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a b s t r a c t
This paper explores the extent to which local public support for an unconventional gas development
(UGD) project is associated with public revenues disbursed to county and municipal governments where
UGD occurs. Pennsylvania adopted “impact fees” in 2012, which have raised more than $400 million for
use by county and municipal governments that host UGD. We designed a public opinion survey (N = 453)
that oversamples residents in UGD counties in Pennsylvania to test whether residents in counties and
municipalities that received impact fees are more supportive of a hypothetical UGD project than residents in counties and municipalities that received less or no impact fee revenue. We found that impact
fee revenue is positively associated with support for the UGD project. Further, the level of government
receiving the funds (county versus municipality) is related to public support for UGD: impact fee revenue
disbursed to municipal governments is associated with a higher rate of public support than comparable
amounts disbursed to county governments, conditional on the respondent being aware of fracking prior
to the survey. Our ﬁndings are consistent with the literature on public trust in local government and have
implications for understanding the social feasibility of UGD in the United States and internationally.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
While technical and commercial factors inﬂuence the market penetration of emerging energy technologies, it is critical to
understand that local public attitudes are a key component of
the “social license” to accept and support an emerging energy
technology [58,21]. This analysis focuses on unconventional gas
development (UGD) and the degree to which local public support
for a hypothetical UGD project varies according to how revenues
from the production are collected and then reinvested in county
and municipal governments. We argue that reinvested revenues
can, depending on how they are allocated, expand the constituency
for the production activity. Internationally, the governments of the
United Kingdom, Poland and China are looking into revenue reinvestment as part of their nascent UGD policies [20]. Since such
countries do not authorize royalties for private land or mineralrights owners, revenue reinvestment may have an even more
signiﬁcant role in generating public support in these countries than
is the case in the United States.
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In the last decade, UGD has contributed to a sharp increase in U.S.
hydrocarbon production. The U.S. has recently become the world’s
largest producer of natural gas and petroleum, overtaking Russia
and Saudi Arabia, respectively [12]. Pennsylvania is the fastestgrowing natural gas producer in the U.S. From 2011 to 2012 alone,
natural gas production grew 72% in the Keystone State [13].
Proponents of UGD argue that local communities are garnering
signiﬁcant economic beneﬁts from the increase in production [20].
For example, from 2007 to 2011, per capita income in Pennsylvania counties with more than 200 wells rose 19% compared to eight
percent in counties with no wells [57]. On the other hand, opponents of UGD point to a variety of local disadvantages: air pollution,
water contamination and diminished quality of life in communities near UGD sites [31]. Also at the local level, there are concerns
about trafﬁc congestion due to the rapid increase in truck trafﬁc
and a perceived decline in property values due to the presence of
an industrial-like activity in close vicinity to residential areas [35].
Some state legislators and public ofﬁcials have responded to
public concerns about UGD by reinvesting a portion of the revenue
earned from development in public sector activities [36]. The most
common approach is the severance tax, which imposes a tax on the
value or volume of oil, gas, and other natural resources “severed”
from the ground. The resulting funds are typically controlled by
the state government but are sometimes allocated to local governments in areas where production is occurring [36]. At the county
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level, ad valorem (property) taxes are sometimes applied to mineral
production, with revenues made available for public services in the
county [36]. For example, a new law in Texas will give counties mineral rights for UGD drilling under county roads, and the revenues
will go toward the upkeep of the county road system [18].
In 2012, Pennsylvania’s former Governor Tom Corbett (R) signed
into law Act 13, which introduced “impact fees”—ﬁxed annual fees
per producing well [49]. The law has allowed county and municipal governments to receive more than $400 million of new state
revenue in areas directly impacted by drilling [50]. In exchange for
the revenues from the impact fee, Act 13 sought to restrict the ability of municipalities to use zoning ordinances to inhibit production
while retaining the state as the sole regulator of UGD. The Supreme
Court of Pennsylvania later overruled this provision [61].
The Pennsylvania Public Utility Commission (PUC) collects
impact fees from producers and disburses (“reinvests”) the revenues back to county and municipal governments in proximity to
production on an annual basis. About $22 million “off the top” of
the total revenue is earmarked annually for state agencies to offset
the statewide impact of drilling. Of the balance, 40% of the revenue
is deposited into a state fund, called the “Marcellus Legacy Fund,”
to mitigate future problems stemming from improper closure or
negative impacts of drilling. Roughly a third of revenue from the
Marcellus Legacy Fund is allocated to various state agencies. The
remaining amount is allocated to local governments in two ways
that are not based on proximity to drilling and production activity:
ﬁrst, nearly half is allocated to each county in the state based on
population – with each county receiving at least $65,000 – to be
used for highway and infrastructure projects and the rehabilitation
of Greenways and Nature Areas. Second, the remaining half goes to
the Commonwealth Financing Authority, which reviews competitive grant applications from counties and municipalities for various
community and economic development projects [50]. The extent
of drilling activity in a county or municipality is not included as a
criterion in the consideration of grant recipients [42].1
The focus of this analysis is the remaining 60% of impact fee
disbursements that are distributed to county and/or municipal governments directly affected by UGD.
About three-quarters of these funds go to counties and municipalities that have producing wells and about a quarter goes to
municipalities that do not have producing wells but are proximate
to production, either by being contiguous to a municipality that has
producing wells or within a county that has producing wells [50].
Table 1 lists the average amount of impact fee revenue received
annually by each beneﬁciary along with their annual share of total
impact fee revenue, which is about $210 million.
The Pennsylvania impact fee system is designed to help those
communities most affected by production by receiving a part of the
revenue generated in their areas, an approach that departs from traditional severance taxes, which are usually deposited into a state
general fund [36]. At the same time, some critics have raised concerns that the Pennsylvania impact fee system will leave a lot of
potential public revenue off table due to its low effective tax rate
[40]. An inter-state tax comparison by Pennsylvania’s Independent
Fiscal Ofﬁce (IFO) found that the effective tax rate under impact fees
is about 0.8%, among the lowest of natural gas producing states [19].
However, the IFO notes that it is difﬁcult to generate an “apples to
apples” comparison of state severance taxes because of the unique
features of each state’s tax code [48]. For example, the IFO fails to
consider that some, but not all, Marcellus gas producers pay Pennsylvania’s corporate income tax. It is the second highest corporate

1
All analyses performed in this paper were also performed for Marcellus Legacy
Fund allocations to county and municipal governments during the same time period,
and these analyses generated null results.

income tax rate in the nation—9.99% [34]. Additionally, it is important to note that a low effective tax rate is a political choice and not
a necessary or intrinsic aspect of the impact fee system.
Impact fees have become a major part of the political debate on
whether to create a severance tax on produced oil and gas in Pennsylvania. Current Pennsylvania Governor Tom Wolf (D) outlined a
severance tax proposal modeled after the one currently in place
in West Virginia that would replace impact fees and move Pennsylvania from having the lowest effective tax rates to among the
highest of natural gas producing states—7.3% [40]. Local communities that are receiving impact fees are highly engaged in advocacy
efforts maintaining the revenue streams with any potential severance tax that might be enacted [64]. In response, the Governor’s
proposal would include $225 million for localities directly impacted
by drilling each year to offset the losses from the fee [51]. The
bulk of the estimated $1 billion annual revenue from the proposed
severance tax would be reinvested in Pennsylvania’s public school
system, which has suffered from budget cuts for decades [46].
Republican legislators are concerned that the proposed severance tax combined with an already high corporate income tax rate
may make development in Pennsylvania unattractive to businesses,
especially since gas prices in Pennsylvania are currently so low
[41]. However, Republicans in the legislature—which have strong
majorities in both the House and Senate—are not ruling out a severance tax, and a looming budget deﬁcit might force a compromise
[46]. Further, New York’s ban on fracking may undercut the argument that a severance tax will damage the industry, because the
ban effectively takes out a strong competitor for Marcellus shale
[47]. Additionally, a severance tax may become more attractive over
time to political leaders and citizens who are currently beneﬁting
from impact fee revenue, because impact fees have a depreciating
fee schedule.2
The debate about whether and how to change the current system of collecting and allocating public revenue from UGD is also
salient in Ohio, where the current effective severance tax rate is as
low as that for Pennsylvania under the impact fee system—0.8%
[19]. Additionally, Ohio’s severance tax revenue is not designed
to ﬂow to localities where oil and gas production occurs, and is
instead used to fund three state agencies: the Department of Natural Resources’ Division of Oil and Gas Resources, the Oil and Gas
Leasing Commission, and the Ohio Geological Survey (Ohio Revised
Code 1509: Sections 1509.02, 1509.50, and 1509.09). Beginning in
2012, several statutes have been proposed in the Ohio state legislature to reform severance tax rates and revenue distribution. For
example, the introduced version H.B. 59 would have increased the
tax rate to one percent and four percent of market value of gas and
oil, respectively, and would have been used to ﬁnance general tax
relief. Am. Sub. H.B. 375, as passed by the House of Representatives,
would have imposed a higher tax rate of 2.5% and allocated 17.5%
of total revenue to reimburse local governments through the Local
Government Fund to be used for infrastructure in areas that have
actively producing horizontal wells and to create an endowment
fund for local governments in these areas [43].
Assessing the association between impact fee disbursements
and public support of UGD is important since a growing number of local communities in several states are attempting to exert
local control over UGD by referenda or ballot propositions. Some
of the votes that have been recorded in Colorado, New York, Ohio
and Texas have been quite close [38]. For example, in the town of

2
In the ﬁrst year of the program, the fee for a producing well is $50,000 and
depreciates by $10,000 each subsequent year remaining at $20,000 per well in years
4–10. In years 11–20, the fee per well is $10,000. Over the life of the well, the total
impact fee is $360,000 [50]. By contrast, the total tax paid over the life of a well in
West Virginia (which has a 6.1% effective tax) is approximately $900,000 [48].
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Table 1
Impact fee beneﬁciaries (three-year average: 2011–2013).

State
Non-UGD Local Governments
UGD County Governments
UGD Municipality Governments
Municipalities proximate to UGD

Amount ($million)

Share of Total (Percent)

Source of Funding

47
50
45
39
29

22.4
23.8
21.4
18.6
13.8

“Off the Top” and Marcellus Legacy Fund
Marcellus Legacy Fund
Local Government Allocations
Local Government Allocations
Local Government Allocations

Source: Pennsylvania PUC [50].

Broomﬁeld, Colorado, a proposition calling for a ﬁve-year moratorium on UGD passed by 20 votes out of more than 20,000 votes cast
[11]. In these circumstances, even a modest opinion shift due to
reinvestment could be enough to swing a referendum in favor of
UGD if reinvestment is present, or against UGD if no reinvestment is
offered. In almost all of these areas, the degree of empowerment of
local communities (“home rule”) to govern oil and gas development
is being contested in the highest state courts [61,37,60].
To the best of our knowledge, this is the ﬁrst study to assess
the association between impact fee disbursement and public support for UGD. We ﬁll an important research gap by considering how
an innovative state energy reinvestment policy is associated with
local support for UGD. While we ﬁnd that individuals in areas with
high magnitudes of production and impact fee disbursements are
more inclined to be positive toward a hypothetical UGD project,
this association does not prove that impact fee disbursements cause
individuals to be more supportive of development, since development may occur in areas where people are already supportive of
development. The view that disbursements can shift public opinion positively toward development projects is supported in risk
perception studies that suggest individuals evaluate activities that
they perceive to have greater beneﬁts as being less risky, and vice
versa, because people are prone to derive both risk and beneﬁt evaluations from a common source of affective decision making [1,15].
For instance, scholars have found that proximity, though normally a
negative factor with respect to acceptance, can have a positive relationship with public support if strong tangible beneﬁts accompany
the possibility of risk or inconvenience [27,54,32,26,10,9,24].
Previous survey work conducted in Pennsylvania before and
after impact fees suggests low support for impact fees and high
support for a state severance tax as an alternative [55]. A fall 2012
survey by the National Surveys on Energy and Environment (NSEE)
found that 65% of Pennsylvanians were in favor of a severance tax,
27% in opposition, and eight percent unsure [6]. A similar survey
question administered by the Muhlenberg Institute and CLOSUP
in 2011 found that 72% of Pennsylvanian respondents supported
a severance tax, while 19% were opposed [56]. The newly adopted
impact fees in 2012 may have contributed to a relatively lower support rate for a state severance tax in 2012 compared to the support
rate in 2011.
An important implication of this research is that in other states
or countries where development takes place, policymakers might
consider adopting targeted reinvestment policies for energy development that are similar to Pennsylvania’s impact fee structure
instead of a severance tax in which the majority of revenue is
deposited into a state general fund. Particularly, our ﬁnding that
disbursement to municipal governments is associated with a higher
rate of public support than disbursement to county governments
conditional on the respondent being aware of fracking prior to the
survey is consistent with the view that the public prefers to give
more responsibility to local units of government in an effort to
match the level of government with the scale of the perceived environmental problem [2], or alternatively, the public has greater trust
that the revenues will be spent by their municipal government in
ways that beneﬁt the local community [17].

2. Research design
2.1. Data collection
The data are gathered from an online public opinion survey that
was developed by the research team and ﬁelded by the GfK Group
from June 3rd to July 2nd, 2014. The survey examines public knowledge, awareness, and attitudes toward UGD. In our survey, we refer
to UGD as ‘fracking’ due to the term’s wide use in the media and
public debates, even though the term is often used more narrowly in
industry to refer to hydraulic fracturing of a well.3 The description
and analysis of the data will focus on respondents from the Commonwealth of Pennsylvania (N = 453) who were part of a six-state
survey and those portions of the survey that enable us to answer
research questions related to the association between impact fee
disbursement and support of a hypothetical local UGD project.
Impact fee disbursement data (2011–2013) are gathered from
the Pennsylvania Public Utility Commission.4 County and municipality population data are gathered from the American Community
Survey (ACS) 2014 estimates.5 We used geographical information
systems (GIS) to identify the county and municipality in which the
respondent currently lives by intersecting the “masked” latitude
and longitude of each respondent with Census 2014 TIGER/line
shapeﬁles.6 The GfK Group provides “masked” latitude/longitude to
ensure anonymity of respondents by randomly shifting the respondent up to 2000 ft (about half a mile) in any direction of his or
her residence. The extent of the shift is determined by population
density. Fig. 1 shows the locations of respondents in Pennsylvania.
Respondents are concentrated in counties that were oversampled
due to hosting UGD, and then distributed across the state according
to population density.
Note that although actual development in Pennsylvania is in the
southwestern and northeastern parts of the state, the southwestern region is represented by a much higher proportion of survey
respondents due to the high population density of the Pittsburgh
metropolitan area compared to the relatively rural northeast. For
example, while there are 107 respondents from urban Allegheny
County, which has the lowest reported impact fee disbursement,
there are only eight respondents from rural Bradford County, which
has the highest reported impact fee disbursement. Further, our
data suggests that individuals in counties with large urban areas
are generally less supportive of development and have less impact
fee revenue than individuals in relatively rural counties. As a consequence, the urban-rural differences of counties in our sampling

3
Several studies found that use of the term “fracking” as compared to shale gas
development tends to trigger more negativity toward UGD [33,63,14,7]. Additionally, Evensen et al. [14] found that on a national level a higher proportion of people
are unsure what “fracking” means compared to “shale gas development,” but their
ﬁndings in the Marcellus Shale region suggest that individuals in areas with substantial activity are more or less equally aware of these terms.
4
https://www.act13reporting.puc.pa.gov/Modules/Reports/ReportViewer.
aspx?rptPath=/Act%2013/CountyMunicipalityDisbursement.
5
http://quickfacts.census.gov/qfd/states/42000.html.
6
https://www.census.gov/geo/maps-data/data/tiger-line.html.
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Fig. 1. Respondent locations in Pennsylvania.

design could be, at least in part, driving results about support attitudes in addition to the disbursement itself.
2.2. Description of variables and measurement
The dependent variable is a four-point Likert scale measure of
support (strongly support, somewhat support, somewhat oppose, and
strongly oppose)7 for a hypothetical fracking project that would
occur within two miles of where the respondent currently lives.
We chose a two mile buffer because it is within this radius that a
signiﬁcant amount of activity would occur that would be directly
visible and potentially have direct impacts on a resident and his
or her properties. Results are robust with an alternative dependent
variable that elicits the respondent’s support for fracking at the
beginning of the survey after only a brief geological description of
fracking to ensure that each respondent understands the process.
Each respondent was provided an identical hypothetical project
scenario that stipulated the following: several of the project’s proposed sites are within two miles of where the respondent lives;
mineral-rights and land owners earn $7500 per acre in signing
bonuses and royalty payments of roughly $10,000 per year, given
the developer’s projection of gas production; the production is
expected to last for 15 years; the developers have received a permit from the state government based on a demonstration that the
project, if carried out properly, will not damage air, land, or water
quality in the area; seismicity tests indicate no risk of earthquakes;
an environmental monitoring system will be overseen by state regulators during all stages of development and, if any environmental
problems are identiﬁed, the developer has agreed to remedy any
such problems before the site is closed and the land is restored;
ﬁnally, all respondents were presented with potential positive and
negative impacts. Whether the positive or negative impacts were
presented ﬁrst was randomized to control for potential ordering effects. Roughly two-thirds of respondents were randomly
assigned into a treatment group that received additional information about either a state or community reinvestment scheme
and one-third of respondents were not provided any additional
information; variables that correspond to the treatment groups are
included in the present analysis as control variables.
A binary variable Royalties is generated from a question in the
survey that asks the following: “Have you, a family member, or a

7
There is evidence in the survey methodology literature that providing an “I
don’t know” or “not sure” response option leads to satisﬁcing and lower quality
data because respondents can use it as an acceptable answer without going through
the mental processes necessary to provide a careful response (see Refs. [28,30]).

close friend ever beneﬁtted from a signing bonus or royalty payment for such a project?”.8 This variable is included in the model
to address omitted variable bias by controlling for the direct payments to individuals on whose property the development takes
place. The income paid to land or mineral-rights owners often runs
into the tens of thousands of dollars per year of production [20].
Additionally, the variable could be considered a proxy for familiarity with UGD because it has a strong positive correlation with the
respondents’ perceived proximity to a producing well ( = 0.36).
A binary variable Awareness indicates whether the respondent
reports to have heard or seen anything about fracking before the
survey. Among the full sample of Pennsylvanian respondents, 21.3%
were aware of fracking through personal experience (participation
in a local meeting or personal experience with fracking in their
area) and 61.6% were previously aware of fracking through only
mass media, documentary or feature ﬁlms, or social media. This
variable is included in a set of models as a covariate and in another
set of models it is interacted with impact fee dollars.
Continuous variables Municipality Impact Fee Disbursement and
County Impact Fee Disbursement are reported as the aggregate revenue reinvested in the respective governments during the period
under study. Log transformations of these variables were tested
and support the ﬁndings of this paper. The direction and statistical
signiﬁcance of these ﬁndings are the same. Additionally, per capita
measures of these variables were also tested, but they did not produce consistent results. The inconsistent results generated by using
disbursement per capita may be driven as much by population
as reinvested revenues. For simplicity and to facilitate interpretation, all analyses use the aggregate amount of disbursement
rather than the log-transformed or per capita versions of these variables. Roughly one third of respondents (176 respondents) received
zero municipality or county impact fee disbursement. We estimate
regression models for the effect of county and municipality disbursement separately to avoid potential multicollinearity, because
these variables have a statistically signiﬁcant and strong positive
correlation ( = 0.72).
Additional socio-demographic and political ideology variables
were obtained from demographic proﬁle data that GfK collects
when respondents join their panel. We report survey-weighted
statistics of these covariates in Table 2. Estimates are weighted to
adjust for oversampling and nonresponse, which are discussed later
in this section.

8
The phrase “such a project” was referring to a producing well site that was
referenced in the previous item.
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Table 2
Summary statistics of covariates.
Variable

Coded

Mean

Min

Max

Median

Age

Continuous

18

89

56

Education

Ordinal

6
(10th grade)

14
(Professional or Doctoral Degree)

Household Income

Ordinal

1
(Less than $5000)

19
($175,000 or more)

Non-Hispanic White

Binary

0

1

Male

Binary

0

1

Employed

Binary

47.768
(1.160)
10.180
(0.113)
(Some college,
no degree)
11.841
(0.336)
($40,000 −
$49,000)
0.813
(0.029)
0.479
(0.033)
0.637
(0.032)

0

1

Political Party
Republican

Binary

0

1

0

1

0

1

0

1

0

1

120

1,560,297 (Philadelphia)

10,866

6428

1,560,297 (Philadelphia)

365,169

0

$2,733,613.00

$2,533.25

0

$22,600,000.00

$425,754.70

Independent

Binary

Democrat

Binary

Royalties

Binary

Awareness

Binary

Municipality population

Continuous

County population

Continuous

Municipality Impact Fee Disbursement

Continuous

County Impact Fee Disbursement

Continuous

0.486
(0.033)
0.035
(0.013)
0.479
(0.033)
0.155
(0.022)
0.829
(0.027)
163,742
(33,800.53)
525,575
(31,065.86)
$59,092.30
(16,887.96)
$1,014,776.00
(156,496.00)

Note. Robust standard errors in parentheses. Political Party is constructed from a 7-point Likert scale where “Republican” includes those who identify as “Strong Republican,”
“Not Strong Republican,” or “Leans Republican,” “Democrat” includes those who identify themselves as “Strong Democrat,” “Not Strong Democrat,” or “Leans Democrat,” and
“Independent” includes individuals who report to be “Independent/Undecided/Other.”

2.3. Representativeness
The sample was drawn from GfK’s proprietary KnowledgePanel,
a probability-based online panel. GfK recruits its online panel members using address-based sampling from the United States Postal
Service Delivery Sequence File that provides nearly complete coverage of U.S. household addresses and random-digit dialing that
provides coverage of household landline and cell telephone numbers. Those recruited panel members who do not have internet
access are provided with a computer and internet access in order
to participate in the panel. This panel provides samples that are
representative of the United States population. Probability-based
internet panels have advantages compared to random-digit dialing
telephone surveys and other methods, including the potential for
reduced measurement error, lower cost and increased timeliness
of response [8,66].
Three reminders to encourage participation were sent to
non-respondents during the survey administration period. Approximately 884 residents were sampled in Pennsylvania and 509
completed the survey for an overall completion rate of 57.6%. It is
possible that a completion rate of about 57.6% could bias our results
if those who did not participate in the survey tended toward one
speciﬁc viewpoint on fracking. However, it is unlikely that there
was self-selection based on attitudes toward fracking since panel
members were not aware that fracking was the topic when they
decided whether they would participate, as the survey introduction
states only that the purpose of the survey is to better understand the
knowledge and opinions of the American people on energy issues.
Among the respondents who completed the survey, 25 cases
were excluded from the ﬁnal dataset because they had comple-

tion times of less than seven minutes. Short completion time is
an indicator that is used to identify individuals who may complete the survey without reading and carefully answering the items
[45]. An additional 31 respondents were excluded from the data set
because they did not respond to key questions in the survey. The
ﬁnal dataset contains 453 Pennsylvania respondents.
For this study, oversampling was applied to counties where
fracking is underway in order to obtain a large enough sample in
these areas to support analysis of this subpopulation. A detailed
explanation of our oversampling method, including which counties
were oversampled, is presented in Appendix A.
The data were weighted to adjust for the oversampling of areas
where UGD is underway in order to produce a representative state
sample. The weight also includes an adjustment to Current Population Survey state estimates in terms of various demographic
characteristics, including age, sex, race/ethnicity, education, household income, metropolitan area status, and internet access, in order
to correct for nonresponse and coverage bias. All estimates and
standard errors that are presented in this analysis account for
weighting. This weighting and the use of address-based sampling
and random-digit dialing methods help ensure the representativeness of the sample.
3. Methodological approach
3.1. Model speciﬁcation
We evaluate support for a hypothetical local fracking project
by employing a series of multilevel ordered probit models. We use
multilevel modeling because standard statistical methods are likely
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to underestimate the standard errors associated with estimates
[59]. Multilevel analysis recognizes the nested structure of individuals within counties or municipalities and allows variables at
different levels to be analyzed simultaneously by accounting for the
likelihood that observations of individuals within the same county
or within the same municipality are not completely independent
of each other [53].9 We ran all models with robust standard errors.
We estimate the following model:
Sij = ˛j + treati + ˇ2 Xi + εij
where
˛j =  + ˇ1 Zj + uj
where subscript i represents individuals, subscript j represents
groups (for one set of models groups refer to counties, and
for another set of models groups refer to municipalities), ˛
is the random intercept that varies according to the value of
group-level variables Z (which are either municipality impact fee
disbursements and municipality population or county impact fee
disbursements and county population) and the error term u, S is an
ordinal variable corresponding to a four-point Likert scale measure
of support (strongly support, somewhat support, somewhat oppose,
and strongly oppose), treat is a categorical variable that indicates
whether an individual is randomly assigned to the experimental
group that receives either: (1) community reinvestment, (2) state
reinvestment, or (3) no reinvestment, X is a matrix of demographic,
socio-economic and political characteristics that are speciﬁed in
Table 2, and  is the error term. We estimate an ordered probit model because the dependent variable is treated as ordinal
under the assumption that the levels of support have a natural
ordering but the distances between adjacent levels of support are
unknown.10
We run an identical model to the one above but interact disbursement with prior awareness of fracking. This interaction term
estimates the effect of county or municipality disbursement conditional on the respondent being aware of fracking prior to the
survey. We hypothesize that disbursement predicts greater support if the respondent is aware of fracking prior to the survey since
information/awareness campaigns have been found to mitigate
perceived risk and may therefore increase the potential effect of
revenue reinvestment on support for development [4,25,3]. Information/awareness campaigns may also allow the public to hear
more about the positive impacts of fracking and disbursements
through social media, which increases trust by further connecting
managers and the public [17].
3.2. Marginal effects and predicted probabilities
We ﬁrst report the average marginal effects of impact fee disbursement to county and municipal governments on attitudes
toward the fracking project. We also report the average marginal
effect of interacting disbursement with prior awareness of fracking.
We then present the predicted probabilities of disbursement on
attitudes toward the hypothetical project. These estimates show

9
The range of individual-level observations varies widely across municipalities
(1–23) and counties (1–107). The result is less efﬁcient estimates than would otherwise result.
10
All models were also run under the assumption that the dependent variable
is continuous, and the direction and magnitude of the results are consistent with
the results presented in this paper with one exception: treating the dependent
variable as continuous results in a non-signiﬁcant average marginal effect of the
variable “royalties” in the models that contain county impact fee disbursement. This
is expected since treating the dependent variable as ordinal in these models results
in the average marginal effect of “royalties” being signiﬁcant only at the extreme
ends of the support spectrum (Strongly Support and Strongly Oppose).

how each disbursement dollar is associated with the probability of
having a particular attitude toward the hypothetical project (i.e.,
strongly support, somewhat support, somewhat oppose, and strongly
oppose).
Finally, we report marginal effects at speciﬁc values of disbursement for four Pennsylvania counties that represent a continuum
of county impact fee disbursement ranging from low to high:
Allegheny ($425,000), Westmoreland ($4 million), Washington
($14.7 million), and Bradford ($22.6 million). We also report the
marginal effects of interacting disbursement with awareness in
each of these counties. These four counties represent 39.1% of our
sample. Allegheny and Bradford have the least and most experience with UGD and impact fee dollars, respectively. Westmoreland
and Washington counties were selected because they are contiguous, and while differing substantially in experience with UGD and
disbursement, they are very similar in terms of population, median
household income, and percent below the poverty level. Appendix
B presents a table of socio-demographic data for each of the four
counties that make up our case studies.

4. Results
4.1. Average marginal effects
Tables 3 and 4 report the average marginal effects of county and
municipality disbursement respectively. Results for all variables are
reported in Appendix C. The ﬁrst row of Table 3 shows that a one
standard deviation increase in county disbursement ($3,306,133) is
associated with a 4.7 percentage point increase in strongly supporting the hypothetical project, and this estimate is signiﬁcant at the
one percent level. The same standard deviation increase in county
disbursement is associated with a one percentage point increase in
somewhat supporting the project, a 2.6 percentage point decrease
in somewhat opposing the project, and a three percentage point
decrease in strongly opposing the project, and these results are
statistically signiﬁcant at the level shown in Table 3.
The second row in Table 3 reports the average marginal effect of
county disbursement interacted with awareness. A standard deviation increase in this interaction term ($3,286,356) is associated with
a 5.3 percentage point increase in strongly supporting the project.
The same standard deviation increase in this interaction term is
associated with higher magnitudes of support across all response
options compared to county disbursements that are not interacted
with awareness, and all estimates are statistically signiﬁcant at the
level shown in Table 3.
The ﬁnding that the marginal effect of disbursement is higher
when it is interacted with awareness supports the view that information/awareness campaigns can be used to reduce perceived risk
and enhance support for local UGD when combined with disbursement. However, if areas with development have more development
because people there were aware of UGD and supported development to begin with, then information/awareness campaigns could
have a limited effect on support. This is unlikely because the proportion of people in our sample who are aware of fracking is only
modestly higher in counties or municipalities that have experience
with UGD (about 88%) compared to areas that do not have experience with UGD (about 80%), and this difference is not statistically
signiﬁcant. The fact that awareness is not statistically different in
areas that have experience with UGD compared to areas that do not
have experience with UGD suggests that information/awareness
campaigns can have an impact on support, and moreover, since
discourse is generally less well-established and attitudes are less
entrenched in areas that do not host development, such campaigns
are more likely to affect support in the state overall if they are
targeted toward these areas.
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Table 3
Average marginal effects of county disbursement on support.
Average Marginal Effects

Disbursement
Disbursement × Awareness

Strongly Support

Somewhat Support

Somewhat Oppose

Strongly Oppose

0.047**
(0.019)
0.053**
(0.019)

0.010*
(0.004)
0.014*
(0.006)

−0.026*
(0.011)
−0.031**
(0.011)

−0.030**
(0.012)
−0.037***
(0.011)

Standard errors in parentheses. Estimates are weighted and standard errors account for weighting. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
Table 4
Average marginal effects of municipality disbursement on support.
Average Marginal Effects

Disbursement
Disbursement × Awareness

Strongly Support

Somewhat Support

Somewhat Oppose

Strongly Oppose

0.020
(0.015)
0.092***
(0.022)

0.004
(0.003)
−0.006
(0.009)

−0.011
(0.008)
−0.044***
(0.010)

−0.014
(0.010)
−0.043***
(0.010)

Standard errors in parentheses. Estimates are weighted and standard errors account for weighting. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

Table 4 shows that while a one standard deviation increase in
municipality disbursement ($255,266) alone is not associated with
any signiﬁcant shift in public support for the project, municipality
disbursement is associated with signiﬁcant shifts in support when
it is interacted with prior awareness of fracking: a one standard
deviation increase in this interaction term ($255,244) is associated with a 9.2 percentage point increase in strongly supporting
the project, and this effect is signiﬁcant at the 0.001 level. The
increase in strong support for this interaction term is much larger
than the effect of county impact fee disbursement conditional on
prior awareness of fracking (5.3 percentage points).
The same increase in municipality disbursement conditional on
being aware of fracking prior to the survey is associated with a
4.4 and 4.3 percentage point decrease in somewhat opposing and
strongly opposing the project, respectively, which are both larger
than the effect sizes of the county interaction term on these categories of support. This suggests that awareness campaigns would
be more effective at increasing support when they are targeted at
the municipality level than at the county level for all categories of
attitude except for respondents who somewhat support the project,
which is not signiﬁcant at the municipality level.
4.2. Predicted probabilities
Predicted probability estimates of disbursement on attitudes
toward the hypothetical project support and complement our
average marginal effect ﬁndings. Predicted probability estimates
present a more complete picture of how each disbursement dollar
is associated with the probability of having a particular attitude
toward the hypothetical project (i.e., strongly support, somewhat
support, somewhat oppose, and strongly oppose).
Fig. 2 shows that county impact fee disbursement does not
have a strong effect on any support or oppose attitudes at lower
magnitudes (less than $1 million), but higher levels of county disbursement (greater than $3 million) are associated with higher
average supporting rates for individuals who strongly support the
project. For example, from $3.9 million (roughly the amount of
disbursement that Westmoreland County received) to $13 million (roughly the amount of disbursement that Washington County
received), the associated supporting rate changes from about 20%
to 32%. Beyond that, an additional $1 million increase in county
disbursement is associated with an approximately 10 percentage
point increase in the rate of strongly supporting the project.
We observe a similar trend in Fig. 3, which reports the predicted
probability of attitudes by municipality impact fee disbursement.

Fig. 3 shows a sharp increase in the predicted probability of an individual strongly supporting the project when his or her municipality
begins to receive disbursements greater than $400,000. Predicted
probability of attitudes by municipality disbursement support the
trends by county disbursement presented in Fig. 2, but note that
the magnitude where there is a sharp increase in the predicted
probability of strongly supporting the project is much smaller for
municipality disbursement (about $400,000) than for county disbursement (about $4 million). Additionally, the ninety-ﬁve percent
conﬁdence intervals of the predicted probability for municipality
disbursement and county disbursement at these respective levels are roughly equivalent—about 4.5 percentage points above or
below the estimate.11 The large disparity between the magnitude
of county and municipality disbursement that is associated with a
sharp rate of change in attitudes toward the project is robust when
using per capita disbursement measures.
However, the range of the ninety-ﬁve percent conﬁdence interval for higher levels of municipality disbursement is much larger
for municipality disbursement than for county disbursement. For
example, when municipality disbursement is about one million
dollars, the range of the ninety-ﬁve percent conﬁdence interval is quite large—22.5 percentage points; by contrast, at the
approximately same predicted probability of support, when county
disbursement is about $13 million, the range of the conﬁdence
interval for county disbursement is only eight percentage points.
This indicates that as impact fee dollars increase at the extreme
ends, we have less conﬁdence about the predicted probability estimates for municipality disbursement than county disbursements,
due to there being fewer observations in the sample of municipalities at the tail (higher dollar) end of the lines.
While Figs. 2 and 3 are informative because they depict how each
disbursement dollar is associated with the probability of having a
particular attitude toward the hypothetical project, it is important
to note that only ten percent of observations fall above $10 million
in county impact fee disbursement and $1 million in municipality
impact fee disbursement, which suggests that the results at the tail
(higher dollar) end of the lines may be driven by social or cultural
factors (not accounted for in the survey) that are correlated with
high levels of UGD and impact fee dollars in these areas. Since the
majority of the highest impact fee recipients are in predominantly
rural areas, urban-rural differences could partly explain residents’
receptivity to the hypothetical local fracking project in these areas.

11
Conﬁdence intervals for predicted probabilities were estimated using the “delta
method” (see Ref. [65]).
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Fig. 2. Predicted probability of attitudes by county impact fee disbursement.

Fig. 3. Predicted probability of attitudes by municipality impact fee disbursement.

Finally, since we expect that shifts in support are also linked
to factors such as employment, partisanship, and the extent of
receipt of royalties, we present predicted probabilities of strongly
supporting the project on each of these variables, in addition to
impact fee disbursement, in the four counties selected for proﬁling.
We expect that being Republican and receiving or knowing someone who has received royalties from UGD are positively associated
with support for the project, as these variables have been found
to increase support for fracking in various studies. For example,
studies of Pennsylvania residents found that mineral rights ownership is among the most signiﬁcant contributing factors to positive
opinions about natural gas development [22,29]. And a national
Pew Foundation survey found that 73% of conservative Republicans
favor the increased use of fracking, compared to only 21% of liberal
Democrats [16]. We expect being employed to be negatively associated with support for the project, since some unemployed people

will want to beneﬁt from the employment opportunities that will
come from the project but we expect that it is a relatively weak
predictor of the probability of strongly supporting the project.
Table 5 shows that for each of these variables the predicted probability of strongly supporting the project is substantially larger for
the two counties that received high impact fee dollars compared to
the two counties that received relatively low impact fee dollars.
Predicted probability differences across high- and low-impact
fee recipient counties on these variables help explain support outcomes in two ways. First, for each of these variables, the predicted
probability of strongly supporting the project increases as UGD and
impact fee disbursement increases across these counties, with one
exception: being Republican in Allegheny County, which earned
about $425,000 in impact fee disbursement, has a one percentage point higher predicted probability of strongly supporting the
project compared to being Republican in Westmoreland County,
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Table 5
Predicted probability of strongly supporting the project by county.

Employed
Impact Fee Disbursement
Republican
Royalties

Allegheny ($425,000)

Westmoreland ($4 million)

Washington ($14.7 million)

Bradford ($22.6 million)

14.7%
17.4%
25.1%
27.3%

16.6%
19.2%
24.4%
28.9%

33.1%
37.2%
45.5%
44.9%

44.4%
48.8%
56.8%
54.4%

Table 6
Marginal effects at speciﬁc values of disbursement for four Pennsylvania counties.
Disbursement

Disbursement X Awareness

Average Marginal Effects

Allegheny
($425,000)
Westmoreland
($4 million)
Washington
($14.7 million)
Bradford
($22.6 million)

Average Marginal Effects

Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

0.046*
(0.019)
0.051*
(0.022)
0.061*
(0.028)
0.064*
(0.027)

0.011*
(0.005)
0.003
(0.004)
−0.02
(0.020)
−0.033
(0.026)

−0.026*
(0.011)
−0.027*
(0.011)
−0.025***
(0.008)
−0.021***
(0.003)

−0.031*
(0.012)
−0.026**
(0.009)
−0.015***
(0.002)
−0.009***
(0.002)

0.053**
(0.019)
0.060**
(0.023)
0.074**
(0.026)
0.073***
(0.021)

0.015*
(0.006)
0.003
(0.006)
−0.033
(0.023)
−0.045*
(0.021)

−0.031**
(0.011)
−0.033**
(0.012)
−0.027***
(0.006)
−0.020***
(0.004)

−0.037***
(0.012)
−0.030***
(0.008)
−0.014***
(0.003)
−0.008***
(0.002)

Standard errors in parentheses. Estimates are weighted and standard errors account for weighting.* = p < 0.05; ** = p < 0.01; *** = p < 0.001.

which earned about $4 million dollars in impact fee disbursement.
Table 5 also suggests that the slope for the variables “Republican”
and “Royalties” would be similar to, but more steeply positive than,
the slope in Fig. 2 that depicts predicted probabilities of strongly
supporting the project by county impact fee disbursement.
Second, the relative strength of the predicted probabilities of
key variables can alternate from high- to low-impact fee recipient counties. For example, in low-impact fee recipient counties,
receiving or knowing someone who receives royalties from UGD is
a stronger predictor of the probability of strongly supporting the
project compared to being Republican in these areas, but this relationship is switched around in high-impact fee recipient counties,
where being Republican is a stronger predictor of the probability of
strongly supporting the project than receiving or knowing someone
who receives royalties. These ﬁndings are consistent with, and complementary to, survey ﬁndings about the effects of being Republican
and receiving or knowing someone who has received royalties.
4.3. Marginal effects at speciﬁc values of disbursement for four
Pennsylvania counties
In addition to presenting average marginal effects, we present
marginal effects at speciﬁc values of disbursement for four selected
counties as case studies. Table 6 shows that the marginal effect
of disbursement on strongly supporting the project for counties
that receive small or medium magnitudes of disbursement such as
Allegheny ($425,000) and Westmoreland ($4 million) is roughly
one percentage point lower compared to counties that receive
larger magnitudes such as Washington ($14.7 million) and Bradford
($22.6 million). The marginal effects of disbursement on opposing
attitudes are negative for the selected counties, but – contrary to
what was hypothesized – effect sizes for counties that have larger
magnitudes are smaller compared to effect sizes for counties that
have smaller magnitudes of disbursement.
The second model in Table 6 shows the marginal effect estimates of disbursement interacted with awareness for the selected
counties. The marginal effects of this interaction term on strongly
supporting the project are larger in counties that receive relatively
larger magnitudes of disbursement, and, compared to disbursements alone, the marginal effect on strongly supporting the project
is roughly one percentage point higher when respondents’ prior
awareness of fracking is considered in the selected counties.

For opposing attitudes, disbursement interacted with awareness
makes a relatively greater difference for counties that receive small
or medium magnitudes of disbursement compared to those that
receive larger magnitudes, which are relatively unchanged when
prior awareness is considered.

5. Conclusion
This study analyses the degree to which local support for a hypothetical UGD project varies according to differences in the way that
public revenue is disbursed to county and municipal governments.
The study offers several important ﬁndings. First, impact fee revenue is positively associated with support for the UGD project.
Second, disbursement to municipal governments has a stronger
effect on support than disbursement to county governments, conditional on the respondent being aware of fracking prior to the
survey. Third, awareness and information campaigns on fracking
may be used by policymakers, developers, and other stakeholders,
to increase the potential effects of disbursement on local support
for UGD. Finally, the impact of disbursement on stated support differs according to the magnitudes of disbursement such that the
marginal effects of disbursement on strongly supporting the project
are much higher for counties that have relatively larger magnitudes
of production and disbursement.
In general, we ﬁnd that respondents in areas with high magnitudes of gas production (and impact fee disbursements) are more
inclined to be positive toward the hypothetical project than respondents in areas with little or no gas production and disbursements.
This association is consistent with a causal effect of disbursements
inﬂuencing opinion but it does not prove cause-and-effect. It could
be that respondents in high-production areas have become familiar
with production activities and thus do not see UGD as a threatening
technology. In other words, it could be that the development activity per se, rather than the disbursements, is causing the favorable
attitude. Or, it could be that oil and gas companies chose areas for
development where local residents were more likely to be positive,
in order to avoid the costs and delays associated with opposition.
Future research, with a different research design, is required to
determine more precisely whether the interesting association we
have found reﬂects a causal relationship of disbursements impacting public opinion positively toward development projects.
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While the magnitudes of the shift in support of UGD based on
the impact fee system that we found are not huge, they may be
enough to swing a referenda or ballot proposition and to assist
in the formulation of more effective policies to shape local attitudes. Future research may choose to consider how large a shift
is required to change the probability that a local UGD project is
adopted and sustained. We also found substantial shifts in support associated with other key variables in the directions that we
expected: (a) receiving royalties from UGD, or knowing someone
who has received royalties from UGD, is associated with a signiﬁcant increase in strongly supporting the project (9–12 percentage
points); (b) being Republican is associated with an 8–10 percentage
point increase in the probability of strongly supporting the project.
But recall that being Republican is a stronger predictor of the probability of strongly supporting the project than receiving or knowing
someone who receives royalties in the high-impact fee receiving
counties selected for proﬁling, and this relationship is switched
around in the low-impact fee receiving counties selected for proﬁling; (c) being employed is associated with a signiﬁcant decrease
in strongly supporting the project (7–8 percentage points).
Future research may choose to consider how support for local
UGD differs by impact fee disbursement conditional on the resident being relatively new to the area versus having lived at their
current address for a long period of time. Studies might also
choose to include an alternative explanatory variable of awareness that indicates the respondent’s awareness of his or her county
and/or municipality impact fee disbursements. An additional facet
of public opinion worthy of investigation is the relationship of reinvestment systems in conjunction with direct beneﬁts paid to a
community by the developers (as opposed to beneﬁts distributed
through public revenue systems).
For public policy, the study’s ﬁndings suggest that public acceptance of local UGD projects may be improved by adopting and
communicating reinvestment schemes for affected communities.
The study’s ﬁndings that an impact fee dollar reinvested in the
municipality is associated with a higher rate of support than an
impact fee dollar reinvested in the county conditional on the
respondent being aware of fracking prior to the survey is consistent
with the view that citizens have more familiarity with, and trust
in, their municipal government compared to their county government or that they have greater conﬁdence that the revenues will
be spent by their municipal government in ways that beneﬁt the
respondent’s local community.
The ﬁndings of this paper are relevant to policymakers in other
states as they debate how to collect and redistribute public revenue
from UGD, and internationally, where revenue reinvestment may
have an even more signiﬁcant role in generating public opinion,
since countries such as the UK, Poland, and China do not authorize royalties for private land or mineral-rights owners [20]. For
instance, in 2013 the UK unveiled a proposal that industry should
compensate local communities through direct ﬁnancial incentives
of £100,000 for hosting a test rig and a one percent share of the
proﬁts if the well goes into production [52]. The government and
industry leaders are currently deliberating how reinvested revenue
from the existing compensation system can best be shared with the
local community, and whether local residents should receive an
additional compensation of £20,000 per unconventional well on
top of the existing compensation system in an attempt to counter
opposition [62].
The ﬁndings in this paper may also have normative implications for public ﬁnance and public administration. Since local
governments typically have little discretion over how to collect and
distribute public revenue from UGD, state policymakers who fail to
consider the near-term and long-term effects of hosting UGD can
enact polices that do not meet the ﬁscal needs of local communities
[39]. This argument is especially pertinent to local governments in

rural areas that struggle to provide adequate housing and government services to accommodate sudden inﬂuxes of UGD workers
and industrial equipment—so-called “boomtown effects” [23,63].
For example, one study of Pennsylvania counties found that population density is an important indicator of reported negative impacts
of UGD: despite similar levels of drilling, key informants in rural
Bradford County reported much greater negative impacts of UGD
compared to those in less-rural Washington County, because Washington County had a more established infrastructure that was more
capable of mitigating boomtown effects [5]. This paper suggests
that policies like the Pennsylvania impact fee system, which help
balance local government spending needs associated with UGD by
redistributing public revenue from UGD to local governments in
proportion to the magnitude of UGD in the area, are politically feasible policy alternatives to severance taxes that typically retain most
UGD-related public revenue at the state-level.
Appendix A.
Sampling design and rationale
An important contribution of this research is the ability to compare responses from those living in areas where UGD is underway
with responses from those who are not living in such areas. In order
to have sufﬁcient sample size to make this comparison, UGD locations must be oversampled because a representative state sample
would not include enough respondents from these locations due to
the relatively small percentage of the state population that lives in
these areas.
For the state of Pennsylvania, residents from ﬁfteen selected
counties where fracking is underway were oversampled for the
study. The counties targeted for oversampling were selected using
established oil and gas ﬁeld boundaries of unconventional sources
identiﬁed by the Pennsylvania Department of Conservation and
Natural Resources, Bureau of Topographic and Geological Survey. About half of the selected counties are in the southwest
(Greene, Washington, Fayette, Allegheny, Westmoreland, Indiana,
Armstrong) and half are in the northeast (Potter, Clinton, Tioga,
Lycoming, Bradford, Sullivan, Susquehanna, Wyoming).
To obtain the remainder of respondents, a representative sample of adults (18 and older) from counties in Pennsylvania that were
not part of the oversample were selected. The weights that were
produced by GfK include an adjustment for oversampling in order
to produce a representative state sample. This weighting adjustment produces estimates that are not biased by oversampling in the
design and is used for all analyses that are reported in this paper.
Appendix B.
Socio-demographic data of case study counties
County

Population (2014)

Median household
income
(2009–2013)

Percent below
poverty level
(2009–2013)

Allegheny
Westmoreland
Washington
Bradford

1,231,255
359,320
208,187
61,784

$51,366
$50,736
$53,693
$46,963

12.9%
10.2%
10.5%
13.3%

Source: U.S. Census Bureau (available at: http://quickfacts.
census.gov/qfd/states/42000.html).
Appendix C.
Regression Results
Table C1
Table C2
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Estimates

Community Reinvestment
State Reinvestment
Age
Education

Male
Household Income

Political Party (ref = Democrat)
Republican
−0.454*
(0.206)
0.269
Independent
(0.501)
0.436**
Employed
(0.154)
−0.663**
Royalties
(0.256)
Awareness
−0.481*
(0.203)
Population
−0.00000025
(0.000000186)
−0.000000334
Disbursement
(0.000000250)
cut1
Constant
−2.265***
(0.582)
cut2
−0.411
Constant
(0.564)
cut3
0.670
Constant
(0.533)
Municipality/County
Random Effects
Constant
N

0.985**
(0.321)
453

Average Marginal Effects

Estimates

Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

0.026
(0.036)
0.072
(0.041)
0.000
(0.001)
−0.004
(0.013)
0.035
(0.071)
0.067*
(0.029)
0.003
(0.004)

0.007
(0.010)
0.02
(0.012)
0.000
(0.001)
−0.001
(0.003)
0.010
(0.020)
0.018*
(0.009)
0.001
(0.001)

−0.014
(0.020)
−0.039
(0.022)
0.000
(0.001)
0.002
(0.007)
−0.019
(0.038)
−0.037*
(0.016)
−0.001
(0.002)

−0.019
(0.026)
−0.052
(0.030)
0.000
(0.001)
0.003
(0.009)
−0.026
(0.053)
−0.049*
(0.021)
−0.002
(0.003)

0.086*
(0.038)
−0.051
(0.095)
−0.083**
(0.029)
0.126**
(0.048)
0.092*
(0.040)
0.000
(0.001)
0.020
(0.015)

0.024
(0.012)
−0.014
(0.026)
−0.023*
(0.010)
0.034*
(0.017)
0.025
(0.013)
0.000
(0.001)
0.004
(0.003)

−0.047*
(0.020)
0.028
(0.052)
0.045**
(0.016)
−0.069*
(0.029)
−0.050*
(0.023)
0.000
(0.001)
−0.011
(0.008)

−0.063*
(0.029)
0.037
(0.069)
0.060**
(0.022)
−0.092**
(0.035)
−0.067*
(0.029)
0.000
(0.001)
−0.014
(0.010)

Average Marginal Effects
Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

−0.0685
(0.148)
−0.185
(0.199)
−0.000415
(0.00341)
0.0190
(0.0470)
0.00708
(0.219)
−0.224
(0.133)
−0.00187
(0.0182)

0.017
(0.038)
0.047
(0.052)
0.000
(0.001)
−0.005
(0.012)
−0.002
(0.056)
0.057
(0.033)
0.000
(0.005)

0.006
(0.013)
0.016
(0.019)
0.000
(0.001)
−0.002
(0.004)
−0.001
(0.019)
0.020
(0.011)
0.000
(0.002)

−0.01
(0.023)
−0.028
(0.032)
0.000
(0.001)
0.003
(0.007)
0.001
(0.033)
−0.033
(0.019)
0.000
(0.003)

−0.013
(0.029)
−0.036
(0.039)
0.000
(0.001)
0.004
(0.009)
0.001
(0.042)
−0.043
(0.025)
0.000
(0.004)

−0.409*
(0.172)
0.297
(0.409)
0.291*
(0.125)
−0.381
(0.201)
−0.370*
(0.176)
−0.000000114
(0.000000152)
−0.0000000356
(1.26e-08)

0.104*
(0.043)
−0.076
(0.104)
−0.074*
(0.032)
0.097*
(0.048)
0.094*
(0.042)
0.000
(0.001)
0.047*
(0.019)

0.036**
(0.013)
−0.026
(0.036)
−0.025*
(0.010)
0.033
(0.019)
0.032*
(0.016)
0.000
(0.001)
0.010*
(0.004)

−0.061**
(0.022)
0.044
(0.060)
0.043*
(0.019)
−0.057
(0.031)
−0.055*
(0.025)
0.000
(0.001)
−0.026*
(0.011)

−0.079*
(0.032)
0.057
(0.080)
0.056*
(0.023)
−0.074*
(0.036)
−0.072*
(0.033)
0.000
(0.001)
−0.03*
(0.012)

−1.427**
(0.509)
−0.0555
(0.519)
0.728
(0.524)

0.00337
(0.115)
453

Standard errors in parentheses. Estimates are weighted and standard errors account for weighting. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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Non-Hispanic White

−0.139
(0.187)
−0.379
(0.207)
−0.00184
(0.00450)
0.0188
(0.0674)
−0.186
(0.380)
−0.352*
(0.146)
−0.0137
(0.0215)

(2) Multilevel Ordered Probit: County

G Model
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(1) Multilevel Ordered Probit: Municipality
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Table C1
Impact of municipal and county disbursement on respondent support for hypothetical local fracking project—all variables.

Estimates

Community Reinvestment
State Reinvestment
Age
Education

Household Income

Political Party (ref = Democrat)
−0.463*
Republican
(0.206)
0.247
Independent
(0.500)
0.441**
Employed
(0.156)
−0.667**
Royalties
(0.256)
−0.554*
Awareness
(0.216)
−0.000000266
Population
(0.000000184)
Disbursement × Awareness
0.00000596***
(0.00000137)
−0.00000627***
Disbursement
(0.00000135)
cut1
−2.280***
Constant
(0.588)
cut2
−0.424
Constant
(0.567)
cut3
0.662
Constant
(0.535)
Municipality/County
Random Effects
Constant
N

0.984**
(0.320)
453

Estimates

Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

0.026
(0.036)
0.074
(0.041)
0.000
(0.001)
−0.004
(0.013)
0.033
(0.072)
0.067*
(0.029)
0.002
(0.004)

0.007
(0.010)
0.02
(0.012)
0.000
(0.001)
−0.001
(0.003)
0.009
(0.020)
0.018*
(0.009)
0.001
(0.001)

−0.014
(0.020)
−0.04
(0.022)
0.000
(0.001)
0.002
(0.007)
−0.018
(0.038)
−0.037*
(0.016)
−0.001
(0.002)

−0.019
(0.026)
−0.053
(0.030)
0.000
(0.001)
0.003
(0.009)
−0.024
(0.053)
−0.049*
(0.021)
−0.002
(0.003)

0.088*
(0.038)
−0.047
(0.095)
−0.084**
(0.029)
0.127**
(0.048)
0.05
(0.030)
0.000
(0.001)
0.092***
(0.022)

0.024*
(0.012)
−0.013
(0.026)
−0.023*
(0.011)
0.035*
(0.017)
0.058*
(0.025)
0.000
(0.001)
−0.006
(0.009)

−0.048*
(0.020)
0.026
(0.052)
0.046**
(0.016)
−0.069*
(0.029)
−0.038*
(0.019)
0.000
(0.001)
−0.044***
(0.010)

−0.064*
(0.029)
0.034
(0.069)
0.061**
(0.023)
−0.092**
(0.035)
−0.07*
(0.035)
0.000
(0.001)
−0.043***
(0.010)

Average Marginal Effects
Strongly
Support

Somewhat
Support

Somewhat
Oppose

Strongly
Oppose

−0.0672
(0.149)
−0.185
(0.201)
−0.000428
(0.00340)
0.0198
(0.0472)
0.0112
(0.226)
−0.224
(0.134)
−0.00178
(0.0182)

0.017
(0.038)
0.047
(0.053)
0.000
(0.001)
−0.005
(0.012)
−0.003
(0.058)
0.057
(0.033)
0.000
(0.005)

0.006
(0.014)
0.016
(0.019)
0.000
(0.001)
−0.002
(0.004)
−0.001
(0.020)
0.02
(0.011)
0.000
(0.002)

−0.010
(0.023)
−0.028
(0.032)
0.000
(0.001)
0.003
(0.007)
0.002
(0.034)
−0.033
(0.019)
0.000
(0.003)

−0.013
(0.029)
−0.036
(0.040)
0.000
(0.001)
0.004
(0.009)
0.002
(0.044)
−0.043
(0.025)
0.000
(0.004)

−0.408*
(0.175)
0.293
(0.409)
0.290*
(0.126)
−0.383
(0.203)
−0.385*
(0.186)
−0.000000116
(0.000000152)
4.09e-08
(4.49e-08)
−7.56e-08
(4.16e-08)

0.104*
(0.043)
−0.075
(0.104)
−0.074*
(0.032)
0.098*
(0.049)
0.076*
(0.031)
0.000
(0.001)
0.053**
(0.019)

0.036**
(0.013)
−0.026
(0.036)
−0.025*
(0.010)
0.033
(0.019)
0.05
(0.031)
0.000
(0.001)
0.014*
(0.006)

−0.061**
(0.022)
0.044
(0.060)
0.043*
(0.019)
−0.057
(0.031)
−0.048*
(0.020)
0.000
(0.001)
−0.031**
(0.011)

−0.079*
(0.033)
0.057
(0.080)
0.056*
(0.023)
−0.074*
(0.037)
−0.078*
(0.040)
0.000
(0.001)
−0.037***
(0.011)

−1.430**
(0.506)
−0.0590
(0.514)
0.725
(0.520)

0.00255
(0.116)
453

Standard errors in parentheses. Estimates are weighted and standard errors account for weighting. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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Male

Average Marginal Effects
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Non-Hispanic White

−0.137
(0.188)
−0.387
(0.207)
−0.00176
(0.00455)
0.0221
(0.0673)
−0.175
(0.381)
−0.353*
(0.146)
−0.0122
(0.0215)

(4) Multilevel Ordered Probit: County

G Model

(3) Multilevel Ordered Probit: Municipality
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Table C2
Impact of municipal and county disbursement interacted with awareness on support for hypothetical local fracking project—all variables.

G Model
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