas production over the last two decades. It now accounts for slightly more
than 50% of total oil production (4.3 million barrels per day) and nearly 70% of gas production in the
U.S. (53 billion cubic feet per day). More than 300,000 new wells were hydraulically fractured between

2000 and 2014 (U.S. Energy Information Administration, 2016a and 2016b). The oil and gas industry

?There are more than 20 shale plays and 10 shale basins in the U.S. The top ten shale plays generate the majority of oil
and natural gas production in the U.S. Note also that a basin may contain more than one shale play. See Figures 1 and 2
for the distribution of shale plays and basins in the contiguous U.S.



extracted around $400 billion worth of new production and is estimated to have generated over 600,000
new jobs over the period from 2005 to 2012 (Feyrer et al. 2017).

The first order effect of fracking is to increase the demand for labor in extraction-related jobs, but
there are substantial spillovers associated with this activity as well. In particular, existing research
has documented a substantial increase in population, especially young single men, which could lead
to increased demand in other industries, particularly in the retail, accommodation, and food sectors
(Munasib and Rickman 2015). Feyrer et al. (2017) also show that 20 percent of the overall increase in
employment was in the mining sector, 30 percent was in the transportation sector and the remaining was
in sectors not directly related to extraction. This increase in overall economic activity means that people,
including the formerly incarcerated, may not have to directly work in extraction in order to have their

incentives and opportunities from fracking.

3 Data

The data for this study are compiled from several different sources. The first one is the administrative
records on prisoner admissions and releases collected by the Bureau of Justice as part of the National
Corrections Reporting Program (NCRP). NCRP is a voluntary program, beginning in 2000 with the
participation of 15 states. It has grown steadily over time, and in our sample forty-three state Depart-
ments of Correction participate.? NCRP data include basic information such as each prisoner’s gender,
race/ethnicity, and educational attainment, as well as state prison admittance and release dates. In ad-
dition, for each prison spell, the data provide the reason why the prisoner initially entered into custody
(their “original offense”) and the reason why the prisoner was released. Unique state identification num-
bers allow us to track all returns to custody over time, as long as re-offending takes place within the same
state — this is generally considered to capture over 90% of reoffending (Raphael and Weiman 2007).* The
NCRP data also contain information on county of conviction, which we use as a proxy for each offender’s
post-release location.”

We impose three restrictions on our sample. First, we limit our attention to the first time an offender

3Delaware and New Mexico did not reveal county information and thus are dropped from the analysis sample.

4Put differently, we cannot capture criminal activity, and thus recidivism, if convictions had occurred in a different state
or convictions do not result in a state prison sentence. This is also assumed in Yang (2017) and Schnepel (2018).

’The findings from the criminal mobility literature indicates that more than 90% of all offenders reside in county of
conviction post-release (Raphael and Weiman 2007). Perhaps not surprisingly, consistent with this general consensus,
around only 9% of all observed recidivism activity in the NCRP data occurs in a different location than the county in which
first offense was observed. Finally, as discussed below, our main identification strategy exploits variation at the commuting
zone level which is likely to alleviate any concerns related to spatial propagation.



appears in the data and explore criminal activities onwards.® Thus, each offender can only contribute
once to our estimate of recidivism. Second, we drop offender-level observations if information on county
of conviction and date of admittance or release are missing (2.3% and 12% of the first time offender
sample, respectively). Finally, we drop observations if the reason for release code from prison is death
(0.4% of the first time offender sample).

The data on hydraulic fracturing activity are drawn from Feyrer et al. (2017) and include the total
value (in 2014 dollars) of oil and natural gas extracted from new wells between 2005 and 2014, by county.
Monthly information on value of oil and gas extracted from each well is obtained from DrillingInfo.”
We link NCRP data with data on hydraulic fracturing activity using county level identifiers. Appendix
Table A1l presents the states and years with NCRP data available over the period between 2005 and
2014.5 We also include county level information on demographic, economic and other related variables
from the Census (county level population, education, and race), the IRS Tax Statistics (county level
immigration), the U.S. Enviromental Protection Agency (county level air pollution) and the U.S. Bureau
of Labor Statistics (wage and employment estimates).

Table 1 presents descriptive statistics on the more than 2.5 million unique offenders in our sample. As
shown in the first column of Table 1, more than 11% of all offenders return to state prison within one year
of release. For these first time offenders, the rate of return to prison within three years is around 25%.
An overwhelming majority of prisoners are male (86%). White offenders comprise 53% of all prisoners
while Black offenders make up more than one-third. A large fraction (50%) did not graduate from high
school. The average age at the time of release is 34 and actual time served in prison is around 2 years.
The most serious convictions associated with original incarceration spell are somewhat evenly distributed
across violent, property and drug- related offenses. Finally, around 28% of the prisoners in the effective
sample are released after serving their full sentence, meaning they are not subject to parole oversight.
Column 3 of Table 1 provides the same statistics for inmates who return to prison within one year of
release. Relative to the whole sample, recidivists are slightly more likely to be male and Black and have
fewer years of education. Recidivism is more likely for people who were originally convicted of property

crimes, and are lower among those who served their full sentence.

SWe opt out of using the county from second conviction as a proxy for each offender’s post-release location because
subsequent location can potentially be endogenous to fracking activity. Nevertheless, we experiment with our analysis by
excluding offenders whose county of second conviction is different than that of the first one. Doing so does not alter any of
our findings. These results are available upon request.

"DrillingInfo is an oil and gas exploration and production and analytics company based in Austin, Texas. The details
about how the total new value of oil and natural gas extraction (from new wells) is constructed is available in Feyrer et al.
(2017).

8 As noted, NCRP began in 2000 with the participation of 15 states, meaning information on recidivism rates date back
to early 2000s for several states.



Table 2 provides descriptive statistics, at the county-year level, for the 2,653 unique counties in the
effective sample. Across counties, the average one-year recidivism rate is around 12%. The average
value of oil and natural gas production is $1,600 per year, per capita, with a noticeable large dispersion
around that mean; the standard deviation is more than $13,600.” On the 365 counties located in major
shale plays, the average value of production is $17,000, with a standard deviation of $73,500. Figure 1
displays the average value of oil and natural gas production for each county, per person, matched with
the NCRP data from 2005 to 2014.'9 Hydraulic fracturing activity is concentrated in a number of major
shale plays, covering the states of North Dakota, Oklahoma, Pennsylvania, Texas, West Virginia and
Wyoming. Figure 2 also plots these major shale plays, along with basins, in the U.S. Note that these
14 shale plays, located within 12 basins, generate almost all domestic oil and natural gas production

(Drilling Productivity Report of the U.S. Energy Information Administration-various years).!!

4 Methodology

To evaluate the effect of hydraulic fracturing on recidivism, we begin by estimating the following model,

which essentially combines Schnepel (2018) with Feyrer et al. (2017)

In(Rezt) = i New Valueyy—1 + XL By + 1.+ At + €czt (1)

where R, is the natural log of the number of former inmates returning to prison within a year from
each release cohort ¢ in county ¢ and commuting zone z. New Value,;—1 is the lagged annual value per
capita of the oil and natural gas extracted from new wells at commuting zone level z. The variable of
interest is defined as “new value” because it solely represents the value of production from new wells in
any given year. X is a vector of observed characteristics (e.g., proportion of the county population who
are female, white, black and Hispanic, proportion of the county population with high school degree or
less and county population), n. and \; denote county and release cohort (time) fixed effects, respectively

and finally, €..; is the error term.'? The coefficient 3; shows the effect of hydraulic fracturing activity on

9Individual county production, on average, comprises 3 percent of the total annual production at the shale play level.

10The states that did not participate in NCRP between 2005 and 2014 are obviously omitted from this figure.

""'These shales plays (basins) are Bakken (Williston), Barnett (Fort-Worth), Eagle Ford (Western Gulf), Fayetteville
(Arkoma), Haynesville (TX-LA- MS Salt), Marcellus (Appalachian), Niobrara-Denver (Denver), Niobrara-Greater Green
River (Greater Green River), Niobrara- Powder River (Powder River), Permian All Plays (Permian), Utica (Appalachian),
Woodford-Anadarko (Anadarko), Woodford- Ardmore (Ardmore) and Woodford-Arkoma (Arkoma).

The NCRP data are not available for Arkansas during our analysis period and therefore, Fayetteville is excluded in the
analysis below.

12The full set of controls include the proportion of the county population who are female, white, black and Hispanic,
proportion of the county population with high school degree or less, county population, release cohort size, proportion of
release cohort that are male, white, black and Hispanic, average age of offenders at the time of release, proportion of release
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one year recidivism (we report the effect for three year recidivism in Section 5.1). In this specification,
we are assuming that each additional ten thousand dollars of oil and gas revenue, per person, changes
the number of people who recidivate by (8 * 100)%.

We lag fracking revenue by one year to capture the effect of an increase in the revenue generated
by fracking on employment opportunities in the energy industry (a direct effect), as well as multiplier
(indirect) impacts on economic opportunities more generally. Note also that aggregating the value of
oil and gas production to the commuting zone level incorporates potential spillovers across counties,
safeguarding against contamination in the estimated effects that may arise because of failing to account
for spatial propagation of fracking activity (e.g., offenders working in nearby counties with higher fracking
activity).!® Our main findings are similar when new value per capita is defined at the county level or if
we replace the lagged value of new production with its current value. Finally, county level release cohort
size is included as a right hand side variable in all specifications throughout the paper (unless otherwise
stated).

Straightforward estimation of Equation (1) via OLS provides an unbiased coefficient estimate of 3,
if the value of hydraulic fracturing activity is exogenously determined. However, similar to the broader
issues raised in Feyrer et. al. (2017), there are many potential unobserved factors that could affect
recidivism and are also correlated with hydraulic fracturing activity. For example, one of the costs
associated with fracking is purchasing land and mineral rights. The price of the land on a shale play is a
function of urbanization and pre-existing longer run trends in economic activity in that area which may
be correlated with recidivism. Examples of this include differential long run trends in depopulation or
“brain drain,” where economically disadvantaged areas becoming increasingly disadvantaged over time,
meaning that people released into places with more favorable economic conditions also committed their
initial crimes in fundamentally different economic situations than those released into poor and declining
economies. Ignoring these factors in the estimation of Equation (1) will yield a biased coefficient estimate
of the effect of economic output per capita on recidivism, and that bias is, a-priori, difficult to sign, based
on the myriad reasons for social and economic differences across places.

To address these potentially confounding effects, we follow Feyrer et al. (2017) and estimate an instru-

mental variable (IV) model by exploiting arguably exogenous variation in productivity in geographical

cohort with a high school degree or less, proportion of release cohort convicted of a felony crime, violent, property and
drug-related crimes.

We will later return to this point and show that excluding these controls does not have a large impact on the estimated
effects of fracking on recidivism (Appendix Table A6).

13We allocate counties to commuting zones using the crosswalk files of David Dorn. The 1990 crosswalk files are available
at http://www.ddorn.net/data.htm.



formations. Specifically, we estimate the following equation
In(New Valuee + 1) =1, + dst + Ve (2)

where &, represents shale play-by-year fixed effects and v is an error term.'* The log specification
enables each county to benefit from the shale play productivity in proportion to its relative area within
the play. We then follow the basic set up in Feyrer et al. (2017) in our main specification: predicted
values from this equation are transformed into level form and scaled by county population, i.e., (eﬁﬁgst -
1)/ Population. The predicted county level values are then aggregated to commuting zone level in order
to create a value of fracking production per capita at the commuting zone level. We use lagged values of
these aggregate predictions as instrument for New Value,;_1 in equation (1).19

Note that predictions from equation (2) incorporate timing of new production from shale-plays and
abstracts away from idiosyncratic shocks to level of production in the county. Predicted values for new
production in the county are based on the timing of new production for all counties in a given shale play,
rather than the actual roll out of fracking within any specific county, and thus more credibly exogenous
to local economic conditions and criminal behavior of people leaving prison. As discussed in Section 5.3,
the results are similar when we use the inverse hyperbolic sine transformation of New Value. in equation
(2). Finally, standard errors reported throughout the paper are all clustered at the county level. The
precision of the results remains qualitatively unchanged if we instead cluster at the commuting zone or
state level.

As a first step, we test for potential post-fracking changes in the composition of released offenders by
replacing the dependent variable in equation (1) with several release cohort characteristics. We estimate
series of IV regressions where we only control for county and cohort fixed effects (Appendix Table A2).
Overall, we do not find any evidence for endogenous changes in neither institutional nor demographic

composition of the released offenders.'6

"EBach county in the effective sample is assigned to a shale play. There are more than 20 designations of plays.
YSMore precisely, the first stage equation is given as

New Value,i—1 = 7o+ m1New Value Inst,i—1 + Xétﬂ'z + 0.+ A + 1,

where New Value Inst.:—1 is obtained using the predicted values from equation (2).

'5We also investigate the correlations between our instrument and pre-fracking county covariates (e.g., unemployment
rate, income and proportion of the county population with high school degree or less) in 2000. We generally cannot reject
the hypothesis that the covariates are not associated with average value of aggregate predictions per capita between 2006
and 2014.



5 Results

5.1 Baseline Results

We present our baseline results in Table 3. Column 1 reports the estimated effect from an OLS regression
while the rest of the columns report the point estimates from IV regressions. In addition, as there is
growing evidence pertaining to age-specific nature of labor demand shocks associated with hydraulic
fracturing boom (Bartik et al. 2019 and Cascio and Narayan 2020), we also estimate the effects by
offender’s age at the time of release (Columns 3 and 4), where we divide cohorts by the median age in our
sample (35). Appendix Table A3 reports the results from first-stage and reduced form regressions. The
coefficient estimates on the instrument are statistically significant at the 1% level across all first-stage
regressions.

The naive impact from the first column of Table 3 is small in magnitude and is not statistically
different from zero. When we take into account the potential endogeneity of per capita production by
exploiting the variation in resource availability, we obtain an entirely different result. The estimated effect
of oil and gas production is negative and significant at the 10% level. The difference between the OLS and
IV results suggest that increased economic activity due to more aggressive extraction is associated with
higher rates of recidivism, but that association is not causal. This would be the case if, for example, more
economically depressed areas had higher rates of recidivism and also more landowners and localities being
willing to sell their mineral rights to energy companies at lower prices. The first stage F' — statistics,
reported in the bottom of Table 3, is 12.22, which is greater than 10-the threshold suggested by Stock
and Yogo (2005) for weak instruments; weak instruments will bias the results toward OLS, which in our
case is a downward bias.

Consistent with the age patterns of labor demand identified in Bartik et al. (2019) and Cascio and
Narayan (2020), we find a larger effect for younger offenders (age 34 and less), shown in Column 3 of
Table 3. Specifically, a ten thousand dollars increase in new value per capita from oil and gas production
at the commuting zone level decreases the number of younger released inmates returning to prison within
one year by 4.1%.'7 Turning to older workers (age 35 and more), we again find a negative effect (2.6%
fewer people recidivating per ten thousand dollars of new revenue), but it is smaller in magnitude and is
not statistically different from zero. We fail to reject the null hypothesis that the estimated effects from
Columns 3 and 4 of Table 3 are equal (p — value= 0.58).

Panel A of Figure 3 further presents the results of a series of regressions, where we start with a cohort

"Note that a ten thousand dollars increase is slightly less than one standard deviation of new value from Table 2.
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of only the youngest offenders (under the age of 25), and then sequentially add older released offenders
to the group up to 40. The relationship between fracking revenue and returns to prison is roughly stable
across ages for relatively younger offenders. We also examine return to prison by replacing the dependent
variable in equation (1) with log recidivism rate per 100 released inmates (inmates returning to prison
divided by release cohort size). The findings from this exercise are consistent with those obtained using
recidivism levels, which control for release cohort size in the specifications, although the point estimates
are less precise (Panel B of Figure 3).

The NCRP data allow us to track all returns to custody over time, as long as re-offending takes place
within the same state. Any systematic outflow of post-release offenders with different propensities to
recidivate may conflate changes in recidivism with sample attrition.!® The fact that we do not find any
meaningful relationship between fracking activity and offender demographics and other related charac-
teristics provides some evidence against such selective migration (Appendix Table A2). To further probe
this concern, we re-estimate the effects of oil and gas production by limiting our attention to conditional
releases (e.g., parole and probation). People on conditional release are largely geographically constrained,
and among this sub-sample we find essentially the same results as in the full sample; a ten thousand dol-
lars increase in new value per capita production at the commuting zone level decreases the number of
younger conditionally released inmates returning to prison within one year by 3.3%. This suggests that
selective migration of former inmates is unlikely to be driving our results.

Finally, we examine how recidivism changes over longer time horizons.'? First year recidivism, which
we measure as return to state prison, may occur because of parole violations or new offenses. To the
extent that parole conditions could include employment, economic booms may help former offenders avoid
incarceration by both reducing criminal incentives and making it easier to comply with their terms of
parole. Our estimates of how economic booms affect one year, two year, and three year recidivism of
older and younger offenders, are presented in Figure 4. We find that the initial short term reductions in
recidivism from our primary specification appear to persist for at least three years after release.

To put these numbers into perspective, we use observed production to generate a predicted change
in recidivism by county and year and aggregate to the nation level.?’ Our estimates imply that, by

2014, a total of 2,245 fewer offenders returned to prison during the first year of their release than would

18Recall that any potential contamination in the estimated effects stemming from selective migration within the state is
picked up by our instrumental variable approach.

19Tn order to observe three-year recidivism without any censoring, we limit our effective sample to 2012 and earlier releases.

20We first obtain the point estimate from an IV regression (controlling for all other covariates) of total number of inmates
returning to prison within a year on new oil and gas production per capita. We multiply the point estimate from this
regression with observed production by county and year. Predicted changes in recidivism are then annually aggregated to
nation level and summed over time.



have in a world without fracking. We can bound the direct fiscal savings associated with this reduction
in spending using Donohue’s (2009) average cost estimate of spending per prisoner per year of $35,000,
and Owens’ (2009) marginal cost estimate of $14,000 per prisoner per year. The average cost estimate
includes both relevant variable costs, such as those incurred on intake, and irrelevant fixed costs such as
building maintenance and correctional employee wages, both of which are excluded from the estimated
marginal costs. The average prison sentence of recidivating inmates is 2 years, implying a reduction in

prison expenditure of between $63 and $157 million.

5.2 Who Benefits from Increased Economic Activity?

Our economic boom is driven by growth in the oil and natural gas industry. As such, it is not obvious
that all people released from prison are equally likely to benefit, as all may not be equally able to obtain
a position in this industry. Indeed, a county level analysis of the impact on average wages by county and
industry (shown in Appendix Table A4) suggest that a $1 increase in fracking revenue increases average
wages by $0.15, wages in construction by roughly $0.20 (more than the effect on overall wages), mining
and transportation by $0.14 (roughly equal to the overall wage effect), manufacturing by an imprecise
$0.02, and other service industries by an imprecise $0.05 (both of which are less than the effect on overall
wages). While the economic multiplier associated with fracking may be smaller than some other types
of regional shocks, based on existing research the average wage multiplier associated with fracking is
likely to be around 1.7, implying a potential reduction in recidivism across people with a broad range of
skill sets (Munasib and Rickman 2015). At the same time, this boom did not address any disparities in
access that different people may have to employment, either through direct discrimination on the part of
employers or more structural differences in the ability of workers to take up available job opportunities,
like differences in education attainment or social networks across people in different identity groups.
With these varied wage effect in mind, we extend our analysis in Table 4 to see whether there are
differential effects of oil and gas production on recidivism across gender, race, and by the most serious
type of original offense. We also show the first stage F-statistics, and generally find that our instrument
is reasonably, but not universally, strong within these subgroups.?! As shown in the first two columns,
we do not observe any appreciable differences in the estimated effects for male and female prisoners. This
suggests that even if jobs in fracking tend to be filled by men, the beneficiaries of the increased overall

economic development are not so obviously gendered. A negative and non-negligible estimated impact of

21 The sample sizes across columns vary because counties do not have offenders in all subgroups for all years. This also
explains the lower first stage F' — statistics values for a few subgroups.



new value on female recidivism is consistent with the broader economic impacts of this industry-specific
boom on labor market opportunities.??

We find the estimated effects of new oil and gas production per capita to be more pronounced for
white offenders. Although we fail to reject the test of equality of the coefficient estimates in Columns
(3) and (4), difference in the point estimates for white and black ex-offenders is non-trivial. There are
multiple mechanisms that could cause this disparity in who benefits from economic activity. For example,
the fracking boom was not associated with any particular sort of policy change or investment aimed at
reducing racial bias in hiring decisions, which may disadvantage Black people with criminal records in a
disproportionate way (Agan and Starr 2018). The observation that improvements in the economy may
disproportionately benefit white offenders is an important consideration for policy makers, as it suggests
additional support may be required for members of historically disadvantaged groups in both economic
expansions and economic contractions. However, it also may be the case that the concentration of fracking
in rural places where the majority of the population is white may limit our ability to statistically detect
an impact on recidivism for Black people.

Next, we examine the relationship between fracking activity and recidivism based on the most serious
types of offense associated with an offender’s original incarceration spell. As shown in Columns 5-7 of
Table 4, the estimated impact is large for drug and property offenders, while it is small and insignificant
for violent criminals. Variation in the substantive size of the impact of economic activity on the recidivism
of people convicted of different offenses could have multiple interpretations. It may be that people with
violent criminal histories are unlikely to be the marginal worker who might be hired during economic
expansions. Alternately, to the extent that people are “specialists” in particular crime types, the relative
return to property or drug offenses might be more sensitive to economic conditions than violence.?? Con-
sistent with this premise, we find more pronounced effects for offenders who were originally incarcerated
for financially motivated crimes such as property crime and selling drugs (Columns 8 and 9). Finally, we
test for heterogeneity in recidivism via different types of offenses (Appendix Table A5). Similar to those
results presented in Table 4, we find large and more precise coefficient estimates when the outcome is

defined as re-incarceration for financially motivated crimes.?

220ur conclusions remain intact when we further explore the heterogeneity by gender and age groups. Specifically, all
point estimates are negative and we again fail to reject the test of equality among all four subgroups.

23The extent to which people specialize in drug, property, or violent offenses is a source of active empirical and theoretical
work in criminology, and likely varies by the age of a particular offender. See Thomas et al. (2020) for recent work in this
area.

24 Among inmates who were conditionally released, a ten thousand dollar increase in new value per capita production is
associated with a 3.1% reduction in the one year recidivism rate when the outcome is defined as re-incarceration for new
commitments. The analogous effect for technical violations is not statistically different from zero and the point estimate is
0.010 (s.e.=0.007).



5.3 Robustness Checks and Additional Estimations

We undertake several additional sensitivity checks to examine the robustness of our results to modeling
choices. These results are reported in Table 5. First, we run a log-log model by taking the logarithm
of new value per capita from the value of oil and gas production (Panel A). Second, we replace the
lagged value in equation (1) with its current value and estimate a contemporaneous model (Panel B).
Our results from these two alternative specifications are comparable to those reported in Table 3. We
also extend our analysis by including the current and lagged values of new value per capita of the oil
and natural gas production at the same time. The contemporaneous effects from these specifications are
highly insignificant and are always very close to zero in magnitude. A delayed response may indicate
that ex-offenders are more responsive to realized economic gains, which contrasts with Galbiati et al.
(2021), which found that offenders are more responsive to information about potential openings than
actual opportunities. Of course, we do not observe media coverage of the returns to fracking, and we are
also studying a very different context (France vs. the U.S.). Either or both of these factors may explain
the difference in our results and those of Galbiati et al. (2021).

Third, we replace the lagged value in equation (1) with its lead version and run a falsification test. In
the absence of confounders, new value per capita production at time ¢+ 1 should not influence recidivism
rates at time £. Reassuringly, as shown in Panel C, the point estimates from this exercise are all virtually
indistinguishable from zero.

Fourth, we define our variable of interest at the county level instead of a commuting zone. Doing
so mutes the estimated effects of oil and gas production on recidivism, but the impact for younger
offenders still continues to be statistically significant (Panel D). The estimated effects from Panel D
also highlights the importance of geographic dispersion. Ignoring spatial propagation of fracking activity
leads to underestimation of the effects of oil and gas production on recidivism. Fifth, regression estimates
weighted by county population are reported in Panel E. Our findings remain unchanged across all of these
specifications. Sixth, in Panel F, we cluster the standard errors at the state level and doing so does not
affect the statistical inference. Seventh, Appendix Table A6 reports the impact of hydraulic fracturing
on recidivism by excluding county and release cohort characteristics. Reassuringly, the IV estimates from
Table A6 are similar to those presented throughout the text and alleviates concerns on the potential
contamination of the estimated effects due to endogenous controls.

We also estimate the IV models using individual-level offender data. The point estimates from this

exercise are consistent with those reported in the text, although imprecisely estimated. For example, a



ten thousand dollars increase in new value per capita production at the commuting zone level decreases
the likelihood of reoffending by 0.37 percentage points for younger released inmates. Taking the average
recidivism rate among counties with no fracking activity as our benchmark, the estimated impact implies
a reduction in recidivism of around 3%.

Finally, Appendix Table A7 shows that the causal effects of new value per capita oil and gas production
do not change appreciably if we use the inverse hyperbolic sine transformation of both the dependent
variable and the instrument (i.e., predicted values in equation [2] without the use of +1), if we control
for lagged values of county crime levels (i.e., total number of arrests), and if we condition on the lagged

dependent variable.?®

5.4 Why does Economic Growth Affect Recidivism?

Results from previous sections suggest that the increase in value of hydraulic fracturing activity signif-
icantly decreased recidivism. While we are unable to identify exactly what about this industry-specific
boom affected recidivism, existing research on the social impacts of fracking points to multiple potential
channels. As discussed, there is a sizeable impact of the value of oil and gas production on wages and
non-labor income (i.e., royalty payments on land use), as well as on job opportunities. More boradly,
these impacts would tend to reduce recidivism driven by economic strain. On the other hand, there
are mechanisms through which the increased return to oil and gas production might increase recidivism.
There are substantial concerns about negative social impacts from fracking, including air pollution, higher
dropout rates, and increased interpersonal conflict stemming from a growing, negatively selected, pop-
ulation (Feyrer et al. 2017; Kearney and Wilson 2018; Bartik et al. 2019; Cascio and Narayan 2020).
To further explore mechanisms, we consider the following domains that existing research suggests are
associated with criminal activity as alternate outcome variables: (i) wages, (ii) migration inflow, and
(iii) air pollution (Raphael and Winter-Ebmer 2001; Bell et al. 2012; Spenkuch 2014; Herrnstadt et al.
2016).26

2 Replacing the control for crime levels with that of crime rates does not change the results in a meaningful way.

It is well known that fixed effects models with lagged dependent variables are biased when the number of time periods
for which data are available is small. Our goal in conditioning on lagged dependent variable is to show that the coefficient
estimates on new value remain unchanged.

20By exploiting variation in pollution driven by daily changes in wind direction, Herrnstadt et al. (2016) show that
short-run changes in ambient pollution has a positive impact on the likelihood of committing a violent crime.

Bell et al. (2012) examine the effect of increases in asylum-seekers on crime for England and Wales and find a higher
incidence of property crime induced by asylum-seekers who face substantial barriers to labor market participation. Exploiting
immigrants’ tendencies to settle in ethnic clusters and using county level data, Spenkuch (2014) finds a significant and
increasing effect of immigrant stocks on property crime rates but no impact on violent crime. Of course, there is a growing
literature finding that the impact of immigration on crime is context dependent, particularly when it comes to economic
opportunities (Fasani 2018).



Columns (1)-(3) of Table 6 report the estimated effects of new value per capita from oil and gas
production on various county-level outcomes. We find a large and significant impact of oil and gas
production on migration inflow. Specifically, a ten thousand dollars increase in per capita production
increases in-migration by around 5% (Column 1). We also find a negative and significant impact of oil
and gas production on the number of unhealthy days.?” Although a negative relationship between county
air pollution and drilling may look surprising, there is growing evidence regarding the mitigating role of
fracturing on air pollution through reductions in emissions of carbon monoxide, particulate matter and
nitrogen oxides. This may follow from the growth in shale gas production which substantially reduced
energy prices and in turn may led to a substitution away from coal towards gas in power generation
(Jackson et al. 2014; Moore et al. 2014).?® Finally, as shown in Appendix Table A4 and reproduced
here in Column 3 of Table 6, every $1 of new production at the community zone level generates a wage
increase of $0.15.

Panel B of Table 6 reports the association of these variables with recidivism from panel regressions
which control for county and release cohort fixed effects and all other covariates.?? Migration inflow and
wages are negatively correlated with recidivism. These associations are statistically significant (Columns
4 and 6) and are consistent with the existing studies.>’ Migration inflow is likely to increase local public
safety expenditures such as the total number of police officers (Street 2019). To the extent that released
offenders are able to observe the increase in these expenditures and perceive a higher risk of apprehension,
reoffending is expected to decline through the deterrence channel (Becker 1968). Column 5 of Table 6
suggests a positive and less precisely estimated correlation between air pollution and recidivism.

To determine the predictive power of each channel, we multiply the point estimates from Columns

*"Note that, in Column 2, we lose a large number of observations because Environmental Protection Agency (EPA)
pollution monitoring network is not available for all counties. This type of data limitation may lead to a selected sample
which may result in different coefficient estimates than in our primary specification in Table 3. The effect of new value
per capita from oil and gas production on recidivism is statistically significant and is slightly above 7% when we limit our
analysis to the sample from Column 2 of Table 6. This estimated impact is almost three times of that reported in Column 2
of Table 3 and therefore, caution is warranted in interpreting the point estimates from pollution analysis. To further examine
potential selection bias, we create an indicator variable that takes the value of one if annual county level pollution data is
missing. The point estimates from cross sectional analysis are generally significant.

Number of unhealthy days in any given year refers to total number of days when air quality index (AQI) value ranges
between 151 to 200. The defining parameters of AQI are Criteria Gases and Particulates. The results remain the same when
we use other measures of air pollution such as maximum AQI or the 90th percentile AQI.

2 Natural gas prices fell by two-thirds from around $10 per million thermal units to $3 over the last decade (U.S. Energy
Information Administration 2016b).

29Measures of mechanism are aggregated to commuting zone level in Columns (4)-(6) to be consistent with the rest of the
paper.

30Yang (2017) finds that a 5% increase in real wages decreases the probability of re-offending by 2.3%. Similarly, Agan
and Makowsky (2021) shows that a $0.50 increase in average minimum wages (8% increase relative to sample mean) reduces
the likelihood of returning to prison within one year by 2.8%. The estimated association reported herein is consistent with
these estimates. Specifically, a ten thousand dollar increase in wages per capita (approximately 25% increase relative to
sample mean) is associated with a 8.1% decrease in the one year recidivism rate. A 5% increase in wages per capita is then
roughly equal to 1.6% decrease in the one year recidivism rate.
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(4)-(6) with their corresponding counterparts in Columns (1)-(3). The validity of this exercise hinges on
the unbiasedness of the estimated effects from Columns (4)-(6). This is a very generous assumption, but,
with this proviso in mind, multiplying the coefficient estimates from the first and fourth columns yield a
value of -0.012, meaning that increased migration inflow can predict around 40% of the observed effect
in Column 2 of Table 3. Applying the same translation to wages (Columns 3 and 6) suggests a similar
predictive power (40%).3!

To shed further light on the underlying mechanisms, we analyze the heterogeneity in the effects of oil
and gas production across different time periods. Feyrer et al. (2017) show that the economic benefits
of hydraulic fracturing activity are significantly more pronounced in the early years of fracking boom
(2005-2008) and during the Great Recession (2009-2011). To the extent that reduction in recidivism
works through economic responses to local shocks, one would expect to see larger effects in these two
respective time periods. Reassuringly, we find that a ten thousand dollar increase in new value per capita
production at the commuting zone level decreases recidivism rates both in the early years and during
the recession, while the effects for the 2012-2014 period are almost equal to zero in magnitude across all
columns (Appendix Table A8). The Sanderson-Windmeijer F' — statistics are reported in the bottom of

the table, indicating that weak instruments are not an issue.3?

5.5 Revisiting the Fracking-Crime Relationship

Observed patterns in the NCRP suggest that, when it comes to a specific type of criminal behavior,
hydraulic fracturing has had a protective effect on certain communities. Ex-offenders who are released to
places where shale plays were more productive are less likely to be re-incarcerated after one year. This
stands in contrast with existing research which finds that fracking is associated with increased criminality
(James and Smith 2017; Bartik et al. 2019),%3 but is consistent with studies focused on criminal behavior
of people who lived in these particular places prior to fracking (Street 2019).

In order to better understand the apparent conflict between our results and some of the existing

3'We analyze other important pathways that may help explain the relationship between oil and gas production and
recidivism. For example, we consider the impact of fracking activity on log of total number of police officers at the county
level. The point estimate from this regression is 0.017 (s.e.=0.007) and increased policing can predict around 7 percent of
the observed effect in Column 2 of Table 3.

32Note that we have three instruments (lagged predicted new value per capita production and its interactions with time
period dummies).

331t is possible that recidivism could fall because of “law enforcement swamping,” where local law enforcement becomes
so overwhelmed by crime that recidivism is less likely to be detected. While we technically cannot rule out unrecorded
criminal activity, we believe this channel is highly unlikely to be driving our results. People with criminal histories are both
formally, and as a matter of practice, under higher levels of supervision than the general public. Re-offending in almost
all jurisdictions is explicitly considered more serious than first time offending, in terms of increased sentence length and
probability of conviction. Both factors make it unlikely that people recently released from prison would be the marginal
criminal no longer subject to police scrutiny.



crime literature, we first replicate the existing finding that fracking increases crime within our sample.
Specifically, we replace the outcome of interest (recidivism) from equation (1) with the natural log of the
total number of reported crimes and arrests, obtained from the FBI’s Uniform Crime Reports (UCR).3*
The findings from this exercise are consistent with James and Smith (2017) and Bartik et al. (2019)
that use the same data to examine the impact of fracking on crime (Appendix Table A9). We estimate a
positive, but insignificant, relationship between economic activity and reported crime, and a 5.5% increase
in the number of arrests after a ten thousand dollar increase in per capita production, indicating that the
positive relationship between fracking and overall crime is robust to any arbitrary differences in sampling
and modeling choices across papers.?

Taken at face value, these results suggest that the impact of fracking on crime may be a heterogeneous
function of the identity of the potential offender. We are able to show that fracking results in a large
in-migration of young men to affected counties. The simultaneous increase in crime and reduction in
recidivism is consistent with these new immigrants having higher propensities to engage in crime. In
contrast, the increased economic benefits for ex-offenders, who for the most part were living in the area
prior to the fracking boom and thus have some pre-existing ties to the community or “social capital,”

reduces their propensity to offend. Further research that exploits credibly exogenous variation in both

community ties and economic opportunity is needed to rigorously test this hypothesis.

6 Conclusion

In this paper, we examine how economic growth affects recidivism. We focus on variation in economic
activity generated by the natural gas and oil industry during the fracking boom. In contrast to existing
research which found that fracking was associated with an increase in crime rates, and consistent with
the existing literature on labor market demand and crime, we find evidence that increased production,
measured in value of energy production, is associated with lower recidivism rates. Our findings add
nuance to the finding that economic activity, and fracking in particular, can lead to higher crime rates,

and suggests that much of the social costs of fracking may be driven by selective in-migration.

31We use the county-level UCR crime data, and aggregate agency level arrests data by county, both provided by Jacob
Kaplan via openICPSR. Our use of the county-level UCR crime data requires assuming that the known measurement error
in this data set is uncorrelated with our measure of economic activity, a caveat shared by existing county-level studies of
fracking and crime. That said, given that the positive relationship between crime and fracking has been observed at multiple
levels of spatial aggregation, we think this assumption is reasonable. We exclude all duplicate observations in the annual
arrest data, and sum all arrests by the FIPS information added to the data by Dr. Kaplan.

35We also investigate the relationship between fracking activity and crime by replacing total number of reported crimes
and arrests with corresponding measures of crime rates, which are defined as log of total number of reported crimes and
arrests per 10,000 adult population in the county. The estimated effects for log of reported crime and arrest rates are 0.020
(s.€.=0.016) and 0.066 (s.e.=0.030), respectively.



By exploiting the variation in the location of shale plays and the timing of fracking initiation in an
instrumental variables framework, we find that a ten thousand dollar increase in the value of per capita
energy production is associated with a 2.8% reduction in the one year recidivism rate of ex-offenders at the
county level. This is qualitatively identical to current estimates of the change in recidivism associated with
a one standard deviation increase in construction jobs (Schnepel 2018), or typical employment growth
over the course of a business cycle (Yang 2017), but slightly smaller than typical wage growth during
a business cycle (Yang 2017). Our estimates suggest that the increased economic activity generated by
fracking resulted in almost 2,250 fewer offenders returning to prison (within one year of release) between
2006 and 2014. While there are multiple mechanisms linking economic activity to recidivism, increased
wages appear to explain a non-negligible fraction of the reduction in recidivism. Several robustness checks
and falsification tests support our results.

In a broader sense, our findings suggest that studies that use aggregate crime data to evaluate the
impact of local economic development programs will mask important individual level heterogeneity in the
response to those programs. While predicting the exact source of this heterogeneity is outside the scope
of this paper, it is possible that social ties condition the relationship between income shocks and crime.

Further research on why, and when, economic growth reduces criminal behavior is necessary.
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Table 1. Summary Statistics-Offenders and Reoffenders

Offender Sample Reoffender Sample
M ean SD M ean SD
@ &) (©) 4)

Return to Prison (in a one year window) 0.114 0.318
Male 0.858 0.348 0.888 0.315
White 0.528 0.499 0.501 0.500
Black 0.368 0.482 0.375 0.484
Hispanic 0.202 0.401 0.182 0.386
Less than High School 0.497 0.500 0.531 0.500
Age at Time of Release 34.18 10.61 31.01 9.84
Time Served in Prison (Y ears) 2.19 3.43 1.68 2.55
Type of Offense

Violert 0.270 0.444 0.255 0.436

Property 0.274 0.446 0.342 0.474

Drug Related 0.275 0.446 0.242 0.428
Reason for Prison Release

Discretionary Parole 0.306 0.461 0.322 0.467

Mandatory Parole 0.205 0.403 0.341 0.474

Shock Probation 0.111 0.314 0.116 0.320

Expiration of Sentence 0.277 0.447 0.121 0.326
Sample 2,647,071 302,502

NOTES: The sample statistics include offenders released from prison from 2006 to 2014 from 41 states (states with available NCRP data)
Reoffender sample includes former inmates within each release cohort who return to prison within one year.
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Table 2: Summary Statistics-County-by-Year

County-by-Y ear
M ean SD
€ (¢

Recidivism Rate (%) 11.52 11.67
New Value per Capita from Hydraulic Fracturing 1,604.18 13,661.96
Proportion of Female 0.500 0.022
Proportion of White 0.869 0.147
Proportion of Black 0.081 0.131
Proportion of Hispanic 0.090 0.138
Unemployment Rate (%) 7.41 3.07
Proportion of High School Graduates or Less 0.526 0.110
Log of Population 10.42 1.39
Sample Size 20,656

NOTES: The sample includes counties from 41 states with available NCRP data. Information on new value
per capita from oil and gas production is drawn from Feyrer et al. (2017) and is aggregated to the community
zone level. There are 2,653 unique county observations over the period from 2006 to 2014.
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Table 5: Robustness Checks

All Offenders Younger Offenders  Older Offenders
(Age<35) (Age>=35)
Coefficients
(Standard Errors)
@ @) (©)
Panel A: Log-Log Specification
Log of New Vaue.; Per Capita -0.103* -0.139** -0.085
(0.054) (0.069) (0.054)
[20,656] [19,973] [19,626]
F-datigtics 26.08 2221 26.40
Panel B: Contemporaneous Specification
New Vaue Per Capita -0.018 -0.027* -0.007
(0.012) (0.014) (0.013)
[20,656] [19,973] [19,626]
F-dtatigtics 18.14 15.56 18.29
Panel C: Falsification Test
New Value.; Per Capita -0.000 0.002 -0.011
(0.013) (0.013) (0.010)
[20,656] [19,973] [19,626]
F-tatigtics 18.30 15.66 18.63
Panel D: New Value per Capita at the County Level
New Vaue.; Per Capita -0.000 -0.014** -0.006
(0.003) (0.007) (0.010)
[20,671] [19,989] [19,639]
F-datigtics 21.20 11.30 5.47
Panel E: Weighted Regressions
New Vaue.; Per Capita -0.031* -0.042** -0.029
(0.016) (0.020) (0.019)
[20,656] [19,973] [19,626]
F-datigtics 12.75 10.56 10.59
Panel F: Clustering at the State Level
New Value.; Per Capita -0.028* -0.041*** -0.026*
(0.016) (0.014) (0.015)
[20,656] [19,973] [19,626]
F-dtatigtics 23.00 35.43 3341

NOTES: New value per capita is in units of ten thousands of dollars in Panels B-F and new value per capita is aggregated to community zone
level in Panels A, B, C, E, F and G. Standard errors clustered at the county level are reported in Panels A through F, while they are clustered

at the state level in Panel G. Panel A reports results from a log-log specification. We replace lagged new value per capita with contemporaneous
value in Panel B and with lead value in Panel C. New value per capita in Panel D is reported at the county level (in units of ten thousands

of dollars). Recidivism rate in Panel E is defined as former inmates within each release cohort who return to prison within three years. The
analysis in Panel E also is limited to cohorts from 2006 to 2012. Panel F reports the results weighted by county population. See also notes to
Table 3 and the text for further details and the set of control variables. Sample sizes are reported in square brackets.

*significant at 10%, ** significant at 5%, *** significant at 1%.
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$100<Average New Value Per Capita<=$1,000 -
O<Average New Value Per Capita<=$100 N

! Average New Value Per Capita>$1,000

Average New Value Per Capita=0
-

Figure 1: Average Value per Capita from Oil and Natural Gas Production (2005-2014)
NOTES: Forty contiguous states with available National Corrections Reporting Program (NCRP) data over
the span from 2005 to 2014 are plotted in the map. States that did not participate in NCRP and those
states with no available data over the time span are omitted from the map. Average new values per capita

from oil and natural gas production are in 2014 dollars and are drawn from Feyrer et al. (2017).
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Figure 2: Major Shale Plays and Shale Basins in the Contiguous United States
NOTES: Major shale plays and shale basins in the contiguous United States are drawn from the Drilling
Productivity Report (various years) of the U.S. Energy Information Administration. These shales plays
(basins) are Bakken (Williston), Barnett (Fort-Worth), Eagle Ford (Western Gulf), Fayetteville (Arkoma),
Haynesville (TX-LA-MS Salt), Marcellus (Appalachian), Niobrara-Denver (Denver), Niobrara-Greater Green
River (Greater Green River), Niobrara-Powder River (Powder River), Permian All Plays (Permian), Utica
(Appalachian), Woodford-Anadarko (Anadarko), Woodford-Ardmore (Ardmore) and Woodford-Arkoma (Arkoma).
The NCRP data is not available for Arkansas during our analysis period and therefore, Fayetteville is ex-

cluded in the analysis.
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Panel A: Recidivism Level

Panel B: Recidivism Rate
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Figure 3: The Effects of Hydraulic Fracturing on Recidivism-by Age

NOTES: The dependent variable in Panel A is natural log of the number of former inmates returning to
prison within a year from each release cohort, while it is the log of recidivism rate per 100 released inmates
in Panel B. Each point in the panels comes from a separate regression, using samples that increase in age

moving rightward along the x-axis. The height of the bars extending from each point represents the bounds

of the 95% confidence interval.

31




Panel A: Younger Offenders (Age<35)  Panel B: Older Offenders (Age>=35)

EE EE

Recidivism-Young Offenders
Recidivism-Older Offenders

T T T N T T T
0-1 2-3 0-1 2-3

1-2 1-2
Years from Release Year from Release

Figure 4: The Effects of Hydraulic Fracturing on Timing of Recidivism

NOTES: The figure plots coefficient estimates from regressions that use timing of recidivism as the dependent
variable. In order to observe returns to prison over time without censoring, the effective sample is limited to
2012 and earlier releases. Confidence intervals (95%) are based on standard errors clustered at the county

level.
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Appendix A:

Table Al: States and Years with NCRP Data Available over the Sample Period

State Years

Alabama 2007-2014
Alaska 2005-2013
Arizona 2005-2014
Cadlifornia 2005-2014
Colorado 2005-2014
Florida 2005-2014
Georgia 2005-2014
Illinois 2005-2013
Indiana 2005-2014
lowa 2006-2014
Kansas 2011-2014
K entucky 2005-2014
Maine 2012-2014
Maryland 2005-2012
M assachusetts 2010-2014
Michigan 2005-2013
Minnesota 2005-2014
Mississippi 2008-2014
Missouri 2005-2014
Montana 2010-2014
Nebraska 2005-2014
Nevada 2008-2014
New Hampshire 2011-2014
New Jersey 2005-2013
New York 2005-2014
North Carolina 2005-2014
North Dakota 2005-2014
Ohio 2009-2013
Oklahoma 2005-2014
Oregon 2005-2013
Pennsylvania 2005-2014
Rhode Island 2005-2014
South Carolina 2005-2014
South Dakota 2005-2012
Tennessee 2005-2014
Texas 2005-2014
Utah 2005-2014
Washington 2005-2014
West Virginia 2006-2014
Wisconsin 2005-2014
Wyoming 2006-2014

NOTES: National Corrections Reporting Program data is matched with hydraulic fracturing
data from Feyrer et al. (2017) to construct the analysis sample.
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Table A2: The Effects of Hydraulic Fracturing on the I nstitutional/Demographic Composition of Released Offenders

% of Release % of Release % of Release % of Release
Cohort That Are  Cohort That Are  Cohort That Are  Cohort without

M ale White Black a High School
Diploma
Coefficients
(Standard Errors)
1) @) (€) @)
New Value, ; Per Capita 0.414* 0.169 0.013 0.711
(0.237) (0.699) (0.128) (0.871)
County-by-Year Mean 85.45 70.09 19.13 34.43
Average Age % of Release % of Release % of Release
of Offenders  Cohort Convicted Cohort Convicted Cohort Convicted
at the Time of of a Violent of aProperty of a Drug-Related
Release Crime Crime Crime
©) (6) () )
New Value, ; Per Capita -0.130 0.051 0.187 0.006
(0.090) (0.474) (0.433) (0.411)
County-by-Year Mean 34.41 25.62 28.92 26.93
Log of Total Log of Total Average Log of
Number Released Number Released  Time Served Total Number
by Discretionary by Shock in Prison of Releases
Parole Probation (Years)
(©) (10) 11) (12)
New Value,; Per Capita -0.010 -0.017 -0.007 -0.010
(0.011) (0.019) (0.032) (0.011)
County-by-Year Mean 36.40 13.31 2.15 124.82
Sample Size 20,656 20,656 20,656 20,656

NOTES: New value per capita (aggregated to the community zone level) is in units of ten thousands of dollars. Standard errors
clustered at the county level are reported. There are 2,653 unique county observations over the period from 2006 to 2014. All
specifications control for county and year fixed effects.

*significant at 10%, ** significant at 5%, *** significant at 1%.
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Table A4: The Effects of Hydraulic Fracturing on Wages-per Capita-by Industry

All M ining Transport Construction M anufacturing Other Services
Coefficients
(Standard Errors)

@) @ @3 @ B) (6)

New Value,; Per Capita 0.145*** 0.138* 0.149*** 0.211*** 0.016 0.046
(0.037) (0.079) (0.043) (0.067) (0.045) (0.050)

Mean Dependert Variable  37,138.31  41,883.32 33,098.61 41,536.62 45,546.38 40,732.99
Sample Size 20,656 19,071 20,640 18,925 18,915 20,654

NOTES: New value per capita (aggregated to the community zone level) and wages per capita are in units of ten thousands of dollars. Standard
errors clustered at the county level are reported. See also notes to Table 3 and the text for further details and the set of control variables.
*significant at 10%, ** significant at 5%, *** significant at 1%.
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Table A5: The Effects of Hydraulic Fracturing on Recidivism-Offense Types by Subsequent | ncarceration

Offense Types-Subsequent | ncarceration

Financially = Non-Financially Violent Property Drug
M otivated M otivated
@ @ ©) ) ©)
New Value.; Per Capita -0.034** -0.022 -0.020 -0.024* -0.037**
(0.016) (0.019) (0.019) (0.013) (0.017)
F- Statistics 12.22 12.22 12.22 12.22 12.22
Sample Size 20,656 20,656 20,656 20,656 20,656

NOTES: New value per capita (aggregated to the community zone level) is in units of ten thousands of dallars. The table reports the results
by the most serious type of offense leading to return to prison. Financially motivated crimes are: property crimes (excluding property damage
crimes), drug trafficking, commercialized vice, fraud, forgery, counterfeiting, embezzlement and racketeering. Standard errors clustered at
the county level are reported. See also notes to Table 3 and the text for further details and the set of control variables.

*significant at 10%, ** significant at 5%, *** significant at 1%.

37



"%T T2 WeOIIUBIS «yx ‘%G T8 WedIIUBIS «« ‘940T 18 Iedlubss «
'S|reIep JoULN Joy € Sjge L 985 paLiodal ale PA9)

AUNod ay) Te paJaIsN|o SJ0LIB PIepUeIS 'Se|jop JO SPUBSNOY) U} JO SHUN Ui SI (jpAs] auoz Alunwiwiod auy) o) pareBalbte) elided Jad anea MoN S31ON

929'6T 929'6T €/6'6T €/6'6T 95902 95902 9IS ajdues
ON ON ON ON ON ON SalisLBITR YD HOYoD asesiey
A ON A ON A ON soisteloe YD AUnoD
SOA SOA SOA SOA SOA SOA 109} pexid e A pue ALnoD
‘S|onuod

(¢e00) (¢z00) (¢200) (¢200) (£T0°0) (210°0)
¥€0°0- «€0°0- »+EV0°0- ++G¥0°0- +E£0°0- #+G£0°0- eldeD od TeneA MmN

) () ) () [4) (1)
(Ge=<aby) (5e>abV)

SI9PUBLO P10

SJapua}jO Jabuno

SI8pUBHO IV

SIS 149108 18U ) 11040 8Seajay pue AlunoD apnpx3-s1nsay Al 9V a|gel

38



Table A7: Robustness Checks-cont.

All Offenders Younger Offenders Older Offenders

(Age<35) (Age>=35)
Coefficients
(Standard Errors)
@) &) ©)
Panel A: Inverse Hyperbolic Sine of the I nstrument
New Value.; Per Capita -0.035* -0.053** -0.032
(0.020) (0.025) (0.025)
[20, 656] [19,973] [19,626]
F-statistics 12.19 9.71 9.79
Panel B: Control for County Crime Levels
New Value,; Per Capita -0.028* -0.041** -0.026
(0.016) (0.020) (0.020)
[20,633] [19,950] [19,603]
F-statistics 12.22 9.88 9.94
Panel C: Control for Lagged Dependent Variable
New Value, ; Per Capita -0.029* -0.039** -0.026
(0.016) (0.019) (0.019)
[20,656] [19,973] [19,626]
F-statistics 12.23 9.89 9.94

NOTES: New value per capita (aggregated to the community zone level) is in units of ten thousands of dollars. Standard errors clustered at the county
level are reported. Panel A reports the results using inverse hyperbolic transformation of both the dependent variable and the instrument. Panel B
contrals for lagged values of county crime levels and Panel C conditions on lagged log of the total number of former inmates returning to prison within
a year from each release cohort. Sample sizes are reported in square brackets.

*significant at 10%, ** significant at 5%, *** significant at 1%.
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Table A8: The Effects of Hydraulic Fracturing on Recidivism-by Different Time Periods

All Offenders Younger Offenders Older Offenders
(Age<35) (Age>=35)
Coefficients
(Standard Errors)
@ @) (©)

New Value.; Per Capita -0.039*** -0.044** -0.035**

(0.015) (0.018) (0.015)
New Vaue,; Per Capita* Pre-Recession -0.026** -0.037%** -0.018*

(0.012) (0.013) (0.010)
New Value,; Per Capita* Post-Recession 0.034*** 0.033*** 0.035***

(0.010) (0.009) (0.010)
Sanderson-Windmeijer F-statistics [93.71, 413.63, 241.55]  [78.77,352.49, 210.35] [80.81, 412.34, 229.81]
Sample Size 20,656 19,973 19,626

NOTES: New value per capita (aggregated to the community zone level) is in units of ten thousands of dollars. The pre-recession (post-recession)
indicator includes the 2006-2008 (2012-2014) period. Standard errors clustered at the county level are reported. See also notes to Table 3 and

the text for further details and the set of control variables.
*significant at 10%, ** significant at 5%, *** significant at 1%.
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Table A9: IV Results-The Effects of Hydraulic Fracturing on Crime

Log of Total Number Log of Total
of Reported Crimes Number of Arrests

Coefficients
(Standard Errors)
) (@)
New Value., Per Capita 0.022 0.055**
(0.016) (0.024)
Crime/Arrests per 10,000 Adult Populatior 269.27 47.70
Sample Size 20,635 20,635

NOTES: New value per capita (aggregated to the community zone level) is in units of ten thousands
of dollars. Standard errors clustered at the county level are reported. Crime data come from the FBI
Uniform Crime Reporting system and crime reports of law enforcement agencies are aggregated to
the county level.

*significant at 10%, ** significant at 5%, *** significant at 1%.
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