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Abstract: The attitudes of Susquehanna River stakeholders regarding natural gas hydraulic
fracturing (fracking) in the Marcellus Shale region reflect differing concerns on economic, social,
and environmental issues based on gender, education level, and income. The focus on the U.S. State
of Pennsylvania section of the Susquehanna River derives from the U.S. States of New York and
Maryland, neighbors of Pennsylvania to the immediate north and south, respectively, enacting bans
on fracking, while Pennsylvania has catapulted, through Marcellus fracking, to become the second
largest natural gas producing state in the U.S. In this Pennsylvania survey, female and more highly
educated stakeholders favor a moratorium on fracking, while males and lower income stakeholders
support fracking. Of the four categories used to organize the survey, i.e. economic opportunity,
health and safety, communities, and energy security, the category of health and safety ranked first in
both the 2012 and 2017 survey.

Keywords: hydraulic fracturing; fracking; Marcellus Shale; stakeholders; Susquehanna River;
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1. Introduction

“Stuck in the Middle With You” [1], that old 1970s tune, sums up the attitudes of many
Pennsylvanians about natural gas hydraulic fracturing (“fracking”). Instead of “clowns to the left of me
and jokers to the right”, New York to the north and Maryland to the south share natural gas deposits
in the Marcellus Shale rock formation with Pennsylvania [2] (Figure 1), but disagree with Pennsylvania
on what to do with it. Both New York and Maryland have banned fracking [3], while Pennsylvania
has catapulted to the second largest natural gas producing state in U.S., according to the U.S. Energy
Information Administration (EIA) [4].

In this research paper, we present the results of a survey about stakeholder attitudes regarding
the economic, social, and environmental impact of Marcellus Shale development in the Susquehanna
River Basin area of Pennsylvania. This effort replicates a 2012 survey conducted at a time when
many residents of the region knew relatively little about natural gas fracking [5]. The impetus for
repeating the survey was the ongoing turbulence in the Susquehanna River Basin where fracking
occurs. This turbulence is due to large-scale increases in gas production volume in Pennsylvania
in 2015 [6] followed by a layoff of a third of the Pennsylvania natural gas workforce in 2016 [7],
mounting stakeholder concerns about plans for pipelines crisscrossing Pennsylvania to support natural
gas shipments to the Eastern seaboard and abroad [8], and initial studies suggesting deleterious health
impacts from fracking [9]. The global implications of shale gas drilling in the Marcellus Shale is
underscored by the fact that the U.S. is the only nation to produce shale gas commercially on a large
scale, despite 41 other nations with large scale reserves. Given that 73.5 percent of gas is traded,
the pipelines, either planned or in construction, ensure a continued focus on shale gas production from
the Marcellus Shale [10].
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Figure 1. Marcellus Shale Play Boundary (Source: Susquehanna River Basin Commission).

The focus on the Susquehanna River Basin as a major ecosystem and source of drinking
water in the midst of the Marcellus Shale rock formation, as a highly productive source of natural
gas fracking, juxtaposes two divergent theories and drivers of human activity and motivation.
First, Coase, in his seminal article entitled The Problem of Social Cost [11], identified the focus of
firm behavior on externalizing costs of using or impacting public goods and internalizing profits.
Marcellus fracking represents the third generation of industry externalizing environmental and
social costs, while internalizing profits. The Marcellus Shale region in Pennsylvania differs from
New York and Maryland due to two previous episodes of resource extraction which primarily impacted
Pennsylvania. In the 18th century, lumber companies clear cut trees within hauling distance of the
Susquehanna River in order to float logs to the Eastern seaboard for supporting construction of
growing cities. More recently, coal was mined for generations before the exhausted mines were
abandoned and Susquehanna River Basin streams were impacted with ongoing acid mine drainage [5].
Thus, the exposure to firms externalizing the costs of public goods and internalizing profits has an
institutional aspect to it, in which coercion from industry and government is begrudgingly recognized,
if not accepted. Scott [12] notes that institutional behavior involving a powerful firm or industry
often takes the form of coercion in order to maintain institutional practices. The institutionalization
of the coercion involving industry and state government is evident in the passage of Act 13,
which, among other matters, largely removed zoning decisions about industrial activity from
local governments.

As the scale and scope of natural gas fracking, as well as its long term impact, became clearer,
incipient signs of social movement organizations opposed to natural gas fracking became evident.
Nowhere was this more evident than with water management issues involving the Susquehanna River
Basin because of the millions of gallons of water required for each fracking effort, as opposed to the
dependence of Susquehanna River Basin citizens on drinking water from the Susquehanna River.
Kriesi [13] notes that social movement organizations’ involvement in environmental issues tend to
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institutionalize more than most other social movements, suggesting that incipient evidence of social
movement organizations in the Marcellus Shale region may develop into a broader based effort with
organizational ties beyond the Marcellus Shale and the Susquehanna River Basin.

Thus, the focus on the Susquehanna River Basin in this survey seeks to identify stakeholder
attitudes regarding support, or at least acquiescence, to the institutionalized coercion by industry
and government for natural gas fracking, as well as the formation of social movements opposed
to natural gas fracking because of existential threats to drinking water and other health threats.
From the perspective of institutional theory, a forceful argument can be made that the ecosystem
encompassing the Marcellus Shale region is the most “contested organizational field” [14] in the
eastern United States, given ongoing opposition to natural gas pipelines, as well as the expected
continuation Marcellus fracking to support exports for many years to come. Hardy and McGuire [15]
integrate social movement theory with neo-institutionalism and note that the integration of social
movements in neo-institutionalism provides a context for explaining scenarios in contested fields
in which alternatives to the dominant ideology and processes of embedded incumbents can be
challenged by social movements. For these reasons, we believe the survey of stakeholder attitudes in
the Susquehanna River Basin provides useful insights into how the economic power of organizations
motivated to externalize the cost of public goods, which now extends ironically to massive political
lobbying efforts, can lead to the possible motivation of citizens in the very conservative and normally
passive Susquehanna River Basin to form social movement organizations.

Consistent with the 2012 survey, this survey again focuses on stakeholders in the Susquehanna
River Basin, of which the Marcellus Shale (Figures 1 and 2) underlies 85 percent. In the 2017 survey,
nearly 70 percent of respondents live 10 miles or less from the Susquehanna River and nearly two-thirds
work within 10 miles of the river. This proximity of respondents to the Susquehanna River is intentional.
A major purpose of this survey research is to understand stakeholder attitudes and perceptions
about the Susquehanna River as it pertains to fracking. Consistent with Evensen and Stedman [16],
the attitudes and perceptions of respondents in the immediate locale of the object of study may
be significantly different from the attitudes of respondents further away, but still even in the same
state (or province). More specifically, Evensen and Stedman [16] found differences in attitudes and
perceptions regarding fracking from respondents living in the Marcellus Shale area when compared
to respondents outside the area. They also found that given the sparse population of the Marcellus
Shale Region, survey methodology had to be adjusted when compared to more urban areas. Similarly,
we found that, to receive a cross-sector (business, government and nonprofit) sample of stakeholder
responses in the 2012 survey, we needed to contact all groups repetitively, across the full spectrum of
organization types, purposes and ideological beliefs, as well as request additional email addresses.
As Evensen and Stedman [16] conclude, a larger, perhaps statewide, survey would drown out responses
of the very stakeholders we focused upon.

While the Susquehanna River Basin, which extends from its source in Cooperstown, New York,
south to Havre de Grace, Maryland, is by no means the only area where fracking occurs, it merits
specific attention for several reasons. First, the highest concentration of fracked wells occurs in
the Basin (Figure 3). The Susquehanna River Basin is in essence “the canary in the coal mine”.
If the rapid depletion of fracked well production after the first year and the predictions for growing
demand to support natural gas pipeline shipments globally hold sway, the Basin is only in the
early stages of development and thousands more wells will be drilled and fracked [17]. Conversely,
if technological innovations lead to increased production from refracturing existing wells, then the
industrialization of the Susquehanna River Basin could be reduced [18]. The “canary in the coal
mine” reality is that innovation in techniques leading to greater efficiencies and possible reductions
in environmental footprints occur with a “learning as you go” approach. This leaves residents of
the area in a perpetual watchful waiting mode, hopeful for improved social and environmental
conditions before social and environmental problems strike close to home with permanent degradation.
Meanwhile, Pennsylvania continues on as the second highest producing state of shale gas [18].
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Figure 2. Susquehanna River Basin (Source: Susquehanna River Basin Commission).

Second, given the relative isolation of the Susquehanna River Basin from urban areas, the cultural
identity is more homogenous and, therefore, may be less bound up in issues that could confound
stakeholder attitudes toward fracking. For example, the lowest percentage voting for President Trump
in the 2016 election among the counties in the Susquehanna River Basin was 64 percent. Some of
the counties provided a plurality in the mid-75 percent range [19]. Additionally, the culture of the
area has been shaped by two previous eras of natural resource extractions. In the latter part of the
19th century, trees within transport distance of the Susquehanna River were clear cut and exported to
areas of population growth on the Eastern seaboard. This was followed by coal mining, now largely
abandoned while the residual—acid mine drainage—continues to pollute creeks and rivers. Given this
history of natural resource extraction, the expectation at the outset of this research in 2012 was that area
residents would have become inured to being on the short end of costs and benefits of such extraction.
Given the right of eminent domain, which the federal government can exercise, and the “boom and
bust” cycles that come with resource extraction, indelible marks of extraction remain on the physical
terrain and social psyche of the area. This recognition is echoed by Cooper et al. [10] whom suggest
that states such as Texas and Pennsylvania, with a tradition of oil and gas production, have been more
amenable toward fracking than states, such as New York, where such a tradition has been absent.

Third, American Rivers (an environmental nonprofit group) identified the Susquehanna River as
“America’s Most Endangered River” in 2011. According to American Rivers [20], the primary cause
of the “most endangered” status was the threat of contamination as part of the hydraulic fracturing
or fracking process to extract natural gas. Thus, juxtaposing the conservative nature of citizens in
the Susquehanna River Basin and the legacy of natural resource extraction with a concern about the
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“existential need” for clean water provided by the Susquehanna River provides a unique opportunity
for seeking a bottom-line clarity about interests and beliefs that are in conflict, potentially.
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The survey gauges the importance of the Susquehanna River to its stakeholders with the question:
“If use of the Susquehanna River ecosystem were to be limited, it would affect me how?”

The choices are: (1) financially; (2) quality of life (recreation); and (3) existentially (access to clean
water). More than 39 percent indicated it would affect them existentially, meaning access to clean
water, an increase from 2012, which was 37.8 percent (Table S1, Panel A, Supplementary Materials).
In addition, a significantly higher percentage of respondents indicated an impact on quality of life in
2017 than in 2012, while a lower percentage indicated a financial impact in 2017 than in 2012. In terms
of sustainable development, more than 25 percent responded negatively to the question: “Based on
current usage, the Susquehanna River ecosystem will be available to future generations in a condition
similar to today”, again an increase from 2012. Less than one in five responded affirmatively to the
question, with one-third uncertain and the remainder (22.6 percent) demurring (Table S1, Panel A,
Supplementary Materials).

Finally, aside from the stark contrast between Pennsylvania’s full-bore fracking and New York
and Maryland’s ban, utilizing Pennsylvania and the Susquehanna River Basin portion of the Marcellus
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Region as the focus rather than a broader geography is necessitated by special exemptions from federal
law fracking has been granted. For example, under the “Halliburton Loophole”, fracking is exempted
from the Safe Drinking Water Act, a federal law that would have provided a uniform approach for
protecting underground water aquifers from potential contamination due to injecting liquid wastes
into underground wells [21] (p. 7). In the absence of federal law, the states exercise broad jurisdiction
over natural gas fracking, which results in policy and regulatory differences that complicate a unified
analysis of fracking in the U.S.

The 2012 survey included a cross-sector survey utilizing the same questions as in the 2017
effort. The research question in the 2012 survey was ascertaining if stakeholder attitudes about
fracking were differentiated by sector. We learned that the attitudes were not statistically different
among the government, nonprofit and business sectors. From interviews as part of developing the
survey, we learned that many people had relatively vague ideas about fracking and had not formed
strong opinions. Although Cooper et al. [10] assert that knowledge about fracking remains relatively
undeveloped, we expected that, in 2017, opinions would be more fully formed in Pennsylvania,
given the high visibility of legislative actions regarding fracking, as well as ongoing advertising and
public relations efforts by the oil and gas industry.

Thus, one issue we wish to understand better from the 2017 survey research is ”how can
Pennsylvania become the second leading natural gas producing state while New York and Maryland
have bans on fracking?” One response is money and politics. On the surface, this makes sense.
Former Pennsylvania Governor Corbett won the 2010 gubernatorial race with strong financial backing
from the oil and gas industry. Corbett supported the industry consistently but lost to Democrat Tom
Wolf in 2014. Thus, while Governor Corbett was supporting the industry through a strong growth
cycle, adding to Pennsylvania’s economy, he was defeated by a Democrat, arguably less supportive
of oil and gas. Meanwhile, a Republican Governor of Maryland signed legislation banning fracking.
Thus, while Cooper et al. [10] assert that Texas and Pennsylvania are more amenable toward fracking
because of the legacy of oil and gas in their respective states, the politics of fracking in the Marcellus
Shale are somewhat murkier than in Texas, the leading natural gas producing state.

Additionally, environmental policy regarding fracking differs in various parts of Pennsylvania.
Use of water for fracking is not permitted in the Delaware River Basin, which supports the water
needs of Philadelphia and other East Coast areas, while the Susquehanna River Basin Commission,
a consortium of state and federal government officials, has supported the significant water needs of the
fracking industry in the Marcellus Shale. Meanwhile, the southwestern part of Pennsylvania, closer to
Pittsburgh, which was fracked more aggressively earlier than the Marcellus Shale, has experienced
significant stakeholder opposition and legal action in response to environmental accidents and water
pollution from fracking.

In conclusion, the thesis is that business and government interests in the Susquehanna River
Basin, with its rich deposits of natural gas available for fracking, are able to overpower stakeholder
groups in rural areas wishing to preserve the Susquehanna River for future generations. We would
expect the “boom and bust” cycle of natural resource extraction [22] to be especially profound on the
social fabric in rural areas such as the Marcellus Shale because of the lack of scale in the economy
(and the resulting need for economic development), as well as the lack of political institutions with
active, informed constituencies to manage its impacts. Thus, the institutionalization of natural resource
extraction continues apace with fracking as just the next iteration in an industrialization model extant
in the Susquehanna River Basin for 150 years. Meanwhile, stakeholder groups in Philadelphia and
New York, and somewhat in Pittsburgh, have been able to protect environmental and social interests
in their local areas.

Given the strong conservative voting record of counties in the Susquehanna River Basin, one can
hypothesize that fewer people will oppose industry interests actively. However, the survey results
do indicate an interest in government doing more to protect the environment. We hypothesize that,
unlike other industrialization efforts, stronger citizen concerns in both surveys about maintaining
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the Susquehanna River for future generations reflects the dependence on the Susquehanna River for
drinking water and other daily living needs.

We wish to better understand how the 2017 survey results differ from the 2012 results. Specifically,
with the demographic data collected in 2017, is there evidence of polarization in attitudes and beliefs
such that proximity to the Susquehanna River reflects concerns about clean water now and in the
future above and beyond economic returns from fracking given that much of the economic benefit for
fracking accrues to areas outside the Susquehanna River Basin?

Given the history of natural resource extraction in the Susquehanna River Basin and the
conservative culture of the area, we believe institutional theory [23] explains the relationship between
government and business and their joint approach toward natural resource extraction. We cite
DiMaggio and Powell’s [24] use of the term “coercive” to explain the manner in which business and
government have exerted institutional dominance in developing and supporting policies designed to
shift resource wealth from one geographic area to another. Institutional coercion can also be used to
explain the withholding of both regulatory (federal environmental regulations suspended for fracking)
and administrative support (lack of state budget resources for gas well inspectors in the Marcellus
Shale) from the areas where resources are extracted. If the survey results suggest a rising concern
about the Susquehanna River and its future condition, we will conduct interviews to determine the
presence and strength of a social movement to oppose fracking.

Both the 2012 and 2017 surveys involve convenience samples using Survey Monkey as the survey
instrument. In both surveys, diverse groups were sought out by contacting all known Chambers of
Commerce; Marcellus Shale industry groups; federal, state and local governments; universities and
alumni groups; businesses; and nonprofit organizations. We recognize the limitation of a convenience
sample methodology; however, given the small, isolated population in the Susquehanna River Basin,
a large percentage of available groups were contacted by email on at least two occasions.

The outline of this paper involves a discussion of the economic, social, environmental, and political
developments involving natural gas fracking in Pennsylvania and the Susquehanna River Basin since
the initial survey five years ago. The methodology utilized in collecting data and evaluating the results
of the survey follows. The broader implications of fracking in Pennsylvania, such as the permitting
of thousands of miles of pipeline in support of a nascent export plan, are presented as context for
interpreting stakeholder attitudes and projecting future outcomes.

2. Background

Economic. Pennsylvania produced the largest total gain in annual production of natural gas
for the third consecutive year in 2015 (Figure 4), increasing to 13 Bcf/d (billion cubic feet per day),
an 11.4 percent increase over 2014 [6]. Based on data collected from the Pennsylvania Department of
Environmental Protection (DEP), as of January 2017, there are at least 17,939 proposed and drilled
unconventional wells in the state [25].

In 2016, the annual average natural gas price was the lowest since 1999 due to an oversupply [6],
causing natural gas production to fall throughout the U.S., except in Pennsylvania, Ohio and West
Virginia. Given the job layoffs during this period due to oversupply issues, the increase in production
reflected efficiency improvements in Marcellus and Utica Shale fracking [26]. Overall, U.S. natural
gas production declined in 2016 to 71.4 Bcf/d after peaking at 75 Bcf/d in 2015; however, the EIA
projects natural gas and renewables as the two growth areas for energy production over the next
30 years [6]. Natural gas prices are expected to increase in the 2017-18 period, reflecting higher
forecasted consumption and exports, as the Cove Point LNG facility in Maryland is expected to start
export operations in December 2017, along with additional projects on the Gulf Coast beginning
exports in 2018 [27].



Sustainability 2017, 9, 1713 8 of 19

Sustainability 2017, 9, 1713  7 of 18 

Susquehanna River for future generations reflects the dependence on the Susquehanna River for 
drinking water and other daily living needs. 

We wish to better understand how the 2017 survey results differ from the 2012 results. 
Specifically, with the demographic data collected in 2017, is there evidence of polarization in attitudes 
and beliefs such that proximity to the Susquehanna River reflects concerns about clean water now 
and in the future above and beyond economic returns from fracking given that much of the economic 
benefit for fracking accrues to areas outside the Susquehanna River Basin? 

Given the history of natural resource extraction in the Susquehanna River Basin and the 
conservative culture of the area, we believe institutional theory [23] explains the relationship between 
government and business and their joint approach toward natural resource extraction. We cite 
DiMaggio and Powell’s [24] use of the term “coercive” to explain the manner in which business and 
government have exerted institutional dominance in developing and supporting policies designed to 
shift resource wealth from one geographic area to another. Institutional coercion can also be used to 
explain the withholding of both regulatory (federal environmental regulations suspended for 
fracking) and administrative support (lack of state budget resources for gas well inspectors in the 
Marcellus Shale) from the areas where resources are extracted. If the survey results suggest a rising 
concern about the Susquehanna River and its future condition, we will conduct interviews to 
determine the presence and strength of a social movement to oppose fracking. 

Both the 2012 and 2017 surveys involve convenience samples using Survey Monkey as the survey 
instrument. In both surveys, diverse groups were sought out by contacting all known Chambers of 
Commerce; Marcellus Shale industry groups; federal, state and local governments; universities and 
alumni groups; businesses; and nonprofit organizations. We recognize the limitation of a convenience 
sample methodology; however, given the small, isolated population in the Susquehanna River Basin, a 
large percentage of available groups were contacted by email on at least two occasions. 

The outline of this paper involves a discussion of the economic, social, environmental, and 
political developments involving natural gas fracking in Pennsylvania and the Susquehanna River 
Basin since the initial survey five years ago. The methodology utilized in collecting data and 
evaluating the results of the survey follows. The broader implications of fracking in Pennsylvania, 
such as the permitting of thousands of miles of pipeline in support of a nascent export plan, are 
presented as context for interpreting stakeholder attitudes and projecting future outcomes. 

2. Background 

Economic. Pennsylvania produced the largest total gain in annual production of natural gas for 
the third consecutive year in 2015 (Figure 4), increasing to 13 Bcf/d (billion cubic feet per day), an 11.4 
percent increase over 2014 [6]. Based on data collected from the Pennsylvania Department of 
Environmental Protection (DEP), as of January 2017, there are at least 17,939 proposed and drilled 
unconventional wells in the state [25]. 

 
Figure 4. Pennsylvania produces largest total gain in production in 2015 (Source: U.S. Energy 
Information Administration). 
Figure 4. Pennsylvania produces largest total gain in production in 2015 (Source: U.S. Energy
Information Administration).

The EIA reports that “several large interstate pipeline projects have come online in recent years
to support the shifting geography of domestic natural gas production”, including 6800 miles of
pipelines in Pennsylvania by 2015, with significant pipeline growth planned. One example is the
Atlantic Sunrise Pipeline, a $2.6 billion project, which will move natural gas out of the Marcellus Shale
Region, traverse 10 Pennsylvania counties, and add 1.7 Bcf/d of pipeline capacity [26].

The Annual Energy Outlook 2017 projects the U.S. to be a net exporter of natural gas by 2018 [27],
even though fracking production from a newly drilled well drops significantly within several months
of initial production [17]. In general, the average first year decline in natural gas production rates
across Pennsylvania resemble a hockey stick (Figure 5) with the drop off ranging from 60 to 80 percent.
Although analysts expect shale wells to have a 20–30 year life, the drop off in shale well productivity
after the first year has profound implications for the number of wells needed to support planned
pipelines [28].

Social. Oil and gas jobs in Pennsylvania dropped from about 30,313 to 20,524 in the first quarter
of 2016, compared with the same quarter in the previous year [7]. Regarding jobs and the “boom–bust”
cycle of extraction industries, the industry strongly supports permitting and constructing of a potential
4600 miles of new interstate pipelines by 2018. The contention that employment will increase in the
Marcellus Region when the pipelines are in place finds willing supporters among many hurt by the
bust cycle of natural gas. For example, as of October 2016, the gas drilling lobby had made more than
half a million dollars in donations to Pennsylvania (political) candidates for office, despite the slowing
of natural gas fracking and with only 327 new wells drilled in Pennsylvania (in 2016 by 7 October) [29].

However, local citizens and environmental groups have organized in the areas targeted for
pipeline construction and other natural gas infrastructure activities. In one case, two counties
attempted to block underground disposal wells of wastewater from fracking by changing their
charters to prohibit such activities. The Pennsylvania DEP approved the disposal wells and sued
the counties [30]. In another case, the Delaware River Keeper, a nonprofit, sued the Federal
Energy Regulatory Commission (FERC), the agency overseeing interstate transmission of natural
gas, for alleged corruption and bias, saying, “it is unable to make objective decisions about the
industries it regulates, including the natural gas industry, because they are the source of its funding”.
This followed EPA criticizing FERC’s environmental impact assessments, the first time such a criticism
has occurred [31]. However, compared to New York and Maryland, Pennsylvania local citizens and
environmental groups have been unsuccessful in blocking, or even slowing, the progress of natural
gas fracking.

Environment and Health. The Susquehanna River Basin provides drinking water to about
6 million people, which is more than half the population [32]. Four possible risks to water resources
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associated with natural gas fracking involve: (1) contamination of shallow aquifers from leaks due to
defects in gas wells; (2) improper handling of wastewaters; (3) accumulation of metals and radioactive
elements in sediment from wastewater disposal or spills; and (4) overexploitation of limited or
diminished water for shale gas development [33].
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The Susquehanna River Basin Commission, the joint governmental agency responsible for
approving water withdrawals from the Susquehanna River, estimates that the drilling and development
of each production well uses, on average, between 4 and 5 million gallons of water. In addition to
the risks already outlined, the SRBC notes these additional water-related risks: (1) impact on local
public water supplies; (2) runoff from well pad sites, pipelines and unpaved roads; (3) handling
and disposal of fluids that return to the surface after fracking (flowback); and (4) disturbance of
sensitive lands adjacent to water bodies [32]. In its final report on the impact of fracking on drinking
water, EPA found scientific evidence that fracking can affect drinking water resources under some
circumstances [34]. As an indication, of the over 9000 complaints the Pennsylvania Department of
Environmental Protection received from areas where fracking development occurred during 2004–2016,
over 4100 involved water quality problems [35].

The flowback of wastewater used in the fracking process poses another water-related health
risk, as Elliott [36] cited, “Hydraulic-fracturing fluids and wastewater from unconventional oil and
natural gas development contain hundreds of substances with the potential to contaminate drinking
water.” Under a law called Act 13, passed in 2012, a “physician gag rule” restricted doctors from
communicating with patients whose health could be affected by chemicals from fracking. In 2016,
the Pennsylvania Supreme Court determined that the “gag rule”, along with no requirement to notify
private water well owners of water contamination, was unconstitutional [37], as Article I Section 27 of
the Pennsylvania Constitution states:
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“The people have a right to clean air, pure water, and to the preservation of the natural,
scenic, historic and esthetic values of the environment. Pennsylvania’s public natural
resources are the common property of all the people, including generations yet to come.
As trustee of these resources, the Commonwealth shall conserve and maintain them for the
benefit of all the people” (Widener University School of Law, 2010) [38].

Consequently, research determined that “the high salinity of the flowback is associated with
high concentrations of halides, ammonium, metals, metalloids, and radium nuclides that pose
environmental and human health risks upon the release of the hydraulic fracturing fluids to the
environment” [33]. As for the quantity of flowback, Marcellus Shale fracked wastewater produces less
wastewater per unit of gas than conventional natural gas wells; however, developing the Marcellus
Shale has increased the total wastewater generated in the region by approximately 570 percent
since 2004, “overwhelming current wastewater disposal infrastructure capacity. This rapid increase
in wastewater prompted industry to explore various disposal strategies that have, in many cases,
been found to be unacceptable.” [39].

Regarding the relationship between fracking and air quality, a study by the Johns Hopkins School
of Public Health and published in JAMA Internal Medicine found that those who “lived closer to a large
number or bigger active natural gas wells were significantly more likely—1.5 to four times more
likely—to suffer asthma attacks.” While the researchers are uncertain why asthma attacks occur closer
to big or more wells, air pollution and stress from noise, traffic and other community impacts are
possibilities. The study compared medical records of 35,508 patients treated for asthma exacerbations
during 2005–2012 at Geisinger Medical Center [9].

In response to growing evidence that natural gas fracking has “deleterious effects outweighing
any economic benefit”, the Pennsylvania Medical Society called for a moratorium on new shale gas
drilling and hydraulic fracturing” and urged the state to establish an independent health registry and
more science and research to better understand the risks of fracking. Three years earlier, a similar
resolution had been rejected by the Pennsylvania Medical Society [40].

Political. The profound contrast in fracking policy between New York and Pennsylvania requires
a political analysis. Arnold et al. [41] hypothesize that anti-fracking policy entrepreneurs appear more
successful “when they operate in less cohesive networks, act as bridges to relative newcomers to the
governance network, and have a larger number of network connections. Conversely, pro-fracking
policy entrepreneurs appear more successful when they can forge high-value connections to key
decision makers.” This hypothesis holds true generally for New York and Pennsylvania.

In Pennsylvania, Republican Governor Tom Corbett, elected in 2010, received more than $2 million
from the natural gas industry from 2007 to 2014 [42]. In his successful 2010 gubernatorial race,
Corbett received six times more in campaign contributions from the natural-gas industry than any
other gubernatorial candidate did [43].

In New York, the $50,000 contributed to Governor Cuomo by the natural gas industry appears
paltry compared to the $76 million Governor Cuomo raised mainly from real estate, law firms,
and unions from 2001 to 2012, as well as the more than $45 million raised during his first term leading
up to his successful reelection in 2014 [44]. This is particularly remarkable given the significant
Marcellus Shale deposits below New York’s Southern Tier.

Both Pennsylvania and New York have significant representation from national, state and local
environmental nonprofit groups. However, in New York, state and local groups organized well enough
so that when Governor Cuomo appeared anywhere in New York during the year before the fracking
ban, he was shadowed by environmentalists vocalizing their opposition to fracking in New York.
Governor Cuomo supported a moratorium followed ultimately by the ban on fracking. Some New
York residents from the Southern Tier believed powerful New York City politicians with voting blocks
in the New York General Assembly controlled their fate from afar. Other residents blamed the fracking
ban on “left wing wackos from New York City” and liberal, flower power professors in Ithaca [45].
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However, in Pennsylvania, the state Democratic Party approved a ban on fracking in 2014 and
urged newly elected Democrat Governor Tom Wolf to approve the ban, to no avail. In Pennsylvania,
pro-fracking groups have remained active in countering environmental groups. One such group,
The Marcellus Shale Coalition, spent more than $11 million during 2007–2014 to influence legislation
and state oversight [42].

3. Methodology

The primary objective of this survey is to update attitudes of stakeholders regarding Marcellus
Shale fracking in Susquehanna River Basin. The demographic questions in Table S1, Panel A
(Supplementary Materials) are replicated from the 2012 survey with a side-by-side comparison of the
2012 and 2017 results. An omission from the demographics is the industry sector (private, government,
and nonprofit), as the sector comparison in the 2012 survey found no significant statistical difference
among the sectors for the four major categories (economic opportunity, health and safety, community,
and energy security). Therefore, the sector analysis is not repeated in 2017. Additional demographic
questions and the results are shown in Table S1, Panel B (Supplementary Materials). These additions
include the highest level of education attained, gender, age, employment status and income level.

In order to gain feedback on a balanced set of criteria, a community discussion guide from the
Public Issues Forums of Centre County (Pennsylvania) entitled, “The Marcellus Shale: What Does
It Mean for Us?”, was utilized [46]. These public issues forums are organized to evaluate different
perspectives and to wrestle with the trade-offs and consequences inherent in each approach. The goal
is to discover areas of common ground for moving forward.

The survey in this paper utilized the four categories included in the Public Issues Forum: economic
opportunity for all, protection of health and safety, preserving communities, and achieving energy
security. Using the Public Issues Forum as a guide, the same 21 questions are adopted from the 2012
survey (see Supplementary Materials). The numbering of questions in this paper follows the numbering
in the actual survey in order to maintain consistency. The four questions omitted in the category table
analysis are demographic type questions that are addressed in Table S1 (Supplementary Materials).
The questions are designed to address a range of issues pertinent to each category. The survey was
pretested with a Pennsylvania wood products trade association in 2012. This trade association was
selected due to the specialized knowledge about forest sustainability issues in the Marcellus Shale
region and related environmental regulations. The changes suggested by the trade association were
accepted as the final wording. The survey questions were tested for validity and reliability in Heuer
and Lee [5] by using standardized factor loading, construct reliability, composite factor reliability and
average variance extracted measures.

The survey was administered on-line using Survey Monkey during February and March 2017.
We utilized a convenience sampling approach by collecting email addresses for all accessible
organizations in the counties included in the Middle Susquehanna and West Branch (Figure 2) of the
Susquehanna River Basin, which are the areas where most Marcellus fracking occurs in Pennsylvania.
The intent of the survey was to focus on stakeholder attitudes regarding Marcellus Shale fracking
and the Susquehanna River Basin. Of the 132 responses received, over 50 percent of the respondents
live within 5 miles or less of the Susquehanna River, slightly more than in 2012. We valued proximity
to the Susquehanna River because of the dependence by both the gas industry and citizens on the
river as a source of water. In so doing, we expected to receive a divergence of opinion from those
valuing the Susquehanna River as a water source for fracking and for those who depend on the river
for clean drinking water. Thus, the Susquehanna River is the focal point for evaluating the coercive
power of the industry and government versus incipient indications of social movement organizations.
The organizations contacted by email to respond to the survey were identified through scanning local
newspapers and websites of local or regional organizations, attending local conferences and meetings,
and word of mouth. The range of organizations varied from local river guide businesses to global
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oil and gas companies. All responses were anonymous except for approximately 15 individuals who
expressed interest in future face-to-face meetings.

This paper applies regression analysis for each question on the demographic variables of
homeownership, river visit, education, gender, age, marital status, employment, and salary
(see Supplementary Materials). Homeownership utilizes a dummy variable, with 1 = homeowner or
landowner, 0 otherwise. River visit is the number of river visits per month. Education is the number
of years in school. Gender utilizes a dummy variable, with 1 = male, 0 = female. Age is the median
age reported in each category. Employment is a dummy variable, with 1 = employed, 0 = otherwise.
Salary is the median salary of each category.

4. Interpreting the Results

The intended focus on stakeholder attitudes regarding the impact of Marcellus Shale activity
in close proximity to the Susquehanna River is addressed as more than half of the 132 survey
respondents and/or their families visit the Susquehanna River Basin at least monthly. More than
two-thirds value the quality of life the ecosystem provides and 39 percent would have concerns about
access to clean water should access be limited. More than 25 percent do not believe the ecosystem will
be available to future generations in a condition similar to today based on current usage, while only
18 percent believe it will be, with one-third voicing uncertainty and 22 percent not responding.

Table S1, Panel B (Supplementary Materials) provides results for more general demographic data
and thereby enables the regression analysis. The variables with the greatest occurrence of statistical
significance are education, gender and salary (income). This result holds true for all four categories:
Economic Opportunity, Health and Safety, Communities, and Energy and Security. A detailed
discussion of the factor analysis and regression results follows below.

Our survey questions are grouped into the four categories from the Public Issues Forum: economic
opportunity, health and safety, community, and energy and security. There are five questions in
economic opportunity, seven in health and safety, four in community and five in energy and security.
We collected responses on each question in all categories and then performed individual regressions
for the response to each question on selected demographic control variables. Based on the design
of the survey, many responses that were collected belong to the same category; therefore, there are
potential unobserved common latent factors causing the variations in responses. To reduce the data
magnitude and to provide ease of access to the empirical analysis, we performed factor analysis on the
sample responses. We then applied two strategies in the factor analysis: first, factor analysis on each
category of questions; and, second, factor analysis on all categories combined. The results are reported
in Tables 1 and 2.

The factor analysis results from Table 2, Panel A indicate that EC1 has an eigenvalue 2.169,
which is greater than 1. The Kaiser criterion suggests that EC1 should be retained as a factor for
economic opportunity. Likewise, we also have HS1, CM1 and ES1 with eigenvalues greater than 1,
which suggests HS1, CM1 and ES1 should be retained as factors.

As evidenced in Table 1, Panel B, EC1 has positive factor loadings to q01, q02 and q03, and
negative to q4 and q5. HS1 has positive factor loadings to q07 to q14. CM1 has positive factor
loadings to q16 to q19. ES1 has positive factor loadings to q21, q23 to q25, negative to q22. Therefore,
we conclude that EC1, HS1, CM1 and ES1 are valid factors in each category and will reduce the data
magnitude in the regression analysis.

We also performed the factor analysis to the responses in all categories. The results are reported
in Table 2.

As is evident from Table 2, Panel A, FA1 and FA2 should be retained as they have greater than
1 eigenvalues. In Table 2, Panel B, FA1 has negative loadings to q01, q02, q03 and q22, but positive
to the remainder. FA2 has negative loadings to q07, q16, q23 and q25, but positive to the remainder.
Therefore, FA1 and FA2 are also included in our regression analysis.

Therefore, in Table 3, we can see that education, gender, and salary are significant.
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Table 1. Factor analysis of responses to individual categories.

Panel A. Factor Analysis

Economic Opportunity Health and Safety

Factor Eigenvalue Difference Proportion Cumulative Factor Eigenvalue Difference Proportion Cumulative

EC1 2.169 1.358 0.855 0.855 HS2 0.462 0.246 0.168 1.117
EC2 0.811 0.908 0.32 1.174 HS3 0.216 0.239 0.079 1.195
EC3 −0.097 0.026 −0.038 1.136 HS4 −0.023 0.052 −0.008 1.187
EC4 −0.123 0.1 −0.048 1.088 HS5 −0.075 0.079 −0.027 1.159
EC5 −0.223 −0.088 1 HS6 −0.154 0.13 −0.056 1.103

HS7 −0.285 −0.103 1

Communities Energy security

CM1 1.522 1.516 1.264 1.264 ES1 2.05 2.001 1.193 1.193
CM2 0.005 0.086 0.005 1.268 ES2 0.049 0.15 0.028 1.221
CM3 −0.081 0.161 −0.067 1.201 ES3 −0.102 0.017 −0.059 1.162
CM4 −0.242 −0.201 1 ES4 −0.119 0.041 −0.069 1.093

ES5 −0.16 −0.093 1

Panel B. Factor Loadings

Economic Opportunity Health and Safety

EC1 EC2 Uniqueness HS1 HS2 HS3 Uniqueness

q01 0.854 −0.089 0.263 q07 0.695 −0.106 −0.253 0.442
q02 0.811 0.228 0.291 q08 0.142 0.419 0.165 0.777
q03 0.812 0.201 0.299 q09 0.737 −0.237 0.169 0.372
q04 −0.324 0.596 0.539 q10 0.562 −0.238 0.241 0.57
q05 −0.134 0.596 0.627 q11 0.72 0.161 −0.173 0.426

q12 0.432 0.362 0.087 0.675
q13 0.74 0.068 −0.028 0.447

Communities Energy security

CM1 CM2 Uniqueness ES1 ES2 Uniqueness

q16 0.548 0.051 0.698 q21 0.769 −0.002 0.408
0.826
0.722
0.423
0.522

q17 0.643 −0.046 0.585 q22 −0.383 0.165
q18 0.715 −0.015 0.489 q23 0.509 0.139
q19 0.545 0.023 0.702 q24 0.759 0.026

q25 0.69 −0.037

Table 2. Factor analysis on all responses.

Panel A. Factor Analysis

Factor Eigenvalue Difference Proportion Cumulative
FA1 7.546 5.538 0.633 0.633
FA2 2.008 1.044 0.169 0.802
FA3 0.964 0.172 0.081 0.883
FA4 0.792 0.255 0.066 0.949
FA5 0.537 0.155 0.045 0.994
FA6 0.382 0.047 0.032 1.026
FA7 0.336 0.097 0.028 1.054
FA8 0.239 0.058 0.020 1.074
FA9 0.180 0.099 0.015 1.089

FA10 0.081 0.033 0.007 1.096
FA11 0.048 0.039 0.004 1.100
FA12 0.009 0.051 0.001 1.101

Panel B. Factor Loadings

Variable FA1 FA2 Uniqueness

q01 −0.751 0.399 0.222
q02 −0.593 0.592 0.195
q03 −0.647 0.497 0.212
q04 0.548 0.056 0.295
q05 0.493 0.319 0.390
q07 0.823 −0.149 0.213
q08 0.003 0.414 0.559
q09 0.690 0.209 0.224
q10 0.436 0.234 0.570
q11 0.687 0.058 0.377
q12 0.327 0.463 0.528
q13 0.729 0.168 0.315
q16 0.597 −0.035 0.488
q17 0.365 0.428 0.505
q18 0.532 0.337 0.407
q19 0.636 0.414 0.284
q21 0.721 0.077 0.340
q22 −0.485 0.291 0.525
q23 0.483 −0.151 0.558
q24 0.688 0.058 0.356
q25 0.760 −0.150 0.317
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Table 3. Regression analysis.

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

EC1 HS1 CM1 ES1 FA1 FA2

Homeownership 0.023 0.091 0.072 0.088 0.103 0.396 *
(0.231) (0.219) (0.233) (0.240) (0.276) (0.208)

River visit
0.005 0.001 0.002 0.005 0.002 0.015

(0.009) (0.009) (0.008) (0.008) (0.009) (0.011)

Education
−0.088 ** 0.070 ** 0.064 ** 0.074 ** 0.099 ** −0.019

(0.035) (0.029) (0.028) (0.034) (0.039) (0.036)

Gender
0.486 *** −0.695 *** −0.488 *** −0.631 *** −0.795 *** −0.120
(0.167) (0.170) (0.143) (0.156) (0.174) (0.168)

Age 0.001 0.009 0.007 −0.001 0.004 0.007
(0.006) (0.006) (0.005) (0.005) (0.006) (0.006)

Marriage 0.091 0.127 0.096 −0.101 0.004 0.296
(0.212) (0.238) (0.174) (0.195) (0.244) (0.221)

Employment −0.301 0.002 −0.034 −0.046 0.066 −0.291
(0.256) (0.181) (0.200) (0.197) (0.215) (0.252)

Salary 0.018 *** −0.013 ** −0.009 −0.016 *** −0.019 *** 0.007
(0.005) (0.006) (0.006) (0.006) (0.006) (0.008)

Constant
0.806 −1.196 * −1.154 * −0.55 −1.186 −0.733

(0.657) (0.642) (0.591) (0.652) (0.760) (0.712)

Observations 131 113 112 105 102 102

R-squared 0.186 0.277 0.184 0.306 0.364 0.115

Robust standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

In Table 3, we indicate the regression results of common factors on key demographic variables
and found that EC1, HS1, CM1 and ES1 are valid factors. We continue to predict the factors EC1, HS1,
CM1 and ES1. We also included FA1 and FA2 as the factors on all responses and ran the regressions
on some explanatory variables.

From the factor loading table in Tables 1 and 2, we can see that most factors have similar signs with
the original questions. We can also see the significance level is similar to the previous tables. Overall,
we found significant coefficients for education, gender and salary, and the signs of the coefficients are
similar to the previous tables. Thus, the factors analysis reduces the data and continues to support our
finding in the original regression results (Supplementary Materials).

5. Discussion

A notable outcome regarding the results of the 2012 and 2017 surveys is that both rank “health
and safety” first and “economic opportunity” third. Overall, we expected more variance in category
responses between 2012 and 2017 because of the scale and scope of changes occurring in the Marcellus
Shale during that period. In particular, high profile legislation, such as Act 13, were debated with a great
deal of visibility and controversy. A zoning provision in Act 13, which gave the state government
significant powers to make zoning decisions in place of local governments, was particularly divisive
and visible. Ultimately, the Supreme Court of Pennsylvania struck down several provisions in Act 13,
but the process served to ignite environmental opposition. In addition, high profile examples of
water contamination allegedly caused by fracking received significant media attention, while movie
documentaries opposing fracking and involving well-known movie actors, further galvanized
awareness about the rapid growth of fracking and industrialization in the Marcellus Shale. Finally,
with the announcements of pipelines and reports of pristine forests being developed for this purpose,
a new phase of opposition developed that is currently ongoing. Thus, while categorical responses
were similar in 2012 and 2017, differences among demographic groupings were significant for gender,
salary, and education.
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Some of the largest percentage differences are: in 2012, 28 percent of respondents were retired or
unemployed, versus 16.5 percent in 2017; and in 2012, 7.7 percent worked more than 20 miles from
the Susquehanna River, versus 17.48 percent in 2017. These two factors together could be explained
by an improved economy with more people working and having to travel further to work. In 2012,
10 percent were landowners versus 15 percent in 2017, but the percentage of homeowners was lower
in 2017 than 2012. Because the purpose of the 2012 survey was to do a cross-sector analysis, we did not
repeat this analysis in 2017, as there was no significant difference among the sectors based on the 2012
survey data. In addition, we did not gather demographic data on gender, education and income in
2012 as we did in 2017. Again, we emphasize that a convenience sample methodology was utilized in
this survey and, therefore, the results cannot be generalized beyond the survey sample.

The results of both surveys clearly express concerns about future access to clean water,
concerns about wastewater treatment, and a continuing desire to place a moratorium on fracking until
the health risks posed by fracking are understood better. However, at the same time, the survey results
suggest that more highly paid individuals and males in the Susquehanna River Basin favor neither
more regulation of fracking nor a moratorium. While we cannot generalize beyond the survey sample
itself, there are ongoing indications that the institutional power structure in terms of business and
state government support fracking. The current Democratic Governor, Tom Wolf, proclaimed support
for “once in a generation” industrialization opportunities because of natural gas production and
infrastructure. In March 2017, Governor Wolf released a report indicating that Pennsylvania could
support four additional petrochemical plants beyond the $6 billion Shell Chemicals plant, which will
produce plastic pellets from Marcellus Shale natural gas [46].

Even recent research by a Penn State forestry professor seems to acknowledge, at least
tacitly, the institutionalization of fracking by suggesting policy changes for regulating well pads,
pipelines, and other infrastructure [47], rather than opposing the actual presence of this infrastructure
in pristine forest.

The support for fracking by high earners and males may be explained by a lack of economic
opportunities in the Susquehanna River Basin and the positive ripple effect of fracking throughout
the economy, including support businesses such as hotels, restaurants, and an expanded public
infrastructure, such as schools, hospitals, and transportation.

Filteau [48] notes:

“Industry representatives and residents collaborated to legitimize the gas industry as the
driving economic force for Marcellus Shale communities. The potential for economic
stability encouraged local, male-run businesses and organizations to reinforce the gas
industry’s hegemonic pattern by offering ideological support or services that directly
accommodated industry’s needs” (p. 527).

The results of this survey suggest that women generally oppose the institutional dominance
of natural gas industry, which is supported by industry and government in general. Women and
lower paid individuals oppose exporting natural gas, which possibly can be interpreted as opposition
to extending the imbalance in the cost-benefit relationship imposed on the Marcellus Shale area in favor
of nations willing to pay more for natural gas than the price natural gas would be for Susquehanna
River Basin citizens. Women and lower paid individuals also support the human resource departments
of energy resource firms meeting regularly with communities to improve quality of life, as well as
requiring natural gas firms to leave areas where drilling occurred in the same or better condition in
which they found it. In addition, women and more highly paid individuals want the government to do
more in support of renewable energy.

We are not able to explain the support by women of more government involvement, support for
a moratorium, and more support for renewable energy in this survey. More than 57 percent of the
respondents to the survey were male and more than 87 percent of respondents have at least a college
degree. More than 57 percent are older than 55 years of age. These are notable statistics; however,
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none of these factors helps explain the unified opposition of women to natural gas fracking. While there
are national polls that explain the gender attitude differences based on male dominance of the natural
gas industry, Cooper et al. [10] report data from the U.S. Department of Labor showing women holding
nearly half of the jobs in the oil and gas industry in the U.S.

The consistently strong opposition to fracking by women in terms of supporting a moratorium
on fracking suggests the existence of an incipient social movement regarding the environment,
particularly water management in the Susquehanna River Basin. The polarization between supporters
and opponents of many aspects of fracking suggest that the institutional nature regarding resource
extraction may be evolving, although more survey research would be needed beyond the results of
this sample to confirm this.

6. Limitations

We limited the geographic focus of this analysis to the Susquehanna River Basin. However, it was
necessary to include some extensions to Pennsylvania as a whole because regulatory and policy issues
affecting fracking in the Marcellus Shale and Susquehanna River Basin occur at the state level due to
the exemption of fracking from some federal environmental laws. Because of the convenience sample
used in this survey, we are not able to generalize beyond the sample drawn from the Susquehanna
River Basin. Policy issues such as Act 13, which addressed zoning and other regulatory issues specific
to Pennsylvania, necessitated this focus.

Additionally, the dynamic of Maryland and New York as neighboring states to the north
and south, respectively, which banned fracking while Pennsylvania pursued fracking aggressively,
supports a more specific focus. This is particularly the case because the Susquehanna River has its
source in New York and flows into the Chesapeake Bay in Maryland. Thus, all three states are tied
inextricably to the Marcellus Shale and the Susquehanna River Basin, but Pennsylvania differed in its
political and policy responses toward fracking. However, the next survey should include more detail
on fracking in Ohio and West Virginia, both of which share Marcellus and Utica Shale with Western
Pennsylvania. Including Ohio and West Virginia may provide economic, social, and environmental
insights that could explain whether Pennsylvania is an outlier with regard to public policy toward
fracking. For example, Pennsylvania has had a Republican and Democrat in successive governorships,
both of whom have opposed a ban on franking, while the Maryland governor signing legislation into
law to ban fracking is a Republican.

Another limitation of the survey is that the education level of respondents is higher than the
general population of the Susquehanna River Basin.

7. Conclusions

The results of this survey generally support recent theoretical, qualitative and empirical research
on fracking in the Marcellus Shale region [41,48,49]. Those supportive of fracking tend to be male and
have higher incomes, while those opposing fracking tend to be female and have higher education.
Arnold et al. [48] posit that pro-fracking policy entrepreneurs tend to succeed where they can get
direct, prolonged access to those in power. This provides an explanation for why institutional coercion
has become a driver in supporting the Marcellus Shale as the most productive shale gas play in the U.S.
Stakeholder attitudes regarding Marcellus Shale activity in the Susquehanna River Basin reflect concern
about safety and health not only now, but also for future generations. The 2012 survey supported this
conclusion, in that the three sectors—private, government and nonprofit—did not have a statistically
significant difference in supporting the ordering of the four categories.

The survey results continue to show strong stakeholder concern about the impact of fracking
on the Susquehanna River Basin. We would not expect these concerns to abate going forward.
Some experts believe the Marcellus play is just 10 percent of what it is expected to be when fully mature.
We will update the survey in 2022 to see if stakeholder attitudes continue to express these concerns.
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