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income from unemployment benefits at the ZIP code level. Finally, in addition to reducing mortgage
default risk, we show that fracking lowers credit card delinquencies. These results are most consistent
with the “double-trigger” theory of mortgage default, where underwater borrowers subject to an adverse
income shock are much more likely to lose their homes to foreclosure.
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1 Introduction

Central to the financial crisis that precipitated the Great Recession of the late 2000s was the
dramatic rise in mortgage defaults and the decline in the value of credit instruments linked
to those mortgages. The rise in defaults during that period has been well-documented in the
literature, but the precise determinants of those defaults and the factors that led to millions
of borrowers losing their homes to foreclosure remain unclear. Broadly speaking, there are
two main theories of mortgage default. The first, which is often referred to as “strategic
or “ruthless default, holds that a borrower will choose to stop making payments when the
value of her property falls sufficiently below the outstanding balance of her mortgageﬂ Im-
portantly, borrowers who strategically default have the income and/or wealth to continue
making mortgage payments, but decide not to do so. An alternative theory, termed the
“double-trigger” hypothesis, holds that borrowers generally wish to stay in their home, and
will continue to make payments if able to, so that a second shock to the household’s income
is necessary to generate default, perhaps because of a moral aversion to default. Thus, the
theory predicts that in addition to negative equity, default requires the underwater borrower
to experience a sufficiently negative liquidity or income shock that prevents her from contin-
uing to pay the mortgage. Due in large part to data limitations, there is surprisingly little
empirical evidence on the importance of strategic considerations versus ability-to-pay issues
in explaining mortgage default behaviorﬂ

In this paper we exploit a natural experiment afforded by the fracking boom in Penn-
sylvania in the late-2000s to shed light on the importance of these two theories of mortgage

default. The fracking boom provides a plausibly exogenous shock to the primary determi-

IThis need not correspond exactly to the underwater threshold when the value of the property falls just
below the balance of the mortgage. As Kau, Keenan, and Kim (1994) originally argued in an option-theoretic
model, the possibility of future price recovery means that the default threshold is likely to be somewhat below
the point at which equity turns negative.

20ne notable exception is|Gerardi et al.|(2017), which documents evidence of both strategic and ability-to-
pay motivations driving mortgage default. However, the study is based on a very small sample of mortgages
from the Panel Study of Income Dynamics (PSID). Additional studies that have attempted to identify
strategic default include Bradley et al.| (2015) and |Guiso et al.| (2013).



nants of mortgage default, including employment and household income (including royalties)
and home values. Using detailed, administrative data on mortgages originated in Pennsyl-
vania in the period before the fracking boom began, (2004-2006), and data on both fracking
permits and drilling dates, we first test for the impact of fracking activity on mortgage credit
risk. We then employ two instrumental variables specifications that interact the thickness
and depth of the Marcellus formation with a state-wide count of permits issued or simply
a dummy variable for whether fracking was viable. We find that increased shale gas per-
mits and drilling significantly decreased mortgage default rates in Pennsylvania during the
2007-2012 period. Specifically, residing in a ZIP Code with any fracking activity reduces the
probability of severe delinquency by 0.29 percentage points, on average, which corresponds
to approximately 120% of the average monthly delinquency rate in our sample of Penn-
sylvania mortgages (0.24%). Results that do not account for drilling endogeneity are only
one-third as large, suggesting that governmental restrictions on drilling at the local level, or
the decisions taken by energy companies in choosing where to drill may be biasing down the
effect of fracking on land markets shown in the existing literature.

These results are quite robust, as the reduction in mortgage default associated with
fracking holds for several measures of fracking activity and across various sub-samples of
interest. In addition, the findings pass falsification test that creates a placebo fracking boom
during the 2001 recession. We also rule out potential selection effects due to the fracking
boom generating heterogeneity in mobility and prepayment behavior.

Having established a significant, negative, causal link between fracking and mortgage
default, the paper turns to an analysis of the potential underlying mechanisms.

Relying only on the OLS specification, we show that the negative effect of fracking on
default is approximately four times greater for borrowers that we estimate to be in negative
equity positions, compared to those that have positive or zero home equity. This result
is consistent with the double-trigger theory of default, which holds that default is primar-

ily caused by a combination of a house price decline that results in negative equity and



a liquidity shock that makes it difficult, if not impossible, to continue making mortgage
payments. Specifically, the result suggests that increased fracking activity ameliorates the
adverse employment and/or income shocks that increase the likelihood of the liquidity-based
trigger.

The paper then turns to a direct analysis of the impact of fracking activity on house
prices, household income, and employment. Using our instrumental variables strategy, we
document that the fracking boom does not raise house prices at the county-level. If any-
thing, we find evidence of a negative, albeit statistically insignificant, effect of fracking on
house prices, which is inconsistent with the idea that fracking is reducing strategic default
motives. At the same time, we show that fracking activity significantly increases employment
growth in industries that are directly linked to the shale boom, including the drilling/mining
and construction sectors. We further show, using the , that fracking activity is associated
with higher overall per-capita income levels but lower levels of income from unemployment
benefits. Specifically, ZIP Codes with fracking activity have higher per-capita wage/salary
income and higher royalty income, but also less unemployment insurance benefits. Our
findings strongly suggest that the fracking boom reduced mortgage default in Pennsylva-
nia primarily by raising income levels and/or avoiding employment disruptions that were
affecting much of the country and largely validates the double trigger hypothesis.

Finally, we present evidence that the fracking boom lowered the default rates associated
with non-mortgage debt, which lends further support to the double-trigger theory. Using a
novel dataset of credit bureau accounts matched to administrative mortgage data, we show
that increased fracking activity significantly reduces the propensity of borrowers to default
on their credit card balances as well as their first and second mortgage balances. This
finding is consistent with fracking ameliorating mortgage default by mitigating negative lig-
uidity /income shocks. If fracking instead reduced strategic default through an expectations
channel by which borrowers refrain from walking away from their homes in anticipation of

future house price increases and/or future royalty income, we would not expect to find any



fracking effects on the default rates of non-mortgage debt.

In addition to providing empirical evidence on the underlying sources of mortgage default,
this paper makes an important contribution to the policy debate over the costs and benefits
of fracking. Since the last quarter of 2007, over 80,000 fracking wells have been permitted
and drilled in populated neighborhoods throughout the United States. According to a 2013
Wall Street Journal article, “More than 15.3 million Americans—roughly 1 out of every 20
people living in the U.S.—now live within a mile of a fracking Well.’ﬂ A number of state,
local and international governments have recently implemented outright bans on fracking
due to concerns about negative environmental and health impactsﬁ The fracking boom
has raised especially important concerns among residential mortgage market participants.
Mortgage lenders, borrowers, and policymakers are concerned that real or perceived negative
effects from fracking could adversely affect property values and increase mortgage defaults.
For example, Fannie Mae and Freddie Mac, the two Government Sponsored Enterprises
(GSEs) that insure a large fraction of U.S. mortgages have purchase rules that exclude
properties close to mineral wellheads. Anecdotal evidence suggests that these restrictions
may be binding as some homeowners have been denied access to mortgage credit due to
fracking on or near their properties, while other homeowners located near fracking wells are
unable to obtain house insurance.ﬂ In addition, allowing drilling on one’s property without
notifying the mortgage holder could constitute a technical default, perhaps precipitating
foreclosure [f| Finally, the GSE rule or other related barriers to mortgage credit could reduce
housing demand and property values pushing additional mortgage borrowers into default.

Thus, determining the net effect of fracking on mortgage credit risk is an important, policy-

3Gold, Russell and Tom McGinty, “Energy Boom Puts Wells in America’s Backyards” The Wall Street
Journal, October 25, 2013.

4Associated Press. ”Mexican president-elect vows to end use of fracking”, U.S. News and World Report,
July 31, 2018; Kaplan, Thomas, “Citing Health Risks, Cuomo Bans Fracking in New York State”, The New
York Times, December 17, 2014; Carroll, Rory “Santa Cruz becomes first California county to ban fracking”,
Reuters, May 20, 2014; Arenschield, Lauren, “Fracking industry suing over drilling bans”, The Columbus
Dispatch, November 21, 2014.

°See for example http://marcelluseffect.blogspot.com/2013/08 /ny-landowners-denied-homeowners.html
and http://grist.org/climate-energy/fracking-boom-could-lead-to-housing-bust /.

Shttps://www.nytimes.com/2011/10/20/us/rush-to-drill-for-gas-creates-mortgage-conflicts.html



relevant question, and this paper provides the first, rigorous empirical evidence on the issue.

A recent literature has developed that uses the housing market to test for the economic
impact of fracking. These papers focus on housing transactions and use hedonic methods
to estimate how homeowners value development of shale gas near them. The presence or
number of shale wells becomes another neighborhood (dis)amenity that can be quantified via
a Rosen| (1974)) derived hedonic model. The evidence thus far has been mixed. Some studies
have found negative effects of fracking on home values (Gopalakrishnan and Klaiber, 2014,
James and James, 2014)) while a few have found positive effects (Weber et al.| 2014, |[Boslett
et al., 2016)[| In a recent influential paper Muehlenbachs et al.| (2015) find that proximity
to fracking wells lowers the sale prices of homes with well water, but modestly increases
the prices of homes with piped water. Focusing on default complements existing hedonic
methods, especially since the fracking boom occurred in the middle of the Great Recession
when house prices were declining and homeowners may have abandoned homes near wells
rather than selling below their purchase prices.

The paper is organized as follows. Section [2] provides a brief overview of the recent history
of hydraulic fracturing in Pennsylvaniaﬁ Section |3| presents the econometric framework.
Section [4] discusses the fracking and mortgage data used in the analysis. Section [5] presents
our baseline results on the causal effect of fracking activity on mortgage default. Section [0]
summarises several extensive robustness checks. Section[7]investigates the causal mechanisms
that may link fracking activity with lower mortgage default. Section [§] provides a brief

conclusion.

TGiljel (2019) also finds evidence that increases in household wealth from fracking royalty and lease
payments positively affects business formation, especially in industries more reliant on external finance.

8In the Internet Appendix we provide a more detailed discussion of the fracking process as well as some
of its environmental risks and economic benefits.



2 Background on Fracking in Pennsylvania

While the boom in shale gas extraction occurred in many areas of the country, Pennsylva-
nia serves as an especially nice laboratory for exploring the effects of fracking on mortgage
markets. Unlike many of the other fracking booms that occurred in largely rural areas, the
boom in Pensylvania took place in or near urban centers. In our sample, which excludes
Philadelphia and Pittsburgh, 80 percent of loans are within a county that is in a designated
Metropolitan Statistical Area (MSA), and approximately 11 percent of these homes have a
permitted fracking well in their ZIP Code during the sample period. In addition, Pennsyl-
vania’s economy was not initially focused on the oil and gas industries. Conventional gas
and oil drilling were only viable in a small and largely distinct area of the state in the early
QOOOSEI More importantly, the fracking boom, which was driven by technological improve-
ments in shale extraction techniques, was largely unanticipated by borrowers or lenders in
Pennsylvania in the mid-2000s.

In addition, Pennsylvania’s geological formations are well mapped because of its history
of coal extraction and nineteenth century oil boom, so there is little uncertainty about where
the shale is locatedm Finally, and uniquely to Pennsylvania, an earlier state court decision,
Dunham and Shortt v. Kirkpatrick, 1882, stipulated that any sales of “mineral rights” does
not include oil and gas. The ruling, now referred to as “Dunhams Rule” and re-affirmed in
Butler v. Charles Powers FEstate, 2013, means that, unlike in other fracking states, there is
a high probability that current homeowners still retain ownership of the natural gas beneath
their land.

The Marcellus shale boom arose because of rapid technological advances in the fracking
process. While fracking had long been used to extend the life of conventional oil wells, it was

only in the early 2000s that it was first applied to shale rock. The technological innovation

9 Approximately, 15 percent of our sample had some pre-existing exposure to oil and gas drilling and our
results are robust to excluding these properties from the analysis as we will show in Table A.2 of the Internet
Appendix.

10This also mitigates the concern that the precision of the maps might be endogenous to the preference
for drilling on the surface.



at the heart of the shale fracking boom in Pennsylvania was horizontal drilling.ﬂ Horizontal
drilling, in turn, arose from the rapid improvements in computer-based 3D modeling of
geological formations and engineering advances in drill bit navigation that allowed the drills
to reach those formations.

The emergence of horizontal drilling techniques made the Marcellus Formation newly
viable as a source for oil and natural gas in the late 2000s. The first exploratory well in
the Marcellus Formation was drilled in 2002, but economically valuable amounts of gas
were not recovered until 2007. By 2010 just under 1,400 wells were drilled. While the
Marcellus Formation is currently ranked as the largest proven wet gas reserve in the U.S. it
was not within the top 100 gas plays as recently as 2008 (Agencyl, [2010} |Agency, 2015). The
resulting shale gas boom offers a compelling natural experiment. A known resource went
from being effectively worthless to quite valuable in a very short period of time and generated
an extraordinary amount of economic activity in the middle of worst national recession since

the great depression.

3 Econometric Framework

Investigating the impact of fracking on mortgage performance is challenging because in late
2007 the Pennsylvania mortgage market was subject to both the emergence of fracking as
well as the bursting of the housing bubble, which led to the subprime mortgage foreclosure
crisis and subsequent financial crisis and recession[?] Both of these events likely had an
impact on the credit risk of outstanding mortgages as well as the credit risk associated

with new loans originated in the post-2007 period.ﬁ For this reason we choose to focus on

HUHorizontal drilling made extraction in the Marcellus Formation feasible for three primary reasons. First,
it allowed a single vertical shaft to turn and follow the relatively thin shale formation over greater distances.
Second, it allowed a single well pad to access a larger area, reducing the cost of ground leases and site
preparation. Third, because of the asymmetric loads on the shale rock, it tends to fracture vertically so a
horizontal well can intersect multiple fissures.

12\We limit the analysis to Pennsylvania, in part, to avoid introducing state-level variation in mortgage
market regulations that can affect the timing of default as documented in [Pence| (2006).

13The literature has documented how the financial crisis caused a significant tightening of mortgage under-
writing standards. For example, the Urban Institute has estimated that tight lending standards resulted in



mortgages originated (and underwritten) before 2007 so that our analysis is not contaminated
by selection effects related to the emergence of fracking or the decline of the housing market.
Thus, our empirical analysis is focused on quantifying the impact of fracking activity on the
default risk of outstanding loans.

We employ a hazard framework in most of our empirical analysis, where we relate the
monthly hazard of first serious delinquency at the individual loan level to fracking activity
in the ZIP Code. Our baseline specification is a linear probability model, where the unit of
analysis is a loan-month. The dependent variable is zero until the mortgage becomes 90-days
delinquent at which point it takes a value of one. A loan enters the sample in the month
of origination and exits the sample after the first month it becomes 90 days delinquent,
is prepaid voluntarily, or is right-censored at the end of 2012. We do not jointly model
prepayment and default in the baseline model, but we do show that the results are robust to
doing so in the Internet Appendix['] We use a measure of delinquency instead of foreclosure
in order to isolate a decision margin that is under the purview of the borrower. The decision
to foreclose is made by the mortgage servicer, which may choose to delay initiating foreclosure
proceedings for a number of reasons (Piskorski et al., 2010). Our benchmark specification is

given by the following equation:

Prob(Deling; = 1) = o+ 0 frack,, + dur, 81 + X/,02 + ne + 0 + €ut, (1)

where ¢ indexes the individual mortgage, 2z indexes the ZIP Code in which the loan is
originated, t indexes the year-month (in calendar time), and ¢ corresponds to the county
in which the underlying property is located. The term dur; measures the number of months
since the mortgage was originated and enters as a second-order polynomial. Xj;; is a vector
of mortgage-level control variables, which we describe in detail below. The variable 7.

corresponds to a full set of county fixed effects and ¢, is a full set of year-month fixed effects.

approximately 4 million fewer mortgages in the 2009-2013 period (http://www.urban.org/urban-wire/four-
million-mortgage-loans-missing-2009-2013-due-tight-credit-standards).
14GQee Section A.2.3 and Table A.6 in the Internet Appendix.



The term frack,; refers to a measure of fracking activity in ZIP Code z in month ¢. We
are focused on determining the sign and magnitude of the coefficient 6. As fracking could
potentially raise or lower the propensity to default, our null hypothesis is that it has no
effect: Hy: 60 = 0.

We consider multiple measures of fracking activity and also instrument for fracking ac-
tivity to address potential endogeneity concerns, which we discuss in more detail belowE
Our covariate set, X;;, includes detailed mortgage and borrower characteristics at the time
of origination, which are typically used by underwriters. These include the balance of the
loan at origination, the mortgage interest rate, loan-to-value (LTV) ratio (at origination),
the ratio of the borrower’s monthly payment to monthly income (debt-to-income ratio), and
the borrower’s FICO score. We also include dummy variables that indicate whether a loan
has a fixed or adjustable interest rate, is a refinance or purchase loan, is a jumbo or conform-
ing loan, has a 30-year term or a different maturity length, has income and/or assets that
are less than fully documented, has private mortgage insurance, has a LTV ratio of exactly
SO%E7 contains a prepayment penalty, has an interest-only payment, and whether the loan
is characterized by a balloon payment at the end of its term. We also control for whether
the mortgage was ultimately retained in the lender’s portfolio, pooled into a private-label,
mortgage-backed security (MBS), or packaged into a GSE (Fannie Mae or Freddie Mac)

security with a credit guarantee, which is the omitted category in all regressions.

3.1 Identification

The decision to sell mineral rights and/or sell or lease surface land by landowners and the
decision by local government to permit drilling may be endogenous. For example, a strug-

gling community may be more willing to accept drilling in the hope of attracting additional

15To address potential spatial and serial correlation, we employ two-way clustering of the standard errors
by county and year. Clustering by county accounts for possible spatial correlation within counties over time,
while clustering by year accounts for potential correlation across counties within a calendar year.

6 Mortgages with a LTV ratio of exactly 80% often had subordinate liens (piggy-back loans) in the pre-
crisis period. Since the McDash dataset does not contain any information on subordinate liens, we use this
variable as a proxy.

10



employment or tax revenue, whereas a wealthier community may put more weight on health
or environmental concerns or current home prices and choose to block drilling. As a result,
looking across communities we could observe that areas with extensive fracking activity also
have higher rates of serious mortgage delinquency without one causing the other. Blohm
et al. (2012) find that 32 percent of the Marcellus Formation is inaccessible because of reg-
ulation or current land usem Even if local governments fail to act, engaged citizens may
motivate regional, state, or federal agencies to restrict drilling. In addition, house price de-
clines could themselves encourage fracking activity by making it cheaper for firms to acquire
land for drilling, storage and pipeline easements.

While the fracking technology shock is exogenous, the location of the wells themselves may
not be. To address this endogeneity issue, we employ an instrumental variables strategy using
the geologic properties of the underlying Marcellus Formation. According to [Wrightstone
(2009) there are a number of geologic factors that determine the productivity of a fracking
well. We focus on two factors: thickness and depth.ﬂ All else equal, greater shale thickness
and greater shale depth leads to higher well production. Figures[ljand[2]display contour maps
of the thickness and depth of the Marcellus Formation with the location of wells superimposed
on top. The strong correlation between the location of wells and shale thickness and depth
is apparent from the maps.

In addition to these geologic factors, which are time-invariant, we also incorporate the
timing of the initial increase in drilling activity into our instrument set. As we discussed
above, fracking did not become a viable means of extracting oil and gas from the Marcellus
Formation until the late 2000s with the emergence of horizontal drilling techniques. There-
fore, we interact the geologic determinants of fracking productivity in our instrument set

with the total number of annual horizontal fracking well permits issued in the state, which

"By 2012, seven local governments in Pennsylvania had banned fracking and six had imposed restrictions
on where fracking could occur (Blohm et al., [2012, Table A2). This authority was stripped from local
governments by the state in 2012.

18In addition to thickness and depth, Wrightstone, (2009) lists the following factors as important produc-
tivity determinants: maturity, gas content, areal extent, structural complexity, lateral continuity, pressure
gradient, and natural fracking.

11



captures the aggregate growth of the industry. As a robustness check, we also use a second
IV approach that interacts the geologic variables with a simple dummy variable that takes
the value of one in the period after horizontal drilling first became viable in Pennsylvania
(post-2008). In our preferred specification, we include the geologic variables by themselves
in our set of exogenous covariates so that we can control for any time-invariant, unobserv-
able factors that may be correlated with the geologic properties of the Marcellus Formation.
This would account for any unobservable factor that generates higher mortgage default in
ZIP Codes with greater shale thickness and depth in the pre-fracking period. Thus, our

instrument set is given by:

Frack,, = {Thickness, x Horizontal, , Depth, x Horizontal,} (2)

where Horizontal, is either the total number of annual horizontal fracking well permits issued
in Pennsylvania, or a dummy variable corresponding to the period in which horizontal drilling

first became viable (post-2008)[™]

4 Data

In this section we discuss the two primary sources of data used in the analysis. We begin
with a brief description of our fracking data followed by a discussion of our mortgage data.
As mentioned above, we focus on loans originated in the 2004-2006 period in order to avoid
potential selection bias stemming from changes in underwriting standards that took place
due to the onset of the financial crisis and the fracking boom that both began in the late-
2000s. In addition, we focus on mortgage performance through 2012 in order to isolate

the effects of the fracking boom. The impact on mortgage and housing markets from the

19We also experimented with quadratic expressions for thickness and depth, as well as non-linear effects
around minimum thickness and a specification that included a triple interaction variable, Thickness, X
Depth, x Horizontal; to capture the possibility that areas with both greater shale thickness and depth are
especially attractive. However, these more sophisticated specifications were no more predictive of fracking
activity.

12



subsequent slowdown in fracking activity in response to the recent large global oil and gas

price decline is an interesting topic in its own right, but we will not include it in this paper.

4.1 Fracking Data

The data pertaining to gas exploration activity were collected from the Pennsylvania Depart-
ment of Environmental Protection (PA DEP), which provides monthly reports on permitting,
drilling, and compliance activities. The PA DEP monthly report provides the universe of
permits for both conventional and fracking wells in Pennsylvania from 1975 to 2017. The
information provided in the dataset includes the unique well identification code (API), the
exact latitude and longitude of each well, the type of well (conventional versus fracking), and
the issuance date of the drilling permit. We use the information on latitude and longitude
to compute the ZIP Code in which each well is located (via the Geographic Information
System software ArcGIS). We then match the data on permits and wells to the mortgage
data described below at the ZIP Code-month aggregation level.

Figure|3|displays annual counts of fracking permits and drilled wells in Pennsylvania from
2001-2017. Panel A shows counts for horizontal wells, while Panel B displays counts for
vertical and directional wells. The first observation to note from the figure is that horizontal
drilling has been much more popular than vertical drilling over the sample period. Another
important observation to note is the different time-series dynamics for the two types of
fracking wells. Vertical drilling first began on a very small scale in the early 2000s, ramped
up a bit in the 2007-2009 period, and then significantly dissipated thereafter. In contrast,
horizontal drilling emerged later, scaled up very quickly to well counts that were almost an
order of magnitude larger than vertical and directional drilling, and persisted at very high
levels through the end of the sample period. These observations are consistent with our
contention in Section [2| that the horizontal drilling technique was the major innovation that
made shale gas extraction in the Marcellus Formation economically viable.

A final notable observation from Figure |3|is the difference in the levels of permits and

13



drilled wells. In a given year, permit levels are always significantly larger than the number
of drilled wells, which reflects two facts. First, there is typically a lag between the time that
the permit is approved and the time that the well is actually drilled. Second, not all permits
evolve into successfully drilled wells 7

Table (1] shows the status of all fracking permits issued in the state as of the end of
our data (January 2017). In total, the PA DEP granted 18,549 fracking permits over the
course of this period. Approximately 53 percent of the permits were still active at the end
of the period, meaning that wells had been drilled and were either producing or expected
to produce in the near future. About 8 percent of permits issued had turned into wells, but
by the end of the period had been either abandoned, plugged, or temporarily shut down.
Finally, almost 39 percent of permits expired prior to the commencement of drilling.lﬂ

We focus on permits in the bulk of our analysis. However, since a significant fraction
of fracking permits expire without drilling ever taking place, and the permits that do not
expire often take several months to become active wells, measures of fracking activity based
on permits and actual drilled wells could diverge significantly. Thus, in robustness tests, we
also consider measures of fracking activity based on drilled wells.

Table[2 displays a set of basic sample summary statistics for the various fracking measures
that we use in our empirical analysis. The first four variables correspond to measures of
permits. “Any Fracking” is a dummy variable that takes