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Abstract

The 21 century fracking boom transformed American energy production, but new jobs were often
filled by temporary in-migrants and long-distance commuters, possibly reducing economic benefits
for prior residents. We use novel restricted-access data from the U.S. Census Bureau to assess fracking
impacts on prior residents. We examine impacts on earnings and employment for persons bornin non-
metropolitan fracking counties. We utilize an event study design to estimate annual impacts during
the fracking boom, drilling downturn, and subsequent periods. We find sizable impacts on average
log earnings that peaked during the boom and partially persisted during and after the downturn. The
fracking boom also increased the probability of being employed but the effect largely disappeared after
fracking activity peaked. We also compare our main result for non-metropolitan natives to persons
born in metropolitan counties and conduct several other extensions.
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1. Introduction

Fracking has brought significant economic benefits and costs, along with substantial in-
migration (Hausman and Kellogg 2015; Bartik et al. 2019; Brown et al. 2019; Abboud and Betz
2021; Wilson 2022; Rajbhandari et al. 2024).! The current paper investigates whether benefits
accrue to long-time residents. We assess fracking impacts on labor market earnings of prior
local residents using novel restricted-access data from the U.S. Census Bureau. Specifically, we
use the restricted-access decennial census and American Community Survey (ACS) microdata
linked with county-of-birth information from the Social Security Administration NUMIDENT
file. We define fracking counties based on non-vertically drilled wells and compare treatment
group individuals born in fracking counties to control group individuals born in counties with no
fracking. We focus our analysis on non-metropolitan counties but also briefly consider
metropolitan counties. Non-metropolitan counties have less population and employment than
metro counties, and are therefore, likely more heavily influenced by a given magnitude resource
shock. We estimate event analysis regressions that allow fracking impacts to vary by year to
capture effects during the fracking boom, drilling downturn, and subsequent periods. Our main
focus is on earnings, but we also briefly consider impacts on employment.

We find statistically significant positive impacts on average log earnings. Earnings
effects are relatively modest in magnitude during the early years of the fracking boom but
increase in magnitude as the boom intensified. Earnings effects decrease in magnitude during
the drilling downturn but remain positive. We also find positive impacts of fracking on
individual probability of employment during the boom period, but these effects shrink in

magnitude and are not statistically significant after 2015. We also estimate separate results for

! Costs include negative externalities related to water pollution, air pollution, noise, congestion, earthquakes, and
aesthetic decline (Muehlenbachs et al. 2015; Black et al. 2021; Blundell and Kokoza 2022; Agerton et al. 2023).
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persons born in metropolitan counties. Metropolitan natives experience positive earnings
impacts too, but the impacts are larger for persons born in non-metropolitan counties. We also
provide evidence that the positive earnings effects are not just for mining industry workers,
consistent with spillovers to other industries.

Our main analysis assigns the fracking treatment based on birth county and estimates
pooled effects for stayers and leavers. Out-migrants likely receive less actual treatment from the
fracking boom in their birth county, so our main estimates are expected to provide lower bounds
of the causal impacts of residing in a fracking county for those born in one. Migration decisions
are endogenous, and we cannot provide unbiased causal estimates for stayers and leavers
separately, but our descriptive analysis in the appendix suggests that earnings impacts are larger
for stayers than leavers as expected.

Our research fills important gaps in the literature by using restricted-access data to focus
on a specific treatment group of prior residents who were born in fracking counties. We are the
first study to use county of birth to assess fracking impacts. Previous research generally reports
estimated impacts that do not distinguish among prior residents, in-migrants, and commuters
(Munasib and Rickman 2015; Feyrer et al. 2017; Allcott and Keniston 2018; Upton and Yu
2021). While these studies typically report positive estimates on earned income in fracking
areas, they may provide little insight into the impacts on prior residents if the new high-paying
jobs go primarily to outsiders and they may be distorted by the changing composition of
unobservable worker characteristics driven by in-migrants and long-distance commuters. Our
study focuses on a specific group of individuals whose composition is not influenced by
migration or long-distance commuting in response to the fracking boom and downturn. Again,

we find positive effects on earnings that are especially large during the boom but partially persist



during the downturn and subsequent years. Our research provides important insights on whether
and how local residents benefit from energy booms in their home area.

Original residents of fracking communities are an interesting population to study for
several reasons. First, original residents are a politically important constituency for local
policymakers. Many will spend their entire lives in the community, even long after the oil and
gas industry has moved on. Fracking has been one of the most impactful developments in rural
areas over the past two decades, and local policymakers are interested in how fracking is
affecting longtime residents. Second, understanding how fracking has impacted original
residents is important from a regional economic development perspective. Many economists
favor place-neutral policies, which in many circumstances produce efficient outcomes.
However, there is a strong case that a place-based perspective is more appropriate in many rural
areas (Austin, Glaeser, and Summers 2018; Rodriguez-Pose 2018; Bartik 2020). The fortunes of
longtime residents and the greater community are intrinsically connected and knowing how
fracking impacts original residents is important to understanding regional economic growth. Our
study’s focus on original residents contributes to the place-based versus people-based policy
debate by investigating one of the main contentions of supporters of people-based policies that
economic development programs with the intention of spurring growth in lagging regions may
simply attract migrant workers that absorb all of the employment and wage benefits, leaving
original residents no better off than without the program. Our study is able to assess the fortunes
of original residents in response to a sizeable economic shock and provides an empirical test of
this assertion.

While our empirical approach is unique in focusing on fracking impacts for persons born

in fracking counties, a handful of related studies have examined impacts of the fracking boom on



some other group of prior residents. A few studies examine the distribution of employment gains
during local fracking booms and find that employment gains primarily go to nonresidents with
smaller gains to residents (Wrenn et al. 2015; Gittings and Roach 2020; Guettabi and James
2020). Furthermore, persons who migrate for a new job will often establish a new local address
and may be counted among residents, which could cause the estimated job gains for observed
residents to be positive even if long-term (e.g. prior to the boom) residents are not affected.
Winters et al. (2021) is one of the few previous studies to address resource boom impacts
on earnings of prior residents. However, they use the publicly available ACS, do not know
individual birth county, and do not identify direct impacts of fracking on local populations.
Winters et al. (2021) measure treatment based on birth state via the share of workers in an
individual’s birth state employed in the oil and gas industry, and their treatment variable does not
differentiate between fracking vs. conventional oil and gas employment. States are often broad
geographic areas with considerable variation in fracking activity and labor market impacts across
local areas within them. Furthermore, the current study focuses on impacts for persons born in
non-metropolitan fracking counties, which experienced the bulk of fracking activity in the US,
while the labor market impacts could be largely captured by long-distance commuting urban
residents. We find that earnings impacts for non-metropolitan natives are larger than for
metropolitan natives, which cannot be assessed via treatment based on birth state. We also differ
from Winters et al. (2021) by measuring treatment based on actual fracking activity in an area as
opposed to oil and gas employment shares. While Winters et al. (2021) show that birth-state oil
and gas booms raised average earnings, the current paper provides the first county-level,
fracking-specific, dynamic evidence that prior residents of non-metropolitan fracking counties

experienced sizable earnings gains that peak during the boom and partially persist during the



downturn. The focus on the fracking-specific treatment is especially important given the sizable
localized negative externalities associated with fracking. Our focus on non-metropolitan area
county-level treatment is important for understanding whether those most exposed to fracking
and its negative externalities actually experience local labor market benefits.

Jacobsen et al. (2023) is another important study examining longer run impacts of
resource booms on a fixed group of residents. They examine earnings impacts of the 1970s and
1980s U.S. oil boom and bust on persons residing in oil producing counties in 1980, which was
near the height of the boom.> They use the Panel Study of Income Dynamics and find positive
effects on earnings during the boom but negative effects during the bust. However, the post-
2000 fracking boom was driven by technological developments, while the 1970s and 1980s oil
boom was driven by artificially high prices due to OPEC supply restrictions that eventually
collapsed, which likely caused the fracking downturn and subsequent period impacts to differ

from impacts during the 1980s oil bust.?

2. Fracking Data and Trends

Hydraulic fracturing (fracking) is a drilling technique that combines non-vertical drilling
and fracking fluid injections to extract oil and natural gas deposits trapped in shale and tight rock
formations. Fracking was generally rare until the early 21* century because of high costs and

low productivity. However, fracking innovations lowered costs, increased profits, and

2 They also use an indicator for residing in an oil producing county in 1973 as an instrumental variable.

3 Street (2023) examines impacts of the North Dakota fracking boom on crime and finds reduced criminal behavior
for prior residents. Katovich et al. (2026) examine impacts of the Brazilian oil and gas boom driven by energy
prices and new oil and gas discoveries and find evidence that the benefits disproportionately accrued to early labor
market entrants. Other studies have also examined impacts of resource booms and busts for coal, which likely differ
from impacts from oil and gas fracking (Black et al. 2005; Betz et al. 2015; Haywood et al. 2024; Rud et al. 2024).
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transformed U.S. energy production in the 21% century (Brown 2014; Munasib and Rickman
2015; Feyrer et al. 2017).

Figure 1 illustrates ups and downs of fracking activity as measured by non-vertical oil
and gas wells completed by year since 1990. These data are from Enverus (formerly
DrillingInfo). Fracking levels in the U.S. were relatively low and flat during the 1990s and early
2000s before turning upward in the mid-2000s. Fracking boomed in the early 2010s and peaked
in 2014. Non-vertical wells drilled decreased considerably in 2015 and 2016 due to falling
energy prices. Fracking activity then rebounded in 2017-2019 and then fell again in 2020 with
the onset of the COVID-19 pandemic and significantly decreased demand for travel and oil.*
2021 and 2022 saw increased fracking as the world economy began recovering from the
pandemic. Russia’s invasion of Ukraine in February 2022 further increased energy prices and
fracking (Sun et al. 2024). Notably, the number of non-vertical wells never reverted back to pre-
fracking boom numbers. For this reason, we refer to the post-boom period of decreased fracking
activity as a downturn and not a bust. Our use of the term downturn refers to the downturn in the
number of new non-vertical wells drilled and not the volume of oil and gas produced, which also
depends on the number of prior wells drilled.

Oil and gas resources and fracking activity are also very unequally dispersed across the
U.S. Figure 2 divides U.S counties into three groups based on fracking activity during the 2006-
2014 boom period.” Non-fracking counties are those with zero non-vertical oil and gas wells
completed during the entire 2006-2014 period. Most counties in the U.S. have zero fracking.

For counties with non-vertical wells, we compute the non-vertical well density as the total

4 Qil prices even went negative briefly in April 2020 due to the massive reduction in demand during early days of
the pandemic (Reed and Krauss 2020).
5 As discussed later, 2006 is chosen as the initial year of the fracking boom for our analysis.
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number of non-vertical wells in the county divided by the total geographic area of the county.
We next compute the median non-vertical well density across counties and then define the high
fracking group as the set of counties with non-vertical well density above the median and low
fracking group as the set of counties with positive non-vertical wells but below the median non-
vertical well density. The high fracking counties are geographically clustered but also span
several states.® The low fracking counties also tend to be clustered near each other and near the
high fracking counties. These notions of high fracking, low fracking, and non-fracking counties

will help guide our research design discussed in Section 4.

3. Census and ACS Data

We combine the fracking data with individual records from restricted-access versions of
the 2000 decennial census and 2005-2022 American Community Survey (ACS). The 2000
census long form survey was administered to roughly one-sixth of the U.S. population and each
year of the ACS includes roughly one percent of the U.S. population. These are independently
drawn repeated cross-sections and not panels following the same individuals over time. These
files contain information on individual earnings, employment, age, sex, race, ethnicity, county of
residence’, and other characteristics. We merge these files with county-of-birth and year-of-birth
information from the Social Security Administration NUMIDENT file for persons born in the
U.S., with a match rate greater than 90 percent using the matching algorithm described in Taylor

et al. (2016) that builds on work by Isen et al. (2017) and Black et al. (2015). More details on

¢ These include Alabama, Arkansas, California, Colorado, Kansas, Kentucky, Louisiana, Mississippi, Montana, New
Mexico, New York, North Dakota, Ohio, Oklahoma, Pennsylvania, South Dakota, Texas, Utah, Virginia, West
Virginia, and Wyoming.

7 The publicly available versions of these files only partially identify county of residence. In order to protect
individual confidentiality, no geographic area with less than 100,000 people can be identified in the public data; less
populous counties are combined via Public Use Microdata Areas (PUMASs). The restricted access data allows much
greater geographic identification.



using the NUMIDENT file can be found in Bailey et al. (2021) and Bailey et al. (2024). Persons
who are foreign-born or who cannot be matched to a birth county are excluded from the analysis.

We exclude the 2001-2004 ACS from our main analysis because these years contained
much smaller samples and number of counties that complicates comparisons, but we do include
these years in supplemental analysis discussed below. Our analytic sample also excludes persons
born in Alaska and Connecticut because of significant changes to county boundaries during our
sample period. However, persons born in other states but residing in Alaska and Connecticut
during the ACS are included in the analysis. Alaska and Connecticut contain no counties that
would otherwise be in the high fracking treatment group. We limit our main analysis to persons
ages 25-54 to focus on the prime-age workforce, but we also conduct supplemental analysis for
ages 18-24 and 55-64 reported in the appendix.

Our main outcome of interest is the natural log of annual earned income during the
previous year.® Persons with non-positive annual income are excluded from the main earnings
analysis.” We also examine individual employment outcomes including a dummy for being
employed at all during the reference week and a dummy for being employed in the mining

industry.'°

8 We do not account for spatial cost of living differences due to limited data and conceptual ambiguity concerning
housing costs. In particular, fracking could affect local housing values and housing wealth for prior homeowners in
affected areas. Rising housing costs would harm renters but benefit previous owners.

% The appendix includes supplemental results that include persons with non-positive earnings in the analysis.

10 Mining industry employment includes oil and gas, coal, metals, non-metals, unspecified, and various support
activities. We considered examining oil and gas employment separately as an outcome, but there are complications,
including disclosure restrictions on small samples, that made it more practical to examine overall mining industry
employment instead, which will be heavily driven by oil and gas employment in fracking counties.

8



4. Research Design

This section describes our empirical approach. We first present our event study
specification, then detail our treatment and control definitions, and finally discuss our use of
birth county for the treatment measure.

We estimate event analysis regressions of the following form:

Yict = Xt=2000 0:TGe X YearDum, + BXjcr + ac + Oroye + Eice-
Y;c+ 1s an outcome for individual i born in county ¢ and observed in survey year t. The main
outcome is log annual earnings. TG, is a treatment group indicator for persons born in counties
treated by high fracking levels. YearDum; is a dummy variable for survey year t, and
TG, X YearDum, is a variable for the interaction of the treatment group indicator and year t
dummy. 6, is a time-varying coefficient on TG, X YearDum, for the average treatment effect
on the treated (ATT). We include a full set of TG, X YearDum, interactions in the regression
except for year 2000, which we define as the pre-event base year for the analysis. X;.; includes
detailed dummy variable controls for individual characteristics including age, sex, race,
ethnicity, and birth-year, a, is a set of birth-county fixed effects, &, is a set of birth-region-
by-survey-year fixed effects, and &;.; is an error term. We intentionally do not include
explanatory variables such as current location, education, and marital status that are potentially
affected by local economic conditions during the fracking era because they would be “bad
controls” in the language of Angrist and Pischke (2009). Our inclusion of birth-region-by-

survey-year fixed effects means that treatment-control comparisons are made within the same



birth region; the four census regions are the Northeast, Midwest, South, and West.!! We cluster
standard errors by birth county to account for possible serially correlated errors within counties.

Our event analysis specification is a more general version of a basic difference-in-
differences (DID) regression model where the average treatment effect on the treated is the
coefficient (6) on the interaction of a treatment group indicator (T'G.) and a post-treatment time
period indicator (Post;):

Yiee = OTG. X Posty + BXict + ac + 6yt + Eict-
The event analysis regression is more general and a better fit for our setting because it does not
force the ATT to be the same over time. Fracking intensity varied over time, so we expect that
the ATT would vary over time. A major strength of our event analysis is that it is not heavily
reliant on specific choices about when the boom began or ended. Instead, we estimate separate
ATT coefficients for each year during 2005-2022. We expect that earnings coefficients will be
largest in years with high levels of fracking and decrease during the downturn. We select year
2000 as our pre-event base year for two main reasons. First, it clearly predates the onset of
widespread fracking activity in the United States, providing a clean baseline measure of local
economic conditions before the fracking boom. Second, the 2001-2004 ACS samples are
relatively small and unlikely to provide fully representative samples of persons born in non-
metropolitan areas. The restricted sample sizes and incomplete population coverage make the
2001-2004 ACS data less suitable for establishing our baseline period. In contrast, the 2000
Census long-form sample provides comprehensive population coverage and larger sample sizes,

making it ideal for our pre-boom reference point. As further consideration, the fracking boom

'We also considered including birth-state-by-survey-year fixed effects, but long-distance spillovers within states
would cause this specification to yield coefficient estimates attenuated toward zero, even more so than with birth-
region-by-survey-year fixed effects. Birth-state-by-survey-year fixed effects would also exclude some states with
no control group and create a small implicit sample and challenges with disclosure restrictions.
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was not widely dispersed but had partially begun in Texas in 2005, making the first full-coverage
year of the ACS also less ideal for the base year and leaving year 2000 as the best choice.

Estimating causal impacts of fracking has some complications including two important
competing issues. First, counties differed in their actual timing and intensity of fracking activity
which could induce heterogeneous impacts. Second, estimating unbiased ATTs in settings with
staggered interventions and continuous treatments is difficult and often impractical, especially
when effects may depend on the entire path of treatment including lags and leads and involve
heterogeneous impacts. Our response to this complexity is to aggregate the range of treatments
considered (Callaway et al. 2024). Our event analysis framework uses a binary treatment group
indicator and intentionally differs from other studies using continuous treatment measures. We
define a set of high fracking treatment group counties and assign them to have the same
treatment indicator variable (T G.) but allow the ATT to vary over time (6;) via our event
analysis framework. This does not rule out the possibility of heterogeneous treatment effects
across treatment group counties in a given year, but we are unable to estimate such
heterogeneous effects, in part because Census Bureau confidentiality protections limit what we
can disclose for small samples and limit the overall number of estimates we can disclose. Small
samples would also mean less statistical power and less reliable estimates overall. Thus, our
event analysis framework aggregates high fracking counties into a single treatment group with a
binary treatment variable and estimates average treatment effects among treated counties.

Our event analysis research design requires defining treatment and control groups. We
define the treatment group as persons born in counties with high levels of fracking during the
2006-2014 fracking boom period. We define 2006-2014 as the fracking boom period based on

national trends in non-vertical well completion data as illustrated in Figure 2 and following
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established literature (Rickman et al. 2017; Winters et al. 2021; Cascio and Narayan 2022). The
boom period extends through 2014, after which drilling activity decreased substantially due to
falling global energy prices. Specifically, the high-fracking treatment group includes persons
born in counties with fracking density during 2006-2014 above the median fracking density
among counties with any fracking. However, we exclude persons born in four high-fracking
counties in New York state from the analysis entirely because of the fracking ban implemented
in New York state beginning in 2010.!> We limit the control group to persons born in counties
with zero non-vertical wells during the 2000-2022 period.!* Persons born in low fracking
counties are not appropriate candidates for the control group because they did receive some
treatment but less treatment than the high-fracking counties.'* We also anticipate that non-
fracking counties in close proximity to high-fracking counties could experience positive spillover
effects. Feyrer et al. (2017) estimate that the bulk of oil and gas labor market spillovers occur
within 100 miles. Thus, we also exclude from the control group persons born in any county that
is within 100 miles of a high fracking county.

Our main analysis limits the sample to persons born in non-metropolitan counties because
non-metro counties have less initial population and employment and are expected to be more
impacted by a given magnitude natural resource shock. We use June 2003 metropolitan area

definitions. We argue that limiting both the treatment and control group to non-metropolitan

12 As a practical matter, including or excluding these high-fracking New York counties should be very unlikely to
meaningfully affect our ATT estimates because they would be a very small portion of the high-fracking county
sample, but we are unable to address this quantitatively because Census Bureau confidentiality protections prevent
us from disclosing alternative estimates for similar but slightly different samples that would create a small “implicit”
sample from the difference of the two samples because of elevated disclosure risk for the small implicit sample.

13 This time period restricting the control group is intentionally broader than the 2006-2014 boom period used to
construct the treatment group to ensure that the control group counties have zero fracking during our full period of
analysis.

14 We will later conduct brief analysis comparing low fracking counties to non-fracking counties.
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counties will create more accurate comparisons between the two. We do also briefly consider
separate analysis for persons born in metropolitan counties.

Table 1 presents selected summary statistics for 2000, our pre-boom base year, separately
for our treatment and control groups. Table 1 shows that the treatment group had lower mean
log annual earnings than the control group with the difference of 0.05 corresponding to roughly
five percent lower earnings in the treatment group prior to the boom. The treatment group also
had 5.1 percentage point lower employment rates. Sample means for mining employment are
suppressed because of potential disclosure concerns related to small cell sizes.!> The treatment

counties in year 2000 are slightly older, slightly more female, and have less formal education.

4.1 Measuring Treatment via County of Birth

We emphasize that our main analysis constructs treatment and control groups based on
county of birth. Most previous studies examining natural resource impacts do not separate the
impacts on prior residents from those experienced by in-migrants and non-residents. In-migrant
and non-resident workers are likely endogenously induced to work in resource boom areas
during the boom and leave during the downturn, which alters the composition of the workforce
in ways that hinder interpretation of estimated impacts. Estimated impacts on combined samples
of prior residents, in-migrants, and commuters also tell us little about the impacts on long-term
residents who are especially likely to bear environmental and health costs from fracking activity.
Instead, we focus on a specific group of prior residents whose initial location decisions were

determined by their parents long before fracking innovations transformed U.S. energy

15 We consulted publicly available data and estimate that among all individuals in the 2000 5% Census PUMS ages
25-54 and born in the United States, 0.12 percent were employed in mining. This is higher in some areas than
others, but the overall low rate hinders disclosure for our restricted-access data.
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production. I.e., we examine the impact of the fracking boom and downturn on persons born in
fracking counties.

Admittedly, there are also issues with measuring treatment based on birth county.
Specifically, many people move away from their birth county for reasons such as education,
employment, family considerations, and quality of life. Among persons born in a fracking
county, some will stay, some will move to another fracking county, and some will move to a
non-fracking county. Similarly, some people born in a non-fracking county may move to a
fracking county, including some who move prior to or independent of the fracking boom. Thus,
our main analysis estimates effects of being born in a fracking county, but this is likely not the
same as the effects of residing in a fracking county. However, being born in a high fracking
county is strongly related to living in a high fracking county later in life, which makes it a useful
proxy for the latter. Table 1 also shows that 55.8 percent of the treatment group sample resides
in a county in 2000 that becomes a high fracking county during the boom period; only 4.3
percent of the control group reside in a future high fracking county.!¢

Because being born in a fracking county is an imperfect proxy for living in a fracking
county during a fracking boom, effects for the former likely underestimate effects for the latter
somewhat similar to how intent-to-treat (ITT) estimates generally underestimate the ATT. The
effects of residing in a fracking county are expected to be larger than the effects of being born in
a fracking county because 1) persons who migrate from fracking counties will have less exposure
to fracking and likely less positive impacts on wages than persons who are born in a fracking

county and continue to live in a fracking county and 2) some persons who are born in non-

16 These percentages also increase slightly over time as the fracking boom makes fracking counties more attractive
labor markets. In results not shown, we also examined the extent to which the treatment vs. control group gap in
fracking county residence increases over time; the increased gap never exceeded two percentage points.
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fracking counties move to fracking counties and experience earnings increases as a result. The
appendix provides a more formal presentation of conditions for which our main estimates
provide a lower bound for fracking impacts on long-term residents who are both born in a
fracking county and reside in their birth county as adults along with some supporting descriptive
analysis comparing stayers and leavers that offers suggestive evidence that impacts are larger for
stayers than leavers as expected. However, we emphasize that fracking impacts on persons born
in fracking counties are interesting and important in themselves, even independent of our ability
to interpret them as a lower bound for persons residing in fracking counties. Thus, our analysis
provides direct evidence on fracking impacts for one important group and indirect suggestive

evidence on fracking impacts for another group.

4.2 Parallel Trends

Another challenge for our study is that we do not have a long pre-event period to
rigorously assess parallel trends between the treatment and control group. The event analysis
estimator assumes that treatment and control group counties were on parallel trends prior to the
fracking shock to the treatment group and would have continued on parallel trends without the
fracking shock. Our primary outcome data are from the 2000 census and 2005-2022 ACS.

We can offer some suggestive evidence related to parallel trends. Our event analysis
estimates below can yield insights on parallel trends and the validity of estimates by comparing
the event coefficients over time. Figure 3 builds on Figure 1 and shows mean NV wells by year
for our high fracking treatment group; recall that Figure 1 reported the national total including
wells in low fracking counties. Figure 3 indicates a positive mean for NV wells that was largely

flat for 1990-2002. The fracking increase began thereafter but was moderate during the mid- and
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late 2000s, so we expect modest effects on earnings early on that should grow over time with the
intensifying fracking boom. The strongest boom in fracking activity was during the 2011-2014
period, so we expect the strongest impacts on earnings around these years. We expect smaller
impacts on earnings during the downturn and subsequent years that could become not
statistically significant or possibly even negative. When we interpret the empirical results, we
will consider if the coefficients by year follow the expected pattern. We also conduct
supplemental analysis in the appendix that includes the 2001-2004 ACS to offer potential

insights on parallel trends.

5. Empirical Results

Our event analysis results are illustrated via figures. For all figures, 2000 is the omitted
reference year. Coefficient estimates for each year are from the interaction of the treatment
group indicator and given year indicator and indicate how the outcome means changed since
2000 for the treatment group relative to the control group. Annual earnings in the ACS for each
individual are for the 12 months prior to the survey, but the ACS is conducted across households
throughout the year, so the coefficients by year are ultimately an average of impacts during the
current year and immediately preceding year. The employment indicator outcomes are based on

the survey week, so results more fully line up with the survey year.

5.1 Baseline Event Analysis Results
Figure 4 presents log annual earnings event analysis regression results for our main
sample. The treatment group by year coefficients are statistically significantly different from

zero at the five percent level in every year except 2005 and 2021. The small and not statistically
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significant coefficient of 0.016 for 2005 is consistent with relatively minimal fracking activity
early on. The relatively small coefficient in 2021 is largely attributable to reduced energy prices
and production due to the COVID-19 pandemic. The earnings coefficients are largest in
magnitude for 2010-2015, which roughly corresponds to the peak of the fracking boom.
Earnings coefficients declined as fracking activity declined during the downturn and subsequent
periods. The earnings coefficients in Figure 4 peak at 0.093 in survey year 2015, a year in which
fracking activity already began declining. The large coefficient for 2015 is partially driven by
earnings in calendar year 2014 and could also reflect factors such as nominal wage rigidity and
severances packages for laid off workers. Coefficient estimates for 2010-2014 are also
consistently above 0.08. These results indicate that the peak fracking boom increased mean
annual earnings of persons born in fracking counties by more than eight percent for multiple
years. Overall, the pattern of earnings coefficients follows the time pattern for fracking activity
in Figure 1. Notably, the downturn and subsequent period coefficient estimates are all positive.
Figure 5 presents event analysis results for the probability of being employed during the
survey week. We find significant coefficients for every year 2006-2014 but not for other years.
The coefficient peaks at 0.023 for 2009 and is 0.015 in 2014. The relatively large coefficient for
2009 may be due to increased economic resilience during the Great Recession for high fracking
counties. The significant positive effects on employment probability disappear during the
fracking downturn and do not return, but there are no significant negative coefficients for any
period. One possible factor is the substantial increase in labor productivity in the oil and gas
sector that began to increase fairly rapidly in 2012 and accelerated during the downturn. As
fracking technology matured, the average output per worker increased nearly fourfold for oil

(Appendix Figure A33) and 2.5 times for gas (Appendix Figure A34), leading to a large decline

17



in oil and gas employment (Appendix Figure A35) while overall production continued to
increase throughout the period.

Figure 6 takes a specific look at employment in the mining industry as an outcome.
Mining employment coefficients are significantly positive in all years 2005-2019. Coefficient
estimates for 2020-2022 are small and not statistically significant. Mining is a relatively high-
paying industry, especially oil and gas production. Together with the previous figures, these
results suggest that access to oil and gas production jobs is likely a partial mechanism for overall

increases in earnings and employment. We will consider this further in the next sub-section.

5.2 Sub-Sample Analysis

We next further consider the role of oil and gas employment on earnings by separating
the sample into those employed in the mining industry and those employed in other industries.
One possibility is that the effects may be dominated by increased earnings for persons in the
mining industry with little or no impact on workers in other industries. However, previous
literature has often found evidence of spillovers from fracking to other industries, which could
increase labor demand and wages for workers outside the mining industry. Figure 7 presents
results for mining industry workers and Figure 8 presents results for non-mining workers. Of
course, there is likely non-random selection of workers to industries, so splitting the sample in
this way is highly imperfect. Still, we view it as suggestive evidence. Also, the sample sizes for
mining workers are relatively small, so results are noisier than for the full sample. Figure 7
indicates positive and statistically significant coefficient estimates for mining industry workers in
most years but not all. Some of the coefficient estimates for years that are not significant are not

small in magnitude, so we are not generally confident in interpreting these as non-effects. The
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results in Figure 8 are more precise. Notably, coefficient estimates are positive and statistically
significant for all years but 2005 and 2021. Overall, the coefficients in 8 follow the same pattern
as the full sample estimates in Figure 4, which is largely to be expected since non-mining
workers are the overwhelming majority of the sample. The coefficient estimates for non-mining
workers are moderately smaller in magnitude than the full sample in Figure 4, but they are still
sizable. E.g., the earning coefficients peak in 2015 at 0.093 for the full sample and at 0.078 for
the non-mining sample. Earnings coefficients are never negative and statistically significant.
Two explanations likely underlie why an oil and gas boom might raise non-mining
earnings. As the oil and gas sector expands and rapidly attracts a large share of the low-skill
workers in the area, the overall local labor market tightens, especially in sectors that also employ
low-skill workers. E.g., many businesses that rely on low skill labor (e.g. Walmart or fast food
establishments) have substantial staffing shortages as much of the local labor force is absorbed
into the mining sector.!” Migrants can help meet the increase in labor demand, but migrants
come primarily for lucrative oil and gas jobs and do not fully alleviate labor market tightening.
Consequently, earnings rise across all other sectors. Additionally, the injection of income into a
local community during a fracking boom increases demand for local goods and services and can
increase labor demand and earnings further. Overall, this suggests that the positive effect of
fracking on earnings is not just due to some workers getting high paying jobs in the oil and gas

industry. Instead, the benefits spillover via increased earnings in other industries.

5.3 Metropolitan and Weak Treatment Sample Analysis

17 Additional results in the appendix report earnings impacts for workers employed in the restaurant and retail sector
and other sub-samples including by education level, sex, and age group.
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Our main analysis is limited to persons born in non-metropolitan counties. We next
examine earnings impacts for the sample of persons born in metropolitan counties with results
presented in Figure 9. Coefficient estimates are positive and statistically significant for years
2008-2019 but are not significant for the other years. Coefficient estimates for the metro native
sample are generally smaller than those for the non-metro native sample in Figure 4. Thus,
metro natives benefit from being born in a high fracking county but not as much as workers born
in a non-metropolitan high-fracking county.

Figure 10 returns to examining persons born in non-metropolitan counties but alters the
treatment group to persons born in low fracking counties, i.e., counties with some fracking but
below the median fracking intensity among counties with positive fracking. The control group
for Figure 10 is the same as the main analysis in Figure 4. The Figure 10 treatment group is
exposed to fracking but receives a weaker dose of the treatment compared to the high-fracking
treatment group in the main analysis. Consequently, we expect that impacts in Figure 10 to be
directionally similar but smaller in magnitude than those in Figure 4. That is what we observe.
Coefficients for Figure 10 are positive and significant for several years but are overall smaller in
magnitude and less consistently significant than for the high fracking treatment group.
Coefficients are never negative and significant. Thus, having moderate fracking also yields

positive earnings impacts, but not as much as more intensive fracking.

5.4 Including the 2001-2004 and Examining Alternative Base Years
While there are important limitations with the 2001-2004 ACS noted above, we also
conduct supplementary analysis that includes these years. Results reported in the appendix

indicate that our main findings are qualitatively robust. The 2001-2004 coefficients help address
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potential concerns about parallel trends. The appendix results indicate that the 2001-2004
coefficients are generally small and not statistically significant, consistent with similar trends
between the treatment and control group during 2000-2004 prior to the fracking boom.

We also report results in the appendix examining alternative base years. Year 2000 is our
preferred base year for reasons noted above. We explore separately changing the base year to
2002 and 2005. Figure 3 suggests that fracking may have crossed an inflection point around
2003, making 2002 a potentially interesting benchmark. Other scholars have suggested the
boom took off around 2006 (Rickman et al. 2017; Cascio and Narayan 2022), making 2005 an
interesting benchmark. Results using these alternative benchmark years are qualitatively similar

to our main results.

6. Conclusion

Fracking transformed energy production in the United States and altered local labor
markets with frackable oil and gas resources. The current study is the first to document the
impacts of the fracking boom on persons born in fracking counties, using novel restricted-access
data to make this possible. We focus on non-metropolitan areas and find that the fracking boom
increased earnings for this important group of prior residents by more than eight percent during
2010-2015. The earnings impacts decreased during the fracking downturn and subsequent
periods but remained positive and statistically significant. Earnings growth for 2000-2022 was
five percent higher for persons born in high-fracking counties compared to those born in control
counties. We also find positive effects on the probability of employment during the boom period
that fade out during the downturn and subsequent years. We also find suggestive evidence that

the fracking boom impacts earnings via three channels: higher likelihood of mining employment,
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higher earnings in mining employment, and higher earnings in non-mining employment. The
latter channel suggests an important role for spillover effects from oil and gas to other industries.

While our study documents positive labor market impacts, it does not provide an answer
as to whether prior residents are better off overall. Fracking generates numerous externalities,
some of which individuals strongly try to avoid and some of which they cannot avoid.
Furthermore, the benefits and costs likely vary across local residents. Some local residents may
reap little to no labor market benefits yet bear substantial costs to their physical and mental
health from fracking in their area. These are important to consider when crafting policy

responses to fracking.
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Figure 1: Oil and Gas Fracking Activity in the U.S. Since 1990
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Notes: based on authors’ calculations from Enverus data on oil and gas non-vertical wells
completed by year.
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Figure 2: Fracking Activity across U.S. Counties During 2006-2014
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Notes: based on authors’ calculations from Enverus data on oil and gas non-vertical wells
completed during the 2006-2014 fracking boom period. For counties with non-vertical wells, we
compute the non-vertical well density as the total number of non-vertical wells in the county
divided by the total geographic area of the county. High fracking counties are those in the top
half of non-vertical (NV) well density among those with non-zero NV wells. Low fracking
counties have positive fracking but below median NV well density. Non-fracking counties have
zero fracking during 2006-2014.
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Figure 3: Mean Non-vertical Wells for High Fracking Counties
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Notes: based on authors’ calculations from Enverus data on oil and gas non-vertical wells
completed. High fracking counties are those in the top half of non-vertical (NV) well density
among those with non-zero NV wells during the 2006-2014 fracking boom period.
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Figure 4: Fracking Impacts on Log Annual Earnings for Ages 25-54
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Notes: The figure reports event-study estimates for a sample limited to individuals born in non-
metropolitan U.S. counties, excluding Alaska and Connecticut. Each blue dot denotes the
coefficient estimate for a given year relative to the omitted baseline year (2000), and the vertical
error bars represent 95% confidence intervals. We define the high-fracking treatment group as
individuals born in counties in the top half of non-vertical (NV) well density among counties
with non-zero NV wells; we exclude four New York counties that would otherwise qualify for
treatment due to the state’s fracking ban adopted in 2010. The control group is restricted to
counties with (a) zero NV wells during 2000-2022 and (b) locations more than 100 miles from
any treatment-county. Regressions include birth-county fixed effects, birth-region x survey-year
fixed effects, birth-year fixed effects, and detailed demographic indicators for age, sex, race, and
ethnicity; standard errors are clustered by birth county. There are 5,208,000 observations
(rounded) in the sample.
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Figure 5: Fracking Impacts on Employment Probability for Ages 25-54
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Notes: Sample and measurement are the same as indicated in Figure 4 notes. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 6,044,000 observations
(rounded) in the sample.
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Figure 6: Fracking Impacts on Mining Employment Probability for Ages 25-54

0.02 1 -

0.015 4 -

0.01 - -

Coefficient Estimate

00054 | * -

-0.005

| T T I | | T T T | | T T I | | T T
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Notes: Sample and measurement are the same as indicated in Figure 4 notes. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 6,044,000 observations
(rounded) in the sample.
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Figure 7: Fracking Impacts on Log Annual Earnings for Mining Industry Workers
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to workers employed in the mining industry. Each blue dot denotes the coefficient
estimate for a given year relative to the omitted baseline year (2000), and the vertical error bars
represent 95% confidence intervals. There are 50,000 observations (rounded) in the sample.

34



Figure 8: Fracking Impacts on Log Annual Earnings for Non-Mining Industry Workers
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to workers not employed in the mining industry. Each blue dot denotes the coefficient
estimate for a given year relative to the omitted baseline year (2000), and the vertical error bars
represent 95% confidence intervals. There are 5,158,000 observations (rounded) in the sample.
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Figure 9: Fracking Impacts on Log Annual Earnings for Persons Born in Metropolitan Counties
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to persons born in metropolitan counties. Each blue dot denotes the coefficient estimate
for a given year relative to the omitted baseline year (2000), and the vertical error bars represent
95% confidence intervals. There are 19,110,000 observations (rounded) in the sample.
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Figure 10: Impacts on Log Earnings for Persons Born in Low Fracking Non-Metro Counties
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the treatment
group includes persons born in low fracking counties instead of persons born in high fracking
counties. Each blue dot denotes the coefficient estimate for a given year relative to the omitted
baseline year (2000), and the vertical error bars represent 95% confidence intervals. There are
5,289,000 observations (rounded) in the sample.
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Table 1: Year 2000 Selected Summary Statistics for Treatment and Control Group

Control Treatment  Difference P-value for

Group Group of Means  Diff. of Means
Log Annual Earnings 10.08 10.03 -0.05 <0.001
Observations 1,720,000 397,000
Employed Indicator 0.801 0.750 -0.051 <0.001
Age in Years 40.52 40.94 0.42 <0.001
Female 0.503 0.505 0.002 0.013
White non-Hispanic 0.841 0.844 0.003 <0.001
High School Diploma or Higher 0.888 0.853 -0.035 <0.001
Some College or Higher 0.567 0.522 -0.045 <0.001
Bachelor's Degree or Higher 0.240 0.217 -0.023 <0.001
Residing in High Fracking County 0.043 0.558 0.515 <0.001
Observations 1,954,000 479,000

Notes: The sample is limited to persons born in non-metropolitan counties of the U.S.
excluding Alaska and Connecticut. We define the (high-fracking) treatment group as
individuals born in counties in the top half of non-vertical (NV) well density among those with
non-zero NV wells. We exclude four counties from New York state that would otherwise
qualify for the treatment group from the analysis due to the state’s fracking ban adopted in
2010. The control group is restricted to counties meeting two criteria: a) zero NV wells during
the 2000-2022 period and b) not within 100 miles of a treatment group county. Year 2000 is
the pre-event period. Sample means are reported for selected variables. Means for mining
employment are suppressed due to disclosure concerns given the small number of mining
workers. The number of observations is rounded to reduce disclosure concerns.
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Appendix

A.1 Birth-County Effects as Lower Bounds for Residence-County Effects
Our paper suggests that fracking impact estimates based on birth-county likely provide
lower-bound estimates for the effect of fracking for long-term current residents. More formally,
consider the ATT we estimate for year t for the sample of persons born in a fracking county
(group F):
ATTtF = E(YtF - Yzli)oo) - E(YtN - Yzl\(l)oo)
, where Y{ denotes earnings in year t for persons born in a fracking county and Y{¥ denotes
earnings in year t for persons born in a non-fracking control group county. This will generally
differ from the ATT for the sample of persons who both were born in a fracking county and
reside in a fracking county in year t (group FF):
ATTtF F=E (YtFF - YzFoFoo) —E (YtNN - YZI\(I)I(\)IO
, where YT denotes earnings for persons born in a fracking county and residing in a fracking
county in year t, and YNV denotes earnings for persons born in a non-fracking county and
residing in a non-fracking county in year t.
ATT/ is a lower bound of ATTFF if two assumptions are satisfied.
Assumption 1: E(Y{ — Yfy00) < E(VFF = YSHo).
Assumption 2: E(YY — Y3000) = E(YAN — Y2 0).18
Intuitively, we expect Assumption 1 to hold because group F includes group FF and a group of

individuals born in a fracking county but not living in a fracking county (group FN). We expect

18 We can rewrite the ATTs as ATTf = A — B and ATTfF = C — D. The lower-bound condition, ATTf < ATT/F,
implies A — B < C — D, which can be rearranged as A — C < B — D. Rewrite Assumptions l and2asA—C < 0
and B—D > 0 and combinetoget A—C <0< B —D.
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these fracking county out-migrants in group FN to receive little or no dose of the fracking
treatment and limited positive impacts on earnings compared to group FF, so that their inclusion
causes average earnings growth for F to be less than earnings growth for FF.'"> We also expect
Assumption 2 to hold. Persons born in non-fracking counties (group N) includes both persons
living in a non-fracking county in year t (Group NN) and persons living in a fracking county in
year t (group NF). Moving to a fracking county is likely to have a positive earnings impact for
NF, giving them larger earnings growth than NN, and cause the earnings growth for N to exceed
that for NN.

Unfortunately, migration decisions are not random and we are unable to offer unbiased
causal evidence on the impacts of living in a fracking county or the validity of Assumptions 1
and 2. However, we report descriptive analysis below for individuals living in a fracking county
during the survey period and compare these to our main results for impacts on individuals born

in a fracking county to offer suggestive evidence.

A.2 Descriptive Estimates for Non-Migrants and In-Migrants

Our main results in Figure 4 are for persons born in fracking counties, which includes
both persons residing in their birth county and persons who do not. As an extension, we next
explored coefficients by migration status. Specifically, the specification for Figure Al limits the
sample to individuals residing in their birth county during the survey and is otherwise the same
as in Figure 4. This sample includes people who have lived their whole lives in their birth

county as well as people who moved away and then came back. Notably, adult location

1 Fracking county out-migrants may receive positive spillover effects if they move to nearby non-fracking counties.
Even so, we expect direct effects for fracking county residents to be larger than spillover effects to nearby non-
fracking counties. Furthermore, some fracking county out-migrants are likely to move sufficiently far away that
they receive little or no positive spillovers.
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decisions can reflect sorting based on unobservable characteristics and complementarity with the
oil and gas industry, so we do not interpret these as unbiased causal effects of residing in a
fracking county.

Figure A2 examines in-migrants and has three key differences from the main analysis in
Figure 4: 1) all spatial explanatory variables are based on county of residence, 2) the sample is
limited to high fracking and non-fracking treatment and control groups based on county of
residence, and 3) persons residing in their birth county are excluded. Thus, Figure A2 is an
analysis of fracking residence for fracking county in-migrants. Again, adult location decisions
are endogenous, so these are not unbiased estimates. However, Figures A1 and A2 provide
illustrative comparisons.

The coefficients in Figures A1 and A2 follow a similar pattern as Figure 4, though
coefficients are somewhat larger in Figures A1 and A2 than in Figure 4. Coefficients in Figure
Al and A2 are often similar to each other with some moderate differences. Again, these are
unlikely to be unbiased estimates but they offer two suggestive interpretations: 1) effects of
residing in a fracking county appear larger than effects of being in a born in a fracking county
consistent with expectations, and 2) fracking county natives who reside in their birth county
during a fracking boom appear to benefit roughly as much as in-migrants. While not definitive,
these findings provide suggestive evidence in favor of our main estimates in Figure 4 for the
effects of being born in a fracking county as lower bounds for the effects of residing in a fracking
county. Given the endogeneity of migration decisions, Figures A1 and A2 are not our preferred
results. Our preferred results are those in Figure 4 that define the sample and explanatory

variables based on county of birth.
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A.3 Descriptive Estimates for Non-Migrants and Out-Migrants

We conducted additional analysis that compares birth-county stayers (non-migrants) to
two groups of leavers (out-migrants) that we call “short-distance” and “long-distance”. Short-
distance movers are those who live outside their birth county and live in a county meeting any of
the following criteria: 1) within 100 miles of their birth county, 2) any fracking county, or 3)
within 100 miles of a fracking county. Long-distance movers are those who live outside their
birth county and live in a county meeting all of the following criteria: 1) more than 100 miles
away from their birth county, 2) a non-fracking county, and 3) more than 100 miles from any
fracking county. Our definitions for movers require some choices and groupings. One might
prefer even more narrowly defined groups, but census disclosure protections limit our ability to
report estimates for small samples, especially when they involve potentially implicit samples of
even smaller groupings.

We expect that stayers will receive the largest impact of the fracking boom in their birth
county. Short-distance movers are also expected to be impacted but not as much as stayers.
Long-distance movers are expected to be the most minimally exposed to and impacted by the
fracking boom in their birth county. However, there could be some positive effect for long-
distance movers depending on when they left and the skills and wage increases they previously
obtained. E.g., increased employment in higher wage jobs when they resided in the boom area
could translate to higher wages and employment even after they leave the boom area.

In conducting and disclosing this analysis for stayers and leavers, we encountered an
issue with census disclosure protections related to small implicit samples that hindered us from
using the exact same sample criteria as before. Therefore, we changed the age range for this

analysis from 25-54 to 30-59 so that these new samples do not perfectly overlap with our other
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samples and satisfy disclosure review criteria. A priori, there is no reason why this modest
change in age range should meaningfully affect our qualitative conclusions. We also compare
the stayers results for these two overlapping age groups and they are very similar (see Figures Al
and A3).

Our results for stayers vs. leavers are in Figures A3-A5. Consistent with expectations,
we find large effects for stayers. Short distance movers also have positive effects during the
boom period that are generally significant but smaller than those for stayers. Coefficient
estimates for long-distance movers are generally the smallest and are only statistically significant
in a few years. Again, migration decisions are endogenous and we cannot provide unbiased
causal estimates separately for stayers and leavers, but this yields suggestive evidence that our
main estimates are lower bounds for the effects of residing in a fracking county for individuals

born in one.

A.4 Descriptive Estimates Based on Year 2000 Residential Locations

We next present descriptive analysis that leverages county of residence in 2000 rather
than birth county for sample criteria and defining treatment and control groups. We expect year
2000 location to be more strongly correlated with contemporaneous exposure to a fracking boom
since there is less time for migration between the location observation and exposure to the
fracking boom. The earnings results are presented in Figure A6 and suggest positive impacts of
fracking exposure that are generally as large as or larger than our preferred estimates based on
birth-county treatment in Figure 4. However, year 2000 location may not be exogenous because
people may have previously migrated or not in response to idiosyncratic shocks. E.g., the people

living in a fracking county in year 2000 before the fracking boom may disproportionately consist
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of people who benefited from doing so. These people may have received positive location-
individual-specific shocks in 2000. Notably, our results are qualitatively robust to this

alternative analysis.

A.5 Earnings Spillovers across Geographic Areas

Prior literature has indicated geographic spillovers from natural resource shocks (e.g.
Feyrer et al. 2017). We report illustrative spillover estimates on log earnings in Figure A7 using
our data and methods. For this analysis, persons born in high fracking counties are excluded and
we include a “spillover treatment group” along with our original control group and conduct our
event analysis. The spillover treatment group includes individuals born in a county with no
fracking but within 100 miles of a high fracking county. We find evidence of positive earnings
spillovers that are non-zero but considerably smaller than the estimated impacts for the actual
treatment group of individuals born in high fracking counties. This is consistent with labor
market impacts decreasing with distance due to transportation costs, migration costs, and other
spatial frictions. Our main analysis excludes the spillover treatment group from both the

treatment and control groups.

A.6 Additional Non-Fracking Industry Analysis

Our analysis suggests that fracking increases earnings in both mining and non-mining
sectors through increased local labor demand. Income spillovers to non-mining sectors may
especially impact industries that produce services consumed locally, employ less-educated
workers, and historically pay relatively low wages. We explore this by using our data and

methods to document impacts of fracking on earnings for workers employed in restaurants and
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retail. More oil and gas workers with higher incomes increases demand for local restaurants and
retail outlets and leads to increased worker earnings in these industries. Furthermore, labor
market competition in one sector can bid up wages in other sectors. Our supplemental analysis
combines restaurant and retail workers into a single sector because sample sizes in each are
relatively small and a combined sample provides more statistical power and a clearer summary
picture of how the fracking boom affects these traditionally low-wage sectors. Results in Figure
A8 show that the fracking boom does increase earnings of restaurant and retail workers with
coefficient estimates peaking at 0.116 in 2011. Overall, the earnings generally follow the pattern
for the full sample. Increased local labor demand can also cause some long-term resident
workers to move into higher-paying industries and out of low-paying jobs in restaurants and
retail. Figure A9 estimates the impact of fracking on the probability of employment in
restaurants or retail. Coefficient estimates are frequently negative and significant consistent with
the fracking boom creating higher-paying local job opportunities that pull prior residents out of
low-paying restaurant and retail jobs.

A local fracking boom might also adversely impact some industries via rising labor costs
that reduce their competitiveness in national and global markets. Reduced competitiveness and
production in other traded industries could lead to a resource curse after the natural resource
boom subsides. We explore this by using our event analysis framework to examine the impacts
of being born in a fracking county on the probability of employment in wholesale trade in Figure
A10. Our wholesale trade employment coefficients are generally small and not statistically
significant, suggesting that the short- and medium-run impacts on wholesale trade employment
among long-term residents may be minimal. However, there is likely not yet enough evidence or

time passed to say confidently that there isn’t a long-run resource curse happening.
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A.7 Including 2001-2004 ACS in the Analysis and Altering the Base Year

Our main analysis excludes the 2001-2004 ACS because many counties are not included
in these years. Furthermore, individuals are sampled based on their county of residence and not
county of birth, but our analysis is based on county of birth. Some individuals in the sample are
only in the sample because they moved away from their birth county and would not be included
if they had remained in their birth county. This means that some birth counties are largely
excluded from the sample, but the individuals born there that are included in the sample are out-
migrants and thus not well representative of the people who were born and continue to live in the
county. The extent of non-random selection that this creates is difficult for us to quantify given
the data availability and confidentiality protections. But given the concerns, our main analysis
excludes the 2001-2004 ACS.

However, we also conduct supplementary analysis that includes the 2001-2004 ACS
while recognizing their limitations due to non-representativeness. Results are reported in Figures
A11-A13. The 2001-2004 coefficients help address potential concerns about parallel trends.

The 2001-2004 coefficients are generally small and not statistically significant, consistent with
similar trends between the treatment and control group during 2000-2004 prior to the fracking
boom. We also reiterate that some areas, especially in Texas, saw fracking begin to proliferate in
the early 2000s, so seeing a few small positive coefficients during these years is not completely
unexpected.

We also examine using alternative base years. Year 2000 is our preferred base year for
the reasons noted above. We explore separately changing the base year for event analysis

estimates to 2002 and 2005. Figure 3 suggests that fracking may have crossed an inflection point
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around 2003, making 2002 an interesting benchmark. Others have suggested the fracking boom
took off around 2006 (Rickman et al. 2017; Cascio and Narayan 2022), making 2005 an
interesting benchmark. Results in Figures A14-A19 using these alternative benchmark years are

qualitatively similar to our main results.

A.8 Log Earnings Analysis Not Conditional on Working the Previous Year

We also examine impacts on the probability of having positive earnings the previous year
and the impacts on log earnings not conditional on having positive earnings the previous year.
The first outcome is a binary dependent variable similar to the previous employment analysis in
Figure 5, but the binary dependent variable now equals one for positive annual earnings and zero
otherwise. Results in Figure A20 confirm that fracking affects this margin as well consistent
with expectations. We next define additional variables similar to log earnings but including
persons without positive earnings. Unfortunately, there is no clear best way to do this, and
results potentially could be sensitive to how the non-positive earners are coded, so we use four
alternatives: 1) defining non-positive earners to have $0.01 earnings before taking logs, 2)
defining non-positive earners to have $1 earnings before taking logs, 3) defining non-positive
earners to have $1000 earnings before taking logs, and 4) using the inverse hyperbolic sine (IHS)
transformation of annual earnings. Results are in Appendix Figures A21-A24 and confirm that
our main results are qualitatively robust to all of these alternatives. The coefficients magnitudes
are typically larger with these alternatives than in our main specification in Figure 4, consistent
with positive effects on the extensive margin being very influential.

As expected, the magnitudes are somewhat sensitive to the four alternative earnings

variables. Assigning non-positive earners $0.01 yields especially large magnitudes while
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assigning them $1000 yields more moderate magnitudes. This results because of how they are
treated by the log transformation and the clear impact of fracking on the extensive margin. For
example, consider a year in which fracking induced one percent of the population to move from
non-positive earnings to low positive earnings of say $10,000. Note that In(0.01) =-4.61, In(1) =
0, In(1000) = 6.91, and In(10,000) = 9.21. A one percentage point extensive margin increase will
shift log earnings by roughly 0.092 if non-positive earners are assigned $1 but only by 0.023 if
non-earners are assigned $1000. E.g., divide the values above by 100 (because of the one
percentage point extensive margin increase) and compute differences between non-earners and
those earning $10,000. Setting non-earners to $0.01 yields an increase of 0.138. Of course,
different assumptions for earnings of those pushed into the labor market and those with non-
positive earnings would yield somewhat different values. The broader point is that the extensive
margin matters quite a bit for any reasonable assumptions, but the quantitative magnitude
depends on the assumptions. Again, these alternatives all yield larger impacts than our main

specification in Figure 4.

A.9 Impacts on Poverty

In addition to our main analysis, we conduct supplemental analysis examining an
indicator variable equal to one if an individual’s household income is above the poverty
threshold for their household size and composition. This is the opposite of being below the
poverty threshold; we code it as being above the poverty threshold so that a positive coefficient
represents a favorable outcome similar to higher earnings and employment. This is a useful
complement to the annual earnings measure because it is targeted to particularly vulnerable

individuals, i.e., those near the poverty line. Figure A25 presents the results. We find positive
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and significant coefficients in most, but not all, fracking boom years. Effects are not significant
for most downturn and subsequent years, with 2017 and 2020 as exceptions. The coefficient

estimates are never negative and significant.

A.10 Analysis by Gender, Age, and Education

We also estimate earnings impacts for alternative samples by education level, sex, and
age group in Figures A26-A31. Oil and gas employment offers high pay without requiring high
levels of education, and the earnings gains may especially accrue to workers with education less
than a bachelor’s degree. The oil and gas industry workforce is also disproportionately male,
and the same is true for some complementary industries such as construction and transportation.
Thus, we expect that labor market impacts of fracking will be stronger for males than females.
Impacts may also by differ by age. For example, young workers may be more mobile across
industries and occupations and benefit more from a boom in the oil and gas sector, while older
workers may benefit less.

Coefficient estimates generally follow the same pattern as the full sample in Figure 4.
Coefficient estimates are generally positive and significant, never negative and significant, and
generally larger during the peak boom period. However, the magnitudes do differ some across
groups. Coefficients are generally larger for non-college graduates than for college graduates.
Coefficients are generally larger for men than women, which is not surprising given that the vast
majority of mining workers are male. Coefficients for ages 18-24 are often larger than those for
the main sample of ages 25-54 and for the sample of ages 55-64. Overall, these figures suggest

that the fracking boom alters local labor market conditions in ways that especially benefit
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workers who are young, male, and have education less than a bachelor’s degree, but other

workers benefit as well.

A.11 Analysis for Birth-Cohorts Born in 1966-1975

Our main analysis includes persons ages 25-54 in the 2000 Census and 2005-2022 ACS.
However, the birth-cohort sample composition changes over times as individuals age into and
out of the sample. To confirm that our results are not driven by birth-cohort sample composition
changes, we next conduct log earnings analysis following persons over time who were born in
1966-1975. These cohorts were roughly ages 25-34 in year 2000 and ages 47-56 by 2022. The

results in Figure A32 are qualitatively similar to our main results for the full sample.
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Figure Al: Log Earnings Results for Persons Residing in Their Birth County
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to persons residing in their birth county at the time of the survey. Each blue dot denotes
the coefficient estimate for a given year relative to the omitted baseline year (2000), and the
vertical error bars represent 95% confidence intervals. There are 1,623,000 observations
(rounded) in the sample.
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Figure A2: Log Earnings Results for Domestic In-Migrants

0.15 4 °®

0.1 T ®

Coefficient Estimate
@
L 2
@

0054 _ - ®

T T T T T | T T | | T T | | | | | |
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Notes: Sample and measurement are similar to Figure 4 except 1) all spatial variables are based
on county of residence, 2) the sample is limited to high fracking and non-fracking treatment and
control groups based on county of residence, and 3) persons residing in their birth county are
excluded. Each blue dot denotes the coefficient estimate for a given year relative to the omitted
baseline year (2000), and the vertical error bars represent 95% confidence intervals. There are
3,854,000 observations (rounded) in the sample.

52



Figure A3: Log Earnings Results for Ages 30-59 Residing in Their Birth County
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to persons residing in their birth county at the time of the survey and includes ages 30-59.
Each blue dot denotes the coefficient estimate for a given year relative to the omitted baseline
year (2000), and the vertical error bars represent 95% confidence intervals. There are 1,689,000
observations (rounded) in the sample.
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Figure A4: Log Earnings Results for Ages 30-59 Short-Distance Movers
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to individuals ages 30-59 who reside outside their birth-county and live in a county
meeting any of the following criteria: 1) within 100 miles of their birth county, 2) any fracking
county, or 3) within 100 miles of a fracking county. Each blue dot denotes the coefficient
estimate for a given year relative to the omitted baseline year (2000), and the vertical error bars
represent 95% confidence intervals. There are 2,486,000 observations (rounded) in the sample.
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Figure AS5: Log Earnings Results for Ages 30-59 Long-Distance Movers
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to individuals ages 30-59 who reside outside their birth-county and live in a county
meeting all of the following criteria: 1) more than 100 miles away from their birth county, 2) a
non-fracking county, and 3) more than 100 miles from any fracking county. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 1,297,000 observations
(rounded) in the sample.
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Figure A6: Log Earnings Results Using Year 2000 Residential Locations
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Notes: The sample and variables are constructed similarly to Figure 4 except all location
variables are defined based on residential location in the 2000 census (instead of county of birth).
Each blue dot denotes the coefficient estimate for a given year relative to the omitted baseline
year (2000), and the vertical error bars represent 95% confidence intervals. There are 5,154,000
observations (rounded) in the sample.
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Figure A7: Log Earnings Spillover Estimates for Non-Fracking Neighboring Counties
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Notes: All fracking counties are excluded from the analysis. The treatment group is defined as
non-fracking “neighboring” counties that are within 100 miles of a high fracking county.

Sample and variable definitions are otherwise similar to Figure 4. Each blue dot denotes the
coefficient estimate for a given year relative to the omitted baseline year (2000), and the vertical
error bars represent 95% confidence intervals. There are 5,588,000 observations (rounded) in the
sample.

57



Figure A8: Log Earnings Results for Restaurant and Retail Industry Workers

0.15 - T

0.1 ® ®

0.05 - -

Coefficient Estimate

-0.05

| T | T | T | T | T | T I | T | T |
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to workers employed in the restaurant and retail industries. Each blue dot denotes the
coefficient estimate for a given year relative to the omitted baseline year (2000), and the vertical
error bars represent 95% confidence intervals. There are 586,000 observations (rounded) in the
sample.

58



Figure A9: Fracking Impacts on Restaurant and Retail Employment for Prior Residents
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Notes: The dependent variable is an indicator for being employed in the restaurant or retail
industries. The sample and variables are otherwise the same as the main analysis. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 6,044,000 observations
(rounded) in the sample.
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Figure A10: Fracking Impacts on Wholesale Trade Employment for Prior Residents
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Notes: The dependent variable is an indicator for being employed in the wholesale trade
industry. The sample and variables are otherwise the same as the main analysis. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 6,044,000 observations
(rounded) in the sample.
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Figure A11: Log Earnings Results Including the 2001-2004 ACS
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Notes: Sample and measurement are similar to Figure 4 except the sample also includes the
2001-2004 ACS. Each blue dot denotes the coefficient estimate for a given year relative to the
omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 5,444,000 observations (rounded) in the sample.
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Figure A12: Employment Indicator Results Including the 2001-2004 ACS
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Notes: Sample and measurement are similar to Figure 5 except the sample also includes the
2001-2004 ACS. Each blue dot denotes the coefficient estimate for a given year relative to the
omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 6,312,000 observations (rounded) in the sample.
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Figure A13: Mining Employment Indicator Results Including the 2001-2004 ACS
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Notes: Sample and measurement are similar to Figure 6 except the sample also includes the
2001-2004 ACS. Each blue dot denotes the coefficient estimate for a given year relative to the
omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 6,312,000 observations (rounded) in the sample.
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Figure A14: Log Earnings Results with 2002 as the Base Year
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Notes: Sample and measurement are similar to Figure 4 except the sample also includes the
2001-2004 ACS and 2002 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2002), and the vertical error bars represent 95%
confidence intervals. There are 5,444,000 observations (rounded) in the sample.
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Figure A15: Employment Indicator Results with 2002 as the Base Year
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Notes: Sample and measurement are similar to Figure 5 except the sample also includes the
2001-2004 ACS and 2002 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2002), and the vertical error bars represent 95%
confidence intervals. There are 6,312,000 observations (rounded) in the sample.
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Figure A16: Mining Employment Indicator Results with 2002 as the Base Year
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Notes: Sample and measurement are similar to Figure 6 except the sample also includes the
2001-2004 ACS and 2002 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2002), and the vertical error bars represent 95%
confidence intervals. There are 6,312,000 observations (rounded) in the sample.
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Figure A17: Log Earnings Results with 2005 as the Base Year
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Notes: Sample and measurement are similar to Figure 4 except the sample also includes the
2001-2004 ACS and 2005 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2005), and the vertical error bars represent 95%
confidence intervals. There are 5,444,000 observations (rounded) in the sample.
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Figure A18: Employment Indicator Results with 2005 as the Base Year
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Notes: Sample and measurement are similar to Figure 5 except the sample also includes the
2001-2004 ACS and 2005 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2005), and the vertical error bars represent 95%
confidence intervals. There are 6,312,000 observations (rounded) in the sample.
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Figure A19: Mining Employment Indicator Results with 2005 as the Base Year
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Notes: Sample and measurement are similar to Figure 6 except the sample also includes the
2001-2004 ACS and 2005 is the base year. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2005), and the vertical error bars represent 95%
confidence intervals. There are 6,312,000 observations (rounded) in the sample.
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Figure A20: Fracking Impacts on Having Positive Annual Earnings
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Notes: Sample and measurement are similar to Figure 5 except the dependent variable is an
indicator for having positive annual earnings. Each blue dot denotes the coefficient estimate for a
given year relative to the omitted baseline year (2000), and the vertical error bars represent 95%
confidence intervals. There are 6,044,000 observations (rounded) in the sample.
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Figure A21: Fracking Impacts on Log Earnings with Non-Positive Earnings Set to $0.01
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Notes: Sample and measurement are similar to Figure 4 except non-positive earnings are set to
$0.01 before taking logs. Each blue dot denotes the coefficient estimate for a given year relative
to the omitted baseline year (2000), and the vertical error bars represent 95% confidence
intervals. There are 6,044,000 observations (rounded) in the sample.
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Figure A22: Fracking Impacts on Log Earnings with Non-Positive Earnings Set to $1
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Notes: Sample and measurement are similar to Figure 4 except non-positive earnings are set to
$1 before taking logs. Each blue dot denotes the coefficient estimate for a given year relative to
the omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 6,044,000 observations (rounded) in the sample.
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Figure A23: Fracking Impacts on Log Earnings with Non-Positive Earnings Set to $1000
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Notes: Sample and measurement are similar to Figure 4 except non-positive earnings are set to
$1000 before taking logs. Each blue dot denotes the coefficient estimate for a given year relative
to the omitted baseline year (2000), and the vertical error bars represent 95% confidence
intervals. There are 6,044,000 observations (rounded) in the sample.

73



Figure A24: Fracking Impacts on Inverse Hyperbolic Sine Transformation of Annual Earnings
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Notes: Sample and measurement are similar to Figure 4 except the dependent variable is the
inverse hyperbolic sine transformation of annual earnings. Each blue dot denotes the coefficient
estimate for a given year relative to the omitted baseline year (2000), and the vertical error bars
represent 95% confidence intervals. There are 6,044,000 observations (rounded) in the sample.
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Figure A25: Fracking Impacts on Household Income above Poverty Threshold for Ages 25-54
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Notes: Sample and measurement are the same as indicated in Figure 4 notes. Each blue dot
denotes the coefficient estimate for a given year relative to the omitted baseline year (2000), and
the vertical error bars represent 95% confidence intervals. There are 6,044,000 observations
(rounded) in the sample.
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Figure A26: Fracking Impacts on Log Annual Earnings for Non-College Graduate Workers
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to workers with less than a bachelor’s degree. Each blue dot denotes the coefficient
estimate for a given year relative to the omitted baseline year (2000), and the vertical error bars
represent 95% confidence intervals. There are 3,788,000 observations (rounded) in the sample.
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Figure A27: Fracking Impacts on Log Annual Earnings for College Graduate Workers

0.1

0.05 T T 4

Coefficient Estimate
L

-0.02

I I I T | T I T I T I T I T T I T I
P g F g P g g g g gt g g g g g B g

Year

Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to workers with a bachelor’s degree or higher education. Each blue dot denotes the
coefficient estimate for a given year relative to the omitted baseline year (2000), and the vertical
error bars represent 95% confidence intervals. There are 1,419,000 observations (rounded) in the
sample.
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Figure A28: Fracking Impacts on Log Annual Earnings for Men
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to male workers. Each blue dot denotes the coefficient estimate for a given year relative
to the omitted baseline year (2000), and the vertical error bars represent 95% confidence
intervals. There are 2,713,000 observations (rounded) in the sample.
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Figure A29: Fracking Impacts on Log Annual Earnings for Women
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to female workers. Each blue dot denotes the coefficient estimate for a given year relative
to the omitted baseline year (2000), and the vertical error bars represent 95% confidence
intervals. There are 2,495,000 observations (rounded) in the sample.
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Figure A30: Fracking Impacts on Log Annual Earnings for Ages 18-24
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to ages 18-24. Each blue dot denotes the coefficient estimate for a given year relative to
the omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 809,000 observations (rounded) in the sample.
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Figure A31: Fracking Impacts on Log Annual Earnings for Ages 55-64
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to ages 55-64. Each blue dot denotes the coefficient estimate for a given year relative to
the omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 1,665,000 observations (rounded) in the sample.
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Figure A32: Fracking Impacts on Log Annual Earnings for Cohorts Born in 1966-1975
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Notes: Sample and measurement are the same as indicated in Figure 4 notes except the sample is
limited to cohorts born in 1966-1975. These cohorts were roughly ages 25-34 in year 2000 and
ages 47-56 by 2022. Each blue dot denotes the coefficient estimate for a given year relative to
the omitted baseline year (2000), and the vertical error bars represent 95% confidence intervals.
There are 1,533,000 observations (rounded) in the sample.
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Figure A33: Oil Productivity in the United States
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Sources:

Employment: Bureau of Labor Statistics, Current Employment Statistics (CES),
Series CES1021100001, NAICS 211 (Oil and Gas Extraction), seasonally adjusted.
Production: U.S. Energy Information Administration (EIA),

U.S. Field Production of Crude Qil (Thousand Barrels per Day), converted to annual.
Note: Employment is annual average; production converted from daily to annual rate.
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Figure A34: Natural Gas Productivity in the United States
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Sources:

Employment: Bureau of Labor Statistics, Current Employment Statistics (CES),
Series CES1021100001, NAICS 211 (Oil and Gas Exfraction), seasonally adjusted.
Production: U.S. Energy Information Administration (EIA),

U.S. Natural Gas Gross Withdrawals (MMcf), monthly data summed to annual.
Note: Employment is annual average of monthly data.
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Figure A35: Oil and Gas Employment Trends in the United States
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Source: Bureau of Labor Statistics, Current Employment Statistics (CES),
Series CES1021100001, NAICS 211 (Oil and Gas Extraction), seasonally adjusted.
Note: Annual averages of monthly data.
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Figure A36: Oil and Natural Gas Price Trends

Qil & Gas Prices (Indexed to 2000 = 100)
Annual, 2000-2022

iy J— Qil price
— == Gas price
300
g
z;
g 200
=
3
£

100

0 -
T T T I T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Source: U.S. Energy Information Administration via FRED

Notes: Oil prices are annual averages for West Texas Intermediate (WTI) - Cushing, Oklahoma.
Natural gas prices are annual averages for Henry Hub Natural Gas Spot Price.
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