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Unconventional Gas Development in the U.S.
States: Exploring the Variation

Olga Schenk, Michelle H. W Lee, Naveed H. Paydar, John A. Rupp and John D. Graham*

This article examines the large interstate variation in levels of unconventional gas

development in the U.S. states. The following hypotheses are advanced to predict whether

a state will be predisposed toward development: (Hi) the availability of unconventional

gas reserves; (H2) the availability of infrastructure to support development; (H3) a
recent history of conventional oil and gas development; (H4) Republican party control of

the Governor's office and state legislature; (H5) relatively low sensitivity to

environmental issues; (H6) regulatory systems that treat UGD as a variant of convention-

al gas development; (H7) a pressing need for economic benefits as indicated by state and

local measures of household income, unemployment and poverty; (H8) and public opinion

supportive of development. To various degrees, each of the hypotheses is supported but im-

portant exceptions and surprises are uncovered in the qualitative and semi-quantitative

analyses. Future research should continue the effort to explain the variation of
development by expanding the geographical scope of inquiry and enlarging the sample of
jurisdictions.

1. Introduction

During the past decade, unconventional gas devel-

opment (UGD) has revolutionized the U.S. energy

sector. In both 2012 and 2013 the U.S. outpaced Rus-
sia in natural gas production for the first time in
modern history.' The U.S. is now projected to be-
come a net exporter of natural gas in the foresee-
able future and the Obama administration has al-
ready approved several large new export terminals
for liquefied natural gas. As a consequence of UGD
in the U.S. and Canada, the traditional producer-con-
sumer relations in global energy markets are chang-
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1 EIA, "U.S. expected to be largest producer of petroleum and
natural gas hydrocarbons in 2013", 4 October 2013, available on
the Internet at <http://www.eia.gov/todayinenergy/detail.cfm?id
=13251> (last accessed on March 26 2014).

ing and the resulting consequences for internation-

al energy politics are only beginning to be evaluat-

ed.2

Europe has taken a far more cautious approach to
UGD. Although the Lisbon Treaty provided the legal
base for European-level decision-making in the field
of energy,3 it also confirmed the basic principle of
energy related policy making in the EU - each mem-
ber state has the right to determine conditions for ex-
ploiting its energy resources and decide upon the
composition of its energy mix.4 Thus, although the
European Commission has highlighted the potential
contribution of UGD to energy security and to the

2 Michael Levi. The Power Surge: Energy, Opportunity, and the
Battle for America's Future. (Oxford University Press, 2013).

3 Prior to the Lisbon Treaty, the treaties of the European Union did
not have a specific title on energy. However, the supranational
energy-related legislative activities have steadily increased,
whereas the EU was drawing from the related legal bases in
which the EU had the powers to regulate. [EA, "lEA Energy Policy
Review. The European Union", (Paris: OECD/EA 2008), pp. 27 et
sqq.

4 Consolidated Version of the Treaty of the Functioning of the
European Union, Article 194, 13 December 2007, in force 1
December 2009, Official Journal of the European Union (2012),
pp. 134 et sqq.
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enhanced competitiveness of European industry,5

the Commission has issued only voluntary guidelines
on UGD.6 EU member states retain the power to en-
courage, permit, restrict, or prohibit UGD, and those
policies are variable and often quite restrictive.

France and Bulgaria have prohibited UGD. On the
other hand, the United Kingdom, Poland and sever
al other eastern European countries are supportive
of UGD and are initiating development activities. Ger
many is working on a regulation that seeks to ban
unconventional gas production on a commercial
scale until 2021, while allowing small-scale pilot
projects that contribute to relevant scientific re-

search.7 The upcoming regulation, however, still al-
lows conventional fracking that has been practiced
in Germany since the 1960s.

International agencies and European officials of
ten refer to the experience in the U.S. as if the U.S.
government is a single political entity that is univer
sally supportive of UGD. It is certainly true that both
Presidents George W. Bush and Barack H. Obama and
their administrations have been highly supportive of
UGD. However, international perceptions of U.S. pol-
icy often overlook the fact that the U.S. is a federal
political system where the main authority for oil and

gas development regulation lies with each of the fifty

states.
There is in fact vast heterogeneity among the states

with regard to the extent of UGD. In this paper we
explore how and why the magnitude and pace of UGD
differ in selected U.S. states. We advance eight hy

5 Communication from the Commission to the Council and the
European Parliament on the exploration and production of hydro-
carbons (such as shale gas) using high volume hydraulic fractur-
ing in the EU, COM(2014) 23, at p. 4.

6 Commission Recommendations of 22 January 2014 on minimum
principles for the exploration and production of hydrocarbons
(such as shale gas) using high-volume hydraulic fracturing,
2014/40/EU.

7 BMUB, "Oberblick uber die geplante "Fracking"-Regelung", 4 Juli
2014, available on the Internet at <http://www.bmub.bund.de/
themen/wasser-abfall-boden/binnengewaesser/fracking
-regelung/> (last accessed on August 4 2014). See also UBA,
"Umweltauswirkungen von Fracking bei der Aufsuchung und
Gewinnung von Erdgas insbesondere aus Schiefergaslagerst5tten.
Teil 2 - Grundwassermonitoringkonzept, Frackingchemikalien-
kataster, Entsorgung von Flowback, Forschungsstand zur Emis-
sions- und Klimabilanz, induzierte Seismizit5t, Naturhaushalt,
Landschaftsbild und biologische Vielfalt", (Dessau-Roglau, UBA:
2014).

8 Jon Gertner, "George Mitchell: He Fracked Until It Paid Off", The
New York Times, available on the Internet at: http://nytimes.com/
news/the-lives-they-lived/2013/12/21/georgemitchell> (last ac-
cessed on August 2 2014).

potheses that may help explain the variation in shale

gas production. A set of technical, social, economic

and political attributes from each of the selected

states is presented to explore the explanatory power

of the eight hypotheses. This article contributes to

our understanding of the drivers of shale gas devel-

opment and aims at raising our European audience's
awareness of the considerable variability of shale gas

development in the U.S. states. The insights from our
hypothesis development and case studies may be

fruitfully applied to future research of UGD in the

Canadian and European contexts.

11. Research design and methods of
analysis

We define UGD as the development of unconvention-

al gas reservoirs using a combination of advanced

drilling and completion technologies that include
multi-stage hydraulic fracturing together with hori-

zontal drilling. The term "fracking" is used in this ar

ticle as a synonym for UGD, although the term is

sometimes used to refer only to hydraulic fracturing.

Our primary focus is shale gas development, though

we note Colorado's large commitment to coalbed
methane (CBM) and there are some other forms of

UGD (e.g., tight gas plays).
We address the variation of UGD using measures

of the magnitude and pace of UGD in each state. The

time period that we focus on is justified by the avail-

ability of data on shale gas production and extends

from 2007 until 2012, covering most of the period

since the breakthroughs by George Mitchell and com-

petitors revolutionized the oil and gas industry.8 We
operationalize 'the magnitude of unconventional gas

development' as a cumulative amount of unconven-

tional gas produced from 2007 until 2012 and the
'pace' as the average year over year change of uncon-

ventional gas production between 2007 and 2012 (see
Table 1).

Eight specific U.S. states were selected for analy-

sis: California, Colorado, Illinois, Michigan, New
York, Ohio, Pennsylvania, and Texas. All of these

states have geological potential for UGD but differ

substantially in the magnitude and pace of UGD. Fur

ther, the selected states account for the majority of

the U.S. unconventional gas reserves and the vast ma-

jority of unconventional gas production in the U.S.
We categorized the eight states into three groups
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Table 1: Annual Unconventional Natural Gas Production from Shale Gas and Coalbed Wells in Million

Cubic Feet, 2007 2012

2007 2008 2009 2010 2011 2012 Cumulative pro-
duction
2007-2012

Texais

Production 1.264725 1.-769610 2.018450 2. 02950 3.066435 3.662933 14.085103

504885 2488)40 28)4500j 7381 569

Pennsylvania

Prodin( 0 9757 89074 399452 1.068288 2.042632 3.609203

YOY change 9757 79317 3103781 6688361 974344

Colora o -

Production 657365 706746 724525 725022 726019 T 605339 4.145016

Y()Y cinge 49381 17779 497 997 -120680

Michigan

Prodin 136367 131119 125614 1199841 113736 107822 734642

YOY change -5248 -5505 563o -(6248 -5914

Production 14 17 13 11 2540 1277 15368

California

Proction 0 0 0 0 0 0 0

Illinois

Produionlil 0 O 0 0 0 0 0

New York

Produtioi 0 0 0 0 0 0 0

+ Source of data for shale gas wells: EIA, "Natural Gas Gross Withdrawals and Production. Gross Withdrawals from Shale Gas Wells", 2014,
available on the Internet at: <http://www.eia.gov/dnav/ng/ng-prod-sum-a_EPGO_FGS_mmcfa.htm> (last accessed on July 14 2014).

t Source of data for coalbed wells: ELA, "Natural Gas Gross Withdrawals and Production. Gross Withdrawals from Coalbed Wells", 2014,
available on the Internet at: <http://www.eia.gov/dnav/ng/ng-prod-sum-a_EPGOFGC-mmcf a.htm> (last accessed on July 24 2014).

year-over-year change of production
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based on their level and pace of UGD (see Table 1).

1) Texas and Pennsylvania are considered to have
high levels of UGD:
* Cumulative gross withdrawals for each of the

two states exceeded one trillion cubic feet (tcf)
during the time period under study.

* Both states have experienced an increasing pace
of production.

2) Colorado, Michigan and Ohio are considered to
have medium levels of UGD:
* Cumulative gross withdrawals for each of the

three states exceeded one billion cubic feet (bcf)
during the time period under study.

* The states in this group show a varying pace of
UGD - whereas Ohio shows fast growth in shale
gas production, Colorado's production started
decreasing from around 2010, and Michigan
shows a continuously falling rate of UGD.

* Note that Colorado's cumulative production is
larger than Pennsylvania's because we account
for Colorado's large amount of CBM produc-
tion. Currently, Colorado is the seventh largest
gas producer in the United States, contains the

third largest gas reserves, and boasts the largest
CBM reserves in the nation.9

3) New York, California, and Illinois are considered
to have low levels of UGD. Between 2007 and 2012

each of these states produced negligible amounts
of unconventional gas that are not even included
in the database of the Energy Information Admin-
istration (EIA), our primary source of energy da-
ta. As such, it was not possible to calculate the
change of production for these states, though in-
formal consultations confirm that few invest-

ments in UGD are being made in these states.

The hypotheses for explaining variation are drawn
from our discussions with UGD practitioners from
industry and government as well as from the social
science literature on technological risk, regulation,
and innovation. The informal discussions occurred

9 Colorado Geological Survey, "Energy Resources - Natural Gas",
available on the Internet at <http://coloradogeologicalsurvey.org/
energy-resources/natural-gas/> (last accessed on 8 May 2014).

10 IRGC, Risk Governance Guidelines for Unconventional Gas
Development, (Lausanne: IRGC, 2013), at pp. 3-40.

at a December 2012 workshop sponsored by the In-
ternational Risk and Governance Council (IRGC) in
Zilrich. The IRGC report from this workshop has
helped inform the hypotheses and selection of case
studies for this paper.10

III. Eight Hypotheses

1. HI (Reserves): A state is more likely to
reach a high level of UGD if the state
has a large amount of proven
unconventional gas reserves.

A significant amount of proven unconventional gas
reserves - the commercially and technically recover
able part of a resource - is a necessary condition for
investment in UGD. Although all states selected for
this study have the geological potential for UGD, we
hypothesize that the magnitude and pace of UGD will
vary with the amount of proven unconventional gas
reserves. In this context it is necessary to highlight a
relation of mutual dependence between production
and reserves: increasing production often leads to
better data about the geological characteristics and

size of the reservoirs, enabling greater production to
take place.

In order to account for this hypothesis, we speci-
fy the amount of proven natural gas reserves from
shale for each state in our sample.

2. H2 (Infrastructure): A state is more
likely to reach a high level of UGD if
the state has access to infrastructure
that is required for viable UGD.

The inputs necessary for UGD are not limited to the
land where well sites are located and drilling occurs,
as developers need access to other key infrastructur
al elements to support exploration and production.
We focus on material supplies, collecting data on wa-
ter availability, pipeline and underground gas-stor
age data for 2008 - the year that precedes large-scale
UGD in most U.S. states.

An extensive intra- and interstate pipeline infra-
structure is of crucial importance to deliver gas to
markets, refineries and LNG terminals (if export of
gas is envisioned). Since pipeline construction is cap-
ital and time intensive, we assume that states with
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access to a gathering and transmission pipeline infra-

structure will be more conducive to UGD than states
without such access. Underground gas storage capac-
ity is closely linked to the availability of the pipelines,
since the underground storage is important to bal-
ance the load and, in the case of the intrastate
pipelines, to facilitate the end customer supply. 1

We also highlight the availability of water because
it is a critical infrastructural requirement for UGD.
While water requirements differ depending on the
geological formation being fractured, an estimated
2.5 million gallons of water on average is required
per well.1 2 We collect data on percentage of wells in

high or extremely high water stressed areas to assess
the relation between water scarcity and UGD for each
state. We examine whether states with a high per
centage of wells in water stress areas have lower lev-
els of UGD relative to states with a lower percentage
of wells in such areas.

3. H3 (History): A state is more likely to
reach a high level of UGD if the state
has a recent history of conventional
gas development.

Drawing from the concept of "technological trajecto-
ry" in the evolutionary economics literature, we as-
sume that a recent history of conventional gas devel-
opment may influence the structure of a state's econ-
omy such that a path-dependency develops for simi-
lar or related technologies.13 Further, a recent histo-
ryof conventional gas development implies that close
interactions between existing technological systems
and governing institutions facilitate the application
of established regulatory regimes, standard operating
procedures, and experienced agency professionals to

UGD. 1 4 Moreover, risk perception literature indicates
that familiarity with the technology tends to facili-
tate acceptance, and UGD may be perceived as simi-
lar to conventional development.15 Previous research
highlighted considerable effects of energy dominat-
ed policy subsystems in the states with a history of
conventional gas development.1 6 For all of these rea-
sons, UGD is likely to be encouraged in a state with
a recent history of conventional gas production.

For each of the states we consider, we specify the
magnitude of conventional natural gas production in
at least the last twenty years, which we consider re-
cent production.

4. H4 (Party): A state is more likely to
reach a high level of UGD if the state
has a recent history of Republican
Party control of the Governor's office
and the state legislature.

This hypothesis is based on the assumption that the
Republican Party traditionally represents business
interests in the U.S. political system. While the De-
mocratic Party also has pro-business elements, De-
mocratic politicians may be cross-pressured by an-
other key constituency of the Democratic Party, the
environmentalists, as they tend to oppose continued

reliance on fossil fuels. Since the Democratic Party
traditionally embraces strong regulation as a tool of
environmental stewardship, a state controlled by De-
mocratic politicians may be more likely to have strict
regulation of UGD. Thus, we hypothesize that Repub-
lican Party control of the state legislature and Gover
nor's office will tend to facilitate growth of the in-
dustry.7 Unlike parliamentary systems, where uni-
fied control of the executive and legislature is
achieved by design, each U.S. state needs to be ana-
lyzed carefully for potential split control of the Gov-
ernor's office and the legislature.

The data on partisan control addresses which par
ty controlled the governor's office and state legisla-
ture (Senate and House) for the time period under

study (2007-2012).

11 EIA, 'The Basics of Underground Natural Gas Storage", August
2004, available on the Internet at <http://www.eia.gov/pub/oil

gas/natural-gas/analysis-publications/storagebasics/storagebasics
.html> (last accessed on 8 May 2014).

12 Freyman Monika, "Hydraulic Fracturing and Water Stress: Water
Demand by Numbers. Shareholder, Lender, and Operator Guide
to Water Sourcing", February 2014, available on the Internet at
<http://www.ceres.org/resources/reports/hydraulic-fracturing
-water-stress-water-demand-by-the-numbers> (last accessed on 14
July 2014), at p. 19.

13 Giovanni Dosi, 'Technological paradigms and technological
trajectories" 11 Research Policy (1982), at p. 147.

14 Gregory Unruh, "Understanding Carbon Lock-in" 28 Energy
Policy (2000), at p. 817.

15 Paul Slovic, Baruch Fischhoff, Sarah Lichtenstein, "Facts and fears:
Understanding perceived risk". In: Richard C. Schwing; Walter A.
Albers (eds.), Societal risk assessment: How safe is safe enough?
(New York: Plenum Press, 1980), at pp.181-216.

16 Jeffrey J. Cook, "Who's Regulating Who? Analyzing Fracking
Policy in Colorado, Wyoming, and Louisiana" 16(2) Environmen-
tal Practice (2014), at p.107.

17 Charles Davis, 'The Politics of 'Fracking': Regulating Natural Gas
Drilling Practices in Colorado and Texas' 29(2) Review of Policy
Research (2012), at p. 88.
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5. H5 (Environmental sentiment): A state
is more likely to reach a high level of
UGD if the state is less sensitive to
environmental concerns.

Advocates of UGD stress its positive effects for eco-
nomic development, but opponents reject UGD on
the grounds of its incompatibility with the principle
of environmental protection. This hypothesis ex-
plores a possible relation between states' overall de-
gree of environmental sensitivity and the level of
UGD.

As an indicator of the environmental sentiment in

the state, we draw from the National Environmental
Scorecards developed by the League of Conservation
Voters, focusing on the average scores of a state's del-
egation in the U.S. Senate and the U.S. House of Rep-
resentatives for the years between 2007 and 2012.

Our assumption is that, on average, the voting
records of politicians on environmental issues will
reflect the environmental sensitivity of the state. The
scores evaluate voting behavior on a wide range of
issues such as resource conservation, energy, climate
change, public health, public lands, wildlife conser
vation, and spending on environmental programs.1 8

6. H6 (Regulation): A state is more likely
to reach a high level of UGD if the
state's regulation treats UGD as an
extension of conventional oil and gas
development.

This hypothesis focuses on the regulatory environ-
ment that can facilitate or restrict development. As
UGD is a type of natural gas development, the regu-
lation applicable to natural gas extraction also applies
to UGD. However, the specifics of the UGD technol-

18 League of Conservation Voters, 'National Environmental Score-
card. Archive', 2014, available on the Internet at: <http://scorecard
.Icv.org/scorecard/archive> (last accessed on 29 July 2014).

19 One study estimates that 1.7 million jobs in the USA were stimu-
lated by UGD, 20% in drilling activity, 30% in suppliers of equip-
ment and services, and 50% in stimulus by enhanced spending
by workers (for home builders, car dealers etc). About $62 billion
in federal, state, and local tax revenue in 2012 was attributed to
UGD. Cf. John Larson, Leta Smith, "Surprising Boom for the U.S.
Economy", Wall StreetJournal, 6 March 2013, at p. A14.

20 Barry G. Rabe & Cristopher Borick, "Conventional Politics for
Unconventional Drilling? Lessons from Pennsylvania's Early Move
into Fracking Policy Development", 30(3) Review of Policy Re-
search (2013).

ogy potentially require a separate set of rules. We ar

gue that those regulatory frameworks that treat UGD
as being not fundamentally different than conven-

tional oil and gas extraction create more favorable

regulatory regimes since they allow the same permit-

ting procedure and institutional rules to apply to

UGD. Those familiar rules may enhance the confi-
dence of investors in UGD and accelerate the process

of permitting. The opposite approach stresses the
uniqueness of UGD and requires that it be subjected

to new environmental and/or human health impact

assessments. An entirely new regulatory system for
UGD may also be required, since it is seen as a new

technology, and this may increase investor uncertain-

ty and slow down the process of permitting.
For our study we collect information on regulato-

ry frameworks in eight states, focusing on whether

or not UGD is treated as an extension of UGD.

7. H7 (Economic distress): A state is
more likely to reach a high level of
UGD if the state's economy is in
distress.

A key argument made in favor of UGD relates to job
creation and the associated benefits for the

economies of the affected communities and states.19

The "highly decentralized" nature of shale gas wells
means that communities in a state will vary consid-

erablyin their direct contact with UGD.2 0 We assume
that states whose economies are in greater distress

are more likely to seek UGD as a measure to stimu-

late the state's economy and thus develop policies
that are supportive of UGD.

In order to address this hypothesis we collect
2008-2012 data at two levels of analysis - state and

county. First, we compare each state's economic con-

ditions with the U.S. average, focusing on median

household income, the rate of unemployment, and
the rate of poverty in the state.

Then, we compare economic conditions of indi-

vidual counties that pursue UGD, or that can poten-

tially pursue UGD (due to favorable geology), with
the statewide average. If the counties in which UGD
is currently taking place (or can potentially take

place) are in greater economic distress, then we hy-
pothesize that those counties may be receptive to
UGD and thus state-level politicians may be inclined

to defer to their economic interests.
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8. H8 (Public opinion): A state is more
likely to reach a high level of UGD if
public opinion is supportive of UGD.

Previous public opinion research shows low levels of
public awareness and familiarity, uncertain atti-
tudes, and low levels of knowledge about UGD
among the general public in the U.S.21 The research
also indicates that public awareness of UGD is some-
what higher in the states where development oc-
curs.22

We examine the relation between public attitudes
and the level of UGD by drawing from the numerous

surveys of public opinion on UGD that were carried
out in 2010-2013 in the selected states.

Although we have advanced each hypothesis by it-
self, the hypotheses are not intended to be mutually
exclusive or exhaustive. Indeed, a single hypothesis
cannot explain the full extent of variation in UGD
from state to state. Thus, we fully expect multiple ex-
planations for the variation in the status of UGD. Fur
ther, we refrain from claiming a causal relation be-
tween our primary dependent variable - the level of
UGD - and the explanatory variables posited in our
hypotheses. Our goal is to highlight the historical,
technical, economic, political and societal conditions
of these U.S. states and explore their relations with
the diffusion of one type of emerging energy tech-
nology - UGD.

IV. Analysis

Drawing from the data on the attributes of the eight
states, we discuss the explanatory power of the hy
potheses. The conclusion summarizes the research
results and considers the applicability of the findings
to the EU context.

1. Reserves

The focus on reserves2 3 draws our attention to the
economics of shale gas development. Indeed, techni-
cally recoverable unconventional gas does not neces-
sarily mean that the development will be economi-
cally viable. We consider the reserves that exceed
1000 bcf to be large, and that below io bcf to be
small. The available data on six of the eight states
(TX, PA, CO, NY, OH, CA) support our hypothesis

about a relation between the level of UGD and the

magnitude of the reserves (see in Annex a "Summa-
ry"-box to this section).

The states with high levels of UGD (TX, PA) pos-
sess by far the richest reserves of unconventional gas

(see Table 2). Conversely, the less abundant shale gas
reserves in California correspond with a low level of
development. Moreover, a recent report on shale gas
reserves in New York State concluded that at current
natural gas prices - $4.oo/MMBtu - no area of the
Marcellus formation in New York can be considered
commercially viable.2 4

The negligible amount of natural gas production

in Illinois may reflect a lack of estimation of reserves
(i.e., no concerted exploratory drilling effort has
been made to evaluate the resource and tailor the
technology to its production). Moreover, no natural
gas liquids have been found in the Illinois basin to
date, and those liquids generally enhance the prof
itability of UGD. Overall, Crockett and Morse high-
light the low level of maturity of the New Albany
play in Illinois as an important factor inhibiting pro-
duction.25

The circumstance in California is somewhat sim-
ilar. While the Monterrey Shale has been a prolific

producer of hydrocarbons for decades, exploiting it
as an unconventional reservoir for gas has yet to take
place. A recent study has caused the EIA to down-

21 Hilary Boudet et al., "Fracking" controversy and communications:
Using national survey data to understand public perceptions of
hydraulic fracturing", 65 Energy Policy (2014), at pp. 57-67. John
D. Graham et al., "Unconventional Gas Development in the USA:
Exploring the Risk Perception Issues", 2014, Conference Proceed-
ings: Risk, Perception, and Response Conference and 20th Kyoto
University International Symposium. Harvard Center for Risk
Analysis. Boston, USA, March 20-21, 2014, available on the
Internet at <http://www.hsph.harvard.edu/hcra/risk-perception-
and-response-conference/conference-agenda-and-papers/> (last
accessed on 24 July 2014).

22 Ibid.

23 SPE, "Guidelines for Application of the Petroleum Resources
Management System", 2011, available on the Internet at: <http://
www.spe.org/industry/docs/PRMSGuidelinesNov201 1.pdf>
(last accessed on 24 July 2014),at p. 231.

24 Arthur Berman and Lyndon Pittinger, "Resource Assessment of
Potentially Producible Natural Gas Volumes From the Marcellus
Shale, State of New York", 10 April 2014, available on the Inter-
net at <http://www.lwvny.org/advocacy/natural-resources/
hydrofracking/2014/Marcellus-Resource-Assessment-NY_0414pdf
.pdf> (last accessed on July 24 2014), at p.20.

25 Joan Crockett and David Morse, "The New Albany Shale in
Illinois: Emerging Play or Prolific Source", 6 September 2010,
available on the Internet at <http://www.ogj.com/articles/print/
volume-i 08/issue-33/exploration-_development/the-new-albany
-shale.html> (last accessed 16 July 2014).
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Table 2: Estimated Shale Production and Shale Gas Reserves, 2012t

TX PA OH* CO** MI CA IL NY

Estitekd 3663 2043 13 605 io8 No note,\w- No nte~lk\w- No note\wrthy
Shale1k Pro(- thy produc- thy produc- production
duction in tion tion
2012 1(c

Proved shale 44778 32681 1233 5127 1345 777 No data No reserves at

gas reserves the current nat-
as of Dec 31, ural gas price

2012 (bcf)

t EIA, "Natural Gas. Shale Gas. Shale Gas Proved Reserves, Reserves Changes, and Production", 2014, available on the Internet at <http://www.eia
.gov/dnav/ng/ng-enr-shalegas-dcuSTX a.htm> (last accessed on July 24 2014).

dry gas reserves

** includes CBM reserves

grade the promise of Monterrey Shale for oil produc-

tion, and its potential for gas remains uncertain.2 6

Michigan highlights the importance of shale gas
economics: despite the state's considerable reserves
and a rich history of oil and gas development, low
prices in the U.S. natural gas market drove Michigan's
shale gas production downward. This is partially due

to the fact that the gas is dry, and thus the added in-
centive of producing natural gas liquids is not present.

Ohio has a similar amount of reserves as Michigan,
yet the superior economics of shale gas development
in Ohio's Utica Shale, specifically the presence of sig-
nificant amounts of accompanying liquids, is con-
tributing to a rapidly increasing rate of production.

2. Infrastructure

Our data lead to mixed results on the relationship be-
tween the level of UGD and the availability of infra-

structure. In general, we offer some evidence to sup-

26 Timothy Cama, "Officials cut Calif.'s Monterey Shale oil estimate
96%", The Hill, 21 May 2014, available on the Internet at <http:
thehill.com/policy/energy-environment/206758-officials-cut> (last
accessed 2 August 2014).

27 John Funk, "Utica Shale Gas Production Ramping Up Slowly,
Ohio Report Shows", 16 May 2013, available on the Internet at
<http://www.cleveland.com/business/index.ssf/201 3/05/utica
shalegas-productionram.html> (last accessed 16 July 2014).

28 Ohio Department of Natural Resources, "Ohio's Natural Gas
Production Nearly Doubles from 2012 to 2013" 2 July 2014,
available on the Internet at <http://ohiodnr.gov/news/post/ohios
-natural-gas-production-nearly-doubles-from-2012-to-2013> (last
accessed 16 July 2014).

port the relationship, but the cases of Michigan, Illi-
nois and California show that the availability of in-
frastructure is not a sufficient precondition for suc-
cessful development (see in Annex a "Summary"-box
to this section).

High levels of UGD in Texas and Pennsylvania cor
respond with high pipeline mileage and large natur

al gas underground storage capacities available in
both states (see Table 3). The spread of shale gas pro-
duction in Texas benefitted from the existing infra-
structure for conventional production. Historically,
Pennsylvania was the hub of a substantial gas-pro-
ducing region that covered West Virginia, Ohio, and
southwestern Pennsylvania. Thus, the incipient UGD
industry benefitted from this legacy.

Ohio has modest amounts of natural gas pipelines
and underground storage. As we hypothesize, this
corresponds with a low amount of cumulative shale
gas withdrawals between 2007 and 2012. Indeed,
pipelines and processing plants were identified as

the main barriers to increased production in Ohio's
Utica Shale play.2 7 As a response, companies spent
or have committed more than $6 billion on mid-
stream infrastructure to bring the product to the mar
ket, resulting in a leap of production from 2012 to

2013.28 Thus, production is estimated to be 300 to
6oo bcf for 2013 and possibly much more than this
in the following years as infrastructure needed to con-
vey products to market is completed.

New York possesses low pipeline mileage and un-
derground storage. This situation is consistent with
the hypothesis. The hypothesis is contradicted in four
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Table 3: Selected UGD Infrastructure Information

TX PA OH CO MI CA IL NY

Etiiated NG 58588 8680 7670 7803 9722 11770 11911 5018
pipelinemilag

Total Underground 740477 759153 572477 95068 1.062339 498705 977989 228613
NG storage

(2008 )(mcf)tt

Percentage~o ofwlso2"%<% 97 6 8 No wels No wells

il high watrsrs

ara 2011-2013)t

t EIA, "Estimated Natural Gas Pipeline Mileage in the Lower 48 States, Close of 2008", 2007/2008, available at
<http://www.eia.gov/pub/oil-gas/natural-gas/analysis-publications/ngpipeline/mileage.html> (last accessed on 24 July 2014).

tt EIA, ,,Underground Natural Gas Storage Capacity", 30 June 2014, available on the Internet at
<http://www.eia.gov/dnav/ng/NGSTORCAPAEPGOSACMMCFA.htm> (last accessed on 24 July 2014).

ttt According to World Resource Institute's definition, the areas designated as having 'extremely high water stress' are those which
allocated over 80% of their available surface and groundwater for municipal, industrial and agricultural uses. Source: Freyman Monika,
"Hydraulic Fracturing and Water Stress", supra note 12, at p. 6.

refers to conventional production from shale

states-Illinois, California, Michigan and Colorado.
Despite a high level of infrastructure development in

Illinois and considerable infrastructure in California,
there is a very low level of development in those
states. Similarly, Michigan has a high level of infra-
structure, but only a modest amount of development.
By contrast, Colorado has a low amount of infrastruc-
ture but relatively high production, albeit with a
falling production rate (see Table 1).

About 40% of Colorado's natural gas production
is CBM, which requires substantially less water than
shale gas development.2 9 The diminished need for
water in CBM extraction may help explain why Col-
orado is a major UGD producing state, despite the
fact that 97% of development is sited in high or ex-

tremely high water stress areas (see Table 3). Further,
competition for water resources between counties is
a major challenge in all states, and especially in Col-

orado where 89% of water used in fracking occurs in

two counties Weld and Garfield.3 0 Additionally,
most UGD in Michigan and California is projected
for high or extremely high water stress areas, which
may ultimately constrain production capabilities in
both states.

Texas has relatively few wells in high or very high
water stress areas (52%) and the wells are more wide-
ly distributed than in Colorado. However, fracking is

projected to double in Texas in the next decade, which
may increase the number of water stressed areas that

concurrently experience a rapid increase in popula-
tion. Two thirds of the state regularly experiences
drought conditions.3 1

Pennsylvania has a very small percentage of wells
in high or very high water stress areas. Roughly 6o%
of wells are sited in areas with medium water stress.3 2

Also, a very small proportion of Ohio-less than 5%
of the state- experiences high water stress. 3 While
this area rests on shale plays, we assume that the
chances of siting wells on this area is relatively low
given that the eastern two-thirds of the state is geo-
graphically amendable to UGD.

Although there is little evidence that New York

and Illinois face high water stress, they may be rela-

29 U.S. Department of Energy, "Coal Bed Methane Primer: New
Sources of Natural Gas - Environmental Implications", 2004, avail-
able on the Internet at <http://www.all-1|c.com/publicdownloads/
CBMPRIMERFINAL.pdf> (last accessed July 24 2014).

30 Freyman Monika, "Hydraulic Fracturing and Water Stress", supra
note 12, at p. 7.

31 U.S. Drought Monitor, "Texas", 24 July 2014, available at <http://
droughtmonitor.unl.edu/Home/StateDroughtMonitor.aspx?TX>
(last accessed on 24 July 2014).

32 Freyman Monika, "Hydraulic Fracturing and Water Stress", supra
note 12, at p. 68.

33 Ibid., at p.6.
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tively more prone to water stress compared to Penn-

sylvania and Ohio. This may especially be the case in
New York where water stress in the southern portion
of the state may interfere with development of the
most profitable areas of the Marcellus and Utica
plays. Water scarcity is less of a concern in Illinois.
Although water stress is evident in the northern half
of the state, much of the land in the Illinois basin
where UGD may be profitable lies south of this area.

Overall, states with high levels of development
(TX, PA) or rapidly increasing development (OH)
have been less prone to water stress than states with
medium (CO, MI) level of development. The lack of

UGD in New York and California can be related to
the sensitivity of the water issue in both states. We
anticipate that the water scarcity challenge may fur
ther grow in importance and have an effect on fu-
ture regulation of UGD and/or the level of develop-
ment.

3. History

The relation between a recent history of convention-
al gas development and UGD holds for most of the

analyzed states, especially in states on both ends of
the development spectrum (TX and NYS/IL). Al-
though the analysis of the states with medium level
of development produced more nuanced insights, in
general, the relation between the amount of UGD and
recent history of conventional natural gas develop-
ment holds (see in Annex a "Summary"-box to this
section).

High level of UGD in Texas corresponds with the
rich recent history of conventional gas production.
As hypothesized, low levels of UGD in New York and
Illinois correspond with the lack of recent history of
conventional gas development.

Ohio has had a long but inconsistent history of oil
and gas development. The state produced little nat-

34 EIA, "Ohio Natural Gas Marketed Production", 30 April 2014,
available on the Internet at <www.eia.gov/dnav/ng/hist/
n905Ooh2a.htm> (last accessed on 8 May 2014).

35 Michigan Office of Geological Survey, "Hydraulic Fracturing of
Natural Gas Wells in Michigan", 21 May 2011, available on the
Internet at <www.michigan.gov/documents/deq/Hydrofrac-2010
-08-13331 787_7.pdf> (last accessed on 8 May 2014).

36 EIA, "California. State Profile and Energy Estimates", 19 June
2014, available on the Internet at <http://www.eia.gov/state/
analysis.cfm?sid=CA> (last accessed on 2 August 2014).

ural gas until the shale gas development began in late
2010.34 This relates to a slow uptake of UGD in Ohio
and a relative low amount of shale gas produced un-
til 2012. Colorado has a rich history of conventional
production, which corresponds with a high cumula-
tive amount of unconventional gas produced so far.
Michigan has a consistent recent history of natural

gas development and is recorded to have used the
practice of hydraulic fracturing - typically with ver
tical drilling - for over 50 years.35 The analysis, how-
ever, does not explain the falling unconventional gas
production in Michigan and Colorado.

In California, hydraulic fracturing is generally

used to produce oil rather than natural gas. Califor
nia has a rich history of oil production, but the pro-
duction of both crude oil and natural gas have de-
clined over the past 25 years.3 6 Hydraulic fracturing
has been used in California for years to ensure max-
imum productivity of oil from the Monterey via con-
ventional wells but this recent history of production
has not been accompanied by UGD. The case of Penn-
sylvania is a striking exception that demonstrates
that a state can multiply its natural gas production
from virtually non-existent to the top level within a
very short period of time.

4. Party

By examining party politics in state Governor's of
fices and state legislatures from 2007-2013, we find
that the hypothesis is largely supported for the data
in our sample (see in Annex a "Summary"-box to this
section).

Texas and Pennsylvania are both supportive of
UGD and have had Republican Party control for the
majority of UGD development. Texas has had strong
and consistent Republic Party control of the legisla-

ture and Governor's office in 2007-2012. Although
UGD expanded considerably during Republican Gov-
ernor Tom Corbett's tenure in Pennsylvania
(2011-2014), a period that also witnessed Republican
control of the Pennsylvania legislature, the develop-
ment of the state's unconventional gas industry be-
gan under the previous Governor, Ed Rendell, who
is a Democrat.

Colorado does not support the hypothesis, as the
state has a strong UGD industry, but has had two con-
secutive Democratic Governors from 2007 to present.
Diverging from the party line, the current Democra-
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Table 4: National Environmental Scorecard: US. Congress State Averages, 2007-2012

2007 2008 2009 2010 2011 2012

TX 3 18 9 0 9 14

P1A S)o 64 8)2 86 5 40)

CO 47 59 100 50 100 97

OH (455 59 6 45 5

MI 67 100 100 100 91 93

CA 83o 100 100 100 100 00

IL 8o 59 100 67 55 100

NY 83 64 10 100 100 93

2007 2008 2009 2010 2011 2012

30 33 36 33 26 27

53 51 66 6o 42 45

40) 46) 6o 54 35 0

45 51 67 56 43 42

6o 6i 63 6o 6o 58

63 64 69 67 46 43

8o 8i 88 8 72

t League of Conservation Voters, 'National Environmental Scorecard. Archive', supra note 18.

tic Governor, John Hickenlooper, supports UGD in
the state. However, Hickenlooper may have stronger

knowledge of UGD and more ties to the industry than
other Governors, as he was trained as a geologist and
worked for Buckhorn Petroleum in the early 198os.

Ohio and Michigan are politically contested states,
with high proportions of Republicans across the state
except for urban centers, where there are large con-
centrations of Democratic voters. The political mix
in these states may help explain the supportive, yet
cautious, approach to UGD.

The case of Michigan does not support the hypoth-
esis since the recent Republican control of both the
legislature and Governor's office did not reverse the
continuously falling production.

In Ohio, the Republican Governor John Kasich,
while supportive of increasing UGD in the state, took
a proactive approach by advocating more stringent
regulation of UGD that was enacted in 2012. The case
of Ohio supports our hypothesis, since the Republi-
can control of legislature and Governor's office coin-
cides with a rapid increase in UGD.

Illinois and New York have a consistent history of
Democratic majorities in their respective legislatures
and Governors' offices, and only negligible amounts
of UGD. California also supports our hypothesis,
since its legislature was controlled by the Democrat-

ic Party during the time period under study where-
as, until 2010, it had a Republican Governor.

Analysis of the "Party"-hypothesis is complicated
by the recent policy positions of Democratic Gover
nors in California (Jerry Brown) and Illinois (Pat
Quinn). Both Governors opposed legislative prohibi-
tions of UGD and instead have strived to permit UGD
under stringent regulatory conditions that would en-
sure safety and public trust.

5. Environmental sentiment

The evidence is mixed on the relationship between
a state's environmental sensitivity and UGD. For

states at the extremes of UGD (TX and NYS/CA), the
hypothesis is supported but the story is somewhat
more complicated for the other states (see in Annex
a "Summary"-box to this section).

The average pro-environment scores in Pennsyl-
vania are at the low end of the eight states, which is
consistent with the state's high level of UGD (see Ta-
ble 4). Moreover, Pennsylvania's scores have gradu-
ally declined, both in the Senate and the House, in
precisely the period when rising levels of UGD were
recorded. The average scores in Ohio are even lower
than in Pennsylvania (which may help explain why

0
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a rapid increase in UGD has been tolerated) but they
do not explain why Ohio's development occurred af
ter Pennsylvania.

Our hypothesis is somewhat contradicted by the
evidence from Colorado and Michigan. Colorado's
score pattern resembles that of Illinois, suggesting
similar and strong environmental sensitivity. Yet,
UGD is robust in Colorado and negligible in Illinois.
Michigan's scores are considerably higher in the Se-
nate than in the House, which makes any relation
with UGD difficult to discern. High environmental
scores in both states might help account for falling
production rates in Michigan and Colorado.

6. Regulation

Our data mostly supports the hypothesis - those
states with high or medium levels of UGD (TX, PA,
CO, MI, and OH) simply extended existing oil and
gas regulation to UGD during the time period under

study. States with low levels of UGD (NY, IL, CA) des-
ignated UGD as a distinct method of production that
required a new legislative and/or regulatory frame-
work. The data have not, however, produced consis-

tent insights to account for the variation between
high and medium levels of development and the as-
sociated differences in the change of production (see
in Annex a "Summary"-box to this section).

In the initial formation of the Texas's policy to-
ward UGD, the Railroad Commission of Texas (RRC)
- the agency responsible for oil and gas regulation -
deemed UGD to be fundamentally the same as con-
ventional oil and gas operations, and therefore enti-
tled it to the same permitting procedures. It would
be wrong, however, to presume that UGD in Texas is
unregulated. Indeed, the conditions for permits in

Texas vary considerably around the state depending
on local geology, proximity to population centers, and

37 Pennsylvania General Assembly, Session of 2012, HB 1950 Oil
and Gas (58 PA.C.S.} Omnibus Amendments, 14 February 2012.

38 The Supreme Court of Pennsylvania, "J-1 27A-D-2012", 17 Octo-
ber 2012, available on the Internet at <www.pacourts.us/assets/
opinions/Supreme/out/J-127A-D-2012oajc.pdf?cb=1> (last ac-
cessed on 14 April 2014).

39 Case 13CV63, Colorado Oil and Gas Association, and Colorado
Oil and Gas Conservation Commission, Plaintiffs, Top Operating
Co., Plaintiff-Intervenor v. City of Longmont, Colorado, Defen-
dant, and The Sierra Club, Earthworks, Our health, Our future,
Our Longmont, and Food and Water Watch, Defendant-In-
trevenors, July 24 2014.

local public sentiments. Public controversies exist as

to whether air and water quality in Texas are protect-
ed adequately with existing practices.

In 2012 Pennsylvania's Governor Corbett (R)
signed into law Act 13, legislation that introduced a

so-called "Impact Fee" that allows a county or munic-
ipality to impose a fee on unconventional gas wells.3 7

It ensures that the communities most affected by
drilling receive the largest part of the revenues, an
approach that departs from traditional severance tax-
es with distribution of funds by state authorities. In
exchange for the revenues from the Impact Fee, Act

13 sought to restrict the zoning rights of municipal-
ities and make the state the sole regulator of UGD.
The Supreme Court of Pennsylvania later overruled
this provision.3 8 Act 13 does not treat UGD as distinct
from conventional natural gas development but
some incrementally stronger environmental protec-
tions were included (e.g., farther setback require-
ments at drilling sites).

The high cumulative amount of natural gas with-
drawals in Colorado can be related to the initial ap-
plication of the existing oil and gas rules to UGD.
However, regulatory overhauls in 2008 and 2012

have, in effect, created a new regulatory system for

UGD that may be related to the falling rate of pro-
duction in Colorado that began around 2010. MOSt
recently, some cities in Colorado have sought to pro-
hibit fracking through ballot propositions, which is
a departure from the traditional view of oil and gas
regulation as a state-level matter. In November 2012

the city of Longmont banned fracking, but the ban
was declared invalid by a Boulder County District
Court judge based on a conflict with the state's reg-
ulation and interests. 3 9 In November 2013, multiple
cities - Fort Collins, Boulder, Lafayette, Broomfield -
also passed moratoria on fracking while others vot-

ed down moratoria.
Michigan's Department of Environmental Quali-

ty, which is the main body overseeing oil and gas pro-
duction, announced in 2013 that it will be working
on new rules for UGD that would update existing oil
and gas regulation. It is not yet clear whether those
rules will simply refine existing permit processes or
establish an entirely new system for UGD. Thus, the
regulatory situation in Michigan is not readily relat-
ed to the extent of UGD except that regulatory uncer
tainty may be discouraging development.

The Oil and Gas Reform Bill of 2010 (S.B. 165) is
the first amendment to Ohio oil and gas law in about

EJRR 4|2014



448 | Unconventional Gas Development in the U.S. States: Exploring the Variation

25 years. Rather than create a new regulatory system

for UGD, the law expands existing regulation through
additional notification requirements and advanced
enforcement provisions specific to UGD. The regula-
tion of UGD was further amended in S.B. 315 in 2012

but retains the basic framework in existing law. Fi-
nalization of the refined regulatory framework coin-
cides with the boost of UGD in Ohio. Similar to Col-
orado, Ohio is an important battleground for clarify
ing regulatory competences between the state and lo-
cal authorities. Several attempts were made to ban
fracking in Bowling Green and Youngstown. In Ober
lin, a small, liberal college town without any frack-

ing activity, a ban was passed 71% to 39%. 40

Our hypothesis is supported by the data from the
states with low levels of development. In September
2013, California passed and Governor Brown signed
Senate Bill 4 (SB4), which establishes some of the

toughest restrictions on hydraulic fracturing in the

country. Prior to this law, there were no specific reg-
ulations regarding hydraulic fracturing in the state,
as hydraulic fracturing was considered a variant of
conventional oil and gas production. The 'permanent'
regulation, that is expected to go into effect on Janu-
ary 1, 2015, will introduce a separate permit require-

ment for UGD under standards that have not yet been
issued. The anticipation of restrictive regulation could
account for the paucity of development in California.

The new Illinois legislation recognizes distinctive
aspects of UGD and focuses on water usage, treat-
ment, and pollution prevention. Thus, the law pro-
hibits the developer from storing wastewater in open-
air ponds, requires the developer to carry out base-
line and post-operational surface and groundwater
tests, compels the developer to formulate fresh wa-
ter withdrawal and management plans for the whole
chain of UGD operations, and requires disclosure of

the chemicals used during drilling operations.41 The
law also contains a variety of features that may dis-
courage investments in UGD: anyone (also from out-
side the state) can appeal permits and initiate law-
suits when they suspect a permit may be invalid; de-
velopers must pay third parties to test water quality;
and each recipient of a permit must pay $13500 and
the wellhead tax is relatively high (6% of the value
of produced oil and gas).

In 2010, Governor David Paterson (D) of New York
State determined that UGD should be treated as a dis-
tinct operation from conventional oil and gas devel-
opment and, hence, under Executive Order 41, the

practice required further environmental review.4 2

This designation provided an opportunity for oppo-
nents of UGD to argue for a moratorium, since a com-
plete environmental and public health review of UGD
had not been conducted.43 The New York State As-
sembly enacted a two-year moratorium in March of
2013, thereby allowing more time for completion of
additional health and environmental studies. The
Governor of New York (Andrew Cuomo), who faced
re-election in 2014, indicated that he will make a de-
cision on UGD for the State when the Commission-
er of Health completes his review.

7. Economic distress

An analysis of the relation between economic dis-
tress and the level of UGD yields mixed results (see
in Annex a "Summary"-box to this section). Addition-
ally, while there is some evidence that economic dis-
tress at the county level is related to UGD, we find
that economic need is not a decisive determinant of
UGD, especially when economic needs are concen-
trated in only a few communities that do not have
the decision-making power to permit or encourage
development.

On a statewide basis, Texas is clearly in need of
economic development but, at the county level, there
does not seem to be a consistent pattern (see Table 5
).44 The top ten natural gas producing counties in
Texas have widely varying economic conditions. Six
of ten counties (60%) have median household in-
comes below the statewide median, three of ten

40 Bobby Magill, "Voters in Colorado, Ohio Cities Say No to Frack-
ing", 6 November 2013, available on the Internet at <http://www
.cl imatecentral.org/news/voters-in-colorado-ohio-cities-sideline
-fracking-1 6707> (last accessed on 15 December 2014).

41 ELPC, "Understanding the Illinois Hydraulic Fracturing Law", 3
January 2014, available on the Internet at < http://elpc.org/
illinoisfrackinglaw> (last accessed on 3 August 2014).

42 State of New York Executive Chamber, "Executive Order No.41:
Requiring Further Environmental Review", 13 December 2010.

43 IRGC, Risk Governance Guidelines for Unconventional Gas
Development, supra note 10, at p. 32.

44 Here and in the following, the data on the economic distress
measures was obtained from the American Community Survey (5-
year estimates) via the "Community Facts" data base from the
"American Fact Finder" by feeding in a state or county and draw-
ing the data from the categories "Income" and "Poverty". Cf. U.S.
Census Bureau, 2008-2012 American Community Survey 5-Year
Estimates, via "American Fact Finder", "Community Facts", avail-
able on the Internet at <http://factfinder2.census.gov/faces/nav/jsf/
pages/index.xhtml> (last accessed on 9 May 2014).
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Table 5: Selected Economic Indicators for the US. and US. statest

U.S. TX PA CO OH MI CA IL NY

Me~diant House- 53046 51563 52267 584 48246) 48471 61400 56853 57683

Unemployment 9,3 7,70 8,5 8 9,7 12,6 11,0 9,9 8,7
Rate (%)

Poverty C Ke (, 14,2 740 1 i 12,Sv 154 16,3r1s,3 137 14,

±U.S. Census Bureau, 2008-2012 American Community Survey 5-Year Estimates, supra note 44.

(30%) have unemployment rates above the statewide
average, and two of ten (20%) have a higher poverty
rate. The lack of a consistent pattern could be a par
tial result of the recent stimulus that has been pro-
vided by UGD in terms of job creation.

The statewide indicators for Pennsylvania do not
show severe economic distress, but the counties
where UGD has occurred are in strong need of eco-
nomic development. In the seven counties that were
top Impact Fee receivers in 2012,45 six have median

household income below the statewide median. The
unemployment rate in only one out of seven coun-
ties (14%) is above the statewide average but four of
the seven counties (57%) have above average pover
ty rates. A 2013 report suggests that these counties
may already be influenced by the economic stimulus
provided by UGD.4 6

Similarly, evidence of economic distress at the
state and especially at the county levels is present in
Ohio. In the 36 counties of Ohio where unconven-
tional gas is produced, median household income is
below the statewide average in 26 counties (72%),

the rate of unemployment is above the statewide av-

erage in 17 counties (47%), and the rate of poverty is
above the statewide average in 19 counties (52%).

The data from Colorado do not correspond with
our hypothesis at the state level but there is evidence

45 PUC, "Impact Fees. Top Receiving Counties for 2012", available
on the Internet at <https://www.actl3-reporting.puc.pa.gov/
Modules/PublicReporting/Overview.aspx> (last accessed on 9
May 2014).

46 From 2007 to 2011, per capita income in Pennsylvania counties
with more than 200 wells rose 19% compared to 8% in counties
with no wells. Fred Siegel, "Fracking, Poverty, and the New
Liberal Gentry", Wall Street Journal, 8 November 2013, at p. Al5.

at the county level. Of the 17 counties where UGD is
occurring, 13 (76%) have median household incomes
below the statewide median, six (35%) have unem-
ployment rates above the statewide average, and lo

(59%) have rates of poverty above the statewide av-
erage. The countylevel figures may reflect some
stimulus from UGD.

The Michigan data do not clearly support the hy-
pothesis. There is strong evidence of economic dis-
tress at the state and at the county levels, and the

state has significant UGD. However, the unconven-
tional gas production in Michigan is falling. Median
household income in Michigan is about 9% below
the national median, while unemployment and

poverty rates are well above the national average. In
the 18 counties of Michigan where UGD occurs, 16

have median household income below the statewide
median (89%), 13 (72%) have a rate of unemploy-
ment above the statewide average, and 11 (61%) have
rates of poverty above the statewide figure. UGD did
not develop significantly in Michigan until after
these data were collected.

Analysis of California's data provides mixed evi-

dence. California is a relatively prosperous state,
which is consistent with the lack of perceived need
for UGD. However, some of the counties with UGD
potential indicate high levels of economic distress:
eight in lo (8o%) have median household incomes
below the statewide average, and a majority has
above average unemployment and poverty rates
(6o% and 70% respectively). Since the amount of
UGD that is underway in California is negligible,
these figures are not influenced by UGD.

In Illinois and New York, potential natural gas pro-
duction is concentrated in several economically de-
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Table 6: Public awareness and attitudes toward fracking' in the selected statest

Sponsor Date State Sample Awareness Attitudes

pressed communities. In Illinois, in the 18 counties
where UGD is considered promising, all (oo%) have
median household incomes below the statewide me-
dian, seven (39%) have rates of unemployment above
the statewide average, and 14 (78%) have above av-
erage poverty rate. In New York, in the 21 counties
where UGD is considered promising, all (oo%) have

median household incomes below the statewide me-
dian, four (19%) have rates of unemployment above
the statewide average, and three (0.14%) above aver

age poverty rates. Those economic conditions in the
counties are in contrast with state-level indicators
that score better than or equal to the U.S. averages.
Economic stimulus for economically depressed
Southern Tier communities drove Governor Cuomo's
(D) administration to suggest prohibiting UGD in
many regions of New York State with communities
in upstate Marcellus Shale as an exception.4 7 Despite
support for UGD in a range of communities, a two-

year state wide moratorium on UGD was instituted.
Although Illinois regulation permits UGD, there is

a de-facto moratorium at this time because adminis-
trative rules have yet to be formulated on the basis
of the enacted law. Illinois's Joint Committee on the
Administrative Rules (JCAR), which has a final say
on the administrative rules, does not include a rep-
resentative from Southern Illinois communities. In
contrast, northeastern metropolitan areas, which
tend to oppose UGD, are well represented on JCAR.
Thus, Illinois's southern communities do not have
the power to determine the outcome of the regulato-

ry activities.

8. Public opinion

Contrary to our initial expectations, our findings sup-
port a mixed relation between public opinion and the
level of development (see in Annex a "Summary"-box
to this section). Public opinion research for the years
2010-2013 show that, with the exception of Califor
nia and Southern Illinois, a majority of the public in
the selected states was generally supportive of frack-
ing (see Table 6). Even in New York, where the legis-

lature introduced a moratorium on development in
2013, a large segment of public opinion appears to

be supportive of UGD.
Public opinion in California is opposed to UGD.

This, together with the low development in this state,
supports our hypothesis.

The majority of the respondents in Ohio and in

Michigan show fairly strong support for UGD. A 2012

poll by Quinnipiac shows that 64% of Ohioans polled
are in favor and 29% are opposed to fracking, the
largest difference (35%) between those in favor and
those against of all the states analyzed for this paper.
The generally positive public opinion, together with
a rapid rate of development, supports our hypothe-
sis. However, Michigan, with an approval rate of 54%
for fracking (35% opposition rate), shows a declin-
ing rate of production. This is not consistent with our
hypothesis.

The large margin between those supporting and

opposing fracking in Colorado (+17%) and Pennsyl-
vania (ranging from +21 to +28%) is consistent with
the significant UGD in these states. One potential rea-
son behind the high approval are the employment
figures in both states: employment in the oil and gas
industry in Colorado in 2011 was 6.7%, or 213000

jobs; in Pennsylvania, it was 4.7%, which translates

to 339000 jobs. 48

The Paul Simon Public Policy Institute polled the
Southern Illinois region, which showed an almost
even split between those supporting and opposing
fracking technology. However, the large percentage
of those who polled "no opinion" (20%), and the fact

that lo% of them admitted to not having heard or

47 Danny Hakim, "Cuomo Proposal Would Restrict Gas Drilling to a
Struggling Area", 13 June 2012, available on the Internet at
<http://www.nytimes.com/2012/06/1 4/nyregion/hydrofracking
-under-cuomo-plan-would-be-restricted-to-a-few-counties.html?_r
=1 &> (last accessed 24 July 2014).Steve Hargreaves, "New York
Set to Lift Fracking Ban" 1 July 2011, available on the Internet at
<http://money.cnn.com/2011/07/01/news/economy/fracking-new

york/> (last accessed on 24 July 2014).

48 PricewaterhouseCoopers LLP, "Economic Impacts of the Oil and
Natural Gas Industry on the US Economy in 2011", July 2013,
available on the Internet at <http://www.api.org/~/media/Files/
Policy/Jobs/EconomicjimpactsOng_201 1.pdf> (last accessed 24
July 2014).
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Putblic Policy Institute ot CA\ Sep CA\ 1703 53% oppose, 32% Itiior inc~reiae
2013 use of traci ng

Public Policy Institute of CA Jul CA 2500 54% have heard at least a 42% favor, 46% oppose, 12% don't
2012 Base: little about tracking, 46% know

1350 nothing at all

(Qulitninipiac University Ioll Nov C() 1o20 i% ,support ei( e(ot H, 34%

Paul Simon Public Policy In- Sept- South- 403 32.3% had read or heard 40.7% encourage, 39.7% discour-
stitute at Southern Illinois Oct ern IL of the technique "a lot", age, 20% no opinion.
University Carbondale 2013 37.5% "some", io% "noth-

ing so far".

Uiversity o Miclhigan & May Ml 415 40% heard I lot, 42% 54% strongly support/ swhitll,1
Mu2hleniberg College 2o13 hea i little, 17% never support, 351% soewha1t oppose/

heaird strongly oppose

Quinnipiac University Jun NYS 1075 46% support, 44% oppose
Polling Institute 2013

Quinipiac Uivitiy A\pr NYS 1404 69% havieheardot HF, 421support,4(% oppose
P'ollinig Inistitute 2013 30% have not

Quinnipiac University March NYS 1165 39% support, 46% oppose
Polling Institute 2013

MairistlCollegeInsitiueltor Feb NYS 814 39% oppose,.40% suipport,21%,
IPublic Opinion 23 unsure

Siena Research Institute Jan NYS 1154 6o% heard a great 40% support, 40% oppose, 20%

2013 deal/some, 22% not very not enough info/don't know/no
much, 18% nothing opinion

Qtitnipiac. Uniersity Dec NYS 1302 66% have heard ot HF, 44% slipporl 42% oppose
P'ollinig Institutle 2012 33 have not

Siena Research Institute Nov NYS 822 63% heard a great 42% support HF in upstate NY, 36
2012 deal/some, 20% not very oppose, 22% don't know

much, 17% nothing

Sienai Reearch Istitute Oct NYS 750 6% hearda great 42% sipport H- in utate NY, 36
202da/s,( ( 21% nt very\ oppose, 23 don'I twno

much, 12% tilhing

Quinnipiac University Sep NYS 1589 65% have heard of HF, 45% support, 41 % oppose
Polling Institute 2012 34% have not

Sienal Resear<ch Istitute Autg NYS 6>71 634% heaird ai greait 39% support HE- in utiatie NY.
,02delsoe 22% no very 3\( oppse 23%w do' knw

Quinnipiac University Jul NYS 1779 62% have heard about 43% support, 44% oppose
Polling Institute 2012 HF, 37% have not
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Sinaesech nrsituty M NYS 766 6%h heard ab e t 3% support, H i pt NY,

201 del/sme,14% not very\ oppos, 27%, dontno
Poll I tH, 2% noting

Quinnipiac University Dec NYS 1143 59% have heard about 44% support, 45% oppose
Polling Institute 2011 HF, 39% have not

Marist College Institute for Oct NYS 103 42% oppose, 36% support, 22%
Puhlic Opinion 2011 ullsure

Quinnipiac University Aug NYS 1640 57% have heard about 47% support, 42% oppose
Polling Institute 2011 HF, 42% have not

Marist Colg nttt fr Jl21 Y oo 37% ppos, 32% support, 31%

Marist College Institute for Apr NYS 941 41% oppose, 38% support, 21%

Puhlic Opinion 2011 unsure

Quittipiac Univlrity Ja OH 109 64 h, erd out 4% support/ oppose rl
Polling 2012 HF, 35% lhave not

Quinnipiac University Jan OH i6io 59% have heard ahout 64% support, 29% oppose
Polling Institute 2012 HF, 40% have not

Resources to the Fuur 2013 PA, i0oo Most espodets[ suppor shale11k

The Mercyhurst Center for Sep-Oct PA 579 74% aware, 26% not Base: 426
Applied Politics 2013 aware 49% favor, 28% oppose

Unvesiy t icign My A 424 46% hearHd a lot, 40% 49%, strong'ly suIport/ sowhat1,1
Muhener Cllge2013 heard a litle," I3 nevr spport, 40%smwaopse

heard strongly oppose,

The Mercyhurst Center for Sep-Oct PA 426 70% aware, 30% not Base. 298
Applied Politics 2011 aware 55 tavor, 27% oppose

t Cf. Kim Wolske, Andrew Hoffman, Lukas Strickland, Hydraulic fracturing in the state of Michigan. Public perceptions of high-volume
hydraulic fracturing & deep shale gas development, (Ann Arbor: Graham Sustainability Institute Integrated Assessment Report Series, 2013), at
pp.25 et sqq.

read anything about fracking suggests that the issue
is still "new" to Southern Illinoisans. 49 The absence
of a supportive public is in line with Illinois's negli-
gible amount of UGD.

Although public support for fracking in New York
State has fluctuated between 2011 and 2013, the lev-
el of opposition has never been high, despite the 2013

moratorium introduced by New York's legislature.
Additionally, as of April 2013, 30% of New Yorkers
polled said that they have not heard anything about
"fracking". This suggests a tenuous link at best be-
tween public opinion and the level of UGD.

V. Conclusions

On both sides of the Atlantic, experts acknowledge

that the U.S. shale gas experience has been driven by
specific factors that need to be accounted for in oth-

er geographical contexts, including abundant shale

gas resources, unique legal systems that grant

49 Southern Illinois University- Carbondale, "Poll: Southern Illinois
Voters Divided over Fracking", 29 October 2013, available on the
Internet at <http://news.siu.edu/2013/10/102913par13148.html>
(last accessed 24 July 2014).
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Table 7: Overview of the Explanatory Power of the Hypotheses

TX PA OH CO MI CA IL NY

H2 Infrastructure yes yes yes no no no no yes

H4 Party yes no yes no no yes yes yes

H6 Regulation yes yes yes yes yes yes yes yes

H8 Public opinion yes yes yes yes no yes yes no

landowners mineral rights (and with them a share of

the profits), and a unique market that incorporates a

multitude of small and mid-sized independent com-

panies to facilitate development.50 Duplicating the

U.S. shale gas experience in Europe would be a chal-
lenging endeavor, but there are technical, political,
and economic factors in some specific European
countries that may encourage UGD.

In our study we showed a vast heterogeneity in
the level and pace of UGD among eight selected U.S.
states. By advancing eight hypotheses, we explored
a set of political, social, economic, and technical at-
tributes that can account the variation of UGD expe-
riences. Our analysis shows that the availability of
proved reserves, infrastructure, and supportive reg-
ulatory environment are three preconditions that fa-

cilitate UGD. This finding is generalizable to other
geographical contexts and other energy develop-
ments. However, whereas the lack of reserves and in-
frastructure can hinder or prevent development,

50 EurActive, "Yellow Paper Hydraulic Fracturing. Hydraulic Fractur-
ing auf dem Prufstand: Potenziale und Risiken", June 2012,
available on the Internet at <http://www.euractiv.de/files/docs/
EurActiv.deYellowpaperFracking.pdf> (last accessed 24 July
2014).Robert A. Hefner 111, "The United States of Gas: Why the
Shale Revolution Could Have Happened Only in America",
May/June 2014, Foreign Affairs, available on the Internet at
<http://www.foreignaffairs.com/articles/1 41 203/robert-a-hefner
-iii/the-united-states-of-gas> (last accessed 24 July 2014).

51 Ibid. in Robert A. Hefner 111, "The United States of Gas".

abundant reserves and developed infrastructure do
not guarantee development. Political, economic, and

social factors need to be accounted for in order to ex-

plain the viability of UGD programs. Thus, we as-

sume that the relation between the history of con-

ventional gas development and UGD that was sup-
ported by our analysis results not only from the avail-

ability of infrastructure but also from a variety of so-

cio-political factors: familiarity, tolerance for indus-

try, and less developed 'NIMBY'-like attitudes in the

population.1 Indeed, the increase of opposition to-

ward fracking in parts of Colorado may be related to

the growth of residents who recently moved to Col-

orado from other states where oil and gas develop-
ment is not prevalent or familiar.

The history of conventional gas development may

also have a facilitating effect on extending existing

regulatory frameworks to UGD - a factor that seems
to encourage development, according to our analy-

sis. Our findings on pro-environmental sentiments,
which are clearly inversely related to UGD, did con-

tain a surprise: high environmental scores in Michi-

gan and Colorado were accompanied by significant
although falling - rates of production. Further, the

data on the 'public opinion'-hypothesis indicate - al-

though not consistently - a relation between positive

attitudes and high levels of UGD, though it seems

that lack of awareness is widespread. Similar to the

assumptions about the availability of reserves and in-
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frastructure, positive public attitude is not a suffi-

cient driver for the development, as we can observe
from the New York State case.

Contrary to our expectations, the 'political party'-
hypothesis did not produce consistent results. Re-
publican Party control of the legislature and Gover
nor's office in Michigan has not reversed the falling
rates of production. The Democratic Party does not
always act to depress UGD. In fact, Pennsylvania's
boost of production in its early phase was facilitated

by the Democratic Governor Ed Rendell, and Col-
orado's Democratic Governor John Hickenlooper has
been a key supporter of UGD.

Finally, our data provide mixed support for the hy
pothesis that economic distress explains interstate
variation in the level of UGD. Even though the more
prosperous states tend to have little UGD (California,
Illinois and New York), there are specific counties in
these states that have potential for UGD and that are
in economic distress. Such counties may simply lack
political influence at the state level.

We encourage future research to examine the en-
tire 32 states in the USA where UGD is considered
promising. Detailed comparisons of the European

and U.S. geological contexts, legal and political sys-

tems, and economic conditions would also be worth-
while. Since the levels of UGD are changing over time
in ways that are nuanced, researchers need to devel-
op indices of inducement or restrictiveness that can

be used to quantify rigorously a jurisdiction's posture
toward UGD. 5 2 Future research should also address
the availability of flowback water treatment facilities

as an important piece of infrastructure that can facil-
itate or hinder UGD - especially so for EU nation-
state borders that could be less receptive to cross-bor
der shipments of fracking waste. We also encourage
quantitative cross-factorial analysis that aims at ex-

ploring relations between the independent variables,
with the goal of clustering the factors that relate to
development or lack thereof. Thus, the data present-
ed here are only the beginning of an exploration of
a complex technical and political phenomena.

52 For the pioneering contribution on the development of stringency
indices for oil and gas regulation across 31 U.S. states, see
Nathan Richardson, Madeline Gottlieb, Alan Krupnick, et al, "The
State of State Shale Gas Regulation", (Washington D.C.: RFF
2013).
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Summary to the Section IV. Analysis

Part 1. Reserves

Explanatory Power of the 'Reserves'-Hypo thesis

TX PA OH CO MI CA IL NY

Amunt of re- Ilarge Ilarge Ilarge Ilarge large mediumn - no

Level of devel- high high medium medium medium low low low

opment

suipportedI

Part 2. Infrastructure

Explanatory Power of the Infrastructure'Hypothesis

TX PA OH CO MI CA IL NY

Level of inlri- lhigh ligh mediu owm ligh medium lhigh l\

Water stress medium low low high high high potentially potentially

medium high

L evel of devel- lhigh lhiglh mwelium mnedium miumln low\ 10w low

Hypothesis yes yes yes no no no no yes

supported

Part 3. History

Explanatory Power of the 'History' Hypothesis

TX PA OH CO MI CA IL NY

Level of devel- high high medium medium medium low low low

opment

suipportedI
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Part 4. Party

Explanatory power of the 'Party'-Hypothesis

TX PA OH CO MI CA IL NY

Party control of R* R/D* D /D R/) R/ D D R/D
legislaiture in
2007-2012

Party control of R R/D R/D D R/D R/D D D
Governor's of-

fice in

2007-2012

Leel of devel- high lhighi mwedium medium medlium low\ low low

Hypothesis sup- yes no yes no no yes yes yes

ported

the Republican Party

the Democratic Party

*** period of split control

Part 5. Environmental sentiment

Explanatory power of the 'Environmental sentiment'Hypothesis

TX PA OH CO MI CA IL NY

Senate avraige 9 6>7 56> 76 92 97 77 90
( (ore, 2007-2012

House average 31 54 44 53 51 6o 59 79
score, 2007-2012

Hypothesis sup- yes yes yes no no yes yes yes
ported
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Part 6. Regulation

Explanatory power of the 'Regulation-Hypothesis

TX PA OH CO MI CA IL NY

convetioial 2008-2012 >2014

natlurail gais pro-

Level of devel- high high medium medium medium low low low

opment

Part 7. Economic distress

Explanatory power of the 'Economic distress-Hypo thesis

TX PA OH CO MI CA IL NY

Econmicu dis-ysne o e e on

statle levelt

Economic dis- no yes yes yes yes yes yes yes

tress at the

county level*

Levl f evl-hih ig mdiumu mediumu medium low lowlo

Hypothesis yes yes yes yes no no no no

supported

t "Yes" is defined as at least two of the three state measures being worse than the U.S. measure.

"Yes" is defined as at least two of the county measures being worse than the state measure.
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Part 8. Public opinion

Explanatory power of the 'Public opinion'Hypo thesis

TX PA OH CO MI CA IL NY

Public opinion pro pro pro pro pro Intli evely di- froi

Level of devel- high high medium medium medium low low low

opment

su1pportedI


