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Abstract
This paper investigates how market participants form risk perspectives through a
sequence of information shocks. Guided by a theoretical Bayesian learning model,
we exploit a natural experiment afforded by the fracking boom in Pennsylvania in
the late-2000s. We empirically examine whether familiarity with historical conven-
tional gas explorations affects the willingness to pay for houses near fracking wells.
We find the local real estate market is very efficient with participants rapidly collect-
ing and processing market–relevant new information. We also find that participants
discount historical events and rely on current information to estimate the risk of a
change in market conditions.

Keywords Real estate · Past experience · Fracking · Market efficiency

Introduction

Since the last quarter of 2007, over 80,000 fracking wells were drilled in populated
neighborhoods throughout the United States. According to a 2013 Wall Street Jour-
nal 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.”1 However, the net eco-
nomic impact of fracking for natural gas on local real estate markets is uncertain. For

1Gold, Russell and Tom McGinty, “Energy Boom Puts Wells in America’s Backyards” The Wall Street
Journal, October 25, 2013.

� Lily Shen
lilyshencal@gmail.com

Brent W. Ambrose
bwa10@psu.edu

1 Pennsylvania State University, Pennsylvania, USA

2 Clemson University, South Carolina, US

Published online: 19 June 2021

Journal of Real Estate Finance & Economics (2023) 66:300–326

/

http://crossmark.crossref.org/dialog/?doi=10.1007/s11146-021-09844-2&domain=pdf
http://orcid.org/0000-0001-9612-745X
mailto: lilyshencal@gmail.com
mailto: bwa10@psu.edu


example, despite the potential environmental and health risks, fracking can generate
significant economic activity, including job creation and income growth (Cunning-
ham et al. 2020). Alternatively, since the fracking process involves injecting water,
sand, and toxic chemicals into underground geological formations to release natu-
ral gas, it may impose severe environmental and health risks that eventually drive
down nearby house prices (Muehlenbachs et al. 2015; Balthrop and Hawley 2017).
The uncertainties associated with fracking provide a natural experiment to study how
market participants perceive investment risks.

Contrary to previous studies that focus on how a specific risk factor affects
individual houses, we use prior experiences with conventional drilling activities as
identification to focus on the potential heterogeneous price effects of fracking.

According to classical asset pricing theory, the price of an investment is deter-
mined by its expected return. Investors rely on both historical data as well as new
information to assess risk. For instance, Malmendier and Nagel (2011,2015) docu-
ment that investors who experienced the Great Recession are less willing to enter the
stock market compared to investors who learned about the Great Depression from
textbooks. Ling et al. (2018) and Nicolosi et al. (2009) report that individuals improve
their investment strategies based on feedback from their past trading performance.
Meanwhile, Agarwal et al. (2008) reveal that individuals tend to discount older infor-
mation when new information becomes available. While the literature clearly shows
that investors and households process current information, it is unclear how the
degree of familiarity with information alters its value. For example, if all investors
experience a negative information shock event but some investors have prior expe-
rience with such a shock, then it is possible that those with prior experience may
discount the current shock’s severity. We exploit a particular feature of fracking in
Pennsylvania to explore how prior experience with information events impact asset
prices.

In this study, we test whether being familiar with risks associated with a known
technology (in this case, conventional drilling) impacts the perceived risk of a new
technology (fracking). In essence, we test how past experience alters the perception
or value of new information. However, testing this effect is challenging for a number
of reasons. First, very few regions experience formative events, such as severe disas-
ters or significant macroeconomic downturns, more than once. For example, Davis
(2004) investigates a sudden increase in the number of leukemia cases in a county
that resulted in a decrease in local house prices. However, since the cancer cluster
only occurred once, he is unable to examine the value effect of repeated shocks. Sec-
ond, although repeated events such as earthquakes, floods, and droughts also affect
house prices, such natural disasters are driven by local geographic or climate charac-
teristics. As a result, analysis of house price movements following natural disasters
do not provide rich insights about cross–sectional variations.

We exploit a natural experiment afforded by the fracking boom in Pennsylvania
in the late 2000s to overcome the empirical obstacles raised above. Pennsylvania
provides a unique setting because it experienced two gas–induced house price booms.
The first started in the 19th Century and was driven by the discovery and exploration
of conventional natural gas. The second started in the late 2000s as a result of the
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technical advancement in hydraulic fracking, a method used to explore natural gas
from rock formations.

While the boom in shale-gas extraction reached many areas of the country, Penn-
sylvania serves as an especially useful laboratory for exploring the effects of fracking
activity on housing markets. Unlike many of the other fracking booms, which
occurred in largely rural or desolate areas, the boom in Pennsylvania impacted many
urban areas providing a meaningful experimental setting to explore pricing effects.
More importantly, the fracking boom in Pennsylvania was largely unanticipated as it
was driven by technological improvements in shale–extraction techniques.

As seen in Figs. 1 and 2, the locations of fracking wells in Pennsylvania are
mainly determined by the richness of the shale gas resource (Cunningham et al.
2020). Uniquely to Pennsylvania, an earlier state–court decision (Dunham and Shortt
v. Kirkpatrick, 1882) stipulated that a general sale of mineral rights, such as those
that occurred in the 19th Century due to coal mining, does not include rights to oil
and gas. This decision, now referred to as “Dunham’s Rule”, and recently affirmed
in Butler v. Charles Powers Estate, 2013, means that most current homeowners in
Pennsylvania retain ownership of the natural gas beneath their land. As a result, home
owners are in a position to benefit from natural gas exploration.

Another feature of the Pennsylvania housing market is that it mainly consisted of
local buyers after the fracking boom. Our data shows that fracking did not drastically
increase the local population, the number of purchase mortgages in the area, or the
total number of home sales. Although the fracking boom created many jobs for both
local residents and transient workers, a 2014 news article summarized that non-local

Fig. 1 Demonstration of four types of regions by drilling experiences. We focus on four types of
locations in this study: (1) Regions affected by conventional and unconventional drillings (the “dual explo-
rations” regions), (2) Regions only affected by conventional drillings (the “conventional-drilling” regions),
(3) Regions affected by only unconventional drillings (the “unconventional fracking” regions), and (4)
Regions affected by neither (the “no exploration” regions)
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Fig. 2 Marcellus shale distribution in PA. Source: U.S. Energy Information Administration, New York
State Geological Survey, Ohio State Geological Survey, Pennsylvania Bureau of Topographic & Geologic
Survey, West Virginia Geological & Economic Survey, and U.S. Geological Survey

workers live in temporary housing provided by drilling companies instead of buying
houses.2 Gallagher and Persky (2020) document that people living in old manufac-
turing belt states, such as Pennsylvania, are strongly attached to their hometowns and
less likely to move. Similarly, Cunningham et al. (2020) also find that fracking did
not cause local homeowners to sell, nor did it attract outside investors into the area.

We utilize a general Bayesian learning framework to motivate our difference-
in-difference-in-difference analysis employing monthly Zip Code level house price
indexes in Pennsylvania from 2004 to 2012. To achieve identification, we rely on
the natural distribution of conventional and fracking wells in Pennsylvania. Further-
more, as fracking only became feasible and profitable in the late 2000s, homes in the
unconventional fracking regions are not subject to any pre-2006 drilling risks. Finally,
we use incidents of fracking accidents, which are public information, as exogenous
shocks to explore how households update their beliefs about fracking risks.

Our empirical results show that fracking is positively correlated with local
house prices. Among neighborhoods that are exposed to fracking, houses in dual-
exploration regions do not show additional price premium after the shale gas boom
compared to houses in the fracking-only regions. In other words, houses in areas

2“Fracking: So where’s the economic boom that was promised?” https://www.dispatch.com/article/
20140128/NEWS/301289852
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having conventional drilling wells sold for less than similar property in areas that
never experienced drilling activities. This finding suggests that despite the public
fear of fracking-related environmental risks, house price dynamics reflect realized
fracking risks instead of perceived threats.

While we show that accidents lower house prices, we also show that the marginal
impact diminishes over time. We find that it only takes two to three months for house
prices to adjust to their previous levels if no additional accidents occur. This finding,
which is consistent with findings of Gallagher (2014) and Hansen et al. (2006), sug-
gests that buyers discount old information and rely on the most recent information to
determine asset valuations.

Review of Literature

Economists have long been interested in understanding the role of information in
investors’ decision–making processes and the elements that affect an individual’s
treatment of information (Grossman and Stiglitz 1976; Admati 1985; Hansen et al.
2006; Van Nieuwerburgh and Veldkamp 2009; Malmendier and Nagel 2011; Agar-
wal et al. 2008; Gallagher 2014). Specifically, these studies show that the source
of information, the degree of relevance, and the duration since the last occur-
rence all affect the way people process information. For example, Gallagher (2014)
finds that individuals value firsthand experiences over secondhand information and
Van Nieuwerburgh and Veldkamp (2009) show that individuals pay more attention
to information that is more relevant to their short–term goal or current situation.
Although Kahneman and Tversky (2013) and Kai-Ineman and Tversky (1979) docu-
ment that people ignore information about low–probability events, Malmendier and
Nagel (2011) document that early-life experiences may cause people to overvalue
information while Gallagher (2014) and Agarwal et al. (2008) show that information
shocks make quick but short-lived impacts on people’s risk preferences.

Another strand of literature documents that information affects property prices by
altering people’s risk anticipation (Kiel and McClain 1995; Kiel and Williams 2007;
Leggett and Bockstael 2000; Hansen et al. 2006; Klaiber and Gopalakrishnan 2012;
Muehlenbachs et al. 2012). Since individuals process information differently, the
price effect of a particular piece of information may vary across different real estate
assets. For example, Kiel and Williams (2007) identify attributes that cause heteroge-
neous price effects of an environmental hazard on nearby properties. They find that
houses in areas with fewer blue–collar workers are more likely to experience nega-
tive price effects, suggesting that residents’ characteristics are crucial in predicting
both scale and duration of the information shock following a disaster. Additionally,
Kousky (2010) examines whether a severe flood causes buyers to update their assess-
ment of flood risks for houses in a flood zone. By monitoring price fluctuations across
houses that are exposed to different levels of flood risks, Kousky (2010) documents a
significant link between people’s anticipation of flood disasters and real estate values.
Furthermore, he finds that the price differentials across properties cannot be solely
explained by the underlying flood risk, which is consistent with findings of (Kiel and
Williams 2007).
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Our work is broadly related to the extant research that examines informational
efficiencies of the real estate market. For example, Dumm et al. (2018) report that
new information about sinkhole proximity and density have a negative effect on
house prices. Pope (2008a, 2008b) report that airport noise and flood zone disclo-
sures reduce real estate prices by 2.9 and 4.0 percent, respectively. Clapp et al. (2008)
shows that buyers quickly incorporate information about changes in demographic
attributes in the local school district and adjust their willingness to pay accordingly.
Gatzlaff et al. (2018) examine the price effects of hurricane mitigation features and
find both disclosed and undisclosed mitigation systems positively increase in sale
prices. Pope (2008c) studies the negative price impact of home buyers’ fear for sex
offenders, and documents that house prices drastically drop and then rebound as soon
as a sex offender moves in and out of a neighborhood, respectively.

Empirical Methodology

We employ a general Bayesian learning framework to model the risk formation pro-
cesses of housing market participants. These models are commonly used to explain
immediate and longstanding responses to information shocks. The standard Bayesian
learning model assumes that individuals treat all available information equally when
making probability forecasts about an uncertain event (Viscusi 1991, Viscusi 1992
Nicolosi et al. 2009) while the discounted Bayesian model assumes people put less
weight on past information (Agarwal et al. 2009; Kohlhase 1991; Gallagher 2014)).

To begin, we denote the probability that an adverse incident occurs in month t

for a given fracking wellhead in Zip Code i as pt,i , which follows the distribution
β ∼ (αi, βi). In this framework, αi and βi are fixed parameters that are determined
by Zip Code i’s past experience with drilling. As suggested by (Malmendier and
Nagel 2011), neighborhoods that are familiar with drilling have greater αi compared
to neighborhoods that have not experienced any drilling activity. Each month, indi-
viduals observe whether a fracking accident is reported in the neighborhood and use
this information to update their risk anticipation. Thus, the updated expectation of
drilling risk at t + 1 in Zip Code i is given as:3

E[pt+1,i |St,i; t; i] = St,i + αi

t + αi + βi

(1)

where

St,i =
∫ t

k=0
yi,kδi

t−k

yi,k denotes fracking violations reported in Zip Code i for month k and St,i is the dis-
counted sum of prior incidents in Zip Code i. δi is the discount parameter (δ ∈ [0, 1])
such that δi = 0 indicates that individuals completely disregard past information
while δi = 1 indicates that they equally weight all prior information as in a standard

3See Viscusi et al. (1997) for a more general discussion of the Bayesian learning model.
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Bayesian model. Thus, our model accounts for heterogeneous discounting behavior
across regions.

Our identification strategy relies on the distribution of conventional and frack-
ing wells across Pennsylvania. Figure 1 shows this distribution and clearly reveals
four geographical areas: (A) Regions affected by conventional and unconventional
drilling (the “dual explorations” regions), (B) Regions only affected by conventional
drilling and not in the Marcellus Shale area (the “conventional-drilling” regions),
(C) Regions affected by only unconventional drilling (the “fracking-only” regions),
and (D) Regions affected by neither (the “no drilling” regions). Since fracking only
became feasible and profitable in Pennsylvania in the late 2000s, property in the
unconventional fracking regions are not subject to pre–2006 drilling risk.

Based on our geographic identification strategy, we implement the following
difference–in-difference–in–difference model to test changes in house prices before
and after the fracking boom:

�Pi,t = α + βnXi,t + λ1CONVi + λ2Post2006i,t + λ3FRACKi

+λ4Post2006i,t × CONVi + λ5Post2006i,t × FRACKi

+λ6FRACKi × CONV i + λ7Post2006i,t × FRACKi × CONV i

+θctCountyYear + εc,t (2)

The dependent variable �Pi,t is the monthly percentage change of house prices

in Zip Code i at time t , i.e. ln
(

HPIt

HPIt−1

)
. CONVi is a binary indicator variable

that takes the value 1 if Zip Code i had prior experience with conventional drilling
and 0 otherwise. FRACKi is a binary variable that equals to 1 if there is at least
one fracking well location i, and 0 otherwise. The binary variable POST 2006i,t is
set to 1 if the house price was observed between 2007 and 2012, when extracting
shale gas became feasible and profitable. The interaction (FRACKi × CONVi)
indicates locations in the dual–exploration area. Holding all else constant, a positive
and significant coefficient for the triple interaction term (λ7) would indicate that
dual–explorations areas experience greater house price increases compared to houses
in the fracking only area. Xi,t are vectors of demographic control characteristics,
CountyYear is a vector of year and county fixed-effects that removes conditions that
might affect price of all houses sold in a county in a calendar year. Standard errors
εc,t are double clustered at the county and year levels.

To explore how older information about fracking accidents may affect prices, we
estimate the following equation using the post-fracking boom sub-sample in areas
with at least one fracking well:

�Pi,t = α0 +
∫ t−1

k=t−8
θkACCIDENT i,k

+βnXi,t + Yeart + Countyi + εi,t (3)

where ACCIDENT i,k is a binary variable variable indicating an environmental
related fracking accident reported in Zip Code i at time k. A large gap between t and
k indicates that ACCIDENT i,k is an older information. Xi,t are vectors of demo-
graphic control characteristics at the Zip Code level, and Yeart and Countyi are
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county and year fixed-effects that remove time-varying conditions that might affect
price of all houses sold in a location in a specific year. Standard errors ε are clustered
at the county and levels using two-way clusters.

Data and Descriptive Statistics

The analysis relies on two key data sets. The first is data on single family residential
indexes in Pennsylvania. The second is data on monthly drilling permits over the
relevant time frame of our study. In this section, we describe each source of data in
preparation for our empirical analysis.

CoreLogic Home Price Index (HPI)

We employ Zip Code level Home Price Indexes (HPI) provided by CoreLogic for
the period covering 2004 to 2012. The CoreLogic HPI is a repeat-sales index cre-
ated with monthly sales prices of single-family, detached homes following Shiller
(1991). This repeat–sale methodology tracks increases and decreases in transaction
prices for properties that have been sold at least twice, thereby providing an accurate
“constant-quality” view of pricing trends. The Corelogic HPI tracks over two hun-
dred Zip Codes in Pennsylvania, representing roughly 55% of the housing stock in
the state.4

We matched our real estate data with the IRS’s Statistics of Income (SOI) database
to obtain Zip Code level annual incomes. Our final matched observations repre-
sent Pennsylvania house prices in designated Metropolitan Statistical Areas (MSA)
excluding Philadelphia or Pittsburgh metropolitan areas due to their high densities
and strict fracking regulation.

Drilling Permit and Drilling Accidents

We collected data about gas exploration activities 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 pro-
vides complete permit data for both conventional wells and fracking wells from 1975
to 2015 including a unique well identification (API), the well’s longitude and lat-
itude, the well type (conventional/fracking), and the drilling permit issuance date.
In addition, the PA DEP well compliance report provides information about drilling
accidents at the well level.

Historically, all the natural gas wells in Pennsylvania were conventional. A con-
ventional well is defined as a single vertical well shaft drilled to extract gas from
a reservoir, usually at a shallow depth. Fracking, a technique enabling efficient and

4Although there are approximately 1700 Zip Codes tabulation areas in PA as of 2018, approximately 55%
of the housing stock in PA are in those 200 Zip Codes. “2010 Census of Population and Housing” https://
www.census.gov/prod/cen2010/cph-2-40.pdf.
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profitable gas exploration from the Marcellus Shale, became economically viable in
Pennsylvania in the late–2000.

Figure 3 compares the number of permits issued by the PA EPA for the two types
of wells. The first commercial fracking permit was issued in October 2007. By 2008,
the number of unconventional drilling (fracking) wells surpassed conventional wells.
Based on this figure and Cunningham et al. (2020), we define January 2007 as the
beginning year of the Fracking boom.

The PA DEP also provides timely reports on fracking accidents including the acci-
dent date and location, as well as a description of the nature of the incident. The
PA DEP define a serious environmental-related drilling accidents as incidents that
release hazardous substances in the air, water, soil, and food.

For each permit and incident, we use the longitude and latitude attributes to com-
pute its corresponding Zip Code using a Geographic Information System software
(ArcGIS). Next, we match the permit data with the HPI data based on Zip Codes. The
matched data provides monthly house price index information and drilling history
information of 187 Zip Codes in 26 counties in Pennsylvania from 2004 to 2012.

Descriptive Statistics

Table 1 shows the summary statistics of our main research data. Panel A shows the
mean and standard deviation for the whole sample period (2004 to 2012). Panel B
and Panel C report the variable summary statistics of two sub-samples defined by the
2007 fracking boom, respectively.

Panel A shows that the median monthly change in house prices (� HPI Month)
for the whole sample period is 0.08%. The median population per Zip Code is 25
thousand, the median AGI in the sample is 62.31 thousand dollars.

Fig. 3 Number of gas permits issued in PA by drilling type. This figure displays the annual counts of gas
wells permitted in PA from 1998 to 2014. The blue traces counts of conventional wells and the orange line
displays counts of fracking wells. The underlying data were obtained from the Pennsylvania Department
of Environmental Protection. This figure show 2007 was the beginning of the fracking boom in PA
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Panel B of Table 1 reports the variable distributions of the before fracking sub-
sample data from 2004 to 2006. The median AGI in the early period is 58.48 thousand
dollars. In this period, fracking was not profitable in Pennsylvania, and therefore,
the median number of fracking wells per Zip Code is 0.02. Those fracking wells we
observe in this sub-period are research and testing wells at the early exploration stage.
Many conventional wells were drilled in Pennsylvania during this early period, and
the median count of conventional wells per Zip Code is 8.52.

Table 1 Descriptive statistics: by sample periods

Mean Std. Dev.

Panel A: All sample (2004 – 2012)

Monthly Percentage Change in House Price (� HPI Month) 0.08 1.44

Median House Price (Median Price) 209.8 99.24

Population in thousand (Population) 25.33 12.37

Ln(Population) 10.02 0.51

Yearly Number of Mortgage in Zipcode 154.8 96.05

Percent of Mortgage Growth (Growth) −1.84 27.45

Per capita Gas Royalty Income (ROYALTY) 12.49 7.74

Per capita Adjusted Gross Income (AGI) 62.31 27.84

Per capita Salary and Wage Income (WAGE) 45.03 16.03

Cumulative number of fracking permit (Number Frack) 0.79 8.94

Cumulative number of conventional permit (Number CONV) 10.75 47.98

Indicator variable=1 if in fracking Zip Code (FRACK) 0.09 0.29

Indicator variable=1 if in conventional drilling Zip Code (CONV) 0.14 0.35

Interaction term (FRACK×CONV) 0.09 0.28

# Observations 20,196

Panel B: Before fracking boom (2004 – 2006)

Monthly Percentage Change in House Price (� HPI Month) 0.63 1.29

Median House Price (Median Price) 204.05 99.74

Population in thousand (Population) 25.12 12.52

Ln(Population) 10.00 0.51

Yearly Number of Mortgage in Zipcode 198.81 114.33

Percent of Mortgage Growth (Growth) 16.47 27.23

Per capita Gas Royalty Income (ROYALTY) 10.63 6.63

Per capita Adjusted Gross Income (AGI) 58.48 25.67

Per capita Salary and Wage Income (WAGE) 42.32 14.12

Cumulative Number of Fracking Permit (Number Frack) 0.02 0.21

Cumulative Number of Conventional Drilling Permit (Number CONV) 8.52 38.91

# Observations 6,732
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Table 1 (continued)

Mean Std. Dev.

Panel C: After fracking boom (2007 – 2012)

Monthly Percentage Change in House Price (� HPI Month) −0.19 1.43

Median House Price (Median Price) 212.78 98.85

Population in thousand (Population) 25.43 12.29

Ln(Population) 10.00 0.50

Yearly Number of Mortgage in Zipcode 133.06 76.79

Percent of Mortgage Growth (Growth) −10.88 22.62

Per capita Gas Royalty Income (ROYALTY) 13.41 8.08

Per capita Adjusted Gross Income (AGI) 64.21 28.66

Per capita Salary and Wage Income (WAGE) 46.37 16.74

Cumulative Number of Fracking Permit (Number Frack) 1.18 10.94

Cumulative Number of Conventional Drilling Permit (Number CONV) 11.87 51.88

# Observations 13,464

Notes: This table displays summary statistics for our main sample by observation periods. We employ Zip
Code level real estate returns data in PA, and we restrict our sample to Zip Codes that are not located in
the Philadelphia or Pittsburgh metropolitan areas and not in rural areas. All our observations are within
a designated Metropolitan Statistical Area (MSA). Median Price is the Zip Code level median real estate
transaction price in thousand dollars. ROYALTY, AGI, and WAGE are Zip Code level annual income
reported in thousand dollars. � HPI Month is in monthly frequency at the Zip Code level calculated using
the CoreLogic Zip Code level HPI

Panel C reports the variable distributions of the sub–sample drawn from 2007 to
2012. Since fracking became profitable in Pennsylvania after 2006, the number of
fracking wells increased drastically between 2007 and 2012. We also see an increase
in conventional drilling wells in the same period, but the level of growth is not as
prevalent as it is for fracking wells. The median income from royalties also increased
from 10.63 thousand dollars before the fracking boom to 13.41 thousand dollars.

Table 2 Panel A and Panel B report the descriptive statistics of our data broken
down by drilling regions before and after the fracking boom, respectively. Before
the fracking boom, the monthly change in the house prices is the highest in areas
without either conventional drilling or fracking (0.7%), followed by the conventional
drilling only areas (0.27%) and the dual-exploration areas (0.22%). The fracking-
only areas have the least amount of growth (0.12%). After the fracking boom, the
monthly change in the house prices in all regions became negative due to the sub-
prime crisis that coincided with the fracking. The areas without any drilling activities
had the most severe monthly decline of -0.22%, followed by the monthly decline
in house princes in conventional drilling only areas (-0.1%). The dual-exploration
regions had the least drop in house prices after the fracking boom (-0.03%).
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Table 2 Descriptive statistics: by sample regions and sample periods

None Conv. Only Frack. Only Dual

Mean Std.
Dev.

Mean Std.
Dev.

Mean Std.
Dev.

Mean Std.
Dev.

Panel A:Before Fracking Boom (2004 – 2006)

Monthly Percentage
Change in House
Price (� HPI Month)

0.70 1.26 0.27 1.46 0.12 0.98 0.22 1.42

Median House Price
(Median Price)

216.28 100.57 132.17 53.61 134.75 21.41 136.08 61.64

Population in thou-
sand (Population)

24.86 12.54 20.57 7.02 15.13 0.00 31.44 13.24

Ln (Population) 9.99 0.52 9.86 0.39 9.62 0.00 10.25 0.49

Yearly Number of
Mortgage in Zipcode

207.16 117.54 132.58 61.34 85.33 13.46 169.60 87.51

Percent of Mortgage
Growth

16.89 28.59 6.10 17.44 22.88 11.09 19.09 15.97

Per capita Gas
Royalty Income
(ROYALTY)

10.78 7.01 10.25 4.36 11.63 0.81 9.37 3.19

Per capita Adjusted
Gross Income (AGI)

60.19 26.86 50.65 14.52 51.34 2.15 47.48 14.22

Per capita Salary
and Wage Income
(WAGE)

43.53 14.44 36.56 9.51 36.14 0.90 34.69 10.02

Unemployment
Amount per capita

0.30 0.09 0.34 0.05 0.31 0.01 0.35 0.05

Cumulative Number
of Fracking Permit
(Number Frack)

0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.69

Cumulative Number of
Conventional Drilling
Permit (Number CONV)

0.00 0.00 32.62 28.13 0.00 0.00 77.20 106.45

Panel B:After Fracking Boom (2007 – 2012)

Monthly Percentage
Change in House
Price (� HPI Month)

−0.22 1.40 −0.10 1.59 −0.05 1.91 -0.03 1.55

Median House Price
(Median Price)

224.86 98.94 144.53 62.99 151.24 28.57 145.14 68.76

Population in thou-
sand (Population)

25.22 12.30 20.65 6.98 15.11 0.02 31.49 13.05

Ln (Population) 10.02 0.50 9.87 0.39 9.62 0.00 10.26 0.47

Number of Mortgage
in Zipcode

134.52 77.80 96.64 55.55 89.17 8.09 146.35 73.70

311B.W. Ambrose, L. Shen



Table 2 (continued)

None Conv. Only Frack. Only Dual

Mean Std.
Dev.

Mean Std.
Dev.

Mean Std.
Dev.

Mean Std.
Dev.

Percent of Mortgage
Growth

−11.41 23.34 −10.71 21.63 −0.52 15.78 −6.41 14.20

Per capita Gas
Royalty Income
(ROYALTY)

13.57 8.55 13.02 5.60 13.44 1.34 12.17 3.48

Per capita Adjusted
Gross Income (AGI)

65.77 30.01 56.22 16.70 57.77 4.45 54.64 17.31

Per capita Salary
andWage Income
(WAGE)

47.56 17.14 40.11 11.59 41.15 3.50 39.28 13.02

Unemployment
Amount per capita

0.77 0.38 0.71 0.31 0.61 0.24 0.70 0.29

Cumulative Number
of Fracking Permit
(Number Frack)

0.00 0.00 0.00 0.00 0.31 0.68 13.78 34.98

Cumulative Number of
Conventional Drilling
Permit (Number CONV)

0.00 0.00 38.26 34.08 0.00 0.00 112.43 136.67

Note: This table reports summary statistics before and after the fracking boom and by drilling regions. We
employ Zip Code level real estate returns data in PA, and we restrict our sample to Zip Codes that are not
located in the Philadelphia or Pittsburgh metropolitan areas and not in rural areas. All our observations
are within a designated Metropolitan Statistical Area (MSA). We follow Cunningham et al. 2020 and use
January 2007 as the beginning year of the Fracking boom. � HPI Month and � is in monthly frequency
at the Zip Code level calculated using the CoreLogic Zip Code level HPI

Empirical Results

House Prices and Fracking Activities

In this section, we explore the general impact of fracking on nearby house prices. We
first empirically test whether the number of fracking wells is positively associated
with real estate prices after the fracking boom using data from both fracking and non-
fracking areas. We divide the sample into tertiles by the number of fracking permits
by the end of the study period. Table 3 displays the covariate estimates. The depen-
dent variable is the monthly percentage change in the Zip Code level house price
index (� HPI Month). FRACK1, FRACK2, and FRACK3 are dummy variables that
indicate the extensiveness of the ex-post fracking activities in the corresponding Zip
Code, POST2006 is a dummy variable for observations after the fracking boom, and
POST2006×FRACK1, POST2006×FRACK2, and POST2006×FRACK3 are the
year-tier interaction terms. Table 1 Column (1) is the baseline specification includ-
ing only the county and year fixed effects. Column(2) adds controls for the Zip Code
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Table 3 House price and fracking activities

Dependent variable: Monthly change in house price (%)

(1) (2) (3) (4)

Interaction term
(POST2006×FRACK1)

0.655*** 0.654*** 0.655*** 0.654***

(0.0924) (0.0918) (0.0913) (0.0852)

Interaction term
(POST2006×FRACK2)

0.717*** 0.716*** 0.718*** 0.723***

(0.160) (0.159) (0.158) (0.159)

Interaction term
(POST2006×FRACK3)

0.519*** 0.519*** 0.523*** 0.509***

(0.151) (0.150) (0.151) (0.149)

Indicator variable if number of
fracking permit in the low tertile
(FRACK1)

−0.576*** −0.584*** −0.581*** −0.582***

(0.0986) (0.102) (0.112) (0.106)

Indicator variable if number of
fracking permit in the middle tertile
(FRACK2)

−0.543** −0.529** −0.532** −0.541**

(0.169) (0.171) (0.172) (0.169)

Indicator variable if number of
fracking permit in the high tertile
(FRACK3)

−0.292** −0.299** −0.320** −0.318**

(0.124) (0.126) (0.115) (0.115)

Ln(Population) −0.0298 −0.0302 −0.0284

(0.0210) (0.0223) (0.0233)

Ln(AGI) −0.0569 −0.0658*

(0.0363) (0.0328)

Percent of Mortgage Growth 0.001**

(0.0004)

Observations 20,196 20,196 20,088 20,064

R-squared 0.095 0.095 0.095 0.095

County FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

The dependent variable being analyzed is the Monthly Percentage Change in House Price (� HPI Month).
Column(2) controls for the Zip Code level local population, Column(3) controls for the Zip Code level
median AGI, and Column(4) controls for the Zip Code level annual percentage growth of newly originated
purchase mortgages. All specifications include individual county and year fixed effects. Standard errors are
calculated using two-way clustering by county–year. Robust standard errors in parentheses. *** p<0.01,
** p<0.05, * p<0.1

level local population, Column(3) introduces controls for the Zip Code level median
AGI, and Column(4) adds controls for the Zip Code level annual percentage growth
of newly originated purchase mortgages. The unreported covariates are county and
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individual year fixed effects. Standard errors are calculated using two-way clustering
by county–year.

Across columns, the results indicate that the number of fracking wells is positively
correlated with real estate values, but the relationship is nonlinear. The monthly house
price appreciation in Zip Codes with the lowest tertile of permits (Tier 1 fracking
areas) after the fracking boom is 0.65% higher than it is in the non-fracking areas; the
house price growth in Zip Codes with the medium tertile of permits (Tier 2 fracking
areas) after the fracking boom is 0.7% higher, and the monthly house price appreci-
ation in the Tier 3 fracking areas is 0.5% higher. All of the coefficient estimates are
significant at the 1% level.

These findings reveal the economically significant net impact of fracking on the
local real estate growth: the annual net increase of a house in Tier 1 regions is $1,813;
a house in Tier 2 fracking regions will receive an additional $4,572 in return; a house
in Tier 3 regions will receive another $4,800 in return.5

Conventional Drilling History and Fracking Impact

Thus far, we have documented a positive effect of fracking on house prices. In this
section, we investigate how experience with unconventional drilling affects the price
impact of fracking on nearby houses.

Figure 4 plots the median monthly change in HPI by the four geographical areas
defined in “Empirical Methodology” and shows that houses in fracking-only Zip
Codes experienced a different volatility pattern starting in 2007 compared to the other
three regions. Houses in fracking only Zip Codes experience a moderate but notice-
able price increase after the 2007 house price meltdown/fracking boom until 2010.
Meanwhile, declines and high volatility were seen in the other three regions.

Table 4 displays the coefficient estimates for Eq. 2. The dependent variable is the
monthly percentage change in house prices. Column (1) reports results from a base-
line difference–in–difference–in–difference specification in which we control for
local drilling characteristics together with year and county fixed effects. In Columns
(2)-(4), we gradually include local characteristics controls, Ln(population), Ln(AGI),
and the annual growth of newly originated mortgage (purchase), respectively. Standard
errors are calculated using two-way clustering by county and year.

Column (1) shows that houses in fracking-only areas experienced a 0.75% increase
in monthly return after the fracking boom (POST2006×FRACK). This is consistent
with findings in the previous subsection, suggesting that houses in the fracking region
increased in value after the fracking boom. However, returns in dual-exploration Zip
Codes in the Post-2006 market are 0.63% lower (POST2006×FRACK×CONV).
These coefficients are statistically significant at the 1% level, implying regions hav-
ing experience with drilling before the fracking boom were less optimistic about the
fracking benefits.

5We report the annualized gain as the monthly gain multiplied by twelve months. Monthly gains are
estimated by taking the sum of the corresponding base term coefficients, the interaction term coefficients,
and multiplying the net return by the median house price in our data ($209,800).
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Fig. 4 Percentage change in HPI by regions (2004 to 2012). This figure plots the median percentage
change in Zip Code level HPI by four regions based on their exposure to conventional drilling and fracking.
The vertical line marks the beginning of the fracking boom. This figure shows house prices in fracking
only areas experienced moderate growths immediately following the fracking boom. In contrast, houses in
none fracking regions declined in price triggered by the subprime crisis. House prices in dual-exploration
regions also declined during the financial crisis but at a smaller degree compared to non-fracking regions.
Consistent with findings by Cunningham et al. (2020), the positive price impacts of fracking were offset
by the adverse price impact of the subprime crisis

Columns (2) and (3) control for the county and Zip Code level characteristics to
exclude the possibility that results shown in Column (1) were driven by differences in
local population and income between fracking-only areas and dual-exploration areas.
The consistent covariates displayed across Columns (1)-Column (3) imply that such
differences do not drive the real estate return gap between dual-exploration regions
and fracking-only regions.

Since the fracking boom coincided with the 2007 subprime crisis, areas may differ
in the level of investment attention based on drilling exposure before the fracking
boom, and thus may experience different price trends when the real estate bubble
burst. Thus, to control for the potential effect of “overheatedness” of the local housing
market, we also include in Column (4), a variable that accounts for the percentage
growth of newly originated mortgages:

Growtht = Numbert

Numbert−1
− 1.

Numbert is the number of new purchase mortgages originated in a Zip Code in
year t , and Numbert−1 is the number of new purchase mortgages originated in the
same Zip Code in year t − 1. We find that the inclusion of “overheatedness” slightly
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decreased the magnitude of the POST2006-interactions. The triple interaction coef-
ficient estimate changed from -0.623 in Column (3) to -0.609 in Column (4), the
POST2006×FRACK coefficient changed from 0.747 in Column (3) to 0.742 in Col-
umn (4), and the POST2006×CONV coefficient changed from 0.550 in Column (3)
to 0.539 in Column (4). Our findings indicate that although “overheatedness” con-
tributed to the differences in house price movements after the fracking boom across
regions, most of the price differences between houses in the dual-exploration areas
and those in the fracking-only regions are driven by their exposure to different types
of drilling technology.

Table 4 Conventional drilling history and fracking impact

Panel A: Drilling exposure and real estate return

Dependent variable: Monthly change in house price (%)

(1) (2) (3) (4)

Interaction term
(POST2006×FRACK×CONV)

0.625*** −0.624*** −0.623*** −0.609***

(0.123) (0.125) (0.137) (0.139)

Interaction term
(POST2006×FRACK)

0.747*** 0.746*** 0.747*** 0.742***

(0.0643) (0.0859) (0.108) (0.108)

Interaction term
(POST2006×CONV)

0.551*** 0.550*** 0.550*** 0.539***

(0.142) (0.144) (0.143) (0.143)

Indicator variable for fracking Zip
Code (FRACK)

−0.500*** −0.505*** −0.493*** −0.493***

(0.0573) (0.0538) (0.125) (0.117)

Indicator variable for conventional
drilling Zip Code (CONV)

−0.262 −0.247 −0.246 −0.238

(0.166) (0.170) (0.178) (0.175)

Interaction term
(FRACK×CONV)

0.280*** 0.277*** 0.256* 0.245*

(0.0599) (0.0547) (0.127) (0.122)

Ln (Population) −0.027 −0.028 −0.027

(0.023) (0.024) (0.025)

Ln (AGI) −0.061 −0.069

(0.041) (0.038)

Percent of Mortgage Growth
(Growth)

0.001**

(0.0004)

Observations 20,196 20,196 20,088 20,064

R-squared 0.097 0.097 0.096 0.096

County FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes
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Table 4 (continued)

Panel B: Drilling exposure and real estate return

Dependent Variable: Change in House Price (%) Monthly Quarterly Semi-Annual Annual

(1) (2) (3) (4)

Interaction term (POST2006×FRACK×CONV) −0.609*** −1.674*** −3.141*** −6.093***

(0.139) (0.308) (0.698) (1.227)

Observations 20,064 20,064 20,064 20,064

R-squared 0.096 0.196 0.362 0.623

County FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Notes: This table shows the empirical effect of having exposure to conventional drilling provides addi-
tional impacts on local house prices after the fracking boom. The dependent variable in Panel A is the
Monthly Percentage Change in House Price (� HPI Month). Column(2) controls for the Zip Code level
population, Column(3) controls for the Zip Code level AGI and population, and Column (3) controls for
the percentage of mortgage growth in the corresponding Zip Code (Growth). Panel B reports coefficient
estimates of the dual triple interaction term. The dependent variables being analyzed are Zip Code level
annual income. Model specifications are consistent with the specifications in Panel A Column(4). Panel B
reports coefficient estimates of the dual triple interaction term. The dependent variables being analyzed are
Zip Code level annual income. All specifications include individual county and year fixed effects. Stan-
dard errors are calculated using two-way clustering by county–year. Robust standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1

Panel B of Table 4 replicates the model specification in Column (4) Panel A by
replacing the dependent variable with quarterly house price changes, semi-annual
price changes, and annual price changes to address the low R2 of the monthly house
price return specification. The results displayed in this panel indicate an increase in
the R2 values. The magnitude of the triple-interaction coefficient estimate remains
consistent with the monthly model as we reduce the frequency of our dependent vari-
able. Thus, we conclude that the R2 is low due to the high volatility of monthly
zip code level returns while our independent controls are measured in an annual
frequency. This is a common phenomenon found in monthly frequency data; for
example, mortgage studies where the dependent variable is monthly mortgage per-
formance status and the mortgage characteristics controls are measured at loan
origination. However, since the error term is randomly distributed on either side of
the mean, the low R2 does not affect the accuracy of the estimated effect.

Table 5 further investigates whether fracking imposes heterogeneous impacts on
the income levels for residents in dual-exploration regions and fracking-only regions.
The triple-difference model in this table corresponds to that used in Column (1) Panel
A.We replace the dependent variable in each columnwith a Zip Code level annual per
capita income variable reported to the IRS. The results show fracking does not lead to
a statistically significant difference in the adjusted gross income or wage and salaries
for residents in dual-exploration regions compared to those in fracking-only regions.
However, individuals in dual-exploration regions report an additional $1,000 income
from royalty payments after the fracking boom compared to those in the fracking-
only regions. Despite the homogeneous wage and salaries and the lower realized
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Table 5 Prior drilling exposure and income

Dependent Variable: Agi Wage Royalty

(1) (2) (3)

Interaction term(POST2006×FRACK×CONV) 0.789 0.066 1.021***

(0.551) (0.453) (0.220)

Observations 1,674 1,674 1,674

R-squared 0.292 0.397 0.190

County FE Yes Yes Yes

Year FE Yes Yes Yes

This table reports coefficient estimates of the dual triple interaction term. The dependent variables being
analyzed are Zip Code level annual income. Model specifications are consistent with the specifications
in Panel A Column(4). Standard errors are calculated using two-way clustering by county–year. Robust
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

royalty income compared to dual-exploration regions, houses in fracking-only areas
still appreciated at a higher rate.

Our findings so far suggest that market participants’ overestimation of the frack-
ing benefits and underestimation of the risks are possible causes of the additional
real estate growth in the fracking-only regions. If that is the case, the real estate
return gap between the fracking-only region and the dual-exploration should gradu-
ally disappear over time as fracking-only area investors gain experience with living
near drilling wells. To test this hypothesis, we ran a series of regressions with the
dual-exploration interaction term (FRACK×CONV) interacted with a calendar-year
dummy (YEAR) after the fracking boom. The dependent variable is the monthly
percentage change in house prices (� HPI Month). In each regression, we include
individual county and year fixed effects as well as Zip Code level income controls.
Figure 5 illustrates the time-varying coefficient estimates of the triple-interaction
terms (FRACK×CONV×YEAR). Our findings are consistent with the hypothesis
that the negative coefficient of POST2006×FRACK×CONVwas driven by the early
years of the fracking boom. The marginal impact of being in a dual-exploration
region in 2007, corresponding to the beginning of the fracking boom, is -0.53%, and
is between -0.38% and -0.48% in 2008 and 2009. Starting from 2010, three years
into the fracking boom, real estate returns in dual-exploration regions are statistically
identical to those in the fracking-only areas.

To summarize, in this section, we show at the beginning of the fracking boom,
home prices in the dual-exploration regions reflected benefits and risks of fracking
compared to house prices in fracking-only Zip Codes. Residents in fracking-only
regions gradually learn about fracking risks such that three years into the fracking
boom, the real estate return premium in those areas disappear. These findings are
consistent with Nicolosi et al. (2009), which suggests that investors constantly learn
about the market and use the new knowledge to improve their investment strategy.
Our findings are robust to controlling for characteristics differences at the Zip Code
level.
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Fig. 5 Event study: dual exploration effect over time (2007 to 2012). This figure plots the time varying
coefficient estimates of the dual exploration interaction term (FRACK×CONV) interacted with calendar
year dummies (YEAR). The dependent variable is the monthly percentage change in house prices (� HPI
Month). Standard errors are calculated using two-way clustering by county-year. All specifications include
individual county and year fixed effects as well as Zip Code level income controls

Time–Varying Impact of Fracking Accidents

In this section, we focus on a sub-sample of fracking Zip Codes from 2008 to 2012
and examine how residents update their anticipation about fracking risks based on
recently reported local fracking accidents.6

Figure 6 provides a visual demonstration of the local real estate market trend fol-
lowing environmental-related fracking accidents, i.e., drilling accidents that release
hazardous substances in the air, water, soil, and food. All of these accidents were
serious incidents that may lead to long-term environmental consequences to the
local residents.7 If market participants do not discount old information, these acci-
dents should have a long term impact on the local housing market. We find that the
local housing market experiences an immediate decline in prices following fracking
accidents in the same Zip Code. However, prices recovered three months after the
accidents.

Table 6 reports analysis results of whether the price impact of fracking accidents
diminishes over time. The dependent variable is the monthly change in house prices
(� HPI Month). Accidentt−N (0 ≤ N ≤ 4) are binary variables indicting whether
a severe fracking accident happened in a Zip Code N months before the observation

6The median sale prices in this sample is 158.89 thousand dollars.
7For example, one of the accidents has the following description in the DEP report:
“The well erupted late Tuesday, sending thousands of gallons of chemical-laced and highly saline water
spilling from the drill site, heading over containment berms, racing toward a tributary of a popular trout-
fishing stream and forcing seven families nearby to temporarily evacuate their homes.”

319B.W. Ambrose, L. Shen



Fig. 6 Monthly percentage change in HPI vs. Fracking accident. This figure provides a visual demonstra-
tion of the local real estate market trend following environmental-related fracking accidents, i.e., drilling
accidents that release hazardous substances in the air, water, soil, and food. The local housing market
experiences an immediate decline in prices following fracking accidents in the same Zip Code. However,
the loss triggered by accidents will recover shortly after the accidents

time t . For instance, Accidentt−1 =1 means at least one severe fracking accident was
reported in the same Zip Code one month ago. We also control for Zip Code level
royalty income, Ln(population), and mortgage growth.8

Columns (1)-(5) report the results from the estimations that include the accident
lag dummies one by one. Column (1) shows that fracking accidents happened within
a month lead to a 0.72% drop in real estate prices. This effect is statistically sig-
nificant at the 5% level. Column (5) shows that fracking accidents that occurred
three months ago are positively and statistically significantly correlated with real
estate growth in the current month. In Column (6), we control for all of the accident
lag variables in one specification (Accidentt−N (0 ≤ N ≤ 4)), and the estimated
lagged accident impact for a specific lag-months are comparable to those reported
in Column (1)-(5) in both magnitudes and statistical significance levels. Overall, the
negative impact of past fracking accidents diminishes quickly: fracking accidents
impose immediate negative prince effects on the local housing market. However, such
a negative price shock on local housing prices recovers within three months.9

8Conventional selection criteria (AIC, HBIC, and SBIC) suggest that the most appropriate number of lag
months is zero. Standard errors are calculated using two-way clustering by county–year.
9We also tested several alternative models control for county-level household income, the count of frack-
ing wells in a Zip Code, the AGI and Wage and Salary Income. None of those additional specifications
drastically altering the results reported in the current Table 6. Results from the alternative specifications
are available upon request.
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Table 6 Impact of fracking accident on house prices over time

Dependent variable: Monthly change in house price (%)

(1) (2) (3) (4) (5) (6)

Indicator Variable=1 if a frack-
ing accident occurred 0 month ago
(Accident t-0)

−0.717** −0.785***

(0.210) (0.173)

Indicator Variable=1 if a frack-
ing accident occurred 1 month ago
(Accident t-1)

0.007 −0.078

(0.131) (0.193)

Indicator Variable=1 if a fracking
accident occurred 2 months ago
(Accident t-2)

0.235 0.270

(0.178) (0.236)

Indicator Variable=1 if a fracking
accident occurred 3 months ago
(Accident t-3)

0.620** 0.694*

(0.213) (0.279)

Indicator Variable=1 if a fracking
accident occurred 4 months ago
(Accident t-4)

0.391 0.310

(0.204) (0.266)

Observations 1,224 1,224 1,224 1,224 1,224 1,224

R-squared 0.018 0.016 0.016 0.018 0.017 0.021

County FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

This table displays the estimation results of the effect of past fracking accidents on house prices. The
dependent variable being analyzed is the Monthly Percentage Change in House Price (� HPI Month).
Conventional selection criteria (AIC, HBIC, and SBIC) suggest that the most appropriate number of lag
months is zero. Reducing the number of lags does not alter our findings. All specifications include indi-
vidual year fixed effects. Standard errors are calculated using two-way clustering by county–year. Robust
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Figure 7 illustrates the duration of price impacts from past fracking accidents
using the model presented in Column (3) of Table 6. Because this model controls
for income, the coefficient estimates represent the real estate price impact, exclud-
ing any direct benefits from fracking. We plot the coefficient estimates for past
fracking accident dummies (Accident t-0 – Accident t-4) as well as their 95% confi-
dence intervals. This figure shows that the market immediately responds to accidents
that had severe adverse environmental and safety consequences. However, after one
month, the marginal impact of past fracking accidents diminishes, and the statistical
power disappears. Interestingly, fracking accidents that happened three months ago
are associated with a positive and statistically significant impact on local real estate
returns.
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Fig. 7 Time–varying effect of fracking accident. This figure displays the price impacts of past fracking
accidents using the model presented in Column(3) of Table 6. The dependent variable is the monthly
percentage change in house prices (� HPI Month). We plot the coefficient estimates for past fracking
accident dummies (Accident t-0 – Accident t-4). The dependent variable is the monthly percentage change
in house prices (� HPI Month). Standard errors are calculated using two-way clustering by county-year.
All specifications include individual county and year fixed effects as well as the Zip Code level royalty
income

The findings imply that house prices adjust to their previous levels a few months
after the accident. Therefore, we conclude that buyers rely on the most recent infor-
mation to form beliefs about fracking risks. This finding is supported by Gallagher
(2014), who finds that more recent information has an immediate but short-lived
impact. Furthermore, we find house prices adjust to their previous levels if no addi-
tional accidents are reported within three months. This finding is supported by
Hansen et al. (2006), who find that houses located near gas pipelines experience a
sharp decrease in price following an explosion, but the price effect of such accidents
disappears within six months.

Robustness: Placebo Validations

In “Conventional Drilling History and Fracking Impact”, we argue that the negative
and statistically significant triple interaction effect (POST2006×FRACK×CONV)
is a result of perceived anticipation about fracking risks. In this subsection, we imple-
ment several robustness exercises to address the possible concerns that our main
findings might have been driven by non-parallel trends in the data. Specifically,
we perform several placebo exercises where we estimate our primary specifications
on several alternative data sets and change the beginning of the fracking boom to
alternative dates.

Table 7 displays the placebo test results. The model specifications in this section
correspond to those in Column (1) and Column (4) in Table 4 except that we ran-
domly changed the beginning of the fracking boom and the data sample periods.
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Table 7 Placebo tests: change the beginning time of the fracking boom

Dependent variable: Monthly change in house price (%)

(1) (2) (3) (4) (5) (6)

Interaction term (POST2001×FRACK×CONV) 0.559*

(0.157)

Interaction term (POST2002×FRACK×CONV) −0.0415

(0.258)

Interaction term (POST2005×FRACK×CONV) 0.157 0.157

(0.240) (0.273)

Interaction term (POST2010×FRACK×CONV) 0.0326 0.0328

(0.103) (0.128)

Observations 6,732 6,732 6,732 6,636 20,196 20,064

R-squared 0.035 0.034 0.067 0.069 0.094 0.094

Control for Local characteristics No No No Yes No Yes

County FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Sample Year 01–03 01–03 04–06 04–06 04–12 04–12

This table shows the empirical effect of having exposure to conventional drilling provides additional
impacts on local house prices after the fracking boom. The dependent variable in Panel A is the Monthly
Percentage Change in House Price (�HPI Month). Column(2) controls for the county level median house-
hold income and Column(3) controls for the Zip Code level median AGI. Panel B reports coefficient
estimates of the dual triple interaction term. The dependent variables being analyzed are Zip Code level
annual income. All specifications include individual county and year fixed effects. Standard errors are cal-
culated using two-way clustering by county–year. Robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1

Columns (1)-(2) display results using an alternative sample of PA house price indexes
from a time (January 2001 and December 2003) that predates the fracking boom and
does not overlap with the 2004–2012 sample period.10 The triple placebo interac-
tion term (POST2001×FRACK×CONV) is weakly statistically significant and the
triple interaction term (POST2002×FRACK×CONV) is statistically insignificant.
In Columns (3)-(4), we employ the Pennsylvania house price index sample from
January 2004 to December 2006 and reset the beginning of the fracking boom to
January 2006. The triple interaction term (POST2005×FRACK×CONV) remains
statistically insignificant with and without controlling for local characteristics in the
model. Similarly, in Columns (5)-(6), we employ real estate prices sample from Jan-
uary 2004 to December 2012 and reset the beginning of the fracking boom to January
2011. The triple interaction term (POST2010×FRACK×CONV) remains statisti-
cally insignificant with and without controlling for local characteristics in the model.

10The model specifications used to produce Column (1)-(2) corresponds to those in Column (1) Table 4
because local characteristics data at the Zip Code level are not available for this period.
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The statistically insignificant results show that the effects of the fracking boom were
capitalized into prices during the first few years of the fracking boom (2007 to 2010),
and no new information is present as of 2011.

Taken together, we provide empirical evidence showing that our model spec-
ifications satisfy the parallel trend assumptions and the negative and statistically
significant triple interaction effect (POST2006×FRACK×CONV) is consistent with
market participants’ perceptions about fracking risks.

Conclusion

This paper uses a natural experiment arising from the fracking boom in 2007 to shed
light on how market participants respond to information. As fracking wells spread
across the U.S, real estate investors have expressed great concern about the market
uncertainties caused by the fracking boom.

We find that the real estate market is very efficient in incorporating the potential
benefits from fracking despite concerns surrounding the environmental conse-
quences. At the beginning of the fracking boom, households in the fracking-only
regions responded more positively to the potential benefits of fracking benefits com-
pared to those in dual-exploration regions. Knowledge about conventional drilling
helps participants in dual-exploration areas quickly update beliefs about the fracking
risks and benefits. As a result, the initial level of real estate appreciation was higher
in the fracking-only regions than those in the dual-exploration regions.

We also show that expectations about fracking risks are heavily influenced by
whether a fracking accident took place in the current month, but this effect dissipates
quickly. This finding suggests that market participants place greater emphasis on
recent information and discount old information.
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