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Abstract
Recently, several seminal works have been drawing attention to the revolution of shale gas production technology of the USA, the
impact of shale gas on energy sectors, as well as the influences of shale gas on macroeconomic variables of employment,
economic growth, etc. Nevertheless, one may claim that two gaps appear in literature. The first gap is the absence of an
econometric study estimating the effect of shale oil/gas on national economies. The more considerable second gap is the absence
of econometric analyses revealing the impulses of shale gas on local economies. Therefore, this paper observes the possible
causalities between the shale gas and local gross domestic product (GDP) employing quarterly data covering the period 2007–
2016 for 12 states in the US. After performing the tests of cross-sectional dependence, heterogeneity, stationarity, and
cointegration, the paper conducts the panel Granger causality analyses. The empirical findings depict that (i) there is available
unidirectional relationship from local shale gas production to local GDP in Colorado, Ohio, andWest Virginia; (ii) there occurs an
impulse from GDP to local shale gas production for Louisiana, North Dakota, and Oklahoma; (iii) a bidirectional causality
coexists between local shale gas production and GDP in Arkansas, California, and Texas; and (iv) there exists no association
between local GDP and local shale gas extraction in Montana, New Mexico, and Wyoming.

Keywords Shale gas . Energy-growth nexus . Cross-sectional dependence . Heterogeneity . The US economy . Local energy
policies

Introduction

The technological methods developed through the combina-
tion of hydraulic fracturing and horizontal drilling in the early
2000s enabled the extraction of natural gas from shale forma-
tions (Gong 2018; Van der Ploeg and Rezai 2019). The natural
gas production from shale formations in the US increased

dramatically due to recent technological developments
(Fleming et al. 2015). The US EIA data (2018) shows that,
as there was not any contribution of shale to the total natural
gas production in the 1990s, the share of shale gas raised in
2010 and 2014 by 20% and 44%, respectively. The US
Department of Energy expects that this rise will continue in
the following years (Taheripour and Tyner 2015) and esti-
mates that natural gas production from shale reserves will
increase by more than twice in the next 30 years (Munasib
and Rickman 2015). Additionally, it is denoted that the shale
formations can meet natural gas demand in the US in about
100 years (Wang et al. 2014). For this reason, the recent boom
in shale gas and oil production might be considered the most
recent important development in the energy sector that might
lead to considerable developments in the global energymarket
(Wang and Li 2016; Balke et al. 2018; Tiwari et al. 2019). It is
with no doubt that the boom in unconventional energy source
of shale gas production has considerable effects in the US
(Measham and Fleming 2014). The technological develop-
ments in the extraction method of shale gas caused a rise in
companies dealing with gas extraction and improved the

Responsible editor: Muhammad Shahbaz

* Emrah Koçak
emrahkocak@erciyes.edu.tr

Faik Bilgili
fbilgili@erciyes.edu.tr; faikbilgili@gmail.com

Ümit Bulut
ubulut@ahievran.edu.tr

1 Department of Economics, Faculty of Economics andAdministrative
Sciences, Erciyes University, Melikgazi, 38039 Kayseri, Turkey

2 Faculty of Economics and Administrative Sciences, Department of
Economics, Kirsehir Ahi Evran University, 40100 Kirsehir, Turkey

https://doi.org/10.1007/s11356-020-07776-7
Environmental Science and Pollution Research (2020) 27:12001–12016

/Published online: 25 January 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-07776-7&domain=pdf
http://orcid.org/0000-0002-5889-3126
mailto:emrahkocak@erciyes.edu.tr


natural gas sector in the US (Ikonnikova et al. 2015). For
instance, the Marcellus Shale in Pennsylvania is the largest
natural gas field in the US, and led to 29,284 jobs, 238 million
USD tax income, and 2.26 billion USD added value in 2008
(Considine et al. 2010). Besides, Hartley et al. (2015) denote
that shale gas extraction has considerable positive effects on
employment by generating 25,000–150,000 jobs in Texas.

When the other effects of shale gas extraction are consid-
ered, it is seen that the rise in shale gas extraction has caused
natural gas unit prices to fall in the US (Brown Stephen 2017).
The average (2000–2010) natural gas prices have fallen from
$6.81 to $3.65 per mcf in 2011 (Hausman and Kellogg 2015).
On the other hand, oil prices continue to increase (Wakamatsu
and Aruga 2013). Therefore, the decline in prices of natural
gas due to the shale revolution is the main advantage for the
US (HIS-CERA 2012).

An increase in natural gas production with diminishing prices
has stimulated production and employment in the US as expect-
ed. The shale industry has indirectly supported more than
600,000 jobs in the US, the US government obtained a consid-
erable amount of tax incomes, and the low natural gas prices
supported the chemical industry in the US in terms of the com-
petitive power (Brown Stephen and Yücel 2013; Papatulica
2014;Wang et al. 2014). Alongwith low natural gas prices, shale
gas production contributes to the energy safety and energy inde-
pendence of the US. Before the shale gas extraction revolution, it
was anticipated that the natural gas reserves of the US would
drain away in 70 years (Brown 2014).With regard to EIA (2018)
data, the US natural gas import increased from 3.7 trillion cubic
feet (2000) to 4.6 trillion cubic feet (2007). Nevertheless, the
prominent increase in shale oil and shale gas production caused
the US natural gas import to decline to 2.7 trillion cubic feet in
2015, and thus reached the 1990s level. The shale production
improved the trade balance of the US by reducing energy depen-
dence of the US and so strengthened the US economy by con-
tributing to energy safety (Medlock et al. 2011).

In the literature, it is also emphasized that shale gas pro-
duction has considerable consequences on environmental pol-
icies in the US. Accordingly, coal is substituted with natural
gas due to the boom in the production of shale gas and low
natural gas prices (Brown Stephen et al. 2009; Brown and
Krupnick 2010; Bazilian et al. 2014). As coal has far greater
CO2 emissions than natural gas has, CO2 emissions in the US
have decreased recently. De Gouw et al. (2014) point out that
the expansion in the consumption of natural gas from power
plants decreased CO2 emissions by 23%, NOx (nitrous oxide)
by 40%, and SO2 (sulfur dioxide) by 44% during the period
1995–2012 in the US. According to the IEA (2016) data, the
CO2 emissions from fossil-fuel reduced by 430 million tons
for the period 2006–2011 in the US. It is no doubt that the
production of shale gas has a considerable role in the reduction
of CO2 emissions in the US because natural gas is a much
cleaner energy compared to coal.

Based on the explanations above, it is observed that the
environmental and economic effects of the shale oil and gas
revolution in the US draw attention to new challenges,
opportunities, and discussions. However, the empirical
researches towards the effects of this revolution might be
considerably narrow. AsWang et al. (2014) stated, there has been
an empirical evidence gap about the impacts of the shale extrac-
tion for theUS. Therefore, this research aims at contributing to the
literature of energy by focusing on the economic effects of the
production of shale gas. Hence, the research investigates the caus-
al association between GDP and shale gas production using quar-
terly data over the period 2007–2015 in the 12 states of the US.

This paper eventually has the purpose of adding new em-
pirical evidence to the relevant energy literature by following
five points.

First, even though there is intensive empirical evidence on
the connection between energy production and/or consumption
and economic growth (Ozturk 2010), the majority of empirical
researches focuses on conventional energy sources rather than
unconventional energy sources of shale gas. Therefore, this
paper investigates the statistical correlation between unconven-
tional energy and economic growth. Second, to the best of the
authors’ knowledge, this is the first research paper empirically
examining the impact of shale gas production onGDP in the 12
states of the US using panel data techniques. Third, several
panel data studies in the literature are criticized since they do
not consider the cross-sectional heterogeneity issue within the
panel (Bhattacharya et al. 2016). This paper considers not only
heterogeneity but also the dependence among the cross-section
units by performing recently developed panel data methods.
Hence, this paper intends to reveal more consistent and reliable
estimations. Fourth, when one searches the empirical evidence
on energy-growth nexus in the US, he/she will observe that the
papers focus on this nexus at a national level (see Table 1).
However, this paper investigates this nexus at state levels.
Fifth, one can observe from Table 1 that the papers exploring
the energy-growth nexus yield mixed results. This paper also
aims at revealing the reasons for the mixed results by consid-
ering nexus at the state level(s).

Following the “Introduction” section, the “Literature re-
view” section of the paper exhibits the literature evidence.
The “Data description and methods of estimation” section
explains the data and methodology; estimation outputs are
depicted in the “Findings” section; and finally, the “The prac-
tical facts underpinnings of the estimation output” section pre-
sents the main outputs, inferences, and policy suggestions.

Literature review

The relevant literature considers mainly the link between en-
ergy production/consumption and GDP within the frame of
four well-known hypotheses. The first one is the growth
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hypothesis indicating that there exists one-way causality run-
ning from energy production/consumption to GDP. Energy
production/consumption has significant impacts on GDP as
a supplementary of capital and labor. When this hypothesis
prevails, the energy-saving policy affects economic growth
adversely. Secondly, the feedback hypothesis assumes that a
two-way relation is available between energy production/
consumption and GDP. Accordingly, the positive or negative
effects of energy shocks are transmitted to energy markets.
The third hypothesis, called the conservation hypothesis,
states that a unidirectional causality from GDP to energy
production/consumption prevails. When this hypothesis is
valid, energy-saving policies and energy shocks do not affect
economic growth since economic growth promotes energy
production/consumption. The fourth one is the neutrality hy-
pothesis which assumes no association between income and
energy usage. Increases in energy usage do not alter economic
growth concerning this hypothesis.

There is an enormous and still extending literature on energy-
growth nexus. Researches test the relationship between energy
and economic growth by using different periods andmethods for
many developed and developing countries (Apergis and Payne
2011; Shahbaz and Lean 2012; Esso and Keho 2016; Koçak and
Şarkgüneşi 2017; Erdoğan et al. 2019;Mele 2019; Ummalla and
Samal 2018). An extensive literature survey is presented in the
paper of Ozturk (2010). In this paper, we focus on the papers that
examine the energy-growth nexus for the US. When these pa-
pers are examined, it is observed that the hypotheses explained
above were tested throughout cointegration and causality analy-
ses. Table 1 depicts the empirical evidence on the nexus between
energy and economic growth for the US.

When one evaluates Table 1, he/she will observe four is-
sues explained as follows:

1. All papers consider the link between energy and
growth at the national level and there seems to be

Table 1 Empirical evidence on the energy production/consumption-economic growth nexus in the USA

Author(s) Period Type of energy Methodology Conclusion

Kraft and Kraft (1978) 1947–1974 Conventional Causality Conservation

Akarca and Long (1980) 1950–1970 Conventional Causality Neutrality

Yu and Hwang (1984) 1947–1979 Conventional Causality Neutrality

Abosedra and Baghestani (1989) 1947–1987 Conventional Causality and cointegration Growth

Yu and Jin (1992) 1974–1990 Conventional Causality and cointegration Neutrality

Stern (1993) 1947–1990 Conventional Causality Growth

Cheng (1995) 1947–1990 Conventional Causality and cointegration Neutrality

Stern (2000) 1948–1994 Conventional Causality and cointegration Growth

Soytas et al. (2007) 1960–2004 Conventional Causality Neutrality

Sari et al. (2008) 2001:1–2005:6 Conventional Causality and cointegration Conservation

Payne (2009) 1949–2006 Conventional Causality Neutrality

Bowden and Payne (2009) 1949–2006 Conventional Causality Feedback (commercial and
residential primary energy)

Growth (industrial primary energy)

Bowden and Payne (2010) 1949–2006 Conventional Causality Feedback (non-renewable)
Growth (renewable)

Payne and Taylor (2010) 1957–2006 Conventional Causality Neutrality

Payne (2011) 1949–2007 Conventional Causality Growth

Yildirim et al. (2012) 1949–2010
1960–2010
1970–2010

Conventional Causality Growth (biomass-waste-derived
energy)

Neutrality (total renewable energy
consumption)

Aslan et al. (2014) 1973Q1-2012Q1 Conventional Wavelet analysis and causality Feedback

Bilgili (2015) 1981:1–2013:11 Conventional Wavelet analysis Growth

Aslan (2016) 1961–2011 Conventional Causality and cointegration Growth

Dogan and Turkekul (2016) 1960–2010 Conventional Causality and cointegration Conservation

Bilgili et al. (2017a) 1982–2011 Conventional Causality Growth

Nawaz et al. (2019) 1972–2017 Conventional Causality and cointegration Feedback

Tuna and Tuna (2019) 1980–2015 Conventional Causality Mixed results

Bilgili et al. (2016) 2008–2013 Unconventional (shale gas) Causality and cointegration Growth

Arora and Lieskovsky (2014) 1993:11–2012:12 Unconventional (shale gas) Var-impulse-response Growth
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no available paper examining the relationship at the
state level(s).

2. These papers obtain mixed findings, and there is no agree-
ment in the energy economics literature on this topic.

3. All papers, except Bilgili et al. (2016), investigate the im-
pact of conventional energy sources (i.e., oil, conventional
natural gas, coal, and renewables), on economic growth.

4. A new original research (this work) might contribute to
the energy economics literature by considering the possi-
ble shock(s) of unconventional energy sources (shale oil
and shale gas) on local/regional economies.

From this point of view, our paper aims at contributing to the
energy economics literature by filling the research gap on the
relationship between shale gas source and economic growth.

Data description and methods of estimation

Data description

The data consist of quarterly shale gas production (billion cubic
feet) and GDP (billions of chained 2012 dollars) of 12 states in
the US where shale gas has been extracted since 2007. The US
states are Arkansas, California, Colorado, Louisiana, Montana,
New Mexico, North Dakota, Ohio, Oklahoma, Texas, West
Virginia, and Wyoming.1 The main reason for the investigation
of these 12 states is the availability of data. Shale gas is pro-
duced in 13 states of the USA. However, in the last few years,
shale gas production has started in 3 more states. The quarterly
data cover the period 2007:1–2016:4 and are obtained from
EIA (2018) and the US Bureau of Economic Analysis (2018).
The estimations are conducted by employing the logarithmic
forms of shale (lnSHALE) and GDP (lnGDP).

Methods of estimation

The literature investigating causal relationships for panel data
analyses might need to examine as well the probability of two
considerable themes. The first theme is cross-sectional depen-
dence in panel, indicating that a standard unit deviation in one
cross-sectional unit can be transmitted to other units in the
model. The second one is called slope heterogeneity that comes
out when the slope coefficients are not the same in the model. It
might be claimed that the hypothesis asserting that, within the
panel, the variable XiGranger causes the variable Yi, for all i, as
i = 1, 2, …N, is a powerful hypothesis (Granger 2003).

Then, observing the statistically possible availability of
cross-unit dependence and slope heterogeneity is the first step
in panel data analyses. Hence, the paper first analyzes the

possibility of heterogeneity and cross-sectional dependence
prior to unit root, cointegration, and causality tests.

Cross-sectional dependence and heterogeneity

The Lagrange multiplier (LM) tests are conducted by follow-
ing Breusch and Pagan (1980) in order to detect, if exists,
cross-sectional dependency. The following panel data model
is estimated to reach the LM test output.

yit ¼ αi þ βixit þ εit as i ¼ 1; 2;…;N ; and t ¼ 1; 2;…; T ð1Þ
where i, t, and xit denote the cross-section i, time t, and nx1
vector of regressors, respectively. The parameters of αi and βi
stand for the constants and parameter coefficients, respective-
ly. The LM test is computed as the following:

LM ¼ T∑N−1
i¼1 ∑

N
j¼iþ1ρ̂

2
ij∼χ

2
N N−1ð Þ=2 ð2Þ

where ρîj stands for the pairwise correlation of the residuals

acquired from the Eq. (1). The null hypothesis of no cross-
sectional dependence is tested against the alternative hypoth-
esis of cross-sectional dependence. Pesaran (2004) points out
that this test may not be feasible if N is large. For large panels,
Pesaran (2004) proposes the following type of the LM test:

CDlm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

N N−1ð Þ

s
∑N−1

i¼1∑
N
j¼iþ1 Tρ̂2ij−1Þ∼N 0; 1ð Þ

�
ð3Þ

This test may have considerable size distortions if T is small
and N is large. Pesaran (2004) develops an alternative test, as
is given in Eq. (4).

CD ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2T

N
�
N−1

0
@

1
A

vuuut ∑N−1
i¼1∑

N
j¼iþ1ρ̂ijÞ∼N 0; 1ð Þ

�
ð4Þ

Pesaran et al. (2008) produce a bias adjusted type of the
LM test for large panels as is defined in Eq. (5).

LMadj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2

N N−1ð Þ
� �s

∑N−1
i¼1∑

N
j¼iþ1ρîj

T−kð Þρ̂2ij−μTijffiffiffiffiffiffiffi
υ2
Tij

q ∼N 0; 1ð Þ ð5Þ

where k stands for the number of regressors, μTij and υ2
Tij

respectively signify the exact mean and variance of T−kð Þρ̂2ij.
While examining slope heterogeneity, Pesaran and Yamagata

(2008) develop delta eΔ� �
tests. The null hypothesis of slope

homogeneity is investigated against the alternative hypothesis

of slope heterogeneity. To generate eΔ tests, first, the following
modified type of the test of Swamy (1970) is computed:

eS ¼ ∑N
i¼1 β̂i−eβWFE

� �0 X
0
iMτXi

eσ2

i

β̂i−eβWFE

� �
ð6Þ

1 We excluded Pennsylvania from the panel as shale gas has been produced in
this state since 2008.
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where

eσ2

i ¼
yi−Xiβ̂i
� �0

Mτ yi−Xiβ̂i
� �

T−k−1ð Þ ð7Þ

whereMτ is an identity matrix of order Tand β ̂WFE is the weight-
ed fixed effect pooled estimator described as follows:

eβWFE ¼ ∑N
i¼1

X
0
iMτXi

eσ2

i

0
@

1
A

−1

∑N
i¼1

X
0
iMτyi

eσ2

i

ð8Þ

The standard dispersion statistic is given in Eq. (9).

eΔ ¼
ffiffiffiffi
N

p N−1eS−kffiffiffiffiffi
2k

p
 !

ð9Þ

With normally distributed errors, the small sample proper-

ties of the eΔ test can be enhanced by utilizing the mean and

variance bias-adjusted type of eΔ as depicted by Eq. (10).

eΔadj ¼
ffiffiffiffi
N

p N−1eS−E eziT� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var eziT� �r

0
BB@

1
CCA ð10Þ

where

E eziT� �
¼ k; Var eziT� �

¼ 2k T−k−1ð Þ
Tþ 1

ð11Þ

The individual cross-sectionally augmented DF unit root test

Pesaran (2007) propounds unit root test for panel data models
that can yield efficient output when there exist dependence
and heterogeneity in cross-sections. He expands the augment-
ed Dickey-Fuller (ADF) regressions via lagged levels’ cross-
section averages and the individual series’ first differences.
Hence, new tests’ outputs are acquired through the individual
cross-sectionally augmented DF (henceforth CADF) statistics
and their averages as described in Eq. (12).

yit ¼ 1−ϑið Þμi þ ϑiyi;t−1 þ vit; as i ¼ 1;…;N ; and as t ¼ 1;…T

ð12Þ

The residual term is defined as

vit ¼ γiƒt þ εit ð13Þ

where ƒit denotes the common effect which can observed, and
εit stands for the unit-specific error.

Pesaran (2007) denotes that Eqs. (12–13) can be rewritten
as follows:

Δyit ¼ αi þ βiyi;t−1 þ γiƒt þ εit ð14Þ

where αi = (1 −Φi)μi, βi = − (1 −Φi) and Δyit = yit − yi, t − 1.

The null hypothesis of non-stationarity (unit root) is denoted
as the follows:

H0 : βi ¼ 0 for all i ð15Þ

The alternative hypothesis of stationarity is presented in
Eq. (16):

H1 : βi < 0; i ¼ 1; 2;…;N1;βi ¼ 0; i

¼ N 1 þ 1;N1 þ 2;…;N ð16Þ

Pesaran (2007) produces the stationarity test based on OLS

t-ratio estimation of bi b ̂i
� �

in the CADF as follows:

Δyit ¼ αi þ biyi;t−1 þ σiyt−1 þ ρiΔyt þ eit ð17Þ

The t-ratio, ti(N, T), is calculated as follows:

ti N;Tð Þ ¼ Δy
0
iMwyi;−1

σî y
0
i;−1Mwyi;−1

� �1=2 ð18Þ

For the whole panel, Pesaran (2007) computes the cross-
sectionally augmented Im, Pesaran and Shin (CIPS) test sta-
tistic using the mean statistics of individual CADF test. CIPS
statistic is demonstrated as follows:

CIPS N;Tð Þ ¼ t−bar ¼ N−1∑N
i¼1ti N;Tð Þ ð19Þ

where ti(N, T) describes the CADF statistic for the ith cross-
section unit.

Westerlund (2007) panel cointegration test

Westerlund (2007) suggests a test for the null hypothesis of no
long-run relationship (cointegration) using the error correction
model (ECM). He considers the data-generating process given
in Eqs. (20) and (21).

yit ¼ φ1i þφ2itþ zit ð20Þ
∂i Lð ÞΔzit ¼ ∂i zit−1−β

0
ixit−1

� �
þ σi Lð Þ0zit þ eit ð21Þ

where

∂i Lð Þ ¼ 1−∑pi
j¼1∂ijL

j and σi Lð Þ ¼ ∑pi
j¼0σijL

j:

By substituting Eq. (20) into Eq. (21), Westerlund (2007)
obtains the following error correction model:

∂i Lð ÞΔyit ¼ ∅1i þ∅2itþ ∂i yit−1−β
0
ixit−1

� �
þ σi Lð Þ0zit þ eit ð22Þ

The ECM in Eq. (22) can be stable as yit−1−β
0
ixit−1, zit, and

eit are stationary. Besides, as ∂i = 0, error correction term does
not exist and {yit} is a unit root process which is not
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cointegrated with {xit}. If ∂i < 0, the error correction term
appears and implies the existence of cointegration between
{yit} and {xit}.

To construct the test statistics, Eq. (22) is rewritten as

Δyit ¼ ∅
0
idt þ ∂i yit−1−β

0
ixit−1

� �
þ ∑pi

j¼1∂ijΔyit− j

þ ∑pi
j¼0σijΔxit− j þ eit ð23Þ

where dt = (1, t)' stands for the deterministic components and
δi = (δ1i, δ2i)

' is the associated vector of parameters.
Equation (23) can be rewritten as is in Eq. (24).

Δyit ¼ ∅
0
idt þ ∂iyit−1 þ δ

0
ixit−1 þ ∑pi

j¼1∂ijΔyit− j

þ ∑pi
j¼0σijΔxit− j þ eit ð24Þ

Westerlund (2007) suggests four test statistics based on this
equation. These test statistics are as follows:

Gτ ¼ 1

N
∑N

i¼1

αî

SE α̂iÞð ð25Þ

Gα ¼ 1

N
∑N

i¼1

Tαî

αî 1ð Þ ð26Þ

Pτ ¼ α̂
SE α̂Þð ð27Þ

Pα ¼ Tα̂ ð28Þ

Equations (25) and (26) reveal group mean statistics while
Eqs. (27) and (28) exhibit panel statistics. For group mean
statistics, H0: αi = 0 for all i is tested against the H1: αi < 0
for at least some i. The rejection of H0 indicates the existence
of cointegration for at least one cross-section. For panel sta-
tistics, H0: αi = 0 for all i is tested against H1: αi =α < 0 for all
i. The rejection of H0 indicates the evidence of significant
long-run equilibrium for the whole panel.

Panel causality test

Dumitrescu and Hurlin (2012) test the Granger non-causality
considering the cross-sectional dependence and heterogeneity
by estimating the parameters of Eqs. (29) and (30).

yi;t ¼ γi þ ∑K
k¼1ρ

kð Þ
i yi;t−k þ ∑K

k¼1φ
kð Þ
i xi;t−k þ vi;t ð29Þ

xi;t ¼ λi þ ∑K
k¼1ς

kð Þ
i xi;t−k þ ∑K

k¼1ζ
kð Þ
i yi;t−k þ ni;t ð30Þ

They assume that the individual effects γi and λi are fixed
in the time dimension. Lag orders K are supposed to be the
same for every cross-section unit in the panel. In addition, they

allow the parameters ρ kð Þ
i and ς kð Þ

i and the slopesφ kð Þ
i and ζ kð Þ

i

to vary among groups.

Dumitrescu and Hurlin (2012) conduct the estimations of
Eq. (31) to test the homogeneous noncausality (HNC) hypoth-
esis. One may observe, by following Eq. (31), the non-
causality for some units under the alternative hypothesis as
depicted in Eq. (32).

H0 ¼ φi ¼ 0 Λi ¼ 1;…;N ð31Þ

withφi = φ 1ð Þ
i ;…;φ Kð Þ

i

� �
0. By letting someφi = 0, under H1,

there are N1 <N individual processes with no causality from x
to y.

H1 : φi ¼ 0 Λi ¼ 1;…;N1 ð32Þ
φi≠0 Λi ¼ N1 þ 1;N 1 þ 2;…;N

where N1 is unknown and satisfies the condition 0 ≤N1/N < 1.
If one rejects H0 of (31) withN1 > 0, then, he/she can reach the
output that variable X can forecast variable Y for some units in
the panel.

Findings

Table 2 shows the existence of significant cross-sectional de-
pendence at 1% level indicating that a shock that occurs in one
of state in the US can influence other states in the US.
Additionally, Table 2 output confirms slope heterogeneity
and, hence, support the existence of state-specific
heterogeneity.

Table 3 presents the findings of the CADF panel unit root
test. According to the findings, lnGDP is stationary for
Arkansas and Texas while lnSHALE is stationary for Texas.
Besides, ΔlnGDP is stationary at all states except Louisiana
while ΔlnSHALE is stationary at all states except Montana
andWest Virginia. CIPS statistics concur with individual find-
ings and indicate both variables are stationary at first differ-
ences for the whole panel. Therefore, one can determine that
both variables are stationary at first differences. Based on ev-
idence of the CADF unit root test, one also needs to employ
next the cointegration tests, developed by Westerlund (2007),
to examine the probability of cointegration relationship be-
tween variables.

Table 4 reports the results of the Westerlund (2007)
cointegration test. As is seen from the table, the null hypoth-
esis of no cointegration can be rejected by two out of four
statistics. Then, one can decide that there exists probably a
cointegration relationship between lnGDP and lnSHALE by
Gτ and Pτ statistics at 1% and 5% significances. The causal
relationships between variables, next, can be detected through
the causality test propounded by Dumitrescu and Hurlin
(2012).

Table 5 presents the outcome of the Dumitrescu and Hurlin
(2012) panel causality test. As is seen, both the null hypothesis
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of no causality from lnSHALE to lnGDP and no causality
from lnGDP to lnSHALE can be rejected by the statistics of
six out of the twelve states. Accordingly, there is a causal
relationship running from lnSHALE to lnGDP in Arkansas,
California, Colorado, Ohio, Texas, and West Virginia while
there is a causal relationship running from lnGDP to
lnSHALE in Arkansas, California, Louisiana, North Dakota,
Oklahoma, and Texas.

This paper is mainly interested in the nexus between energy
production/consumption and GDP through four hypotheses.

These hypotheses are, as explained in the “Literature review”
section, growth, feedback, conservation, and neutrality, re-
spectively. When one evaluates the findings with regard to
four hypotheses, he/she will observe the statistical evidence
in favor of all hypotheses.

Table 6, following Table 5, explores the output of hypoth-
esis tests across states. Accordingly, the growth hypothesis
prevails for Colorado, Ohio, andWest Virginia while the feed-
back hypothesis is valid for Arkansas, California, and Texas.
In addition, the conservation hypothesis appears in Louisiana,
North Dakota, and Oklahoma while the neutrality hypothesis
dominates Montana, New Mexico, and Wyoming.

The practical facts underpinnings
of the estimation output

In order for the potential reader to be able to follow clearly the
output of this research regarding 12 states’ energy potential
and their gross domestic products, this section will reveal
more theoretical and practical features of the states with high
shale reserve in terms of nexus between their shale energy and
income growth. Therefore this section will explore theoretical
extensions and practical underpinnings of the estimation out-
put of Arkansas, California, Colorado, Louisiana, Montano,
New Mexico, North Dakota, Ohio, Oklahoma, Texas, West
Virginia, and Wyoming. Figure 1 exhibits the geographical
locations of 12 US states with greater shale gas deposits
among other US states. One may observe that states with
considerably high shale plays seem to cluster mostly in the
North and South regions of the US. Shale reserves are also
considered significant in California (West) and Ohio andWest
Virginia (East).

The researches, in general, show that, in the US, employ-
ment and income from shale gas plays have increased. The
Bureau of Economic Analyses and US Census Bureau statis-
tics indicate that the employment grew more in counties with
shale boom than the counties without shale boom (Weber
2012). Figure 2 reveals that, in the US, the employment and
income levels in counties have advanced considerably
through the shale gas revolution. For instance, based on data
for Colorado, Texas, Wyoming, and Pennsylvania and other

Table 2 The output from the tests for slope heterogeneity and cross-
sectional dependence

Statistic Prob-value

Cross-sectional dependence

LM 405.780a 0.00

CDLM 29.574a 0.00

CD 6.037a 0.00

LMadj 113.062a 0.00

HeterogeneityeΔ 24,640.718a 0.00eΔadj 25,938.475a 0.00

a One percent statistical significance

Table 3 Individual cross-sectionally augmented DF panel unit root
testsa

State Test statistic

lnGDP ΔlnGDP lnSHALE ΔlnSHALE

Arkansas − 3.182d − 5.072b − 2.832 − 3.129d

California − 0.883 − 3.363c − 1.964 − 3.979c

Colorado − 0.774 − 3.624c − 1.638 − 4.456b

Louisiana − 2.592 − 2.553 − 1.671 − 3.313d

Montana − 1.160 − 4.805b − 1.618 − 2.794
New Mexico − 0.671 − 3.896c − 1.102 − 5.150b

North Dakota − 0.222 − 3.166d − 2.572 − 4.257b

Ohio − 2.445 − 3.257d − 2.163 − 3.690c

Oklahoma − 1.765 − 3.635c − 2.556 − 4.271b

Texas − 2.978d − 3.700c − 3.197d − 3.737c

West Virginia − 2.401 − 3.647c − 2.497 − 2.788
Wyoming − 1.842 − 3.873c − 2.642 − 3.488c

Panel (CIPS) − 1.743 − 3.716b − 2.204 − 3.754b

a Critical values for states’ statistics corresponding to 1%, 5% and 10%
significance levels are − 4.11, − 3.36, and − 2.97, respectively. The criti-
cal values for whole panel statistics corresponding to 1%, 5%, and 10%
significance levels are − 2.57, − 2.33, and − 2.21, respectively (Pesaran
2007)
b One percent statistical significance
c Five percent statistical significance
d Ten percent statistical significance

Table 4 Cointegration test by Westerlund (2007)

Statistic Value p value

Gτ
a − 4.973a 0.000

Gα − 4.228 0.971

Pτ
b − 6.881b 0.040

Pα − 3.267 0.794

aOne percent statistical significance
b Five percent statistical significance
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relevant states, statistics yield that, from 1999 to 2007, the
annual percentage increases of employment levels in boom
counties and not boom counties are 2.4 and 1.6, respectively
(Weber 2012). The annual labor income percentage increases
in boom and not boom counties appear to be 4.4 and 2.5,
respectively, for the period 1999–2007 (Weber 2012).

Jacoby et al. (2012) emphasize the relatively greater shale
gas deposits, among other states, in Barnett, Haynesville,
Fayetteville and Woodford shale productions in Texas,

Louisiana, Arkansas, and Oklahoma. Jacoby et al. (2012)
and Evensen and Stedman (2016) underline the prominent
shale reserves in Marcellus which refer to geological forma-
tion underlining the parts of New York, Pennsylvania, Ohio,
and West Virginia.

Table 5 exhibits that shale gas production has significant
development on income levels of Arkansas, California,
Colorado, Ohio, Texas, and West Virginia. Considering
Table 5, one might also need to observe specifically the re-
sponse of macrovariables, i.e., employment, GDP growth,
price level, and/or energy prices, to the impulse of shale gas
revolution in Arkansas, California, Colorado, Ohio, Texas,
and West Virginia.

The contribution of freight truck, crude petroleum and nat-
ural gas extraction, and natural gas distribution to the
Arkansas economy was $5.27 billion in 2015 (API 2017b)
due to the shale gas revolution. Nyquist and Lund (2014) point
the fact that more than 100 billion worth of foreign direct
investment intends to be part of the shale gas boom in Ohio,
Louisiana, and Arkansas. Munasib and Rickman (2014) in-
vestigate the effectiveness of the shale gas revolution on the
local economies in the counties of Arkansas, North Dakota,
and Pennsylvania. They explore that the sharp increase in
shale gas caused significant strengths in employment in four
counties in Arkansas.Weber (2012),Weber 2013) observes the
power of natural gas development on counties in Colorado,
Texas, and Wyoming and reveals that, for the period 1999–

Table 5 Panel causality test by
Dumitrescu and Hurlin (2012) State

H0: lnSHALE does not cause lnGGτDP H0: lnGDP does not cause lnSHALE

Wald statistic Resultd Wald statistic Resulte

Arkansas 9.950b Causality 43.714a Causality

California 7.886c Causality 10.774b Causality

Colorado 9.260c Causality 7.212 No causality

Louisiana 2.601 No causality 10.284b Causality

Montana 0.192 No causality 6.981 No causality

New Mexico 5.358 No causality 4.103 No causality

North Dakota 5.749 No causality 25.082a Causality

Ohio 16.600a Causality 3.531 No causality

Oklahoma 4.656 No causality 104.445a Causality

Texas 13.640a Causality 17.485a Causality

West Virginia 9.048c Causality 2.295 No causality

Wyoming 3.001 No causality 4.654 No causality

a One percent statistical significance
b Five percent statistical significance
c Ten percent statistical significance
d “Causality” stands for the significant impact of shale gas production (lnSHALE) on income (lnGDP), while “no
causality” implies the insignificant effect of shale gas on income
e “Causality” indicates significant impact of income on shale gas production, whereas “no causality” points out the
insignificant influence of income on shale gas production

Table 6 The output of hypotheses’ tests across the states

States Validated hypothesis

Arkansas Feedback

California Feedback

Colorado Growth

Louisiana Conservation

Montana Neutrality

New Mexico Neutrality

North Dakota Conservation

Ohio Growth

Oklahoma Conservation

Texas Feedback

West Virginia Growth

Wyoming Neutrality
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2007, gas industry produced additional 1780 jobs which ap-
proximated 27 jobs per every billion cubic feet of production
to the average county experiencing a boom.

Geng et al. (2016) state that the North American oil and
natural gas prices have been diverged since the shale gas rev-
olution. They found that, after, shale gas revolution, the natu-
ral gas prices in North America changed from “slightly up-
ward” to “sharply downward.” Mathieu et al. (2014) explore
that the increase in domestic energy production through US

shale gas energy boom decreased imports of oil and gas into
the US, and, hence lowered energy prices in the country.
These advantages eventually provided policymakers with pos-
sible strict policies and regulations on coal-fired power plants.
Mathieu et al. (2014), on the other hand, argue that the long-
run positive impacts of the shale gas boom on the US econo-
my might be relatively small. Weber (2013) anticipates that
the different potential responses of counties to the shale boom
as shale gas production has been slowing down. He

Fig. 1 12 states with greater shale gas deposits
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Fig. 2 Employment and income
in counties with shale gas
revolution: 1999–2007. Source:
Weber (2012)
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emphasizes the effect of shale drilling on local economies of
rural, more rural and less populated areas. He exhibits, i.e.,
that in rural areas, businesses formed solely to service the
industry might fade as quickly as they came.

Table 7 exposes specifically the shale gas-related jobs and
income across 12 states. Table 7 indicates that, for instance, the
number of jobs in the states due to the natural gas industry in-
creased prominently. For instance, in Wyoming, the oil and nat-
ural gas industry provided the state with 17,743 jobs and 17,121
jobs in 2007 and 2012, respectively (Cruz et al. 2014). The

number of jobs became 29,500 in Wyoming in 2015 (API
2017a). In New Mexico, the employment level increased from
18,560 jobs in 2012 (JPP 2017) to 39,925 jobs in 2015 (API
2017a).

Table 7, for example, explores as well that in Oklahoma the
number of jobs due to oil and natural gas industry jumped from
56,040 jobs in 2012 (Cruz et al. 2014) to 117,700 jobs in 2015
(API 2017a). As given in the table, the projections reveal that
labor income levels from shale industries in Arkansas,
California, Louisiana, New Mexico, Ohio, Oklahoma, Texas,

Table 7 Shale gas related jobs and income across states

States

Arkansas The forecasted labor income contributions of the non-conventional (shale) gas industry correspond to $2314 million and $3407
million in 2010 and 2015, respectively (Bonakdarpour and Larson 2012). In terms of 2015, the natural gas market provided
the state with 40,546 jobs which depict 3.4% of total Arkansas jobs. The market contributed $5.27 billion income in
Arkansas (API 2017b).

California The predicted the number of jobs due to oil and shale gas industries by two scenarios (low and medium scenarios) ranges from
67,175 to 299,242 in 2011. The net benefit for the economy from oil and shale gas markets is anticipated to be in range of
$7093 billion to $30,860 billion (Considine 2014). The anticipated labor income of shale gas in terms of 2010 and 2015 are
$1553 million and $2295 million, respectively (Bonakdarpour and Larson 2012).

Colorado The forecasted labor income of non-conventional (shale) gas industry corresponds to $5958 million and $9258 million in 2010
and 2015, respectively (Bonakdarpour and Larson 2012). Natural Gas industry in Colorado resulted in 75,210 jobs
representing 3% of the total jobs and created $10.4 billion in the state (API 2017c).

Louisiana The forecast values for labor income contributions of non-conventional (shale) gas industry correspond to $5492 million and
$9238 million in 2010 and 2015, respectively (Bonakdarpour and Larson 2012). In terms of 2015, the natural gas sector
created 201,319 jobs representing 10.5% of total jobs in Louisiana and contributed the value of $28.6 billion in the state. The
horizontal play of Haynesville was expanded through 38 onshore and 20 offshore activities in 2017 (API 2017d).

Montana and North
Dakota

Horizontal drilling and hydraulic fracturing techniques in oil-producing shale formation of North Dakota and Montana (The
Bakken Formation) have brought about sharp increases in oil extraction from shale formations. Employment in these states
increased from 77,937 jobs in 2007 to 105,891 jobs in 2011 (Ferree and Smith 2011). In counties of Montana and North
Dakota, total wage payments for workers grew from $2.6 billion in 2007 to $5.4 billion in 2011 (Ferree and Smith 2011).
11,500 jobs were available in the natural gas related industry of Montano standing for 2.6% of total jobs in the state in 2015.
The contribution of natural gas industry to the state $1.48 billion in 2015 (API 2017e). The number of jobs and income
created by natural gas industry inNorthDakota were 32,300 jobs, corresponding to 7.5% of total state jobs, and $3.84 billion,
respectively, in 2015 (API 2017f).

New Mexico The oil and natural gas industry yields 15,093 jobs and 18,560 jobs in 2007 and 2012, respectively (JPP 2017). The available
jobs in the industry jumped to 39,925 in 2015 (API 2017g). The forecast values of labor income of non-conventional (shale)
gas industry are $1461 million and $1407 million in 2010 and 2015, respectively (Bonakdarpour and Larson 2012).

Ohio The forecast values of labor income at non-conventional (shale) gas industry are $2031 million and $2684 million in 2010 and
2015, respectively (Bonakdarpour and Larson 2012). The natural gas market provided Ohio with 188,500 jobs, which was
equal to 3.6% of the total jobs, and $26.7 billion income in 2015 (API, 2017 g).

Oklahoma Oil and natural gas industry supports 44,005, 56,040, and 117,700 jobs in 2007, 2012 (Cruz et al. 2014), and in 2015 (API
2017i), respectively. Anticipated state level income from shale gas in 2010 and 2015 are $1993 million and $2961 million,
respectively (Bonakdarpour and Larson 2012).

Texas The oil and natural gas industry leads to 194,898 jobs and 259, 333 jobs in 2007 and 2012, respectively (Cruz et al. 2014). The
number of jobs increased to 784, 900 in 2015 (API 2017j). The forecasted labor income of non-conventional (shale) gas
industry in 2010 and 2015 are $22,840 million and $30,769 million, respectively (Bonakdarpour and Larson 2012).

West Virginia The employment share of oil and natural gas industry among other industries increased slowly from %2 in 2000 to
approximately %5 in 2011 (Brown and Yucel 2013). The anticipated labor income of non-conventional (shale) gas industry
in 2010 and 2015 are $1091 million and $2088 million, respectively (Bonakdarpour and Larson 2012). The estimated
number of jobs due to Marcellus shales activities in West Virginia and Pennsylvania were 57,357 in 2009, 118,078 in 2011
and 158,408 in 2015 under medium development projection (Considine 2010). The realized number of jobs inWest Virginia
was 35,800 in West Virginia in terms of 2015 (API 2017k).

Wyoming The oil and natural gas industry supports 17,743 jobs and 17,121 jobs in 2007 and 2012, respectively (Cruz et al. 2014). The
number of jobs jumped to 29,500 inWyoming in 2015 (API 2017l). The forecasted labor income of non-conventional (shale)
gas industry are $2753 million and $3669 million in 2010 and 2015, respectively (Bonakdarpour and Larson 2012).
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West Virginia, andWyoming in 2010 are $3407 million, $1553
million, $5492 million, $1461 million, $2031 million, $1993
million, $22,840 million, $1091 million, and $2753 million,
respectively (Bonakdarpour and Larson 2012).

The percentage increases in forecast values of labor income
of shale plays, i.e., in California, Colorado, Louisiana, Texas,
and Wyoming, from 2010 to 2015, are 0.478, 0.534, 0.682,
0.347, and 0.332, respectively.

Figure 3, following Tables 5 and 6, depicts the output of
hypotheses’ tests across 12 states. It yields that Colorado,
Ohio, and West Virginia follow the growth hypothesis. The
growth hypothesis prevails when there is unidirectional cau-
sality from energy consumption to economic growth.
According to this hypothesis, energy serves as a supplemen-
tary of labor and capital and is a vital component of economic
growth (Apergis and Payne 2009). All production processes
include a transformation. Energy is needed for this transfor-
mation and energy cannot be substituted with any other inputs
(Stern 2004). Hence, the growth hypothesis asserts that pro-
duction depends on energy. Energy-saving policies, energy
scarcity, and energy supply shocks negatively affect economic
growth and employment (Jumbe 2004).

The implications of this hypothesis are especially important
for policies that aim at reducing CO2 emissions since these

policies restrict energy consumption. However, as denoted
above, energy-saving policies might have negative impacts
on economic growth and employment. Therefore, for sustain-
able development, policymakers should design energy supply
and demand policies considering past growth rates and future
growth targets. Besides, in order to decrease CO2 emissions,
instead of restricting energy consumption, policymakers
should try to substitute conventional energy sources with un-
conventional and renewable energy sources and to develop
new technologies using energy sources more productively.

Considering Tables 5 and 6 and Fig. 3, one can observe that
the conservation hypothesis is held in Louisiana, North
Dakota and Oklahoma. When there exists a unidirectional
causal relationship running from economic growth to energy
consumption, the conservation hypothesis is valid. As Parikh
and Shukla (1995) and Madlener and Sunak (2011) remark,
according to this hypothesis, economic growth contributes to
manufacturing, transportation, and urbanization and acceler-
ates infrastructure and consumption expenditures. Hence, all
these effects increase energy demand. Additionally, economic
growth ultimately promotes more energy consumption even
though it increases energy productivity by supporting the de-
velopment of large-scale energy technologies (To et al. 2013).
Since there is unidirectional causality from economic growth

Fig. 3 The output of hypotheses’ tests across 12 states: 2007:1–2016:4.
Colorado, Ohio, and West Virginia confirm growth hypothesis.
California, Texas, and Arkansas verify feedback hypothesis. North

Dakota, Oklahoma, and Louisiana support conservation hypothesis.
Montano, Wyoming, and New Mexico confirm the neutrality hypothesis

Environ Sci Pollut Res (2020) 27:12001–12016 12011



to energy consumption by this hypothesis, energy-saving pol-
icies aiming to reduce CO2 emissions and energy supply
shocks do not have significant effects on economic growth.

The states of Montano, NewMexico, andWyoming follow
the neutrality hypothesis. The neutrality hypothesis dominates
if there is no causality between economic growth and energy
consumption. This hypothesis indicates that an increase or a
decrease in energy consumption does not affect economic
growth and employment. Some papers in the literature assert
that this hypothesis can prevail when (i) the ratio of energy
costs to GDP is low and (ii) the effect of energy consumption
on economic growth can differ by the structures of economies,
institutional factors, and the levels of development of coun-
tries (Yu and Choi 1985; Apergis and Payne 2009, Belloumi
2009; Payne 2010; Too et al. 2013). This hypothesis may
especially prevail for some economies whose production
structures shift from the industry sector to information and
service sectors that do not use energy intensively. Hence, this
hypothesis denotes that energy supply shocks and energy-
saving policies aiming to reduce CO2 emissions do not have
significant effects on economic growth.

Finally, according to the output of this paper, the feedback
hypothesis is held in Arkansas, California, and Texas. As there
happens to be bidirectional causality between economic
growth and energy consumption, the feedback hypothesis pre-
vails. This hypothesis implies that economic growth and en-
ergy consumption support each other and are jointly deter-
mined. Accordingly, energy is a basic element of economic
processes, and production activities rely on energy. Besides,
this relationship is not unidirectional and economic growth
encourages energy consumption. For this reason, this hypoth-
esis indicates that policymakers should consider this interac-
tion while they are designing energy policies. Policymakers
should also develop policies that use energy more efficiently
and should promote the usage ofmore clean and non-polluting
energy sources with regard to this hypothesis.

Discussion, conclusion, and policy
implications

Discussion and conclusion

The prominent developments in oil and gas production from
shale formations brought about new investment and employ-
ment opportunities in the national level and local level econ-
omies. The existing literature has recently focused on the im-
pact of shale gas on country level macroeconomic indicators
as there has been very limited observations on the influences
of shale gas production on local economies (Munasib and
Rickman 2015; Cooper et al. 2018; Whyman 2015).
Whyman (2015), for instance, reviews and compares well

the economic implications of shale gas reserves in the US
and UK through some input-output model estimations. To this
end, this work mainly focuses on the effect of recent develop-
ments in shale extraction technologies yielding an unconven-
tional oil production on the state level economies in the US
through recent advanced time series and panel data
estimations.

This paper’s output provides the policymakers with a guide
service in which they can observe heterogeneous impacts of
shale gas extraction on the states. The impact of unconven-
tional oil production from shale gas formation is subject to
change from a state to another state in the US depending on
prevailing local level infrastructure, alternative energy
sources, and market size.

The paper examines the causal relationships between shale
gas production and GDP by utilizing quarterly data from
2007:1–2016:4 for 12 states in the US. After conducting
cross-sectional dependence, heterogeneity, unit root, and
cointegration tests, the paper performs the panel Granger cau-
sality test developed by Dumitrescu and Hurlin (2012).

This paper may reveal its basic findings and its policy rec-
ommendation as follows:

(a) Colorado, Ohio, and West Virginia confirm growth hy-
pothesis; California, Texas, and Arkansas verify feed-
back hypothesis. North Dakota, Oklahoma, and
Louisiana support conservation hypothesis. Montano,
Wyoming, and New Mexico confirm the neutrality
hypothesis.

(b) According to the findings, (i) there is unidirectional cau-
sality running from shale gas production to GDP, and
thus, the growth hypothesis is valid in Colorado, Ohio,
and West Virginia; (ii) there is bidirectional causality
between shale gas production and GDP, and thus, the
feedback hypothesis prevails in Arkansas, California,
and Texas; (iii) there is unidirectional causality running
from GDP to shale gas production, and thus, the conser-
vation hypothesis prevails in Louisiana, North Dakota,
and Oklahoma; and (iv) there are no causal relationships
between shale gas production and GDP, and thus, the
neutrality hypothesis dominates in Montano, New
Mexico, and Wyoming.

The analyses have reached empirical evidence indicating
that (i) energy consumption and economic growth have posi-
tive co-movements (positive associations) in Arkansas,
California, and Texas; (ii) there exists no significant causality
from energy consumption to growth in Montano, New
Mexico, and Wyoming. Therefore, upon this conclusion, au-
thorities might follow some energy supply-side or energy
demand-side policies to expand the market size, employment
and job opportunities in Arkansas, California, and Texas
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rather than Montano, New Mexico, and Wyoming. This re-
search suggests as well that authorities follow expansionary
energy demand policies to boost the local level employment
level and income level in Colorado, Ohio, and West Virginia.

Policy implications

Policy recommendation for Colorado, Ohio, andWest Virginia
in which growth hypothesis is confirmed: Under this hypothe-
sis, natural gas production from shale wells has positive signif-
icant impacts on gross domestic products as supplementary of
capital and labor. Authorities first need, as always, to determine
the states’ priorities. If the societies of Colorado, Ohio, and
West Virginia prefer primarily to have significantly growing
local economies, they will need to follow the policies to in-
crease the production and consumption of shale gas energy due
to significant positive influence of shale gas on local income
levels. In this policy framework following the growth hypoth-
esis, hence, authorities are expected to launch additional subsi-
dies, tax incentives, and supportive infrastructures to intensify
the shale gas exploration within their local areas. This will, in
turn, boost the employment levels of labor and capital, and
eventually the gross domestic income levels in Colorado,
Ohio, and West Virginia. The potential energy-saving policies,
on the other hand, will have prominently negative effects on the
gross domestic incomes of the relevant states.

Policy recommendation for North Dakota, Oklahoma, and
Louisiana in which conservation hypothesis is supported:
Under this hypothesis, natural gas production from shale
fields will not affect the economic growth but economic
growth will induce shale usage. Administrators might consid-
er following the relevant policies to save especially fossil fuel
energy, and/or, to switch energy consumption patterns from
fossil fuel to clean energy. Energy-saving targets and the target
for changing energy preferences of the societies will create
eventually some shocks in energy markets. The shocks
(impulses) in the markets, however, will not enlarge the
time-frequency periods of business cycles (responses) of the
states of North Dakota, Oklahoma, and Louisiana, and hence
will not affect gross domestic levels of the states. Under the
conservation hypothesis framework, the policymakers of
North Dakota, Oklahoma, and Louisiana will have more room
to be able to overwhelm the environmental degradation due to
high CO2 emissions from fuel combustion in comparison
with, for instance, the policymakers of Colorado, Ohio, and
West Virginia.

Policy recommendation for California, Texas, and Arkansas
in which feedback hypothesis is verified. Under the evidence
of confirming this hypothesis, the additional volume of shale
gas exploration will expand the gross domestic income of the
sates, and expansion of income levels of the states will accel-
erate the shale gas production in the states. The shale gas con-
sumption and states’ GDPs have mutual positive responses to

each other’s impulses (shocks) in California, Texas, and
Arkansas. When this hypothesis prevails, two possible out-
comes might emerge: (a) the shale energy-saving policy will
affect the economic growth adversely, and (b) any contraction-
ary fiscal or monetary policy will have the potential to lower
the shale energy extraction. As in the case of Colorado, Ohio,
and West Virginia following growth hypothesis, the
policymakers of California, Texas, andArkansas might be sug-
gested that they implement stimulative actions on electricity
generation from shale gas fields. Such actions under this hy-
pothesis will be expected to bring about greater multiplier ef-
fects of shale consumption on GDP in comparison with the
effects of the same actions undergrowth hypothesis. This latter
statement seems to be true, at least hypothetically, due to the
mutual interaction of shale gas usage and GDP in California,
Texas, and Arkansas. The potential advantage of these local
economies verifying feedback hypothesis against other states’
local economies might be a more plausible contribution to the
fighting against local/national/global warming.

Policy recommendation for Montano, Wyoming, and New
Mexico supporting neutrality hypothesis. Within the frame of
the neutrality hypothesis, neither shale gas consumption level
nor the level of GDPs’ of the sates can alter each other. The
policy administrators can consider implementing independent
energy policies without affecting the local income levels. As in
the case of North Dakota, Oklahoma, and Louisiana, the au-
thorities might conduct energy-saving policies to combat envi-
ronmental degradation without harming economic growth.

The result of this paper considers also possible environ-
mental policies as well as economic policies. Then, the paper
might suggest that the policymakers might follow successfully
the energy-saving policies which aim at diminishing CO2

emissions, without any adverse effect on employment level,
in Louisiana, North Dakota, and Oklahoma rather than the
states of Colorado, Ohio, and West Virginia in which
energy-saving policies might reduce the employment and
hence economic development. The policymakers, on the other
hand, might substitute conventional energy sources with un-
conventional and renewable energy sources and develop new
technologies using energy sources more productively in order
to reduce the environmental pollutant level.

Therefore, instead of implementing general/standard
national-level energy policies at local economies, the admin-
istrators need to consider greatly the advanced statistical anal-
yses estimating the output of “Growth,” “Feedback,”
“Conservation,” and “Neutrality” hypotheses to be able im-
plement local specific energy policies which can optimize the
benefits from shale gas production at local areas in terms of
environmental quality and economic growth.

The sustainable growth, targeting both green environment
and income growth simultaneously, has been the main goal of
the United Nations, IEA, andWorld Bank. At the beginning of
2010s, the head of IEA addresses the target for increasing the
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share of renewables of the countries without adverse effects on
the economies (Boehmer-Christiansen 2011, 2013). However,
the energy policy changes of IEA in the beginning of 2010s
which aim at supporting the renewables, instead of fossils, to
cope with adverse effects of climate change without harming
the economic growth will be successful if targeted countries
have the similar evidence of validating either conservation
hypothesis, or feedback hypothesis or neutrality hypothesis.
Reducing negative effects of climate changemight be success-
ful, on the other hand, together with (i) the policy of efficient
usage of renewables, i.e., efficient production and consump-
tion of solar, as indicated in Cardenas et al. (2017), and (ii) the
policy to lower energy intensity in local and national levels as
underlined in Dong et al. (2018). One might reach also the
outcome of nexus between energy intensity and urbanization
in regional levels, for instance, in Asian countries, in deter-
mining the possible necessary sufficient/efficient energy pol-
icies (Bilgili et al. 2017a, 2017b). The regions, i.e., European
region, on the other hand, will be successful in energy poli-
cies, as other conditions are being constant when they have
been converging in the usages of, e.g., convergence in relevant
renewables (Bilgili 2012).

The natural gas from shale wells is neither renewable nor
conventional and is an unconventional energy source.
Although natural gas is considered cleaner than the coal and
fuel, the effect of natural gas from shale deposits should be
searched thoroughly. Therefore, shale gas exploration may not
be considered a clean energy source since it is not free from
environmental degradation due to its high energy intensity and
high amounts of CO2 or hydrogen sulfide (Nikiforuk 2013;
Huang et al. 2017).

The output of this paper, hence, might also be of interest to
authorities, stakeholders, shale gas companies, and
policymakers in other states of the US and/or local economies
of other countries which have rich shale gas resources.

References

Abosedra S, Baghestani H (1989) New evidence on the causal relation-
ship between United States energy consumption and gross national
product. J Energy Dev 14:285–292

Akarca AT, Long TV (1980) Relationship between energy and GNP: a
reexamination. J Energy Dev 5:326–331

Apergis N, Payne JE (2009) Energy consumption and economic growth
in Central America: evidence from a panel cointegration and error
correction model. Energy Econ 31:211–216

Apergis N, Payne JE (2011) The renewable energy consumption–growth
nexus in Central America. Appl Energy 88(1):343–347

API (2017a) Benefits and opportunities of natural gas use, Transportation
and Production. American Petroleum Institute, North Little Rock
Available at https://www.api.org/news-policy-and-issues/natural-
gas-solutions/benefits-natural-gas-use

API (2017b) Arkansas; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,

North Little Rock Available at https://www.api.org/~/media/Files/
Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-
States/Arkansas-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017c) Colorado; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Denver Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
Colorado-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017d) Louisiana; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute, New
Orleans Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
Louisiana-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017e) Montana; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Helena Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
Montana-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017f) North Dakota; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Williston Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
North-Dakota-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017g) New Mexico; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Farmington Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
New-Mexico-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017i) Oklahoma; benefits and opportunities of natural gas use,
Transportation and Production, American Petroleum Institute.
Available at https://www.api.org/~/media/Files/Policy/Natural-Gas-
Solutions/API-Natural-Gas-Impact-Report-50-States/Oklahoma-
API-Natural-Gas-Industry-Impact-Report.pdf

API (2017j). Texas; benefits and opportunities of natural gas use,
Transportation and Production, Texas, American Petroleum
Institute. Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
Texas-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017k) West Virginia; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Houston Available at https://www.api.org/~/media/Files/Policy/
Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/
West-Virginia-API-Natural-Gas-Industry-Impact-Report.pdf

API (2017l) Wyoming; benefits and opportunities of natural gas use,
Transportation and Production. American Petroleum Institute,
Casper https://www.api.org/~/media/Files/Policy/Natural-Gas-
Solutions/API-Natural-Gas-Impact-Report-50-States/Wyoming-
API-Natural-Gas-Industry-Impact-Report.pdf.

Arora V, Lieskovsky J (2014) Natural gas and U.S. economic activity.
Energy J 35(3):167–182

Aslan A (2016) The causal relationship between biomass energy use and
economic growth in the United States. Renew Sust Energ Rev 57:
362–366

Aslan A, Apergis N, Yildirim S (2014) Causality between energy con-
sumption and GDP in the US: evidence fromwavelet analysis. Front
Energy 8:1–8

Balke N, Brown S, Stephen PA (2018) Oil supply shocks and the US
economy: an estimated DSGE model. Energy Policy 116:357–372

Bazilian M, Brandt AR, Billman L et al (2014) Ensuring benefits from
North American shale gas development: towards a research agenda.
J Unconv Oil Gas Resour 7:71–74

Belloumi M (2009) Energy consumption and GDP in Tunisia:
cointegration and causality analysis. Energy Policy 37:2745–2753

Bhattacharya M, Paramati SR, Ozturk I et al (2016) The effect of renew-
able energy consumption on economic growth: evidence from top
38 countries. Appl Energy 162:733–741

Environ Sci Pollut Res (2020) 27:12001–1201612014

https://www.api.org/news-policy-and-issues/natural-gas-solutions/benefits-natural-gas-use
https://www.api.org/news-policy-and-issues/natural-gas-solutions/benefits-natural-gas-use
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Arkansas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Arkansas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Arkansas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Colorado-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Colorado-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Colorado-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Louisiana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Louisiana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Louisiana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Montana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Montana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Montana-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/North-Dakota-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/North-Dakota-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/North-Dakota-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/New-Mexico-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/New-Mexico-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/New-Mexico-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Oklahoma-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Oklahoma-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Oklahoma-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Texas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Texas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Texas-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/West-Virginia-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/West-Virginia-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/West-Virginia-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Wyoming-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Wyoming-API-Natural-Gas-Industry-Impact-Report.pdf
https://www.api.org/~/media/Files/Policy/Natural-Gas-Solutions/API-Natural-Gas-Impact-Report-50-States/Wyoming-API-Natural-Gas-Industry-Impact-Report.pdf


Bilgili F (2012) TAR panel unit root analyses for solid biomass energy
supply of European countries. Renew Sust Energ Rev 16(9):6775–
6781

Bilgili F (2015) Business cycle co-movements between renewables con-
sumption and industrial production: a continuous wavelet coherence
approach. Renew Sust Energ Rev 52:325–332

Bilgili F, Koçak E, Bulut U et al (2016) How did the US economy react to
shale gas production revolution? An advanced time series approach.
Energy 116:963–977

Bilgili F, Koçak E, Bulut U et al (2017a) Can biomass energy be an
efficient policy tool for sustainable development? Renew Sust
Energ Rev 71:830–845

Bilgili F, Koçak E, Bulut U et al (2017b) The impact of urbanization on
energy intensity: panel data evidence considering cross-sectional
dependence and heterogeneity. Energy 133:242–256

Boehmer-Christiansen S (2011) Fuel for thought 24/3 and 4: mid-January
to mid-April 2013. Energy Environ 22(7):949–1011

Boehmer-Christiansen S (2013) Fuel for thought: mid- July - late august
2011. Energy Environ 24(3/4):561–687

Bonakdarpour M, Larson JW (2012) The economic and employment
contributions of unconventional gas development in state econo-
mies. IHS Inc. , Washington, DC Available at ht tp: / /
marcelluscoalition.org/wp-content/uploads/2012/06/State_
Unconv_Gas_Economic_Contribution_Main.pdf

Bowden N, Payne JE (2009) The causal relationship between US energy
consumption and real output: a disaggregated analysis. J Policy
Model 31:180–188

Bowden N, Payne JE (2010) Sectoral analysis of the causal relationship
between renewable and non-renewable energy consumption and real
output in the US. Energy Sour Part B Econ Plan Policy 5:400–408

Breusch TS, Pagan AR (1980) The Lagrange multiplier test and its ap-
plications to model specification in econometrics. Rev Econ Stud
47:239–253

Brown JP (2014) Production of natural gas from shale in local economies:
a resource blessing or curse? Fed Reserve Bank Kans City. Econ
Rev 5:119–147

Brown, S, Krupnick, A (2010) Abundant shale gas resources: long-term
implications for US natural gas markets. Available at SSRN
1666996

Brown Stephen PA (2017) Natural gas vs. oil in US transportation: will
prices confer an advantage to natural gas? Energy Policy 110:210–
221

Brown SP, Yücel MK (2013) Shale Gas and Tight Oil Boom: US States’
Economic Gains and Vulnerabilities. https://www.files.ethz.ch/isn/
171589/Energy_Brief_Brown_Yucel.pdf. Accessed 14 July 2019

Brown Stephen PA, Krupnick A et al (2009) Natural gas: a bridge to a
low-carbon future. Issue brief:09–11

Cardenas L, Manuela Z, Carlos JF et al (2017) Assessing the combined
effect of the diffusion of solar rooftop generation, energy conserva-
tion and efficient appliances in households. J Clean Prod 162(20):
491–503

ChengBS (1995)An investigation of cointegration and causality between
energy consumption and economic growth. J Energy Dev 21:73–84

Considine T (2010) The Economic Impacts of the Marcellus Shale:
Implications for New York, Pennsylvania, and West Virginia.
Available at https://www.api.org/~/media/Files/News/2010/API%
20Economic%20Impacts%20Marcellus%20Shale.pdf

Considine T (2014) The benefits and costs of oil and gas development in
California. Available at https://californiapolicycenter.org/the-
benefits-and-costs-of-oil-and-gas-development-in-california/

Considine TJ, Watson R, Blumsack S (2010) The economic impacts of
the Pennsylvania Marcellus shale natural gas play: an update.
Available at http://www.jlcny.org/site/attachments/017_PA-
Marcellus-Updated-Economic-Impacts-5-1.24.10.3.pdf

Cooper J, Stamford L, Azapagic A (2018) Social sustainability assessment
of shale gas in the UK. Sustain Production Consumption 14:1–20

Cruz J, Smith PW, Stanley S (2014) The Marcellus Shale gas boom in
Pennsylvania: employment and wage trends. Available at https://
www.bls.gov/opub/mlr/2014/article/pdf/the-marcellus-shale-gas-
boom-in-pennsylvania.pdf

DeGouw JA, ParrishDD, Frost GJ et al (2014) Reduced emissions of CO2,
NOx, and SO2 from US power plants owing to switch from coal to
natural gas with combined cycle technology. Earth’s Future 2:75–82

Dogan E, Turkekul B (2016) CO2 emissions, real output, energy consump-
tion, trade, urbanization and financial development: testing the EKC
hypothesis for the USA. Environ Sci Pollut Res 23(2):1203–1213

Dong K, Renjin S, Gal H (2018) Energy intensity and energy conserva-
tion potential in China: a regional comparison perspective. Energy
155:782–795

Dumitrescu EI, Hurlin C (2012) Testing for Granger non-causality in
heterogeneous panels. Econ Model 29:1450–1460

EIA (2018) US Energy Information Administration, 2018 Available at
http://www.eia.gov/countries/data.cfm

Erdoğan S, Gedikli A, Kırca M (2019) A note on time-varying causality
between natural gas consumption and economic growth in Turkey. Res
Policy 64:101504. https://doi.org/10.1016/j.resourpol.2019.101504

Esso LJ, Keho Y (2016) Energy consumption, economic growth and
carbon emissions: Cointegration and causality evidence from select-
ed African countries. Energy 114:492–497

Evensen D, Stedman R (2016) Scale matters: variation in perceptions of
shale gas development across national, state, and local levels.
Energy Res Soc Sci 20:14–21

Ferree P, Smith PW (2011) employment and wage changes in oil-
producing counties in the Bakken formation, 2007–2011.
Available at http://www.bls.gov/opub/btn/volume-2/pdf/
employment-wages-bakken-shale-region.pdf

Fleming D., Komarek T., Partridge M et al (2015) The booming socio-
economic impacts of shale: a review of findings and methods in the
empirical literature. Available at https://mpra.ub.uni-muenchen.de/
68487/

Geng JB, Ji Q, Fan Y (2016) The impact of the North American shale gas
revolution on regional natural gas markets: evidence from the
regime-switching model. Energy Policy 96:167–178

Gong B (2018) The shale technical revolution–cheer or fear? Impact
analysis on efficiency in the global oilfield service market. Energy
Policy 112:162–172

Granger CW (2003) Some aspects of causal relationships. J Econ 112:69–
71

Hartley PR, Medlock KB, Temzelides T et al (2015) Local employment
impact from competing energy sources: shale gas versus wind gen-
eration in Texas. Energy Econ 49:610–619

Hausman C, Kellogg R (2015) Welfare and distributional implications of
shale gas. Natl Bureau Econ Res No: 21115

Huang T, Yiman L, Zhonghe P et al (2017) Groundwater Baseline Water
Quality in a Shale Gas Exploration Site and Fracturing Fluid -Shale
Rock Interaction. Procedia Earth Planet Sci 17:638–641

IEA (2016) International Energy Agency. Available at https://www.iea.
org/

IHS CERA (2012) The Economic and Employment contributions of un-
conventional gas development in states economies. Available at
http://www.anga.us/media/content/F7D4500D-DD3A-1073-
DA3480BE3CA41595/files/state_unconv_gas_economic_
contribution.pdf

Ikonnikova S, Gülen G, Browning J et al (2015) Profitability of shale gas
drilling: a case study of the Fayetteville shale play. Energy 81:382–393

Jacoby HD, O’Sullivan FM, Paltsev S (2012) The influence of shale gas
on U.S. energy and environmental policy. Econ Energy Environ
Policy 1:37–51

JPP (Joint Petroleum& Pipe Supply Inc.) (2017) TheMarcellus shale gas
boom in Pennsylvania: employment and wage trends, 2017-08-11.
Available at http://jppsteel.com/2017/08/11/the-marcellus-shale-
gas-boom-in-pennsylvania-employment-and-wage-trends/

Environ Sci Pollut Res (2020) 27:12001–12016 12015

http://marcelluscoalition.org/wp-content/uploads/2012/06/State_Unconv_Gas_Economic_Contribution_Main.pdf
http://marcelluscoalition.org/wp-content/uploads/2012/06/State_Unconv_Gas_Economic_Contribution_Main.pdf
http://marcelluscoalition.org/wp-content/uploads/2012/06/State_Unconv_Gas_Economic_Contribution_Main.pdf
https://www.files.ethz.ch/isn/171589/Energy_Brief_Brown_Yucel.pdf
https://www.files.ethz.ch/isn/171589/Energy_Brief_Brown_Yucel.pdf
https://www.api.org/~/media/Files/News/2010/API%20Economic%20Impacts%20Marcellus%20Shale.pdf
https://www.api.org/~/media/Files/News/2010/API%20Economic%20Impacts%20Marcellus%20Shale.pdf
https://californiapolicycenter.org/the-benefits-and-costs-of-oil-and-gas-development-in-california/
https://californiapolicycenter.org/the-benefits-and-costs-of-oil-and-gas-development-in-california/
http://www.jlcny.org/site/attachments/017_PA-Marcellus-Updated-Economic-Impacts-5-1.24.10.3.pdf
http://www.jlcny.org/site/attachments/017_PA-Marcellus-Updated-Economic-Impacts-5-1.24.10.3.pdf
https://www.bls.gov/opub/mlr/2014/article/pdf/the-marcellus-shale-gas-boom-in-pennsylvania.pdf
https://www.bls.gov/opub/mlr/2014/article/pdf/the-marcellus-shale-gas-boom-in-pennsylvania.pdf
https://www.bls.gov/opub/mlr/2014/article/pdf/the-marcellus-shale-gas-boom-in-pennsylvania.pdf
http://www.eia.gov/countries/data.cfm
https://doi.org/10.1016/j.resourpol.2019.101504
http://www.bls.gov/opub/btn/volume-2/pdf/employment-wages-bakken-shale-region.pdf
http://www.bls.gov/opub/btn/volume-2/pdf/employment-wages-bakken-shale-region.pdf
https://mpra.ub.uni-muenchen.de/68487/
https://mpra.ub.uni-muenchen.de/68487/
https://www.iea.org/
https://www.iea.org/
http://www.anga.us/media/content/F7D4500D-DD3A-1073-DA3480BE3CA41595/files/state_unconv_gas_economic_contribution.pdf
http://www.anga.us/media/content/F7D4500D-DD3A-1073-DA3480BE3CA41595/files/state_unconv_gas_economic_contribution.pdf
http://www.anga.us/media/content/F7D4500D-DD3A-1073-DA3480BE3CA41595/files/state_unconv_gas_economic_contribution.pdf
http://jppsteel.com/2017/08/11/the-marcellus-shale-gas-boom-in-pennsylvania-employment-and-wage-trends/
http://jppsteel.com/2017/08/11/the-marcellus-shale-gas-boom-in-pennsylvania-employment-and-wage-trends/


Jumbe CB (2004) Cointegration and causality between electricity con-
sumption and GDP: empirical evidence from Malawi. Energy Econ
26:61–68

Koçak E, Şarkgüneşi A (2017) The renewable energy and economic
growth nexus in Black Sea and Balkan countries. Energy Policy
100:51–57

Kraft J, Kraft A (1978) Relationship between energy and GNP. J Energy
Dev 3:401–403

Madlener R, Sunak Y (2011) Impacts of urbanization on urban structures
and energy demand: what can we learn for urban energy planning
and urbanization management? Sustain Cities Soc 1:45–53

Mathieu M, Spencer T, Sartor O (2014) Economic analysis of the US
unconventional oil and gas revolution. Available at http://voxeu.org/
article/limited-economic-impact-us-shale-gas-boom

Measham TG, Fleming DA (2014) Socio-economics: assess benefits and
costs of shale energy. Nature 510(7506):473

Medlock KB, Jaffe AM, Hartley PR (2011) Shale gas and US national
security. Available at https://scholarship.rice.edu/handle/1911/
91352

Mele M (2019) Economic growth and energy consumption in Brazil:
cointegration and causality analysis. Environ Sci Pollut Res 26:1–
7. https://doi.org/10.1007/s11356-019-06161-3

Munasib A, Rickman DS (2014) Regional economic impacts of the shale
gas and tight oil boom: A synthetic control analysis. Munich
Personal RePEc Archive. Working Paper No. 57681

Munasib A, Rickman DS (2015) Regional economic impacts of the shale
gas and tight oil boom: a synthetic control analysis. Reg Sci Urban
Econ 50:1–17

Nawaz K, Lahiani A, Roubaud D (2019) Natural resources as blessings
and finance-growth nexus: a bootstrapARDL approach in an emerg-
ing economy. Res Policy 60:277–287

Nikiforuk A (2013) Shale gas: how clean is it? Originally published by
The Tyee January 11, 2013. Available at https://www.resilience.org/
stories/2013-01-11/shale-gas-how-clean-is-it/

Nyquist S, Lund S (2014) Shale revolution: opportunity to jump-start
economic growth. Available at https://www.forbes.com/sites/
realspin/2014/11/19/the-shale-revolution-is-an-opportunity-to-
jump-start-economic-growth-in-u-s/#30f9fb7716a2

Ozturk I (2010) A literature survey on energy–growth nexus. Energy
Policy 38:340–349

Papatulica M (2014) Arguments pro and against shale gas exploitation
worldwide and in Romania. Procedia Econ Finance 8:529–534

Parikh J, Shukla V (1995) Urbanization, energy use and greenhouse
effects in economic development: results from a cross-national study
of developing countries. Glob Environ Chang 5:87–103

Payne JE (2009) On the dynamics of energy consumption and output in
the US. Appl Energy 86:575–577

Payne JE (2010) A survey of the electricity consumption-growth litera-
ture. Appl Energy 87:723–731

Payne JE (2011) On biomass energy consumption and real output in the
US. Energy Sour Part B Econ Plan Policy 6:47–52

Payne JE, Taylor JP (2010) Nuclear energy consumption and economic
growth in the US: an empirical note. Energy Sour Part B Econ Plan
Policy 5:301–307

PesaranMH (2004) General diagnostic tests for cross section dependence
in panels. Available at https://www.repository.cam.ac.uk/handle/
1810/446

Pesaran MH (2007) A simple panel unit root test in the presence of cross
section dependence. J Appl Econ 22:265–312

Pesaran MH, Yamagata T (2008) Testing slope homogeneity in large
panels. J Econ 142:50–93

Pesaran MH, Ullah A, Yamagata T (2008) A bias-adjusted LM test of
error cross section independence. Econ J 11:105–127

Sari R, Ewing BT, Soytas U (2008) The relationship between disaggre-
gate energy consumption and industrial production in the United
States: an ARDL approach. Energy Econ 30:2302–2313

Shahbaz M, Lean HH (2012) The dynamics of electricity consumption
and economic growth: a revisit study of their causality in Pakistan.
Energy 39(1):146–153

Soytas U, Sari R, Ewing BT (2007) Energy consumption, income, and
carbon emissions in the United States. Ecol Econ 62:482–489

Stern DI (1993) Energy and economic growth in the USA: a multivariate
approach. Energy Econ 15:137–150

Stern DI (2000)Amultivariate cointegration analysis of the role of energy
in the US macroeconomy. Energy Econ 22:267–283

Stern DI (2004) Economic growth and energy. Encycl Energy 2:35–51
Swamy PA (1970) Efficient inference in a random coefficient regression

model. Econom 38:311–323
Taheripour F, Tyner WE (2015) Measuring the economic and environ-

mental impacts of using shale oil and gas resources: a computable
general equilibrium modeling approach. Adv Econ Bus 3:479–495

Tiwari AK, Mukherjee Z, Gupta R, Balcilar M (2019) Awavelet analysis
of the relationship between oil and natural gas prices. Res Policy 60:
118–124

To H, Wijeweera A, Charles MB (2013). Energy consumption and eco-
nomic growth-the case of Australia. Available at https://www.
murdoch.edu.au/School-of-Business-and-Governance/_document/
Australian-Conference-of-Economists/Energy-consumption-and-
economic-growth.pdf

Tuna G, Tuna VE (2019) The asymmetric causal relationship between
renewable and NON-RENEWABLE energy consumption and eco-
nomic growth in the ASEAN-5 countries. Res Policy 62:114–124

Ummalla M, Samal A (2018) The impact of hydropower energy con-
sumption on economic growth and CO 2 emissions in China.
Environ Sci Pollut Res 25(35):35725–35737

US Bureau of Economic Analysis (2018) https://www.bea.gov/data/gdp/
gdp-state. Accessed 16 June 2019

Van der Ploeg F, Rezai A (2019) Simple rules for climate policy and
integrated assessment. Environ Resour Econ 72(1):77–108

Wakamatsu H, Aruga K (2013) The impact of the shale gas revolution on
the US and Japanese natural gas markets. Energy Policy 62:1002–
1009

WangQ, Li R (2016) Natural gas from shale formation: a research profile.
Renew Sust Energ Rev 57:1–6

Wang Q, Chen X, Jha AN, Rogers H (2014) Natural gas from shale
formation–the evolution, evidences and challenges of shale gas rev-
olution in United States. Renew Sust Energ Rev 30:1–28

Weber JG (2012) The effects of a natural gas boom on employment and
income in Colorado, Texas, and Wyoming. Energy Econ 34:1580–
1588

Weber JG (2013). In the good times and the bad: shale gas development
and local employment. Available at https://wrdc.usu.edu/files-ou/
publications/pub__6393017.pdf

Westerlund J (2007) Testing for error correction in panel data. Oxford B
Econ Stat 69(6):709–748

Whyman BP (2015) Shale gas and regional economic development: en-
hancing local economic impact. Local Econ 30(2):215–230

Yildirim E, Saraç Ş, Aslan A (2012) Energy consumption and economic
growth in the USA: evidence from renewable energy. Renew Sust
Energ Rev 16:6770–6774

Yu ESH, Choi JY (1985) Causal relationship between energy and GNP:
an international comparison. J Energy Dev 10:24–72

Yu ESH, Hwang BK (1984) The relationship between energy and GNP:
further results. Energy Econ 6:186–190

Yu ESH, Jin JC (1992) Cointegration tests of energy consumption, in-
come, and employment. Resour Energy 14:259–266

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Environ Sci Pollut Res (2020) 27:12001–1201612016

http://voxeu.org/article/limited-economic-impact-us-shale-gas-boom
http://voxeu.org/article/limited-economic-impact-us-shale-gas-boom
https://scholarship.rice.edu/handle/1911/91352
https://scholarship.rice.edu/handle/1911/91352
https://doi.org/10.1007/s11356-019-06161-3
https://www.resilience.org/stories/2013-01-11/shale-gas-how-clean-is-it/
https://www.resilience.org/stories/2013-01-11/shale-gas-how-clean-is-it/
https://www.forbes.com/sites/realspin/2014/11/19/the-shale-revolution-is-an-opportunity-to-jump-start-economic-growth-in-u-s/#30f9fb7716a2
https://www.forbes.com/sites/realspin/2014/11/19/the-shale-revolution-is-an-opportunity-to-jump-start-economic-growth-in-u-s/#30f9fb7716a2
https://www.forbes.com/sites/realspin/2014/11/19/the-shale-revolution-is-an-opportunity-to-jump-start-economic-growth-in-u-s/#30f9fb7716a2
https://www.repository.cam.ac.uk/handle/1810/446
https://www.repository.cam.ac.uk/handle/1810/446
https://www.murdoch.edu.au/School-of-Business-and-Governance/_document/Australian-Conference-of-Economists/Energy-consumption-and-economic-growth.pdf
https://www.murdoch.edu.au/School-of-Business-and-Governance/_document/Australian-Conference-of-Economists/Energy-consumption-and-economic-growth.pdf
https://www.murdoch.edu.au/School-of-Business-and-Governance/_document/Australian-Conference-of-Economists/Energy-consumption-and-economic-growth.pdf
https://www.murdoch.edu.au/School-of-Business-and-Governance/_document/Australian-Conference-of-Economists/Energy-consumption-and-economic-growth.pdf
https://www.bea.gov/data/gdp/gdp-state
https://www.bea.gov/data/gdp/gdp-state
https://wrdc.usu.edu/files-ou/publications/pub__6393017.pdf
https://wrdc.usu.edu/files-ou/publications/pub__6393017.pdf

	The shale gas production and economic growth in local economies across the US
	Abstract
	Introduction
	Literature review
	Data description and methods of estimation
	Data description
	Methods of estimation
	Cross-sectional dependence and heterogeneity
	The individual cross-sectionally augmented DF unit root test
	Westerlund (2007) panel cointegration test
	Panel causality test


	Findings
	The practical facts underpinnings of the estimation output
	Discussion, conclusion, and policy implications
	Discussion and conclusion
	Policy implications

	References




