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ABSTRACT

This paper examines the relationship between greenhouse gas (GHG) emissions, energy consumption and economic growth with panel data of the six gulf
cooperation council (GCC) countries - Saudi Arabia, Kuwait, United Arab Emirates, Qatar, Bahrain, and Oman over the period 1996-2017. This study empirical
results show that exists of bidirectional causal relationship between energy consumption and economic growth. However, the results support the occurrence of
unidirectional causality from energy consumption to GHG emissions without any feedback eftects, and there exists bidirectional causal relationship between
economic growth and GHG emissions for the region as a whole. The study suggests that environmental and energy policies should recognize the differences

in the relationship between energy consumption and economic growth in order to maintain sustainable economic growth in GCC region.

Keywords: Environmental Kuznets Curve, Environmental Degradation, Energy Consumption, Economic Growth

JEL Classifications: N50, Q00, O13, 047

1. INTRODUCTION

The relationship between greenhouse gas (GHG) emissions,
energy consumption and economic growth has been the subject of
considerable academic research over the past few decades. According
to the Environmental Kuznets curve (EKC) hypothesis, as output
increases, GHG emissions increase as well until some threshold level
of output was reached after which these emissions begin to decline.
The main reason for studying GHG emissions is that they play a
vital role in the current debate on the environment protection and
sustainable development. Economic growth is also closely linked to
energy consumption since higher level of energy consumption leads to
higher economic growth. However, it is also likely that more efficient
use of energy resources requires a higher level of economic growth.

In literature, the relationship between environment—energy—
growth has attracted attention of researchers in different countries

for a long time. Roughly, we can categorize past studies in this
field into three strands. The first focuses on the validity of the
EKC hypothesis. EKC is based on the theory asserted by Kuznets
(1955) that an inverted U-shaped relationship exists between
economic growth and income inequality. According to this theory,
the wealth and capital accumulations of those who experience the
first income growth due to industrialization, which is one of the
first stages of economic growth, and industrial activities, will rise,
thereby resulting in income inequality. Grossman and Krueger
(1991; 1995), Shafik and Bandyopadhyay (1992), Panayotou
(1993), Selden and Song (1994), Ang (2007) and Saboori et al.
(2012) carried out such kind of relationship that environmental
pollution levels increase as a country growth and industrialization
are achieved, but begin to decrease as rising incomes pass beyond
a turning point. Dinda (2004) offer extensive review surveys of
these studies. Friedl and Getzner (2003) and Managi and Jena
(2008) also study the same relationship. However, a higher level
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of national income does not necessarily warrant greater efforts
to contain the GHG emissions. Jaunky (2010) investigated the
Environment Kuznet’s Curve (EKC) hypothesis for 36 high-
income economies (including Bahrain, Oman and UAE) over the
period 1980-2005. Unidirectional causality running from gross
domestic product (GDP) per capita to GHG emissions per capita
has been identified in both the short-and long-run. On the other
hand, Richmond and Kaufman (2006) concluded that there is
no significant relationship between economic growth and GHG
emissions.

The second strand of researches focuses on the nexus between
energy consumption and economic growth. This nexus suggests
that higher economic growth requires more energy consumption
and more efficient energy use needs a higher level of economic
growth. Since the pioneer work of Kraft and Kraft (1978), Granger
causality test approach has become a popular tool for studying the
relationship between economic growth and energy consumption
in different countries, e.g., Stern (1993), Belloumi (2009), Pao
(2009) and Ghosh (2010). However, Belloumi (2009) has used
a vector error-correction model (VECM) and showed that, in
Tunisia, there is a causal relationship between energy consumption
and income over the period of 1971-2004. Similarly, Altinay
and Karagol (2004) investigated the causal relationship between
electricity consumption and real GDP in Turkey over the period
of 1950-2000. They showed that both used tests have yielded
a strong evidence for unidirectional causality running from the
electricity consumption to income. This implies that the supply
of electricity is vitally important to meet the growing electricity
consumption, and hence to sustain economic growth in Turkey.

Finally, most previous studies have shown that economic growth
would likely lead to changes in CO, emissions. It has also found
that energy consumption is often a key determinant of CO,
emissions. It is therefore worthwhile to examine the nexus between
economic growth, energy and CO, emissions by considering them
simultaneously in a modeling framework. In this strand, Ang
(2007) and Soytas et al. (2007) initiated this combined strand
of research. Recent works include Halicioglu (2009) and Zhang
and Cheng (2009) for a single country study. Halicioglu (2009)
and Zhang and Cheng (2009) extended the above mentioned
multivariate framework further by including the impacts of
foreign trade and urban population, respectively into the nexus, in
order to address omitted variable bias in econometric estimation.
Also, based on panel error-correction model, Arouri et al. (2012)
have tested the relationship between CO, emissions, energy
consumption, and real GDP for 12 Middle East and North African
Countries (MENA) over the period 1981-2005. They showed that
the real GDP exhibits a quadratic relationship with CO, emissions
for the region as a whole. The econometric relationships derived
in this study suggest that future reductions in carbon dioxide
emissions per capita might be achieved at the same time as GDP
per capita in the MENA region continues to grow.

This paper used simultaneous equations based on structural
modelling to study of the relationship between energy consumption,
GHG emissions and economic growth in the gulf cooperation
council (GCC) region. GCC region has the largest energy reserves

in the world. Yet while the region is trying to industrialize and
modernize its economies, they are facing the challenges of the
GHG emission and energy consumption is the most significant
source of pollution.

The paper examines the interrelationship between GHG emission,
energy consumption and economic growth over the period 1996—
2017 in case of six GCC countries by using generalized method of
moments (GMM) technique. Study uses three structural equation
models, which allows one to simultaneously examine the impact
of GHG emissions and energy consumption on economic growth,
GHG emissions and economic growth on energy consumption and
economic growth and energy consumption on GHG emissions.

The rest of the paper is structured as follows. Section II, gives
a brief review the theoretical background and empirical studies.
Section III discusses the modeling framework and estimation
results. Final section concludes the study and discusses the policy
implications.

2. THEORY AND EVIDENCE

Since the early 1990s, a considerable number of empirical studies
empirically examining the EKC hypothesis for many countries
using a variety of indicators of environmental degradation (carbon
dioxide emissions, sulphur dioxide emissions, exhaust emission,
wastewater discharge, municipal waste and deforestation, etc.)
and economic development indicators, and more particularly the
EKC hypothesis, using the tools of econometric analysis a (linear,
non-linear, pure-parametric, semi-parametric, non-parametric, and
cubic). Typically, the empirical models analysing EKC assert an
indicator of environmental degradation as a dependent variable
vis-a-vis indicators of economic development.

Many past studies on the linkages between GHG emissions,
energy consumption, and economic growth. Most of the studies
dealing with the relationship between GHG emissions, energy
consumption, and economic growth seem considerably but fewer
than those dealing with causality between energy consumption and
economic growth. Lean and Smyth’s (2010) VECM analysis for
five Association of Southeast Asian Nations (ASEAN) countries
over the period 1980-2006 is a typical example of such an
approach.

Holtz-Eakin and Selden (1995) examine the relationship between
economic development and carbon dioxide emissions, a GHG
central to global warming predictions by EKC hypothesis approach
in 130 countries between 1951 and 1986. The results showed that
diminishing marginal propensity to emit carbon dioxide as GDP
per capita rises. Finally, their sensitivity analyses suggest that the
overall pace of economic development does not dramatically alter
the future annual or cumulative flow of CO, emissions.

Richmond and Kaufman (2006) examine the relationship between
income and energy use and/or carbon emissions in 36 countries
between 1973 and 1997. The results indicate that fuel mix, the
specification for income, and the level of economic development
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affect conclusions about whether there is a turning point in the
relationship between economic activity and energy use and carbon
emissions. The results also indicate that forecasters and policy
makers should not depend on a turning point in the relationship
between income and energy use or carbon emissions to reduce
either.

Saboori et al. (2012) examine the relationship between long-run
as well as causal relationship between economic growth and
carbon dioxide (CO,) emissions for Malaysia by EKC hypothesis
approach for the years 1980 and 2009. The results showed that
the existence of a long-run relationship between per capita CO,
emissions and real per capita GDP. Study found an inverted-U
shape relationship between CO, emissions and GDP in both short
and long-run, thus supporting the EKC hypothesis. The results
also showed an absence of causality between CO, emissions
and economic growth in the short-run while representing uni-
directional causality from economic growth to CO, emissions in
the long-run.

Stern (1993) examines the relationship between GDP and energy
use for the period 1947-90 in the USA by using multivariate
adaptation of the test-vector autoregression (VAR) model. A VAR
of GDP, energy use, capital stock and employment is estimated
and Granger tests for causal relationships between the variables
are carried out. The results showed there is no evidence that gross
energy use Granger causes GDP, a measure of final energy use
adjusted for changing fuel composition does Granger cause GDP.

Yuan et al. (2007) examines the relationship between the existence
and direction of causality between output growth and energy use
for the period 1963-2005 in China at both aggregated total energy
and disaggregated levels as coal, oil and electricity consumption.
Using the Johansen cointegration technique, the result indicated
that there exists long-run cointegration among output, labor, capital
and energy use in China. Then using a VEC specification, the
short-run dynamics indicated that there exists Granger causality
running from electricity and oil consumption to GDP, but does
not exist Granger causality running from coal and total energy
consumption to GDP.

Belloumi (2009) examines the relationship between per capita
energy consumption and per capita GDP for the period 1971-2004
in Tunisia by using vector error correction model (VECM).
The results showed that per capita energy consumption and per
capita GDP are related by one cointegrating vector and that there
is a long-run bi-directional causal relationship and a short-run
unidirectional causality from energy to GDP.

Ghosh (2010) examines the relationship between CO, emissions
and economic growth for the period 1971-2006 in India by using
ARDL bounds testing approach complemented by Johansen-
Juselius maximum likelihood procedure in a multivariate
framework. The result showed miscellaneous results such as study
fails to establish long-run equilibrium relationship and long term
causality between CO, emissions and economic growth; however,
there exists a bi-directional short-run causality between the two.
Results also suggest unidirectional short-run causality running

from economic growth to energy supply and energy supply to
carbon emissions.

Ang (2007) examines the the dynamic causal relationships
between pollutant emissions, energy consumption, and output for
the period 1960-2000 in France using cointegration and VECM
techniques. The results provided an evidence for the existence
of robust long-run relationship between the taken variables. The
results also supported the argument that economic growth exerts a
causal influence on growth of energy use and growth of pollution
in the long run and unidirectional causality running from growth
of energy use to output growth in the short run.

Apergis and Payne (2009) extended the work of Ang (2007)
by examined the causal relationship between carbon dioxide
emissions, energy consumption, and output within a panel vector
error correction model for six Central American countries over
the period 1971-2004 by using EKC hypothesis, panel VECM
techniques. This study result found that in long-run equilibrium
energy consumption has a positive and statistically significant
impact on emissions while real output exhibits the inverted
U-shape pattern associated with the EKC hypothesis and the
short-run dynamics indicated unidirectional causality from energy
consumption and real output, respectively, to emissions along
with bidirectional causality between energy consumption and real
output and bidirectional causality between energy consumption
and emissions in the long-run.

Soytas et al. (2007) investigated the effect of energy consumption
and output on carbon emissions for the period 1960-2004 in the
United States by using EKC hypothesis, Granger causality test. The
results showed that income does not Granger cause CO, emissions
in the US in the long run, but energy use does.

Halicioglu (2009) examined the dynamic causal relationships
between carbon emissions, energy consumption, income, and
foreign trade in the case of Turkey using the time-series data for the
period 1960-2005. The results indicated that there exist two forms of
long-run relationships between the variables, first carbon emissions
are determined by energy consumption, income and foreign trade
and secondly long-run relationship so income is determined by
carbon emissions, energy consumption and foreign trade.

Soytas and Sari (2009) also investigated the long run Granger
causality relationship between economic growth, carbon dioxide
emissions and energy consumption for the period 1960-2005 in
Turkey by using auto regressive distributed lag (ARDL), vector
error correct model (VECM) and Johansen—Juselius techniques.
The result showed that carbon emissions seem to Granger cause
energy consumption, but the bidirectional is not possible. The
weak long run causal link between income and emissions may be
implying that to reduce carbon emissions, Turkey does not have
to forgo economic growth.

Zhang and Cheng (2009) investigated the existence and
direction of Granger causality between economic growth, energy
consumption, and carbon emissions for the period 1960-2007 in
China by using multivariate model of economic growth, energy
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use, carbon emissions, capital and urban population. Results found
that unidirectional Granger causality running from GDP to energy
consumption, and a unidirectional Granger causality running from
energy consumption to carbon emissions in the long run.

Chang (2010) investigated the case of China based on the
aggregate data for the period 1981-2006 to re-examine the
relationships between CO, emissions, energy and real economic
output in China by considering the differences of various regions
in economic development and energy consumption. The purpose of
this study is to use China’s provincial panel data to conduct such an
empirical analysis using the model proposed by Ang (2007) and the
novel econometric approach given by Apergis and Payne (2009).

Lean and Smyth (2010) analysed the relationship in between CO,
emissions, Energy consumption and GDP nexus over the period
1980-2006 for five ASEAN countries by using VECM. Based on
quadratic specification, they concluded, among other, that there is
a statistically significant non-linear relationship between emissions
and economic growth in support of EKC.

Ozturk and Acaravci (2010) examined relationship between economic
growth, CO, emissions, energy consumption and employment ratio
over the period 1968-2005 for Turkey by using autoregressive
distributed lag (ARDL) bounds testing approach of cointegration.
Results suggested a long-run relationship between the variables.
Results also found that neither carbon emissions per capita nor energy
consumption per capita cause real GDP per capita, but employment
ratio causes real GDP per capita in the short run. The overall results
indicates that energy conservation policies, such as rationing energy
consumption and controlling carbon dioxide emissions, are likely to
have no adverse effect on the real output growth.

Arouri et al. (2012) extended the findings of Liu and Muse
(2005), Ang (2007) and Apergis and Payne (2009) to investigated
the relationship between carbon dioxide emissions, energy
consumption, and real GDP over the period 1981-2005
for 12 MENA Countries by using panel unit root tests and
cointegration techniques. Results showed that in the long-run
energy consumption has a positive significant impact on CO,
emissions and real GDP exhibits a quadratic relationship with
CO, emissions for the region as a whole. However, although
the estimated long-run coefficients of income satisfy the EKC
hypothesis in most studied countries. Kapusuzo glu (2014) uses
variance decomposition within cointegration analysis to provide
similar evidence on the causality from CO, emissions to GDP in
developing economies, but not in OECD and European countries.

Heidari etal. (2015) investigated the relationship between economic
growth, carbon dioxide (CO,) emissions, and energy consumption
with an aim to test the validity of the EKC hypothesis in five ASEAN
countries by applying the panel smooth transition regression (PSTR)
model as a new econometric technique. The results showed that
energy consumption lead to increase CO, and supported the validity
of the EKC hypothesis in the ASEAN countries.

Li and Yang (2016) examined the dynamic impact of non-fossil
energy consumption on carbon dioxide (CO,) emissions for the

period 1965 and 2014 in China by using an autoregressive distributed
lag model (ARDL). The results suggested that consumption of non-
fossil energy plays a crucial role in curbing CO, emissions in the
long run but not in the short term. The results also suggested that, in
both the long and short term, energy consumption and trade openness
have a negative impact on the reduction of CO, emissions, while
GDP per capita increases CO, emissions only in the short term.
Finally, the Granger causality test indicates bidirectional causality
between CO, emissions and energy consumption.

GHG emission, energy consumption and economic growth are
thus clearly related, and this relationship has occupied the minds
of economists although the channels and even the direction of
causality have remained unresolved in both theory and empirics.

3. MODEL AND RESULTS

The purpose of this paper is to examine the interrelationship
between GHG emission, energy consumption and economic
growth for six GCC countries using annual data over the period
1996-2017. We consider these variables are endogenous variables.
Most existing literature showed that economic growth would
likely lead to change in GHG emission and energy consumption
is a key indicator for GHG emission. So it is worth investigating
interrelationship between these three variables simultaneously in
a modelling framework.

Following the standard growth theories we employ the Cobb-—
Douglas production function to investigate the three-way linkages
between GHG emissions, energy consumption and economic growth
including capital and labor as proxy variable of production. Menyah
and Wolde-Rufael (2010), and Shahbaz and Lean (2012), among
others, include the energy and GHG emissions variables in their
empirical model to examine the impact of these two variables on
economic growth. The general form of the Cobb-Douglas production
function after the logarithmic transformation is as follows:

In(YeyHB,+B,In(EC)+B,In(GHG y+B,In(K )+B,(L )+, (1)

Where ¢, is the error term. Variable Y is real GDP per capita; E, C,
K and L denote per capita energy consumption (EC), per capita
GHG emission, the real capital and labor respectively. We have
converted all the series into logarithms to linearize the form of
the nonlinear Cobb—Douglas production. It should be noted that
simple linear specification does not seem to provide consistent
results. Therefore, to cover this problem, we use the log-linear
specification to investigate the inter relationship between GHG
emissions, energy consumption and economic growth in six
GCC countries. The three-way linkages between these variables
are empirically examined by making use of the following three
simultaneous equations:

ln(Yt)+ﬁ0+ﬁ1ln(ECt)+ﬁ21n(GHGt)+ﬁ3(Kt)+,b’ 4(Lt)+.9t 2)
In(EC)+f,+p In(Y )+, In(GHG )+ In(FD )+, (POP )+e, 3)

In(GHG )+, +f In(Y )+, In(EC )+, In(URBAN )+, (OPEN )tz (4)
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Equation 2 examines the energy consumption, GHG emission on
economic growth including labor and capital as the proxy variables.
An increase in energy consumption leads to an increase in GDP per
capita as also mentioned in study by (Sharma, 2010) that energy
as input in the production process has directly proportionate to the
county GDP. Moreover, the level of GHG emissions can influence
GDP per capita (Apergis and Payne, 2009; Saboori et al., 2012).
This implies that environmental degradation has a causal impact
on economic growth, and a persistent decline in environmental
quality may exert a negative externality to the economy.

Equation 3 examines the determinants of energy consumption
per capita (EC). Economic growth, which is proxyed by GDP per
capita, is likely to have a positive impact on energy consumption,
i.e., an increase in the GDP per capita leads to an increase in
energy consumption per capita (Lotfalipour et al., 2010; Zhang and
Cheng, 2009). Past studies on EKC shows that the level of GHG
emissions usually increases with energy consumption (Apergis and
Payne, 2009; Halicioglu, 2009; Lean and Smyth, 2010). Financial
development (FD), which is measured by total credit as a fraction
of GDP, is likely to have a positive impact on energy consumption
(Islam et al., 2013). POP indicates the total population. Islam et al.
(2013) emphasized the importance of population in determining
the level of GHG emissions.

Equation 4 examines the determinants of GHG emissions per capita.
Energy consumption, which is measured by kg of oil equivalent
per capita, is likely to have an increase in GHG emissions (Wang
et al., 2011). Moreover, under the EKC hypothesis an increase
in income is associated with an increase in GHG emissions. The
URBAN indicates urbanization (% urban population of the total)
(Hossain, 2011) has emphasized the importance of urbanization
in determining the level of carbon dioxide emissions. OPEN
indicates trade openness (% net expot of the GDP). On the other
hand, Andersson et al. (2009) has insisted on the importance of
foreign trade in determining the level of GHG emissions.

The generalized method of moments is the estimation method most
commonly used in models with panel data and in the multiple-
way linkages between certain variables. This method uses a set
of instrumental variables to solve the endogeneity problem. It
is well-known that the GMM method provides consistent and
efficient estimates in the presence of arbitrary heteroskedasticity.
Moreover, most of the diagnostic tests discussed in this study can
be cast in a GMM framework. Hansen’s test was used to test the
over identifying restrictions in order to provide some evidence
of the instruments’ validity. The instruments’ validity is tested
using Hansen test which cannot reject the null hypothesis of
over identifying restrictions. That is, the null hypothesis that the
instruments are appropriate cannot be rejected. The Durbin-Wu-
Hausman test was used to test the endogeneity. The null hypothesis
was rejected, suggesting that the ordinary least squares estimates
might be biased and inconsistent and hence the OLS was not an
appropriate estimation technique.

This paper uses annual time series data for the period 19962017
which include the real GDP per capita (constant 2000 US$), energy
consumption (kg of oil equivalent per capita), CO, emission as the

proxy for GHG emissions (metric tons per capita), trade openness
(% of net exports of GDP), FD (total credit to private sector as
a ratio of GDP), urbanization (% urban population of the total
population), total population (in thousands), capital stock (constant
2000 US$), and total labour force (% of total population) for six
GCC countries, namely Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia and UAE which are considered for this panel analysis.
The data are obtained from the World Bank’s World Development
Indicators. The selection of the starting period was constrained by
the availability of data.

The detailed statistics, the standard deviation, the mean value, and
the coefficient of variation of different variables for individuals and
also for the panel are given below in Table 1. This table provides
a statistical summary associated with the actual values of the used
variables for each country.

Overall, for the GCC countries, Saudi Arab has the greatest means
and volatilities of per capita emissions, energy consumption
and GDP, while Oman has the lowest means and variances for
per capita CO, emissions and energy consumption. Based on
average trade, which is measured as a percentage of export and
import values of total GDP, relatively low income countries are
more open to trade compared to the high income countries. Based
on urbanization, which is measured as the percentage of urban
population to total population, relatively high income countries
are more urbanized than low income countries.

The above simultaneous equations are estimated by making use
of two-stage least squares (2SLS), 3SLS and the GMM. What
follows, we only report the results of GMM estimation. While
the parameter estimates remained similar in magnitude and sign,
the GMM estimation results are generally found to be statistically
more robust.

While estimating the three-way linkages between GHG emissions-
energy consumption economic growth, FD, population (POP),
urbanization (URBAN), trade openness (OPEN), capital (K)
and labor force (L) are used as influential variables. For testing
endogeneity, the study used the Durbin-Wu-Hausman. In addition,
the Pagan-Hall test was used to test for the presence of significant
heteroskedasticity. The null hypothesis of homoscedasticity was
rejected suggesting that the GMM technique is consistent and
efficient. Then, the validity of the instruments is tested using
Hansen test. In the same order, we performed the augmented
Dickey and Fuller (1979) and Phillips and Perron (1988) unit-
root tests on the used variables. We find that all the series are
stationary in level.

Based on the tests, the estimated coefficients of Equations (2), (3)
and (4) are given in Tables 2-4 respectively. The empirical results
about Equation (2) are presented in Table 2, which shows that
energy consumption has a significant positive impact on GDP per
capita for Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the
United Arab Emirates. This indicates that an increase in energy
consumption tends to promote economic growth (Shahbaz et al.,
2012; Shahbaz et al., 2013; Wong et al., 2013). Since energy is an
important ingredient for economic growth, strong energy policies
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are required to attain sustained economic growth. This result is
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Table 2: Results of panel GMM estimation for equation (2)

Coefficient 7.85% —3.51*
EC 0.38* 0.83%*
GHG —0.24%* —0.08***
K 0.19 0.41%*
L 0.1 —0.46*
Hansen test (P-value) 0.19
Durbin-Wu-Hausman test (P-value) 0.04

Pagan-hall test (P-value) 0.01

13.01* —3.90* 3.40* 7.6 4.20%
0.35%* 0.55* 0.78%* 0.30%* 0.31%*
—0.85%* —0.25% —226%* —0.28* —0.30**
0.05 0.41* —0.09 0.31%** 0.28%*%*
—-0.19 —0.34* —0.36%* —0.69* —0.41*

Author’s estimation: All variables in natural logs. *Indicates significant at 1% level, **indicates significant at 5% level, ***indicates significant at 10% level. GMM: Generalized method

of moments

Table 3: Results of panel GMM estimation for equation (3)

Coefficient 4.70* 3.57%
GDP 0.52%* 0.41*
GHG 0.39%%* 0.05
K —0.19%** 0.23%**
L —0.08 0.16
FD 0.04 0.01
POP 0.20%** 0.08
Hansen test (P-value) 0.10
Durbin-Wu-Hausman test (P-value) 0.02

Pagan-Hall test (P-value) 0.01

—11.47* —14.19* —7.45% —8.37* 5.21%
—0.64* —0.36* 0.40%* 0.423%%* 0.40%*
0.28*** 0.29%* 0.75% 0.20 0.15
0.06 0.18%** 0.04 0.13 0.19%***
—0.19%** —-0.13 0.43%%* —-0.06 0.04
0.35%%* 0.18%** 0.42%* 0.18 0.23%x*
0.27%%* 0.13 —-0.11 0.12 0.02

Author’s estimation: All variables in natural logs. *Indicates significant at 1% level, **Indicates significant at 5% level, ***Indicates significant at 10% level

(Sadorsky, 2010; 2011), (Shahbaz and Lean, 2012), (Islam et al.,
2013), (Shahbaz et al. 2013), and (Wong et al., 2013).

The variable of population has a positive impact on energy
consumption for all countries except for the United Arab Emirates.
It has a significant positive impact for Kuwait and Saudi Arabia.
This indicates that an increase in the population raises energy
consumption. This is consistent with the findings of Batliwala and
Reddy (1993) and Islam et al. (2013). For the panel estimation,
it has an insignificant positive impact of population on energy
consumption.

The empirical results pertaining to Equation (4) are presented in
Table 4. They show that GDP per capita has a significant positive
impact on CO, emissions per capita for Bahrain, Kuwait, Oman,
Qatar and Saudi Arabia. It has a significant negative impact for
the United Arab Emirates. This indicates that an increase in GDP
per capita decrease the carbon emissions per capita in the United
Arab Emirates. For the panel estimation, the GDP per capita
has a significant positive impact on CO, emissions per capita.
(Halicioglu, 2009); (Fodha and Zaghdoud 2010); (Wang et al.
2011); (Jayanthakumaran et al., 2012).

Regarding the energy variable, it is found that energy consumption
per capita has a positive impact on CO, emissions per capita for
all the countries. It has a significant impact for Bahrain, Kuwait
and Saudi Arabia. This indicates that an increase in energy
consumption increase the carbon emissions in these countries.
For the panel estimation, energy consumption per capita has a
significant positive impact on CO, emissions per capita. This
implies that an increase in energy consumption increase the

environment degradation (Soytas et al., 2007) (Halicioglu, 2009)
and (Zhang and Cheng, 2009).

The urbanization variable has a positive significant impact on the
CO, emissions for Kuwait and a negative significant impact only
for the United Arab Emirates as the same result was concluded
for the panel estimation by (Hossain, 2011). However for the
remaining countries, no significant relationship is found.

Therefore, overall results conclude that there is a bidirectional
causal relationship between energy consumption and economic
growth; there is a unidirectional causal relationship from energy
consumption to GHG emissions and a bidirectional causal
relationship between economic growth and pollutant emissions
for the region as a whole. These results validate the three-way
linkages between environmental degradation, energy consumption
and economic growth over the study period of 1996-2017 in six
GCC countries.

4. CONCLUSION AND POLICY
RECOMMENDATIONS

The study conclude that the energy consumption has positive
impact on economic growth by finding a bidirectional causal
relationship between energy consumption and economic growth
which significantly reject the neo-classical assumption that energy
is neutral for economic growth. Energy is a strong variable for the
economic growth in GCC countries with a high level of energy
demand. It’s also found that energy conservation policies has
also negative impact on economic growth and showed there is
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Table 4: Results of panel GMM estimation for equation (4)

Coefficient 15.446* 0.307%%*
GDP 0.670* 0.498*
EC 0.219%* 0.921**
URBAN 0.151* 0.201
OPEN —0.071 —0.037
Hansen test (P-value) 0.13
Durbin-Wu-Hausman test (P-value) 0.00

Pagan-Hall test (P-value) 0.02

—6.194* =7.727* —1.141%* —14.241 —4.624*
0.359* 0.871%* —0.223%** 0.508* 0.261%*
0.178* 0.234 0.370 0.092 0.689*
0.337** 0.421 -0.299%* 0.376 0.221**
—0.049 —0.367 —0.058 —0.045 —0.062

Author’s estimation: All variables in natural logs. *Indicates significant at 1% level, **Indicates significant at 5% level, ***Indicates significant at 10% level. GMM: Generalized method

of moments

a unidirectional causal relationship from energy consumption
to GHG emission without feedback. So GCC countries are
consuming more energy due to expansion of production which
leads to pressure on the environment leading to more emission.
Hence, it is very essential to apply some sorts of pollution control
actions to the whole panel regarding energy consumption. It is
found that bidirectional causality between economic growth and
GHG emissions implies that degradation of the environment has
a causal impact on economic growth, and a persistent decline
in environmental quality may exert a negative externality to the
economy through affecting human health, and thereby it may
reduce productivity in the long run.

The policy recommendations from this study are:

1. Firstly these countries need to embrace more energy
conservation policies to reduce GHG emissions and consider
strict environmental and energy policies. The research and
investment in clean energy should be an integral part of the
process of controlling the GHG emissions and find sources
of energy to oil alternative. These countries can use solar
energy as the substitute of oil. Thus, implementing the
environmental and energy policies and also reconsidering the
strict energy policies can control GHG emissions. As a result,
our environment will be free from pollution.

2. Secondly, high economic growth gives rise to environmental
degrading but the reduction in economic growth will
increase unemployment. The policies with which to tackle
environmental pollutants require the identification of
some priorities to reduce the initial costs and efficiency of
investments. Reducing energy demand, increasing both energy
supply investment and energy efficiency can be initiated with
no damaging impact on the GCC countries’ economic growth
and therefore reduce emissions. At the same time, efforts must
be made to encourage industries to adopt new technologies
to minimize pollution.

3. Lastly the oil exporting countries should have given subsidy
for energy transition from renewable to non-renewable
resources without influence negatively to the economic
growth of these countries and also eliminate the energy price
distortions restrain.
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