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Assessing the Income and Employment Effects of Shale Gas Extraction Windfalls: 
Evidence from the Marcellus Region 

 
 
Abstract 
New technologies combining hydraulic fracturing and horizontal drilling in oil and gas extraction are 
creating a sudden expansion of production.  Residents of places where deep underground oil and gas 
deposits are found want to know about the broader economic, social, and environmental impacts of 
these activities that generate windfall income for some residents.  We first review the literature on 
windfall spending patterns.  Then, using the Marcellus region, the earliest area to be tapped using the 
new techniques, we estimate county-level employment and income effects.   For robustness, we employ 
two methods.  Using a propensity score matching approach we find no effect of fracking on income or 
employment.  A panel-fixed effects regression approach suggests statistically significant employment 
effects in six out of seven alternative specifications, but significant income effects in only one out of 
seven specifications.  In short, the income spillover effects in the Marcellus region appear to be minimal, 
meaning  there’s  little  incentive  at  the  county  level  to  incur  current  or  potential  future  costs  that  may  be  
associated with this activity.  We conclude with some ideas on how localities might employ policies that 
would allow natural gas extraction to move forward, benefitting landowners, while establishing some 
financial safeguards for the broader community.   
 
 
Keywords: Economic growth, Marcellus shale gas, resource extraction, propensity score matching, panel 
data, windfall 
 
JEL Codes: 013, R11, Q33, Q32 
 
Highlights: 

x We examine the effect of fracking on local employment and income. 
x The differing policies in the Marcellus region provide a natural policy experiment. 
x Propensity score matching shows no income or employment growth from fracking 
x Panel data estimates show weak impacts on employment and income. 
x We suggest ways to address possible future environmental consequences.    
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1. Introduction 
 
The United States is experiencing a national energy windfall.  Technical change in oil and gas extraction 
methods that was unanticipated even a few years ago is now dramatically changing US energy markets.  
Companies are unlocking large quantities of shale gas, in particular, by combining horizontal drilling with 
hydraulic fracturing.  In hydraulic fracturing (a.k.a., fracking), high pressure water mixed with sand and 
other compounds is pumped into a bore hole to crack layers of rock, releasing trapped oil and gas.   
 
The technology is causing a reorganization of the US energy sector, and could bring foreign exchange, 
environmental consumer benefits, among other impacts.  Port facilities that were designed to 
decompress imported liquefied natural gas are being reconfigured for compression of gas for export.  
Coal-fired plants are being retired as new gas-fired plants are built.  In effect, natural gas could be a 
transitional source of power while less CO2-intensive energy sources are developed.  Natural gas 
electricity plants generally emit less SO2 and mercury than coal-fired plants, so it is easier for power 
companies to obtain permits to add capacity if a new plant is gas-fired.  The new low gas prices spurred 
by increased availability of supply make natural gas plants more attractive financially, and could reduce 
consumer prices.  The lower costs of electricity might also make electric vehicles more attractive, and 
some vehicle fleet managers are already converting to natural gas.  Both changes in automotive power 
could ultimately reduce US imports of petroleum products.   
 
On the other side of this development lie concerns about localized impacts of extraction.  Policy makers 
hear  concerns  about  binge  drinking,  prostitution  and  other  negative  behaviors  associated  with  “man  
camps”  that  spring  up  to  house  outside  workers  during  the  drilling  phase  of  the  activity (Dobb, 2013).  
Others worry about potential for earthquakes (Chol, 2013).  Several elements of local concerns revolve 
around water: 

x contamination of underground aquifers (Ferrell and Sanders, 2013b);  
x effects of compounds added to water in the extraction process (Ferrell and Sanders, 2013b); 
x radium and salt from underground deposits that may be present in wastewater when it is 

pumped back to the surface (Rowen et al., 2011); and  
x competition for water used in the production process (Ferrell and Sanders, 2013b).   

There are also concerns about localized inflation bidding up costs for other businesses and residents in 
the area (Dobb, 2013).  At the local level any or all of these concerns could tend to pit the extraction 
companies and landowners against nearby residents.   
 
Extraction companies benefit from the activity by selling the natural gas.  Landowners benefit through 
leasing their underground rights to the extraction companies.  Depending on state regulations and 
negotiations in the transaction, these payments may be lump sum, endure through the extraction 
period, or be some combination thereof (Weidner et al., 2009).  While landowners also bear the brunt of 
any long-term environmental damage to their land, many other negative effects could potentially 
impact others in the community.   
 
Proponents of drilling can argue the community experiences positive benefits to the labor market 
through purchases of materials, hiring of local labor and the lease payments to property owners.  
Opponents can counter that man-camps mean much of the labor comes from outside the community, 
that the operators also tend to be from outside the community, and tend to source materials where 
they are based.  The size and direction of any local multipliers is therefore an important component of 
the debate. 
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In this article, we explore the direction and magnitude of local income and employment effects 
associated with unconventional gas wells1 in counties in the Marcellus region. As a result of 
environmental concerns, the State of New York until recently implemented a ban on fracking, while the 
Commonwealth of Pennsylvania allowed early use of fracking technology to access the resource. We use 
these two different policy regimes as a natural experiment, along with two econometric techniques, 
propensity score matching and a panel fixed-effects approach, to estimate the economic effect of 
fracking.  This paper thus provides an empirically-based response to those claiming either high or low 
economic benefits associated with new wells. Our results are similar to the previous academic empirical 
literature (e.g. Weber, 2012) and suggest minimal spillover to the local labor market from fracking 
technology used in the county. However, our econometric approach mitigates some shortcomings 
detected by previous literature such as unobservable idiosyncratic effects and common support of 
comparison among counties (Kinnaman, 2011).   
 
The rest of this paper is laid out as follows.  We first discuss some conceptual issues and the literature 
around consumption patterns arising from windfalls and local economic multipliers.  Then we describe 
our empirical methods.  After discussing the results, we provide some thoughts as to how local policy 
makers might respond the opportunities in natural gas extraction.   
 
2. The Literature and Conceptual Issues Regarding Windfall Consumption and Local Multipliers 
 
The gains from leasing mineral rights can be characterized as a windfall.  According to Weidner et al. 
(2009), Pennsylvania Marcellus shale mineral rights owners gained a state-mandated minimum payment 
of 12.5% of the value of gas removed from the property.  They reported prices of $14 per thousand 
cubic  foot  in  2008  and  “representative”  year  one  production  on  the  order  of  700,000  cubic  feet  per  day,  
which translates into  mineral rights owner payments of roughly $450,000 per well in year one.  
Production peaks in year one with as much of 60% of the  well’s  total  physical output (Weidner et al., 
2009).  More recently, wellhead prices have dropped to roughly $3 per thousand cubic feet (U.S. Energy 
Administration, 2013), which would generate about $96,000 in year one for mineral rights owners under 
the Weidner et al. scenario for Pennsylvania’s mandated payment regime. Landowner payments based 
on either price level and similar amounts of physical output could certainly be characterized as a 
temporary windfall due to a typical rapid decline (Seneca Resources, 2010)  in output after year one.  
Actual drop off figures vary, according to site-specific information from the Pennsylvania Department of 
Environmental Protection posted at www.marcellus-shale.us (nd), but most wells experience 50 to 70 
percent output reductions within the first three years.  In Pennsylvania, land holdings are fairly 
fragmented, with the average farm size at roughly 131 acres (National Agricultural Statistics Service, 
2006); a shale well in the region requires roughly 100 acres (Seneca Resources, 2010), so the windfall 
from a given well might be split among several owners.     
 
Economists have been interested in differences in spending patterns across temporary and permanent 
income for some years. Friedman (1957) postulated that consumption is uncorrelated with transitory 
income.  Bodkin (1959) tested this and found that American spending out of a windfall was about the 
same as spending out of regular income, while Kreinin (1961) found that Israeli households receiving 
restitution payments from Germany consumed far less of that income than they did ordinary annual 

                                                           
1 "An unconventional gas well is a well that is drilled into an Unconventional formation, which is defined as a 
geologic shale formation below the base of the Elk Sandstone or its geologic equivalent where natural gas 
generally cannot be produced except by horizontal or vertical well bores stimulated by hydraulic fracturing." 
(Pennsylvania Department of Environmental Protection SPUD Data Report)  

http://www.marcellus-shale.us/
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income.  More recently, Jappelli and Pistaferri (2010) review the literature on consumption response to 
various  types  of  income  changes.    They  postulate  that  an  individual’s  response  to  income  change  is  a  
function of their discount rate, risk preferences, buffer stocks of capital, age, expected future regular 
income, and household structure, among other things.  They point out that measurement of several 
seemingly relevant variables is imperfect at best.  They reviewed studies based on temporary changes in 
federal tax regimes or federal rebates that found between 20% and 40% of the windfall income was 
spent, with some of the income directed towards credit card debt reduction rather than consumption.  
Several of the studies reviewed by Jappelli and Pistaferri (2010) are based on windfalls arising from 
changes in federal tax policy.  A drawback of all of the federal tax policy studies is that rebates and 
temporary tax reductions only benefit those who pay taxes, so the sample is biased towards income-
earning households.  Jappelli and Pistaferri conclude that the present state of the literature on positive 
temporary  income  shocks  (p.  30)  “…offers  little  guidance  for  how  consumers  would  react  to  different  
shocks  and  environments.”    In  the  same  review  paper,  Jappelli  and  Pistaferri also summarize studies 
based on longitudinal household data, and point out that households may anticipate income shocks due 
to factors that are visible to the household (e.g. layoff notices) but not measured in the panel.  Their 
overall conclusion  is  that  (p.  48),  “…consumption  reaction  to  permanent  shocks  is  much  higher  than  that  
to  transitory  shocks.”     
 
From this brief overview of the literature on windfalls we can conclude that the multiplier effects of 
shale gas revenues are likely to be smaller than traditional multipliers computed via average or marginal 
consumption propensities.  Seemingly absent from the literature is discussion of the geographic 
distribution of multiplier effects from windfalls.  There are reasons to believe that, dollar-for-dollar, local 
consumption multiplier effects from a windfall may be spatially different from local consumption 
multiplier effects arising out of ordinary income.  We discuss three potential contributing factors here: 
 
2.1 Spatial and Temporal Aspects of Savings and Debt Reduction.  As noted above, in response to 
federal income tax windfall, individuals reduced their credit card debt.  The study authors (Agarwal, Liu, 
and Souleles, 2007) had access to credit card company information, but not other types of debt.  When 
consumers pay down credit card debt, they are essentially trading current financial capital for increased 
disposable income in the future.  Presumably the future disposable income is similar to regular income 
so some portion is spent locally.  The credit card company shareholders (primarily located outside the 
individual’s  community)  lose  interest  income. The negative multiplier effects would normally tend to be 
outside the community of the person who gained the windfall, while at least some positive effects may 
take place within the community.  Credit card debt tends to be short-term.  If the individual gaining the 
windfall pays down longer-term debt such as a mortgage, the local disposable income effects may not 
appear until the mortgage is retired, so the multiplier effects may be displaced in time but not space, 
resulting in a low local consumption multiplier in the near term.  Similarly, local mineral right owners 
may save via purchase of stocks etc., and may not use brokers who are local.  Kelsey et al. (2012) found 
that Bradford County (Pennsylvania) owners saved 55% of leasing and 66% of royalty dollars, 
respectively.   
 
2.2 Differing Local Composition of Consumption Expenditures.  Much of the literature on the 
composition  of  a  person’s  expenditure after a windfall has to do with lottery winnings or inheritances.  
Lottery players may tend to have different habits than owners of mineral rights.  Inheritances, on the 
other  hand,  may  be  anticipated  for  many  years,  so  the  “shock”  is  in  some  sense, planned far in advance.  
Therefore, a caveat is that behavior associated with windfalls from gas leasing may or may not be 
different from more thoroughly studied windfall situations.  The general conclusion from these studies is 
windfall consumption is different than the composition of consumption out of ordinary income (Imbens, 
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Rubin, and Sacerdote, 2001; Larsson, 2010; Kim and Ruhm, 2012).  It seems likely that some windfall 
beneficiaries will purchase luxury goods.  One can safely assume that luxury goods tend to be produced 
by niche firms, and are therefore not likely not be produced locally, implying a small multiplier. 
However, if local owners use gains to purchase services or for construction, the effect might be in the 
other direction.  Another consideration is that individuals experiencing a windfall may choose to 
consume their extra income outside the community, through purchases of second homes, vacation 
packages, or even via retirement outside the community (Aroca and Atienza, 2012).  In the case of 
outside retirement, the local multiplier may be negative if the individual who moves is not replaced by 
another resident. 
 
2.3 Ownership and Leasing Patterns.  In the case of oil and natural gas extraction, a major contributor 
to income effects might be payments to owners of the mineral rights.  While the lands associated with 
payments are geographically concentrated, the people who receive those payments may not be quite so 
concentrated into a single area. Farms are a primary target for leases due to the relatively large acreages 
under one owner (Ferrell and Sanders, 2013a), but of course other types of land may also be used for 
fracking in Pennsylvania as long as the comply with the statute requiring that the well is not within 200 
feet of structures, water wells or freshwater springs or within 100 feet of streams or wetlands 
(Exploreshale.org, nd.).  While the number of farms has increased slightly in recent years, overall for the 
past few decades, the trend has been towards consolidation of farms and increasing farm sizes.  In some 
cases, the consolidation takes place via leases from non-operators to operators.  According to Nickerson 
et al. (2012), in the northeast (home to our study region) 24% of farmland is owned by non-operator 
landlords, and nationally most non-operator owned land is concentrated in the hands of relatively few 
people, with most of them living in towns or urban areas.   In Bradford County, Pennsylvania, Kelsey et 
al. (2012) found that 40% of gas leases went to non-local owners, while in a Marcellus-wide analysis, the 
same authors (2011) found 49% percent of landowners lived outside the county.  Lease payments to off-
site owners should create multiplier effects that are different than if the owners lived within the 
community due to differences in the location of consumption activities.  Off-site owners may have 
greater propensity to agree to leases as potential negative local externalities are less likely to affect 
them personally, and they are less likely to be confronted by neighbors who are concerned about these 
potential effects.  Therefore it is possible that oil and gas extraction leases are disproportionately 
concentrated on land where the owners of the mineral rights live outside the community.  On the other 
hand, absent owners may not be aware of the opportunity and may be less likely to sign a lease.  This 
may be especially true if, as Kelsey et al. (2011) note is sometimes the case for Pennsylvania counties, 
the mineral rights were severed from the surface rights several generations ago and subsequently 
splintered among many family members.  In some cases the mineral rights are owned by corporations 
(Ferrell and Sanders, 2013) which would bring a different management perspective.   
 
Our list of reasons for potential sources of differences in the multipliers is not meant to be exhaustive, 
only to  illustrate  Kinnaman’s  (2011)  point  that  normal  methods  for  computing  multipliers  may  not  be  
accurate in the case of hydraulic fracturing for gas extraction. Nonetheless, further research on total 
income and employment effects is useful for better decision making by local policy makers on whether 
to encourage or discourage fracking.  
 
The landowner lease financial windfall from oil and gas extraction is different from federal tax rebate, 
lottery, and inheritance windfalls in other important but non-spatial respects.  First, with leases, the 
windfall tends to accrue to individuals who have some experience managing a business such as a farm 
or, if rights are severed, possibly a natural resource investment company.  A history of managing a 
business may mean that individuals have higher levels of management experience than the general 
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population, making them different than the general population in important ways that might affect 
windfall spending behavior.  Second, the windfall is unpredictable. Many leases are based on the volume 
of material extracted times the monthly national market price (Weidner et al., 2009).  Prices can 
fluctuate greatly, and the rate of decline in yield on a well is typically steep but varies (op. cit.).  The 
uncertainty about total income from the well could cause landowners to initially hold back on 
consumption, resulting in delayed multiplier effects. 
 
We focused the above discussion on income effects. On the employment side, jobs created out of 
windfall consumption would clearly be affected in the same direction as income multipliers, but what 
about other kinds of employment multipliers?  Drilling crew jobs provide direct effects, but as noted 
above, many of these jobs may be held by transient workers, resulting in low local downstream 
employment multipliers.  Similarly, gas exploration companies are often based outside the county 
hosting the drilling site, so the companies may source supplies and equipment elsewhere, resulting in 
low local upstream employment effects. 
 
Traditional methods of computing localized multiplier effects, e.g., input-output or regional computable 
general equilibrium (CGE) models, rely on historically-based non-windfall purchasing patterns.  See 
Loveridge (2004) for an overview of these models.   In dynamic CGE-type models, an initial shock is 
followed by bidding up of locally fixed resources such that the economy eventually returns to an 
equilibrium growth path.  In standard input-output models, the multiplier effect is immediate and lasts 
as long as the shock.  In the situation at hand, neither of these modeling approaches seems appropriate.  
On its own, a windfall seems unlikely to draw in long-term investments, and the related purchasing and 
employment patterns seem likely to differ from historic patterns associated with more stable growth 
and development. 
 
From our review of the literature it is clear that traditional methods of assessing local impacts of oil and 
gas leases may be inappropriate.  The literature also provides very little guidance on ways that 
traditional input-output or CGE models might be adjusted to take into consideration the nature of 
consumption that arises out of oil and gas lease windfalls to local property owners.  We therefore take 
an econometric approach to estimating income and employment impacts of well activity.   
 
3. Methods  
 
The objective of this study is to quantify the local income and employment effects of fracking natural gas 
in a county.  A positive association between a county with firms fracking natural gas and elevated 
income or employment levels would hardly be convincing evidence of a positive economic multiplier. 
Thus, we use two econometric approaches, propensity score matching and panel data techniques, to 
estimate the county-level effect of fracking activity.  
 

3.1 Data  
 
We use county level data to estimate the effect of fracking activity on local income and employment. 
Table 1 shows descriptive statistics and sources for the data used in both our econometric approaches. 
Panel A displays the dependent variables as well as the control variables used in the propensity score 
matching estimation.  Similarly, Panel B shows the same information, along with summary statistics of 
unconventional wells for the panel data estimation.  
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We use employment data from the Local Area Unemployment Statistics (LAUS) of the Bureau of Labor 
Statistics. The LAUS collects estimates of total employment at various levels of aggregation, including 
county and county equivalents.2  The LAUS uses a broad definition of employment.  Employed persons 
are defined as those who worked as paid employees, worked in their own businesses, or worked 15+ 
hours in a family enterprise during the reference week.  It also includes individuals who are employed, 
but temporarily absent from their job (e.g. vacation, personal matters, etc.).  The employment measures 
include agricultural, nonagricultural, and self-employed workers.  Both the LAUS and most input-output 
models (Stevens and Lahr, 1988) do not distinguish between full-time and part-time employment.  
However, each employed person is counted only once in the LAUS, even if he or she holds multiple jobs. 
 
Furthermore, we use county-level income data from Bureau of Economic Analysis Local Area Personal 
Income (BEA LAPI) database. The BEA conducted a comprehensive revision3 of its income statistics in 
2013. The revised data improves coverage of pertinent forms of income relevant to local natural gas 
production. In particular, the revised data also includes royalty income from mineral extraction. This 
allows for a more complete picture of windfall income from natural gas production than previous 
studies. 
 
We obtained data on the number of unconventional natural gas wells drilled by county from the 
Pennsylvania Department of Environmental Protection. The well data comprises bore holes drilled or 
being drilled in unconventional shale formation that generally cannot produce natural gas except by 
hydraulic fracturing4. On average 10.89 unconventional wells spread across 34 counties were drilled in 
Pennsylvania between 2004-2011.  
 

3.2 Propensity Score Matching 
 
The first econometric approach we use to examine the causal-effect of fracking on local labor market 
outcomes relies on Propensity Score Matching (PSM). The PSM technique uses logistic regression to 
develop a control group that matches the treatment group (Rosenbaum and Rubin, 1983).  Its objective 
consists of controlling for observable factors that affect income and employment level, but which are 
not related to activities being investigated, in this case, being in an area with fracking. The procedure 
allows us to isolate the causal effect of fracking on the output variables such a linear regression does 
with control variables. The PSM procedure has some desirable characteristics over the standard 
regression model (Dehejia, 2005).  For example, PSM is a non-parametric technique where the 
researcher does not need to assume an explicit functional form between the output variable and the 
control variables. This eliminates restrictive assumptions about the functional form of the data 
generating process (Huber, Lechner, and Wunsch, 2013). Additionally, PSM restricts the potential 
control group to comparable counties, and the balancing property ensures that matched treated and 
control observations share a set of observable characteristics independent of the treatment status 
(Rosenbaum and Rubin, 1984; 1985). These characteristics have situated the quasi-experimental 
methods as a potent empirical framework for economic impact evaluation and is commonly used in 
regional models (Rephann and Isserman, 1994; Reed and Rogers, 2003; Xiao and Feser, 2013). However, 
it is also noteworthy that PSM and the most of quasi-experimental methods suffer, as with more 

                                                           
2 For more information on the LAUS estimation methodology see http://www.bls.gov/lau/laumthd.htm 
3 For  more  information  on  the  BEA’s  Local  Area  Personal Income revision and methodology see: 
www.bea.gov/scb/pdf/2013/12%20December/1213_lapi-text.pdf and www.bea.gov/regional/pdf/lapi2011.pdf 
4 It is possible that multiple bore holes could be drilled on the same drilling pad.  

http://www.bea.gov/scb/pdf/2013/12%20December/1213_lapi-text.pdf


7 
 

traditional regression models, potential problems when unobservable variables are present. For this 
reason we evaluate the performance of PSM, and complement it with panel data methods.  
 
We evaluate the quality of our PSM using two procedures. First, we produce a set of statistical tests to 
show the capability of matching to reduce the differences in empirical distributions of treated and 
control groups. Instead of using the standard mean test and standardized differences, we estimate test 
statistics, which permits us to examine the difference between two empirical distributions. This statistic 
shows that PSM is grounded on the homogenization of empirical distributions from observable 
covariates. It represents a more formal and accurate evaluation process than general mean test 
approach (Blackwell, Iacus, & King, 2009). 
 
For the PSM estimation strategy we define our treated observations as any county in Pennsylvania that 
has an active unconventional natural gas well between 2004 and 2011. According to our data, there 
were active unconventional wells in 34 counties. One weakness of this initial strategy is that it does not 
take into account the intensity of fracking activity taking place. The next step requires determining the 
control group for the treated fracking counties. We use two groups as potential control counties: 1) any 
county in the U.S. outside Pennsylvania and 2) only counties in New York, a state that banned fracking. 
Both control groups have advantages and disadvantages. The first set of possible control counties 
represents a large number of counties to increase the efficiency of our estimates, but has potential risks. 
For example, these counties could also be undertaking fracking or they could differ by unobservable 
attributes.  The second group uses a natural experiment, institutional restrictions imposed by the State 
of New York, to evaluate the effect of fracking. While this second control group uses fewer counties than 
the first case, this scenario considers two states that are spatially adjacent. Thus, we can plausibly 
assume the unobservable county characteristics have similar unknown impacts. At the end of the day, 
the choice of each group is an empirical question.  Figure 1 shows the Pennsylvania distribution of the 
Marcellus shale formation and locations of well drilling permits. 
 
We focus our analysis on two market outcomes, employment and income. We recognize that local 
economies are a complex system, and it is difficult to capture the nuances with only a few outcome 
variables. For the PSM estimation our output variables are defined the growth rate of per-capita income 
and employment between 2004 and 2011.  The PSM analysis uses growth rates in the local labor 
market, which allows us to examine the effect of fracking from a medium or long-run perspective.  In 
our PSM approach we use a broad set of independent variables that are presented in Panel A of Table 1.  
 
This first econometric approach has several shortcomings. For example, the potential of important 
unobservable differences between fracking and non-fracking counties and estimating fracking activity 
with dummy variables (i.e. not considering the intensity of fracking activity) are substantial constraints in 
evaluating the quality of the matching. The next section proposes using panel data to more fully explore 
the impacts of fracking on the local economy. 
 

3.3 Panel Estimation  
 

Our second estimation strategy uses annual panel data from 2004-2011 to estimate the effect of 
unconventional natural gas wells on total county employment and income.  The empirical model uses 
variation in both the timing of fracking starting in a county and a ban on fracking natural gas in the State 
of New York. Thus, one can think of counties with active unconventional wells as the treatment group 
(as in the PSM approach), and those without as the control group.  The first specification of interest 
measures the contemporaneous effect of natural gas wells with the following model:  



8 
 

 
Yct =  Frackingct +Xct + c + t + tZc +  ct   (1) 
 
where 

  

Yct is a measure of economic development outcomes (income or employment levels) in county c 
at time t. The variable of interest is 

  

Frackingct, the number of active unconventional natural gas wells 
in county c at time t. The estimated parameters β can then be interpreted as the average change in the 
total measure of economic development attributable to another fracking well in the county. Using the 
number of wells, rather than a dummy variable for fracking taking place in a county (the PSM approach), 
allows us to examine the intensity of fracking taking place in each county.  The vector

  

Xct contains labor 
market control variables. Using panel data allows us to control for several types of unobserved 
heterogeneity that could potentially confound the estimated effect of fracking natural gas. The county 
fixed effect 

  

 c controls for observable and unobservable differences across counties that are constant 
over time, while the time fixed effect 

  

 t controls for common shocks that affect employment or income 
in all counties, but vary over time. The 

  

tZc term represents time-varying county characteristics affecting 
the local labor market, such as demographics and policy variables.  This represents a flexible way to 
control for local heterogeneity in the labor market over time.  Furthermore, 

  

tZc helps to identify the 
effect of interest by mitigating preexisting trends between the fracking and non-fracking counties. 
Finally, 

  

 ct is a random disturbance term. 
 
The second specification uses a distributed lag model to examine the dynamic effect of active 
unconventional wells on total income and employment outcomes. 
 

  

Yct =  iFrackingct  i + Xct  +  c +  t + tZc +  ct
i

    (2) 

 
Here the variable of interest is 

  

Frackingct  i, which represents the number of active unconventional 
wells after i periods in county c. The dynamic model in equation 2 allows for the differentiation between 
long-run and short-run economic multiplier effects. McKinnish (2008) notes the prevalence of models 
that add up lagged economic conditions as explanatory variables to measure longer-run effects.  Thus, 
including lagged unconventional wells allow us to estimate the total longer-run effect as support 
industries potentially enter the area, firms invest resources and workers and residents spend earnings 
and windfalls. Equation 2 also uses the same fixed effects strategy as equation 1 to mitigate the 
possibility of preexisting trends and omitted variable bias.  
 
To estimate the models in equations (1 and 2), we use unweighted ordinary least squares (OLS) 
regressions.  To control for serial correlation, we correct the standard errors by clustering by county 
following Arellano (1987).  
 
4. Results 
 
The first set of results use PSM to estimate the causal effect of fracking on per capita income and 
employment growth. We explore the robustness of our results by providing estimates for six types of 
matching procedures and two different samples for the control group. Tables 2 and 3 examine county 
income and employment growth using all U.S. counties as possibilities for the control group, while 
Tables 4 and 5 only consider counties in Pennsylvania and New York as potential control counties. To 
compare the PSM results with standard econometric techniques we include an estimate using ordinary 



9 
 

least squares linear regression (OLS) with the variables in panel A of Table 1 as explanatory variables. 
The results of the OLS regression show that treated counties grew 6.3% less than the control group. To 
evaluate the significance of this treatment effect we use bootstrapping simulations to calculate 95% 
confidence intervals. The results in the second and third columns shows that the 95% confidence 
interval excludes zero, supporting the negative fracking treatment effect.5  
 
As discussed above, the linear regression model does not guarantee a proper balancing property. To 
ensure that the observable variables of the treated and control groups are balanced we use the L  
statistic. Instead of using a t-test to estimate the average differences between variables, we use the L  
statistic because it considers the distribution of a multivariate histogram. The L  statistic is defined by 
Blackwell, Iacus, and King (2009) as: 

L (f, g) = 1
2 f … − g …

…
 

The procedure builds a crosstab of k covariates for a treated and control group. The frequencies for 
treated f …  and control g …  are used to estimate the balance measure. If the L  statistic is close to 
zero, then the balance property is satisfied in the sense that control and treated observations have 
similar distributions of observable covariates.  
 
The L  statistic of 0.865 for the OLS estimates indicates significant heterogeneity in the empirical 
distributions between the treated and control counties. Again, bootstrapping evidence suggests that the 
L  statistic lies between 0.786 and 0.944 in the 95% confidence interval. This implies that the matching 
procedure has significant potential to reduce the difference between observable variables.  
 
In subsequent rows we display estimates of the treatment effect using different versions of PSM.  The 
first PSM estimate uses one-to-one matching. One-to-one PSM uses the closest estimated propensity 
score to match each treated with one control. We use this matching procedure to match counties based 
on year 2000 data and then estimate the growth differential between 2004 and 2011. The results of 
one-to-one matching suggest that there is not a statistically significant difference between the 
treatment and control groups. Furthermore, the lower L  statistic suggest the one-to-one reduces the 
sampling heterogeneity between both groups, however, the bootstrapping simulations show the 95% 
confidence interval overlaps with the OLS L  estimate. This suggests that the balancing property was not 
improved on by one-to-one matching estimates. Next we proceed to evaluate four additional and 
commonly used types of matching such as trimming common support, one-to-five, kernel and one-to-
one with replacement6. All of the matching techniques show a statistically insignificant effect of fracking 
on local labor markets. Only the last method, namely one-to-one matching with replacement, 
significantly reduces the empirical difference between the distributions of observable covariates 
denoted by an L  statistic of 0.053. The one-to-one matching with replacement shows a statistically 
significant treatment effect of 5% income growth.  
 
The income effect is only a partial picture of the local market.  For example, an extremely elastic labor 
demand suggests the impact of fracking can be driven by the employment effect. We use the same PSM 
methods described above, but now we evaluate the average treatment effect on the employment 
growth rate. The OLS estimate shows a statistically insignificant employment effect from natural gas 
fracking and an L  statistic of 0.860. In Table 3 all of the PSM methods suggest that fracking does not 

                                                           
5 A deeper discussion about bootstrapping techniques can be found in Huber et al. (2013). 
6 See Shah et al. (2005) for more details on the different types of matching methods. 
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have a statistically significant effect on the employment growth rate even using the bootstrapping 
confidence intervals. It is possible that this could be due to a relative small employment effect as well as 
the possibility that some counties in our treatment group are also using fracking technology. 
We also examine the PSM techniques by limiting the control group to counties in the State of New York,  
because of the ban on fracking imposed by the state. This natural experiment reduces confounding 
factors and ensures the potential control counties are not using fracking technology. The two states are 
adjacent, which implies than they share similar geological conditions and the natural gas production 
gives rise to an important difference between treated and control groups. Finally, estimation of spatial 
observations can be affected by spatial autocorrelation. Using only counties from New York and 
Pennsylvania alleviates this issue given that spatial autocorrelation could affect both groups in a similar 
way. Table 4 shows the PSM results for per capita income growth using all counties in Pennsylvania and 
New York, while Table 5 displays employment growth. The results show that fracking has a negative or 
statistically insignificant treatment effect for both income and employment. The L  statistics in Table 4 
and 5 suggest than New York is a much better control group because the initial unbalancing property is 
much lower than when considering all U.S. counties. Similar to the previous results, only PSM using one-
to-one matching with replacement reduced the sampling heterogeneity of observable covariates 
between both treatment and control groups. 
 
Next, we move to the results using the panel data estimation techniques described in section 3.3.  Table 
6 presents contemporaneous estimates of employment and income using equation 1 for Marcellus shale 
counties7. Table 7 shows longer-run estimates from equation 2, which uses lagged values of 
unconventional wells. Using income levels allows us to capture the total income effect in a county, 
including royalty payments, from fracking activity in a local community. The results in Tables 6 can be 
interpreted as the average effect of an additional unconventional natural gas well, while taking into 
account the diversity of local labor markets in the sample area. Each column for Tables 6 and 7 
corresponds to a different specification. The latter columns use techniques that control for increasing 
dimensions of unobserved heterogeneity.  The first and fourth columns present the basic model, which 
includes time and county fixed effects.  The next columns add a county-specific linear trend to the 
aforementioned models with time, and county fixed effects. Finally, the third and sixth columns add a 
county-specific quadratic trend, and controls for the highest degree of unobserved heterogeneity.  The 
county specific time trends attempt to prevent the estimated impact of fracking from capturing 
differences in preexisting trends between the treatment and control groups.  
 
Several pertinent control variables, similar to those used in Weber (2012), were included in each model 
to account for the diversity of the local labor markets. Only the farm share of total earnings was 
negative, and consistently statistically significant in all models. The high R-squared values are aritifacts 
of the fixed effects modeling approach. Finally, the F-statistics in Tables 6 and 7 show the joint 
significance of each type of fixed effect. 
 

                                                           
7 As noted by a referee, it is likely possible that despite the current drilling ban in New York State, there is major 
economic activity occurring in the state along the border of Pennsylvania counties with natural gas due to 
infrastructure andother spillovers. A major railroad line travels through northern Pennsylvania and the lower tier 
of New York, as well as several gas development companies locating regional headquarters on the New York side 
of the border. Both our PSM and panel data results are robust to excluding these counties in New York bordering 
Pennsylvania. Furthermore, the results are also robust to considering the counties with the highest amount of 
fracking activity. 
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The results in Tables 6 show evidence of a positive contemporaneous employment effect from an 
additional natural gas fracking well. The basic specification in column 1 with county and time fixed 
effects suggests that an additional well is associated with an increase in the average employment level. 
Evaluating at the average number of wells in the Marcellus shale region of Pennsylvania (10.8) suggests 
the average employment effect from fracking of approximately 71 to 181 total jobs, depending on the 
specification. This is the same order of magnitude of the effect found by Kelsey et al., 2011 in a study 
that combined surveys with input-output analysis.  However, only one of the income models yielded an 
estimated impact statistically different from zero. The model in column 5, using time and county fixed 
effects with a county specific time trend, shows a marginal effect on average of $1,115,000 per well. 
Controlling for higher forms of heterogeneity the estimated county level income effect remains positive, 
but not statistically in significant. 
 
The first 3 columns in Table 7 show the total employment effect when estimating the distributed lag 
model in equation 2, while the final three columns show the total income effect. We report our 
preferred estimates, which use the contemporaneous level of unconventional wells and one-year lag of 
unconventional wells8. The contemporaneous unconventional wells variables yield similar size and 
significance to those in Table 6. Only the coefficient for lagged active unconventional wells for 
employment in column 1 is positive and statistically significant. This provides weak evidence that the full 
effect of fracking on total employment is larger than what is estimated by the contemporaneous model. 
This would be indicative of support industries to fracking locating within a county as more wells are 
drilled over time. However, our results show weak evidence that fracking increases incomes in the long-
run.  
 
Summary and Conclusions 
 
The advent of new techniques for obtaining fossil fuels presents opportunities and risks.  On the side of 
opportunity, the US may be able to greatly reduce its dependence on other countries for energy 
supplies, and could possibly reduce emissions in the short term while renewable energy technologies 
are further developed.  Landowners and drilling companies also stand to gain, as does the average 
energy consumer.  Whether these benefits exceed the potential costs of delaying development of cost-
effective renewables is beyond the scope of this paper.  Also unknowable, given the present state of 
knowledge, is whether public concerns about fracking in terms of its direct long-term consequences, 
especially on ground and surface water, are likely to be realized.  Chances are these consequences, as is 
the case in many other situations, will depend on a large array of localized factors such as the nature of 
the geological formation, other human activities that take place nearby, and the vigilance of operators in 
following approved practices. 
 
Our analysis shows that direct income effects of Pennsylvania Marcellus shale fracking activities are 
likely to have negligible indirect or induced income impacts on the general population in a county where 
a well is drilled.  The local employment effects of wells are more substantial, but one would expect this 
as the activity of drilling does generate temporary jobs.  However, one might deduce from the low 
income effects that many of these jobs may be taken by outsiders who do not reside in the county, and 
who tend to spend their income in their places of residence. 
 

                                                           
8 Unconventional fracking activity is highly correlated over time. Thus, including additional lags of unconventional 
wells induces mulitcollinearity and makes inference on the point estimates more challenging. 
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While our results say nothing about the economic impacts of fracking in other regions of the country, 
they do make a case for cautious behavior on the part of local decision-makers who may be tempted by 
promised spillover effects.  Since we do not know the long-term environmental consequences,  it might 
be prudent to implement policies to  preserve the environment while allowing the activity to continue.    
Ferrell and Sanders (2013c) provide a list of policies that have been or could be implemented to reduce 
short-term risks and create incentives for environmental integrity.  Innovation is required to develop 
mechanisms for addressing long-term consequences that are unforeseeable at this stage  of  the  sector’s  
development.   
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Figure 1. Marcellus Shale Well Permits.  (Source: Marcellus Center for Outreach and Research, 2013.) 
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Table 1. County-Level Descriptive Statistics 
    Panel A: Propensity Score Matching Variables, U.S. Counties   

Variable 
Number of 
Counties Mean Std. Dev. Source 

Income growth rate  2,978 0.4475 0.1965 BEA 
Employment growth rate  3,107 0.01253 0.14442 BLS 
Population 2000 3,107 89,962.51 293,604.90 Census 
Bank Offices 2000 3,107 27.16125 63.17288 FDIC 
Labor Force 2000 3,107 45,595.75 148,022 BLS 
High School Pop. 2000 3,107 16,676.81 42,985.69 Census 
College Pop. 2000 3,107 14,210.31 52,777.33 Census 
Median Income 2000 ($) 3,107 36,282.62 8,969.14 Census 
Poverty 2000 3,107 10,107.97 40,093.92 Census 
Employment 2000 3,107 43,777.23 141,413.10 BLS 
Unemployment 2000 3,107 1,818.52 6,830.42 BLS 
Mining Employment 2000 3,107 212.4062 1,554.66 BEA 
    Panel B: Panel Data (2004-2011), New York and Pennsylvania Shale Counties 

Variable 
Number of 
Counties Mean Std. Dev. Source 

Income  ($  ‘000) 88 5,189,474 9,050,073 BEA LAPI 
Employment 88 66,028.83 96,409.29 BLS 
Unconventional Wells 88 6.43 31.8 PA DEPa 
Lagged Unconventional 
Wells 

88 
3.80 22.10 PA DEPa 

Unconventional Wells PA 52 10.89 40.81 PA DEPa 

Lagged Unconventional 
Wells PA 

52 
6.42 28.47 PA DEPa 

Population 88 139274.1 197356.7 BEA 

Population Density 
88 

184.28 263.58 
BEA and 

Census 

Farm Share of Total 
Earnings 

88 
0.006 0.007 BEA 

Construction Share of 
Total Earnings 

88 
0.042 0.019 BEA 

Manufacturing Share of 
Total Earnings 

88 
0.177 0.101 BEA 

Retail Share of Total 
Earnings 

88 
0.071 0.018 BEA 

Abbreviations: Census=U.S. Bureau of the Census; FDIC=Federal Deposit Insurance Corporation; BLS=Bureau of 
Labor Statistics; BEA=Bureau of Economic Analysis; LAPI=Local Area Personal Income; PA DEP=Pennsylvania 
Department of Environmental Protection 
a For more details see Pennsylvania Department of Environmental Protection Oil and Gas Reports,  
Wells Drilled by County. 
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Table 2:  Average Treatment Effect on Income Per Capita Growth Rate (2004 - 2011).  (All U.S. counties 
outside of Pennsylvania as possible controls.)  
 Matching Procedure ATE LB UP L1 LBL1 UPL1 
Ordinary Least Squares -0.063 -0.099 -0.026 0.860 0.768 0.953 
One-to-One 0.052 -0.015 0.118 0.621 0.432 0.809 
Common Support 0.050 -0.026 0.126 0.638 0.494 0.783 
One-to-Five 0.041 -0.007 0.089 0.632 0.476 0.787 
Kernel 0.010 -0.047 0.058 0.865 0.772 0.957 
One-to-One with Replacement 0.053 0.001 0.105 0.053 0.001 0.105 
Note:  ATE=Average Treatment Effect, LB=Bootstrapping Lower Bound, UP= Bootstrapping Upper Bound, LBL1=Bootstrapping L1 Lower Bound, 
UPL1=Bootstrapping L1 Upper Bound. Each bound is estimated using bootstrapping with 1000 simulations. 
 
 
Table 3: Average Treatment Effect on Employment Growth Rate (2004 - 2011). (All U.S. counties outside 
of Pennsylvania as possible controls) 
 Matching Procedure ATE LB UP L1 LBL1 UPL1 
Ordinary Least Squares 0.024 -0.008 0.057 0.860 0.769 0.951 
One-to-One 0.012 -0.060 0.084 0.630 0.412 0.849 
Common Support 0.013 -0.067 0.092 0.656 0.502 0.811 
One-to-Five 0.034 -0.025 0.093 0.551 0.386 0.715 
Kernel 0.010 -0.043 0.054 0.860 0.761 0.960 
One-to-One With Replacement 0.021 -0.044 0.086 0.021 -0.044 0.086 
Note:  ATE=Average Treatment Effect, LB=Bootstrapping Lower Bound, UP= Bootstrapping Upper Bound, LBL1=Bootstrapping L1 Lower Bound, 
UPL1=Bootstrapping L1 Upper Bound. Each bound is estimated using bootstrapping with 1000 simulations. Control observations are any county 
outside Pennsylvania. 
 
 
Table 4: Average Treatment Effect on Income Per Capita Growth Rate (2004 - 2011). (All counties in the 
State of New York as possible controls) 
 Matching Procedure ATE LB UP L1 LBL1 UPL1 
Ordinary Least Squares -0.077 -0.121 -0.034 0.523 0.388 0.658 
One-to-One -0.027 -0.123 0.068 0.466 0.214 0.717 
Common Support -0.042 -0.145 0.060 0.649 0.432 0.865 
One-to-Five -0.065 -0.155 0.024 0.437 0.249 0.625 
Kernel -0.03 -0.125 0.055 0.580 0.436 0.725 
One-to-One with Replacement -0.045 -0.093 0.004 -0.045 -0.093 0.004 
Note:  ATE=Average Treatment Effect, LB=Bootstrapping Lower Bound, UP= Bootstrapping Upper Bound, LBL1=Bootstrapping L1 Lower Bound, 
UPL1=Bootstrapping L1 Upper Bound. Each bound is estimated using bootstrapping with 1000 simulations. Control observations are any county 
of New York. 
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Table 5: Average Treatment Effect on Employment Per Capita Growth Rate (2004 - 2011). (All counties in 
the State of New York as possible controls) 
 Matching Procedure ATE LB UP L1 LBL1 UPL1 
Ordinary Least Squares -0.080 -0.125 -0.035 0.533 0.399 0.667 
One-to-One -0.076 -0.165 0.012 0.462 0.198 0.725 
Common Support -0.106 -0.200 -0.012 0.600 0.399 0.801 
One-to-Five -0.090 -0.176 -0.004 0.487 0.213 0.761 
Kernel -0.070 -0.150 0.019 0.529 0.383 0.675 
One-to-One with Replacement -0.047 -0.093 0.000 -0.047 -0.093 0.000 
Note:  ATE=Average Treatment Effect, LB=Bootstrapping Lower Bound, UP= Bootstrapping Upper Bound, LBL1=Bootstrapping L1 Lower Bound, 
UPL1=Bootstrapping L1 Upper Bound. Each bound is estimated using bootstrapping with 1000 simulations. Control observations are any county 
of New York. 
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Table 6: Average Contemporaneous Employment and Income Effects 
  (1) (2) (3) (4) (5) (6) 
VARIABLES Employment  Employment  Employment  Income (1,000s) Income (1,000s) Income (1,000s) 
              
Active Wells (Number) 13.80*** 16.84*** 6.654* -1,001 1,115*** 601.7 
 (3.828) (2.768) (3.993) (1,123) (328.6) (640.7) 
Population 0.352 0.129 0.421 -255.1 197.3 204.5 
 (0.434) (1.380) (1.702) (203.9) (175.7) (291.9) 
Population Density -234.0 -320.4 -1,010 204,558 -206,201 -345,589 
 (256.6) (1,062) (1,498) (128,291) (150,022) (279,987) 
Farm Share of Total 
Earnings -204,933*** -204,835*** -69,596* 493,159* -265,452*** -287,336** 
 (64,831) (59,867) (41,060) (288,051) (82,086) (131,361) 
Construction Share of 
Total Earnings 19,921 37,748** 19,854 -49,068 5,562 -2,613 
 (15,340) (17,205) (12,695) (76,523) (25,144) (21,638) 
Manufacturing Share of 
Total Earnings 9,151 -1,029 -595.2 -27,540 -11,968 -27,031 
 (10,041) (8,583) (10,617) (37,299) (11,008) (17,588) 
Retail Share of Total 
Earnings -22,896 -1,393 -7,518 -106,986 -35,400 -71,301* 
 (24,287) (17,810) (17,500) (91,011) (30,771) (39,789) 
       
Number of Counties 88 88 88 88 88 88 
Years 2004-2011 2004-2011 2004-2011 2004-2011 2004-2011 2004-2011 

Sample 
Shale  

Counties 
Shale  

Counties 
Shale  

Counties 
Shale  

Counties 
Shale  

Counties 
Shale  

Counties 
R-squared 0.999 0.999 0.999 0.999 0.999 0.999 
Year FE F = 6.95 F = 21.04 F = 2148.53 F = 5.64 F = 98.87 F = 1265.67 
County FE F = 7114.71 F = 21088.04 F = 959.37 F = 65991.87 F = 2.7e+05 F = 6.32 
County Linear Trend No F = 8.7e+05 F = 895.63 No F = 1.5e+07 F = 2623.74 
County Quadratic Trend No No F = 2.0e+06 No No F = 2.1e+07 
Robust standard errors in parentheses     
*** p<0.01, ** p<0.05, * p<0.1     
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Table 7: Average Contemporaneous and Lagged Employment and Income Effects 
  (1) (2) (3) (4) (5) (6) 
VARIABLES Employment  Employment  Employment  Income (1,000s) Income (1,000s) Income (1,000s) 
              
Active Wells (Number) 9.054*** 14.47*** 6.546* -1,847* 1,188** 600.5 
 (3.417) (3.266) (3.799) (978.2) (532.5) (633.8) 
Lagged Active Wells 
(Number) 7.511* 3.961 -3.192 1,340 -121.7 -37.76 
 (4.378) (4.178) (6.261) (1,209) (591.2) (893.7) 
Population 0.351 0.134 0.430 -255.2 197.1 204.6 
 (0.435) (1.381) (1.708) (204.1) (175.8) (292.6) 
Population Density -234.2 -324.0 -1,013 204,526 -206,092 -345,623 
 (256.8) (1,063) (1,501) (128,416) (150,145) (280,484) 
Farm Share of Total Earnings -204,289*** -204,315*** -69,999* 494,309* -265,612*** -287,384** 
 (64,684) (59,830) (41,450) (289,018) (82,520) (131,954) 
Construction Share of Total 
Earnings 18,016 36,180** 20,415 -52,467 6,044 -2,546 
 (15,617) (17,472) (12,945) (77,405) (24,795) (21,457) 
Manufacturing Share of Total 
Earnings 9,308 -586.4 -778.4 -27,260 -12,104 -27,053 
 (10,078) (8,716) (10,763) (37,401) (11,326) (17,787) 
Retail Share of Total Earnings -22,556 -878.7 -7,993 -106,379 -35,558 -71,357* 
 (24,230) (17,998) (17,736) (91,084) (30,992) (40,345) 
       
Number of Counties 88 88 88 88 88 88 
Years 2004-2011 2004-2011 2004-2011 2004-2011 2004-2011 2004-2011 
Sample Shale Counties Shale Counties Shale Counties Shale Counties Shale Counties Shale Counties 
R-squared 0.995 0.999 0.999 0.995 0.999 0.999 
Year FE F = 6.89 F = 21.13 F = 2132.73 F = 5.66 F = 98.84 F = 1259.36 
County FE F = 1987.20 F = 22238.70 F = 895.44 F = 54016.09 F = 2.5e+05 F = 6.33 
County Linear Trend No F = 8.3e+05 F = 810.30 No F = 1.4e+07 F = 2458.62 
County Quadratic Trend No No F = 1.8e+06 No No F = 2.0e+07 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1      

 


