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Abstract
This study investigates the impact of globalization, financial development, and energy utilization on environmental sustainability
in the Gulf Cooperation Council (GCC) countries. GCC countries are currently experiencing higher demand and utilization of
energy resources, high global integration, and improvements in the financial sector that poses serious environmental sustainabil-
ity challenges. We have employed a relatively comprehensive proxy, i.e., ecological footprint for environmental sustainability
and more advanced and robust econometric strategies (second-generation) to examine the impact of globalization, financial
development, and energy utilization on environmental sustainability in the GCC countries, which have a significant departure
from the extant literature. The results of this study show that globalization, financial development, and energy utilization are
significantly deteriorating the environmental quality in the GCC countries. Additionally, in order to account for the national
heterogeneity, we have performed country-specific analysis and interestingly, results reveal that globalization, financial devel-
opment, and energy utilization negatively influence the environmental sustainability in each sample country that is consistent
with the findings of overall panel. Furthermore, the findings are robust to various robustness checks that we have performed for
checking the reliability of our main findings. This study also offers some useful policy implications to the stakeholder in general
and specifically concerning the GCC countries for promoting their environmental sustainability.
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Introduction

Currently, sustainable development is a priority/leading goal
for every country across the world. Sustainable development

is an inclusive concept that is comprised of three pillars, such
as economic, social, and environmental sustainability.
However, a major hurdle in materializing the sustainable de-
velopment goal is the environmental degradation that results
from the increasing emission of greenhouse gasses (GHGs). It
has become a major challenge for sustainable development
and relatively a high concern for the world community due
to its hazardous effects on human health and ecological con-
ditions (Ulucak et al. 2019).

Environmental suitability has attracted huge scholarly at-
tention in the extant literature and it is still a heated debate
among scholars. The researchers have examined and reported
the various determinants of environmental quality and recom-
mend sources to build a sustainable environment. Among
others, recently, the globalization, financial development,
and energy utilization are considered the major determinants
of environmental quality and got a huge attention.
Specifically, the existing literature (e.g., Yang et al. 2020;
Godil et al. 2020; Lahiani 2020; Munir et al. 2020; Shahbaz
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et al. 2019; Rehman et al. 2019; Maa et al. 2011) studied the
effect of globalization, financial development, and energy uti-
lization on environmental quality (proxy with CO2 emis-
sions). However, the existing literature still has not reached a
consensus regarding the specific effects of aforementioned
variables on environmental quality.

In the existing environmental quality literature,
scholars have commonly used carbon dioxide (CO2) emis-
sion to proxy for environmental sustainability/quality.
However, CO2 emission as a proxy of environmental deg-
radation is subject to wide criticism. Researchers argue
that CO2 emission constitutes only a small portion of the
overall environment scenario and it also does not fully
capture the environmental degradation (Sabir and Gorus
2019; Zafar et al. 2019a, b; Al-Mulali and Ozturk 2015).
Similarly, Bartelmus (2008) articulated that although CO2

emission is commonly analyzed in environmental litera-
ture, however, there are some other factors, e.g., quality
of soil, forest, cropping, and water, that are severely vul-
nerable to the ecological threats, although these factors
are an important part of the ecosystem but got limited
attention in the existing literature.

In the same vein, Ulucak and Apergis (2018) argued that
CO2 emission is not an inclusive proxy of environmental sus-
tainability; specifically, it does not consider the stocks of re-
sources, e.g., oil, soil, mining, and forests. Nevertheless, there
is a need to employ a comprehensive proxy in environmental
quality modeling that mimics the limitations associated with
CO2 emissions and provides useful insight to policymakers
about environmental sustainability. In this context, ecological
footprint (EFP) is broadly recognized as a more comprehen-
sive indicator of environmental degradation specifically the
environmental sustainability (Solarin 2019; Ozcan et al.
2019; Bilgili and Ulucak 2018; Lin et al. 2018; Ulucak and
Lin 2017). Hence, recently, environmental literature widely
uses the EFP for the proxy of ecological sustainability in the
empirical studies such as Saud et al. (2020), Destek and Sinha
(2020), Ahmed and Wang (2019) and Chen et al. (2010).

Global Footprint Network states that the EFP “measures
the ecological assets that a given population requires to pro-
duce the natural resources it consumes”. This indicator is com-
prised of six types of different environmental areas for in-
stance cropland, grazing land, fishing grounds, built-up land,
forest land, and carbon footprint and it portrays the broad
concept of environmental sustainability. To the best of our
knowledge, there is no available scholarly evidence on the
role of globalization, financial development, and energy utili-
zation in environmental quality by using the EFP in context of
the Gulf Cooperation Council (GCC) countries. The GCC
integration is composed of six Gulf countries (i.e., Saudi
Arabia, United Arab Emirates, Bahrain, Qatar, Oman, and
Kuwait) which are rich in energy resources, e.g., it owns
19.8% of the global natural gas reserves (BPSTATS 2019)

and UAE, Qatar, and Saudi Arabia are among the highest
CO2 emitters in the world (Wilson 2009). The fossil fuel–
based natural resources are an important pillar of these econ-
omies and these countries used the revenue generated from
exports of fossil fuel in industrial development, which causes
the serious harm to the environmental quality (Omri et al.
2015).

Furthermore, these countries are having a small share of
renewable energy sources in their energy = mix and depend
heavily on fossil fuel–based energy. In this scenario, the de-
mand of energy consumption in this group of countries owing
to population growth, urbanization, and economic develop-
ment is increasing and poses a serious challenge to envi-
ronmental quality (Ansari et al. 2020). The GCC countries
are experiencing a significant rise in the energy demand,
for example, Qatar required the highest energy demand
among others and its energy demands are expected to rise
from 10 to 15% between 2010 and 2020 (Bekhet et al.
2017). They also articulated that these blocks of countries
contribute 2.4% of the global GHGs and interestingly, as
compared to the European Union (EU) countries, CO2

emission from this region is higher. Furthermore, Ansari
et al. (2020) argued that these countries are having higher
per capita income which could indirectly contribute to en-
vironmental degradation by increasing the demand and
luxurious consumption (an income effect).

Another contemporary subject in the academic debate
is globalization, which has a huge and multidimensional
effect on the socio-economic perspective of human beings
across the world (Saud et al. 2020). In this regard, glob-
alization is defined as a complex phenomenon, which is
comprised of economic, social, cultural, technological,
and environmental interaction among nations (Rennen
and Martens 2003). Currently, the world is experiencing
an unprecedented cross-national, economic, social, and
political interaction, which has significant effects on en-
vironmental quality (Hoekstra and Wiedmann 2014).
Similarly, the GCC countries are also more oriented to-
wards the world integration. According to the KOF glob-
alization index, GCC countries are continuously
progressing in terms of global integration (becoming more
globalized) which potentially have significant environ-
mental consequences. However, Hoekstra and Wiedmann
(2014) stated that globalization has increased the ecolog-
ical effect due to the rise in human demand on the eco-
system that consequently leads to unsustainable EFP.
Interestingly, the majority of the existing literature fo-
cused on the impact of globalization has reported the di-
verse evidence in various contextual settings. For exam-
ple, Yang et al. (2020), Yilanci and Gorus (2020), Koçak
and Ulucak (2019), and Balsalobre-Lorente et al. (2020)
studied the impact of globalization on the environment
and reported a negative influence of globalization on the
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environment, whereas Etokakpan et al. (2020) and Chishti
et al. (2020) reported a positive impact of globalization on
environmental quality.

Globalization also results in the integration of cross-
national financial sectors and leads to greater financial devel-
opment, which is a significant determinant of the economic
environment and environmental quality. However, the nexus
between financial development and environmental quality are
very complex. Both theoretical and empirical literature hold
the contrasting evidence regarding the role of financial devel-
opment in environmental degradation. For example, financial
development positively influences the environment (Lu 2018;
Bekhet et al. 2017; Shahbaz et al. 2016). In contrast, financial
development and environmental quality have significantly ad-
verse relationship in various contextual settings (Saidi and
Mbarek 2017; Dogan and Seker 2016; Omri et al. 2015).
The financial sector in GCC countries is making remarkable
progress. Specifically, credit growth in the GCC countries has
increased rapidly (Sturm et al. 2008). The higher expansion of
money supply in GCC countries potentially accelerates the
economic activities in the private sector (Bridges et al.
2014). Hence, the developed financial sector of GCC coun-
tries will expand the economic activities and it will exert more
pressure on the environmental sustainability.

Foregoing discussion revealed/established that globaliza-
tion, financial development, and energy utilization have diver-
sified repercussions on the environmental sustainability and
GCC countries are currently experiencing their higher demand
and energy consumption, more global integration, and im-
provements in the financial sector. Hence, environmental sus-
tainability is a serious challenge for the GCC countries, al-
though there are wide concerns in GCC countries concerning
with EFP. However, literature divulges a scarcity of scholarly
evidence on the impact of the aforementioned variables (i.e.,
globalization, financial development, and energy utilization)
on environmental quality. More specifically, to the best of our
knowledge, there is no available scholarly evidence on the
role of globalization, financial development, and energy utili-
zation in the environmental quality by using the EFP in con-
text of GCC countries. Hence, it is imperative to study the
dynamic impact of globalization, financial development, and
energy utilization on environmental sustainability in GCC
countries and help the policymakers in general and specifical-
ly in particular GCC countries in more pragmatic environmen-
tal planning and optimal environmental sustainability.

On the given backdrop, the current study makes several
contributions to the existing environmental literature. The
GCC countries are currently in the critical development phase
and experiencing a remarkable rise in global integration
(Sturm et al. 2008), financial development (Bekhet et al.
2017), and energy demand (Kinninmont 2010) which have
potentially serious repercussions for the environmental quali-
ty. Interestingly, energy utilization and financial development

play a vital role in the development process of an economy
(Bekhet et al. 2017) and hence cannot be sacrificed. This re-
ality has posed a practical challenge for the policymakers in
GCC countries to take urgent measures for combating the
upcoming climate challenge potentially provoked by the rise
in energy utilization, financial development, and globalization
while maintaining the economic growth process. However, to
the best of knowledge, there is no scholarly evidence on the
effects of globalization, energy utilization, and financial de-
velopment in the GCC context. Taking this opportunity, this is
the first study that investigates the effects of given variables on
environmental quality in the GCC countries and offers several
valuable policy implications to stakeholders.

The findings suggest that globalization, financial develop-
ment, and energy utilization are adversely influencing the en-
vironmental quality in the case of GCC countries and there is a
dire need for urgent policy intervention to reverse this rela-
tionship and make the sustainable economic growth process in
the GCC countries. Furthermore, this study is the first that has
employed EFP to approximate environmental quality and
studied its dynamic nexus between globalization, financial
development, and energy utilization in the context of GCC
countries and supplements the existing literature. Prior litera-
ture on the subject used CO2 emission to proxy environmental
quality, which is widely criticized by researchers for its
incomprehensive nature. Hence, this study uses EFP, a more
comprehensive proxy of environmental quality that gives
more inclusive insight to the policymakers concerning the
nexus between globalization, financial development, and en-
ergy utilization in GCC countries. Additionally, the current
study has used relatively advanced and robust econometric
strategies for empirical analysis which adds to the efficient
and reliability of our findings for environmental implications.

The rest of this study is organized as follows: Section 2 pre-
sents the literature review. Section 3 contains the data descrip-
tion and model specification, Section 4 provides a methodolog-
ical framework, Sections 5 concludes the empirical results and
discussion and finally, Section 6 discusses the conclusion and
policy implications.

Literature review

The nexus between globalization, financial development, en-
ergy utilization, and ecological footprint has been documented
in various empirical studies and these studies discussed in the
following headings.

Globalization and the environment

There is an emerging debate on the impact of globalization on
environmental quality. Theoretically, the existing literature
identified three main mechanisms which globalization
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influences the environmental quality, namely scale, composi-
tion, and technique effect (Grossman and Krueger 1995;
McAusland 2010). According to the scale effect, increase
in globalization will enhance the investment and production
of goods that augments the energy utilization and thereby
increased the CO2 emissions which leads to increase the
environmental degradation (Destek and Sarkodie 2019).
The composition effect implies that the effect of globaliza-
tion on environmental quality depends on the changes in an
industrial structure of particular country due to globaliza-
tion (Zaidi et al. 2019). However, globalization results in
the expansion of a low GHG emission industry (e.g., ser-
vice industry) and contraction of high GHGs emitting in-
dustry then total emission will reduce and globalization will
not be hazardous for the environment and vice versa (Brock
and Taylor 2005). Lastly, the technique effect represents
via several channels by which globalization influences the
level of GHG emission by the households and industries
and ultimately effect on environmental quality. These chan-
nels include several changes in the environmental protec-
tion, regulation, and technological innovation or eco-
friendly technology transfer induced by globalization (Lin
et al. 2016). In this perspective, Wang et al. (2019) argued
that globalization significantly promotes the technological
advancement and hence reduces the environmental degra-
dation. Several empirical studies examined the effect of
globalization on environmental degradation and reported
diverse findings.

Recently, Saud et al. (2020) studied the influence of FD on
environmental degradation proxied with EFP and reported that
globalization has the ability to reduce the environmental degra-
dation in the case of One Belt One Road (OBOR). Furthermore,
they argued that globalization brings green technologies and
innovative methods of production which boosts the economic
growth with minimum emissions and lend support for the tech-
nique effect of globalization. In the same vein, Yang et al.
(2020) applied the Generalized Method of Moments
(GMM) to scrutinize the association between energy con-
sumption, globalization, and the environment in 97
countries. The findings revealed that globalization has a
significantly favorable effect on environmental quality
and this evidence is consistent with the ecological
modernization theory. Similarly, Ibrahiem and Hanafy
(2020) examined the dynamic relationship among global-
ization, real income, fossil fuel, and ecological footprint
in the case of Egypt spanning from 1971 to 2014. The
results revealed that fossil fuel consumption enhances
the environmental pollution while globalization reduces
the CO2 emission. Furthermore, a similar effect of glob-
alization on environmental quality exists in emerging
economies (Ulucak et al. 2020).

On the other hand, several studies have reported an adverse
effect of globalization on environmental sustainability. For

instance, Yilanci and Gorus (2020) studied the impact of glob-
alization on ecological footprints in 14 Middle East and North
Africa (MENA) countries from 1981 to 2016. The findings
revealed that globalization undermines the environmental
quality through scale effects. Likewise, Usman et al. (2020a)
examined the links among renewable energy, globalization,
and EFP and reported that renewable energy reduces the
EFP, while globalization augments the environmental
degradation by increasing the fossil fuel consumption and
strongly supports the channel of scale effect. Suki et al.
(2020) inspected the nexus between globalization and envi-
ronmental sustainability inMalaysia from 1970 to 2018. Their
empirical evidence indicated that globalization significantly
enhances the environmental pollution due to fact that most
of the industries rely on fossil-based energy (i.e., coal, oil,
and natural gas) in the sample countries. Similarly, Le and
Ozturk (2020) found that globalization undermines environ-
mental quality. They contend that globalization negatively
influences the environment quality due to low trade barriers
and poor environmental governance/weak environmental reg-
ulation in the sample countries. The given review of the liter-
ature shows that globalization has a diverse effect on environ-
mental quality and the academic literature still does not reach
any consensus.

Financial development and environment

Theoretically, researchers hold contradictory viewpoints
about the effect of financial development (hereafter FD) on
environmental quality. Several studies explored that FD could
help to minimize the environmental degradation by channel-
izing investment in renewable energy infrastructures and by
providing funds to the enterprises for eco-friendly technolog-
ical innovation and/or technology transfer from advanced
countries (Islam et al. 2013; Tamazian et al. 2009; Dasgupta
et al. 2001). Contrary to this, some studies examined that FD
increases the environmental degradation by providing funds at
a lower cost to the enterprises for expansion of their produc-
tion facilities and on the other hand FD could also provide
consumption finance to the individual that increase the pur-
chase of energy-intensive equipment, e.g., automobile and
other appliance (Nwani and Omoke 2020; Dogan and Seker
2016). In the results of such arguments, FD significantly en-
hances the energy utilization and increases the GHG emission
that leads to increase the environmental degradation.

Many researchers have explored the link between FD and
ecological footprint across the globe and found the diverse
evidence (Charfeddine and Kahia 2019; Salahuddin et al.
2018; Katircioğlu and Taşpinar 2017). In their empirical stud-
ies, Bayar et al. (2020) used the dynamic seemingly unrelated
cointegration regressions (DSUR) estimator to observe the
nexus between FD and environment in 11 post-transition
European economies and the result demonstrated that FD

16571Environ Sci Pollut Res  (2021) 28:16568–16588



and energy utilization worsen the environmental quality.
Similarly, Hussain et al. (2020) examined FD and
globalization with environment sustainability represented by
CO2 emissions. Interestingly, the results explored that FD and
globalization are positively correlated with environmental
degradation indicating that the financial sector is not offering
a significant opportunity to green energy technologies in
sample countries. Likewise, Godil et al. (2020) probed the
causal link among the tourism, FD, and ecological footprint
for Turkey state during the spanning from 1986 to 2018. The
outcome of this empirical study revealed that FD, globaliza-
tion, and tourism were significant with environmental
degradation.

However, several empirical studies reported the
environment-friendly role of FD in different panels. Among
others, recently, Lahiani (2020) tested the influence of FD on
ecological footprint and found that FD contributes to promote
the environmental quality in the case of China because FD
provides funds to enterprises for environmental projects,
which enhance the level of productivity and minimize the
energy utilization. Similarly, Saidi andMbarek (2017) studied
the association among FD and environmental sustainability
using the GMM model from 1990 to 2013. The results of
the study indicated that FD negatively influences the
environmental quality and further results suggest that green
financial reforms to reverse this relationship. However, Dogan
and Seker (2016) evaluated the impact of FD on the environ-
mental degradation from 1985 and 2011. The results show
that an increase in FD enhances the environmental degrada-
tion in the long-run. However, Zaidi et al. (2019) documented
the negative association between FD and environmental deg-
radation suggesting that FD could offer a significant opportu-
nity to eco-friendly technology which helps to improve the
environmental quality. Similar findings are reported by Zafar
et al. (2019a) in the context of OECD economies.

In sum, the literature shows that the effect of FD on envi-
ronmental quality could be positive or negative. The aggregate
effect would be determined by the relative size of positive and
negative effects.

Energy utilization and environment

Energy utilization is a principal driving factor for the process
of economic growth and development of all the countries.
However, it is also a major source of GHGs that are hazardous
for the environmental quality (Pan et al. 2020). Specifically,
the use of fossil fuels is associated with GHG emission and
environmental degradation. Hence, countries need to reduce
or control the use of fossil fuels to reduce the GHG emission
and thereby ensure the environmental sustainability. In this
context, the researchers suggested that the government can
participate by increasing the energy efficiency and by replac-
ing fossil energy with other alternative renewable energy

resources (Mahalik et al. 2020). Usman et al. (2020b) exam-
ined the link of FDI, energy utilization, and trade openness
with the environment in 33 upper-middle income (UMIC)
countries during the period from 1994 to 2017. The results
expressed that FDI and energy utilization enhance the
environmental degradation. Similarly, Nathaniel et al. (2020)
analyzed the GDP, urbanization, renewable energy, trade
openness, and ecological footprint nexus in the case of
CIVETS countries from 1990 to 2017. The outcome of the
study documented that renewable energy and trade openness
significantly improve the environmental quality, whereas
GDP growth and urbanization significantly enhance the
environmental degradation. Yang et al. (2020) contended that
energy utilization worsens the environmental quality in 97
global economies due to the usage of massive fossil fuel in
the production process.

In another massive study, Baz et al. (2020) examined the
link of GDP and energy utilization on the environment quality
from 1971 to 2014. The study applied the nonlinear-
autoregressive distributed lag (ARDL) method for performing
the empirical investigation. The empirical results indicated
that energy utilization and GDP are deteriorating the environ-
mental quality due to the high use of fossil fuel–based energy.
Based on such findings, this study further suggested
policymakers should install advanced environment-friendly
production technologies and shift their resources from fossil
fuel to renewable energy resources. In the same vein, Danish
et al. (2020) documented that a positive association between
renewable energy and environmental quality and suggested
that an increase in renewable energy utilization tends to
improve the environmental quality. Similarly, Sharif et al.
(2020) reported that renewable energy utilization reduces the
environmental degradation in Turkey. For the nineteen
developed and developing economies, Apergis et al. (2010)
investigated the association between environmental
sustainability and energy utilization from 1984 to 2007. The
results of this study revealed that energy utilization is positive
associated with environmental degradation. Likewise,
Asongu et al. (2020) explored the dynamic nexus between
energy utilization and environmental sustainability. The out-
comes of the study indicated that energy utilization is a key
element of environmental degradation. Given this review of
literature shows that the utilization of fossil fuel energy dete-
riorates the environmental quality; however, the adverse effect
of energy utilization on the environmental quality can be re-
duced by enhancing the efficiency of energy utilization and
shifting to the renewable and low polluting energy resources.

Economic growth, urbanization, and environment

A large number of studies have investigated the connection
between urbanization, economic growth, and CO2 emissions,
e.g., Destek and Sinha (2020) and Anser et al. (2020), and
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reported that economic growth and urbanization are
significantly associated with environmental degradation.
Therefore, we have employed the economic growth and
urbanization as controls for environmental degradation. In this
regard, Ahmed et al. (2020a, b) investigated the association
between GDP, human capi tal , urbanizat ion, and
environmental sustainability measure by the ecological
footprint in the case of China from 1970 to 2016. The results
indicated that urbanization significantly enhances the
environmental degradation along with the GDP growth.
Furthermore, the study also found that enhanced human
capital improves the environmental quality. Similarly,
Nathaniel et al. (2020) examined the link of urbanization,
GDP, and renewable energy utilization with ecological
footprint. The findings of the study documented that
urbanization and GDP enhanced the environmental pollution
because coal is the major source of fossil fuel energy to fulfill
the energy demand of the urban population in these countries.
Likewise, Ahmed et al. (2020b) evaluated the influence of ur-
banization, human capital, and economic growth on the envi-
ronmental sustainability from 1971 to 2014. Their findings
show that urbanization and GDP are positively linked with
environmental pollution emphasized that enlarged econom-
ic activities are probably associated with the massive use of
fossil fuel energies in G-7 countries. In the same sense,
Rahman and Vu (2020) examined the role of urbanization
and GDP growth on environmental sustainability in the case
of Canadian economy. The findings of the empirical
analysis concluded that urbanization and GDP enhanced
environmental degradation. In another pioneer study,
Danish et al. (2020) investigated the association of natural
resources, GDP, and urbanization with environmental sus-
tainability in BRICS1 countries during the time period from
1992 to 2016. The outcomes of the study reported that nat-
ural resources, urbanization, and energy utilization reduce
the environmental degradation in the long-run. In sum, both
economic growth and urbanization significantly explain the
environmental quality and must be included in the model to
avoid omitted variables bias.

Data, model specification, and methodology

Data presentation and descriptive statistics

The main objective of this study is to explore the long-run
association between globalization, financial development,
economic growth, energy utilization, urbanization, and eco-
logical footprint by employing the longitudinal data from
1990 to 2017 for six Gulf Cooperation Council (GCC)

countries named as Oman, Bahrain, Saudi Arab, Kuwait,
United Arab Emirates, and Qatar. The variable ecological
footprint (EFP) is measured in an aggregate of six compre-
hensive indicator such as built-up land, fishing grounds,
cropland, grazing land, carbon, and forest land footprints
in term of global hectares per capita; the data of globaliza-
tion index (GLO) is calculated in an aggregate of political,
social, and economic globalization; the financial develop-
ment index (FD) data from the international monetary fund
(IMF) consists of a recently developed financial develop-
ment index by utilizing different complex and multidimen-
sional type of financial development indicators. The finan-
cial development index comprises financial institutions and
financial markets according to their efficiency, depth, and
access. The range of this FD index is between 0 and 1.
However, we converted it into 0 and 100 due to comfort-
ableness with all other variables as accomplished by Usman
et al. (2020c, d). The data of GDP per capita is measured in
constant 2010 US dollars; energy utilization (EC) is calcu-
lated in kilograms of oil equivalent per capita, and the data
of urbanization (URB) is taken in total urban population.
The data of GDP, energy utilization, and urbanization are
extracted from World Development Indicator (World Bank
2019). The data of financial development is gathered from
IMF (2019) and the data on globalization is extracted from
Dreher (2006) and finally, the data of ecological footprint is
retrieved from Global Footprint Network (GFPN 2019).

Table 1 explores the descriptive statistics of the analyzed
variables employed in this article. This explores that the larg-
est and smallest average value of EFP is 2.831 in Qatar and
0.238 Kuwait, respectively. The most globalize country from
GCC economies is Kuwait which shows the highest mean
value (4.301), while the least globalized economy is Oman
that shows the lowest mean value (3.800). The highly finan-
cially developed country is Qatar (11.151) and the lowest
financially developed economy is Saudi Arabia (2.937). The
highest mean value of GDP (11.151) explores that Qatar is the
most developed country, while the lowest mean value (9.581)
shows that the poorest country is Oman in the GCC region.
The maximum value of energy consumption (10.004) is ob-
served in the case of Qatar which explores the most energy
utilized country, while the least energy utilized country is
Kuwait (7.189). On average, the most urbanized country is
Saudi Arabia (17.136), while the lowest value of urbanization
(12.987) in the case of Bahrain and (12.998) Qatar state,
respectively.

Table 2 explores the correlation matrix of the concerned
variable from the GCC countries. The highly positive correla-
tion (0.718) is observed between energy utilization and GDP
per capita, while a highly negative correlation (−0.465) exists
between urbanization and energy utilization. Appendix Figs.
2–7 reveal the trend comparison of all GCC countries of con-
cerned variables over the five-year interval data (1990–2017).1 Brazil, Russia, India, China, and South Africa
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Model specification

This study examined the influence of globalization, financial
development, energy utilization, urbanization, and economic
growth on the ecological footprint in the case of GCC coun-
tries. For this intention, the panel version of the econometric
model is expressed as follows:

EFPit ¼ A0GLO
β1i
it FDβ2i

it GDPPCβ3i
it ECβ4i

it URBβ5i
it μit ð1Þ

In Eq. 1, EFP shows the total ecological footprint; GLO
indicates the globalization index; FD illustrates as financial
development index; GDPPC denotes the economic growth
per capita; EC indicates the energy utilization; and URB pre-
sents the total urban population; i and t denote the six GCC
countries and given time dimension (1990–2017), respective-
ly. To overcome the chances of heteroscedasticity and data
sharpness, all variables are transformed into the natural loga-
rithmic algorithm. Thus, Eq. 1 is expressed as follows:

ln EFPitð Þ ¼ β0it þ β1itln GLOitð Þ þ β2itln FDitð Þ
þ β3itln GDPPCitð Þ þ β4itln ECitð Þ
þ β5itln URBitð Þ þ μit ð2Þ

where, in Eq. 2, β0 = ln A0 denotes the constant term and the
term μit shows the contemporaneous error term, i and t denote
the cross-section (countries) and given time periods respec-
tively. β1, β2, β3, β4, and β5 signify the elasticity of candidate
variables.

Methodological frameworks

Cross-sectional dependence tests

Inmost of the cases, panel data estimation strategies ignore the
problem of cross-sectional dependency (CSD) that may pro-
duce bias and misleading information and unreliable results
(forecasting error). The possible CSD exists due to the

Table 1 Descriptive statistics of analyzed variables

Stats. lnEFP lnGLO lnFD lnGDPPC lnEC lnURB

Bahrain

Mean 2.261 4.125 3.738 9.981 9.309 13.521

Std. Dev. 0.128 0.101 0.121 0.053 0.064 0.382

Minimum 1.832 3.901 3.497 9.794 9.175 12.987

Maximum 2.471 4.301 3.914 10.041 9.425 14.102

Kuwait

Mean 1.663 4.171 3.629 10.609 9.088 14.684

Std. Dev. 0.639 0.089 0.187 0.106 0.411 0.299

Minimum 0.238 4.000 3.373 10.4151 7.189 14.227

Maximum 2.356 4.301 3.982 10.811 9.356 15.215

Oman

Mean 1.505 4.004 3.557 9.735 8.335 14.487

Std. Dev. 0.381 0.126 0.158 0.074 0.368 0.324

Minimum 0.863 3.800 3.224 9.581 7.752 13.996

Maximum 2.047 4.200 3.772 9.848 8.821 15.176

Qatar

Mean 2.509 4.111 3.807 11.029 9.775 13.746

Std. Dev. 0.218 0.161 0.159 0.071 0.131 0.674

Minimum 1.966 3.900 3.478 10.893 9.525 12.998

Maximum 2.831 4.300 4.037 11.151 10.004 14.808

Saudi Arabia

Mean 1.385 4.085 3.578 9.870 8.577 16.738

Std. Dev. 0.349 0.111 0.359 0.062 0.186 0.242

Minimum 0.754 3.900 2.937 9.722 8.181 16.335

Maximum 1.843 4.200 4.025 9.971 8.840 17.136

United Arab Emirates

Mean 2.458 4.161 3.527 10.845 9.161 15.098

Std. Dev. 0.154 0.131 0.360 0.242 0.185 0.625

Minimum 2.096 3.900 2.957 10.431 8.881 14.183

Maximum 2.628 4.300 4.047 11.138 9.406 15.917

Overall panel

Mean 1.963 4.109 3.639 10.345 9.041 14.712

Std. Dev. 0.579 0.133 0.261 0.518 0.537 1.147

Minimum 0.238 3.800 2.937 9.581 7.189 12.987

Maximum 2.831 4.301 4.047 11.151 10.004 17.136

Table 2 Correlation matrix of candidate variables

Series lnEFP lnGLO lnFD lnGDPPC lnEC lnURB

lnEFP 1.000

lnGLO 0.444*** 1.000

lnFD 0.649*** 0.631*** 1.000

lnGDPPC 0.236*** 0.246*** 0.078** 1.000

lnEC 0.651*** 0.355*** 0.349*** 0.718*** 1.000

lnURB − 0.391*** 0.289*** − 0.005 − 0.271*** − 0.465*** 1.000

Note: *** and ** indicate statistically significant at 1% and 5% level

Source: based on the authors’ estimations
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presence of a geographical and spatial effect, externalities,
unknown mutual shocks, individual-specific effects and fi-
nancial, globalization, and economic integration (Usman
et al. 2020b). Therefore, there is a dire requirement to check
this serious CSD problem, whether it exists or not across all
cross-sections. In order to detect this problem, we
employed four different CSD tests, such as Pesaran
(2004a, b); Breusch and Pagan (1980); Pesaran et al.
(2008); and finally, bias-corrected scaled LM test (Baltagi
et al. 2012). Pesaran (2004a, b) proposed a CSD test that is
described in Eq. 3 as follows:

CSD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
pij

 !
∼N 0; 1ð Þi; j

CSD ¼ 1; 2; 3: 70: N

ð3Þ

Pesaran et al. (2008) proposed another CSD test named as
biased-adjusted CSD test that can be expressed in Eq. 4 as
follows:

R ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
pij

 !
T−kð Þp2ij−E T−kð Þp2ij

Var T−kð Þp2ij
ð4Þ

where i and t denote the individual cross-sections and time
dimensions, respectively, while the term p^ij denotes the esti-
mated multivariate cross-sectional correlation of error terms
across all cross-sections i and j.

This study also employs another CSD test which is
Lagrange Multiplier (LM) type CSD test. However, one
key disadvantage of LM test is that this test may produce
misleading outcomes when the cross-sections are greater
than time periods (N > T). In this scenario, Pesaran
(2004a, b) proposed another CSD test on the basis of same
way like Lagrange multiplier test statistics. It also in the
form of a scaled version of Lagrange multiplier test statis-
tics. The mathematical expression of Pesaran (2004a, b) is
presented in Eq. 5 as follows:

CSDLM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1

N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
Tp̂2ij−1

 !
∼N 0; 1ð Þ ð5Þ

The functional form of Breusch and Pagan (1980) CSD test
is formulated in Eq. 6 as follows:

CSDLM ¼ T ∑
N−1

i¼1
∑
N

j¼iþ1
p̂2ij

 !
ð6Þ

where the term p2ij shows the residual estimated correlated

parameters from ordinary least square regression. The null

and alternative hypothesis of all abovementioned cross-
sectional dependence test is presented in Eqs. 7 and 8 as
follows:

H0 : pij ¼ corr μit;μjt

� �
¼ 0∀i≠ j ð7Þ

Against

H1 : pij ¼ corr μit;μjt

� �
≠0∀≠ j ð8Þ

Considering the results of CSD from Table 3, the null hy-
pothesis of no CSD among cross-sections is rejected at 1%
significance level according to all four different CSD tests.
These results indicating that an unpredictable shock (positive
or negative) that occurred in one of these GCC countries may
spill over the other countries. The presence of CSD implies
that second-generation econometric procedure will generate
more robust and consistent outcomes.

Panel unit root test

After testing the cross-sectional dependence of data, the very
next step of the empirical investigation is to check the integra-
tion order and stationarity level of all concerned variables. To
do this intention, initially, the current study employed two first-
generation unit root tests named as Maddala and Wu (MW),
and I’m Pesaran and Shin (IPS) as proposed by (Maddala and
Wu 1999; Im et al. 2003). However, the main drawback of
first-generation unit root tests is unable to consider the CSD
problem in the dataset. Therefore, to address this CSD issue,
Pesaran (2007) developed second-generation stationarity tests
named as cross-sectionally augmented Im, Pesaran, and Shin
(CIPS), and cross-sectionally augmented Dickey-Fuller
(CADF) tests that tackle this possible CSD problem. Unlike
the first-generation panel stationarity tests, Pesaran supple-
ments the ADF regressions with mean of the cross-section at
a level and their first integrated order I(1) of every cross-
section to eliminate the CSD problem. The Pesaran (2007)
CADF test statistics is described in Eq. 9 as follows:

ΔY it ¼ βi þ biyi;t−1 þ ciyt−1 þ ∑
p

j¼0
dijΔyt− j þ ∑

p

j¼1
δijΔyi;t− j þ μit

ð9Þ
where yt−1 denotes the mean of cross-sections at a lagged level
for all N cross-sections and T periods, while the term Δyt− j
denoted as the first integration order of cross-section means for
every cross-section. The Pesaran (2007) CIPS test statistics is
expressed in Eq. 10 as follows:

CIPS ¼ N−1 ∑
N

i¼1
ti N ; Tð Þ ð10Þ
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where ti (N, T) explores the t-statistics in CADF regression
from Eq. 5.

The outcomes of IPS and Maddala andWu unit root tests
are reported in Table 4 which are quite similar, signifying
that all variables are following the process of unit root at
level, but it turns to stationary after their first integration
order I(1). Simultaneously, the findings of second-
generation panel unit root tests are also reported in
Table 4, indicating that they fail to reject the null hypothesis
of no stationary at a level. In contrast, all variables are
stationary at integrated of the first difference I(1) in the
panel of all six GCC countries. These findings of all unit
root tests indicate that all concerned variables used in the
current study are stationary and it is useful to check long-
run cointegration among variables.

Westerlund cointegration test

Unlike the first-generation panel cointegration tests,
Westerlund (2007) proposed a second-generation
cointegration test which addresses the problem of CSD in
the dataset. This test is based on structural dynamics against
the first-generation based on residual dynamics. Westerlund
cointegration test explores two group test statistics (Gτ and
Ga) and two-panel test statistics (Pτ and Pa). The null hypoth-
esis of both group and panel test statistics shows the absence
of cointegration relationship among variables H0: αi = 0 and
the alternative hypothesis H1: αi < 0 explores the long-run
cointegration exists at least in one group or one panel, where
the term αi denotes the weighted average of estimated slope
parameters for each cross-section i with individual t-ratios.

Table 4 Panel unit root outcomes

Series IPS MW CADF CIPS

Stat. Prob. Stat. Prob. Stat. Prob. Stat. Prob.

lnEFP − 0.225 0.411 12.068 0.441 − 2.348 0.460 − 1.238 0.108

ΔlnEFP − 11.865*** 0.000 118.442*** 0.000 − 3.268*** 0.000 − 5.748*** 0.000

lnGLO 0.287 0.612 8.183 0.771 − 2.401 0.405 − 4.556*** 0.000

ΔlnGLO − 12.429*** 0.000 124.582*** 0.000 − 3.630*** 0.000 − 5.951*** 0.000

lnFD − 0.343 0.365 17.671 0.1261 − 2.071 0.736 − 0.552 0.291

ΔlnFD − 7.404*** 0.000 90.652*** 0.000 − 5.332*** 0.000 − 5.332*** 0.000

LnGDPPC 0.576 0.717 17.102 0.1458 − 1.570 0.974 − 0.036 0.485

ΔlnGDPPC −6.951*** 0.000 76.701*** 0.000 − 3.721*** 0.000 − 3.721*** 0.000

lnEC − 0.961 0.168 19.781* 0.071 − 2.213 0.601 1.511 0.935

ΔlnEC − 8.628*** 0.000 92.357*** 0.000 − 4.080*** 0.000 − 5.245*** 0.000

lnURB 0.776 0.781 9.5881 0.6520 − 2.031 0.247 − 0.684 0.247

ΔlnURB − 1.815** 0.0347 19.349* 0.081 − 3.491*** 0.000 − 1.394 0.146

Note: ***, **, and * indicate 1%, 5%, and 10% level of significance and Δ shows first difference

Source: based on the authors’ estimations

Table 3 Cross-sectional dependence test results

Series Breusch-Pagan LM Pesaran scaled LM Bias-corrected scaled LM Pesaran CD

Stat. Prob. Stat. Prob. Stat. Prob. Stat. Prob.

lnEFP 220.141*** 0.000 36.358*** 0.000 36.247*** 0.000 11.695*** 0.000

lnGLO 337.887*** 0.000 57.855*** 0.000 57.744*** 0.000 18.364*** 0.000

lnFD 219.629*** 0.000 36.264*** 0.000 36.153*** 0.000 14.499*** 0.000

lnGDPPC 61.101*** 0.000 7.321*** 0.000 7.211*** 0.000 − 0.908 0.367

lnEC 122.414*** 0.000 18.515*** 0.000 18.404*** 0.000 3.125*** 0.008

lnURB 384.305*** 0.000 66.331*** 0.000 66.219*** 0.000 19.595*** 0.000

Note: *** indicates the significance level at 1%

Source: based on the authors’ estimations
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The error correction technique of Westerlund cointegration
test is expressed in Eq. 11 as follows:

ΔY it ¼ δ0idt þ αi Y it−1−β0
ixit−1ð Þ þ ∑

j¼1

pi

αijΔyit− j

þ ∑
j¼−pi

pi

γijΔxi;t− j þ μit ð11Þ

where dt = (1, t)′ contains the deterministic trend and intercept
components for all i cross-sections with δ′i = (δi1and δ2i)′ and i
and t denote the unit of all cross-sections and time dimensions,
respectively. Test statistics from group cointegration is esti-
mated by the given Eqs. 12 and 13 as follows:

Gτ ¼ 1

N
∑
N

i¼1

Ψ i

SE Ψ̂ i

� � ð12Þ

Ga ¼ 1

N
∑
N

i¼1

TΨi

Ψ0
i 1ð Þ ð13Þ

Test statistics from panel cointegration can be estimated by
the following Eqs. 14 and 15 as follows:

Pτ ¼ Ψ̂ i

SE Ψ̂ i

� � ð14Þ

Pa ¼ T Ψ̂ ð15Þ
where Ψi indicates the convergence speed of adjustment from
short-run to long-run equilibrium.

Fully modified ordinary least square cointegration regression

After revealing the long-run cointegration among series, we
further estimate the magnitude of long-run elasticity by
employing a fully modified ordinary least square (FMOLS)
approach (Pedroni 2001). The superiority of the FMOLS ap-
proach is to overcome the issue of serial correlation, simulta-
neity bias, and endogeneity problem from the estimated coef-
ficients of the longitudinal dataset (Ozcan 2013; Rahman and
Velayutham 2020). It also produces robust outcomes in the
case of a small sample (micronumerasticity) that illustrates the
non-parametric technique of regression estimates. For panel
dataset, Pedroni (2001) suggests the following cointegrated
system in Eq. 16 as follows:

X it ¼ αi þ βZit þ μit ð16Þ
where X and Z are the vectors of cointegrated. The mathematical
form of FMOLS estimates is expressed in Eq. 17 as follows:

β̂
*

GFM ¼ N−1 ∑
N

n¼1
β̂
*

FM;n ð17Þ

where β̂
*
GFM;n denotes the FMOLS regression coefficient applied

to an individual for all cross-sections n and the concerned t-sta-
tistic coefficient that can be presented in Eq. 18 as follows:

t
β̂
*

GFM

¼ N−1=2 ∑
N

n¼1
t
β̂
*

FM;n

ð18Þ

Finally, in order to check the robustness of this test, Neal
(2015) provided a two-stage least square (2SLS) version of
this estimator such as a common correlated effect with 2SLS
simulation (referred as CCE-2SLS) to account for any cross-
sectional dependency and endogenous regressors. The estima-
tor of long-run elasticity enlarges on common correlated effect
(CCE) and dynamic common correlated effect (DCCE) by
employing different instrument set to additionally capture
for endogenous regressors in static as well as dynamic models
(Neal 2015). The mathematical expression of the static CCE-
2SLS model is expressed in Eq. 19 as follows:

Y it ¼ δiẐit þ βziZt þ βyiyt þ μit ð19Þ

where the vector Ẑit denotes the independent variables vector
of static model. Now in the same way for considering the
process of data generation structure, the current study will
present only the static version process of CCE estimator with
the help of 2SLS simulation (CCE-2SLS).

Panel causality test

The final step of econometric analysis is to discover the cau-
sality relationship among analyzed variables. Therefore, the
current study employed Dumitrescu and Hurlin (2012) at
which takes into account the CSD problem. The Dumitrescu
and Hurlin (D-H) granger non-causality test is based on indi-
vidual Wald test statistics of averagely non-causality relation-
ships across all individual units (Usman et al. 2020c). The
panel D-H causality test is formulated in Eq. 20 as follows:

X it ¼ αi þ ∑
J

j−1
λ j
i X i t− jð Þ þ ∑

J

j−1
β j
i Zi t− jð Þ þ μit ð20Þ

where X and Z denote the estimated observables; β j
i and λ j

i
show the estimates of regression parameters and estimates of
autoregressive parameters, and these are assumed to fluctuate
across individual cross-sections. The null hypothesis was es-
timated by average Wald test statistics that is expressed in Eq.
21 as follows:

WHNC
N :T ¼ N−1 ∑

N

i¼1
Wi;T ð21Þ

whereWi,T denotes the Wald test statistic of all individuals for
the unit of every cross-section. The null and alternative
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hypothesis of D-H causality test is presented in Eqs. in 22 and
23 as follows:

H0 : πi ¼ 0 for ∀i ð22Þ
H1 :

πi¼0 for all i¼1; 2; 3; ……………;N1
πi≠0 for all i¼N1þ1;2;3;:…:…N

n o
ð23Þ

Results and discussion

Results of panel cointegration tests

In order to confirm the long-run association among variables,
whether it exists or not, we checked the long-run relationship
among variables. In the presence of cross-sectional dependen-
cy among variables, first-generation cointegration tests may
produce biased, inconsistent, and unreliable; therefore, the
findings from these tests might provide misleading informa-
tion about long-run cointegration among variables. Thus, the
second-generation cointegration Westerlund (2007) test is
employed. The outcomes of this test are expressed in
Table 5. At first glance, it can be observed that the outcomes
of the Westerlund cointegration test are quite mixed. The re-
sults illustrate that this test failed to reject the null hypothesis
of no cointegration for Ga and Pa with asymptotic and robust
probability values. However, the results forGτ and Pτ provide
sufficient evidence to reject the null hypothesis of no
cointegration with asymptotic and robust probability values.
This confirms that the variables of globalization, financial
development, energy consumption, economic growth, urban-
ization, and ecological footprint contain long-run
cointegration over the period from 1990 to 2017 in the GCC
region.

Results of long-run elasticity estimates

To further explore the long-run relationship among concerned
variables such as GLO, FD, GDPPC, EC, URB, and EFP
variables in the cointegration relation of each panel using the
fully modified ordinary least square (FMOLS) and the com-
mon correlated effects with two-stage least square (CCE-

2SLS) procedure, the results of FMOLS test are reported in
Table 6. The results show that GLO has a positive and signif-
icant effect on the environmental deficit (EFP). More specif-
ically, a 1% increase in GLO will lead to an increase of
0.478% in the long-term at 1% significance level. This finding
confirms that GLO is the main factor for environmental deg-
radation. Consistent with these findings, GCC countries need
to about the transformation of environmental-friendly technol-
ogy and define strict rules and regulations (R&R) for polluted
sourced industries, which contribute to more environmental
degradation. This segment of results is found in similar lines
with the finding of previous studies such as Ansari et al.
(2020), Akadiri et al. (2020), Etokakpan et al. (2020).
Besides, the findings disclose that there established a positive
and significant association among financial development (FD)
and ecological footprint (EFP), and the results explore that a
1% influence in FD will lead to an increase the environmental
degradation by 0.615%. This scenario concludes that FD en-
dorses employment opportunities through high investment in-
centives, which enhances the demand for energy utilization
due to high economic growth in the cost of ecological sustain-
ability (Shahbaz and Lean 2012). The results are consistent
with the finding of Amin et al. (2020), Ibrahiem (2020), and
Saud et al. (2020). The results of this article suggest that the
developing states of an economy must consider two important
interlinked concerns: economic development and environ-
mental sustainability.

Regarding the coefficient of economic growth, it has also a
significant positive impact on EFP in GCC countries. More
specifically, a 1% increase in GDPPC will lead to an increase
in the EFP by 0.841%. It shows that an augmentation in real
income leads to a reduction in environmental quality; this is
due to GCC economies going from first to last for structural
transformation (from oil-based economies to financially de-
veloped and industrial economies). Moreover, the economic
growth of these countries is based on the fabrication of basic
primary goods that are more energy-intensive without consid-
ering the environmental laws. Thus, this consequently leads to

Table 5 Panel Westerlund cointegration tests results

Statistics Values Z-values P values Robust P values

Gτ − 9.428** − 17.437 0.000 0.030

Ga − 1.254 4.374 0.998 0.980

Pτ − 9.449*** − 3.364 0.000 0.001

Pa − 0.293 3.245 0.999 0.920

Note: *** and ** indicate significance level at 1% and 5%

Source: based on the authors’ estimations

Table 6 The results of long-run elasticity estimates

Series FMOLS-MG CCE-2SLS

Coefficient P value Coefficient P value

lnGLO 0.478*** 0.002 0.217*** 0.006

lnFD 0.615*** 0.000 0.338** 0.049

lnGDPPC 0.841*** 0.000 0.328 0.281

lnEC 0.702*** 0.000 0. 483*** 0.000

lnURB 0.011 0.963 0.252* 0.074

Note: ***, **, and * indicate significance level at 1%, 5%, and 10%

Source: Based on the authors’ estimations
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deterioration of the environmental quality. Our results are
consistent with the findings of Usman et al. (2020b), Khalid
et al. (2020), and Solarin et al. (2017). On contrary, Shahbaz
et al. (2013) affirmed that GDP growth enhances the environ-
mental quality and this is only possible through the appliance
of eco-efficient technologies.

The elasticity of energy utilization is also statistically
significant and positive, demonstrating that a 1% influ-
ence in energy utilization is linked with a 0.702% rise in
EFP. The conventional sources of energy consumption
cause environmental damages as energy is engendered
from fossil fuels and it is commonly observed that fossil
fuels generate waste material, release mercury, and emit
carbon dioxide which raises the carbon footprint level.
This finding is similar to those found by Wasti and
Zaidi (2020), Khan et al . (2020), Usman et al.
(2020d) and Yang et al. (2020). There is a common
consensus on the adverse impact of energy consumption
on environmental quality (Inglesi-Lotz and Dogan 2018).
In this row, one possible strategy to battle for environ-
mental humiliation should be provided to financially sup-
port for organizations to spotlight on cheaper production
from the utilization of renewable energy consumption.
The second possible strategy should be to implement
policies to increase the household’s awareness of differ-
ent types of energy utilization and their effects on envi-
ronmental quality. Finally, concerning the connection be-
tween urbanization (URB) and environment deficit, the
findings explore a positive but insignificant relationship
between urbanization and EFP in the panel of GCC
countries.

Results of country-wise long-run elasticity estimates

The long-run panel data investigation is before deliberated in
the previous part of this study. Nevertheless, the dynamic
links between globalization, financial development, energy

utilization, and ecological footprint for country-specific are
remarkable. Additionally, this study explores the long-run
investigation of the ecological footprint for the time series
dataof eachGCCcountry.TheFMOLSmethod is applied for
the estimation of long-run analysis and results are provided
in Table 7. The result indicates that GLO has a positive in-
fluence on the ecological footprint in GCC countries.
Especially, a 1% increase in GLO will enhance the environ-
mental damages in the case of 4 GCC countries such as
Bahrain, Kuwait, Qatar, and UAE with 0.589%, 0.335%,
0.551%, and 0.755%, respectively. In GCC countries, UAE
has a more globalized country (Gygli et al. 2019) and glob-
alization inUAE increased from 40.6% in 1971 to 74.13% in
2017. This result illustrates that globalization enhances the
use of energy, which in turn upsurges the ecological foot-
print. It might be due to that technology shift through foreign
direct investment and trade openness is not well-organized
and energy saving in these countries, which makes the glob-
alization, might increase the ecological footprint. So, the
policymakers should impose a Pigouvian tax on those indus-
tries which emit CO2 more than the threshold level and
deteriorate the environmental quality. These results
coincide with the findings of Ansari et al. (2020) and
Bekun et al. (2020). Furthermore, the outcome of FD indi-
cates that it has a statistically significant and positive influ-
ence on the ecological footprint in GCC countries. A 1%
increase in FD leads to an increase in the ecological footprint
in the case of Kuwait, Qatar, Saudi Arabia, and UAE by
1.172%, 0.988%, 0.393%, and 0.510%, respectively.
Consequently, such results advocate that the government
should help to establish a well-developed financial system
with public-private partnerships (PPP) that these activities
tend to finance in more technological innovation instead of
scale expansion. The financial sector can perform a vital role
in subsidiary research and development (R&D), aiming at
evolving renewable and cleaner energy. These results are
consistent with the finding of Amin et al. (2020), Ibrahiem

Table 7 Results of country-wise long-run estimations (FMOLS results)

Countries lnGLO lnFD lnGDPPC lnEC lnURB

Coeff. Prob. Coeff. Prob. Coeff. Prob. Coeff. Prob. Coeff. Prob.

Bahrain 0.589** 0.043 0.166 0.531 1.599** 0.026 1.774** 0.012 − 0.099 0.461

Kuwait 0.335*** 0.000 1.172*** 0.000 1.868*** 0.000 0.034** 0.032 0.771 0.576

Oman 0.884 0.142 0.361 0.194 0.683*** 0.000 0.756*** 0.000 0.204** 0.021

Qatar 0.551*** 0.000 0.988*** 0.000 0.108** 0.017 0.173*** 0.000 − 0.045* 0.067

Saudi Arabia 0.235 0.583 0.393*** 0.000 0.716*** 0.004 1.615*** 0.000 − 0.463* 0.056

UAE 0.755* 0.051 0.510*** 0.002 0.391* 0.073 0.831** 0.015 0.557 0.437

Note: ***, **, and * indicate significance level at 1%, 5%, and 10%

Source: based on the authors’ estimations
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(2020), andUsmanet al. (2020c).Conversely, the coefficient
of economic growth (GDPPC) has a positive and statically
significant influence on the ecological footprint in GCC
countries; particularly, 1% increase in GDPPC leads to
1.599%, 1.868%, 0.683%, 0.108%, 0.716%, and 0.391%
increase the EFP in the case of Bahrain, Kuwait, Oman,
Qatar, Saudi Arabia, and UAE countries. These findings
show that an increase of economic activity has departed hand
in hand with continued environmental deprivation.
Furthermore, the long-run elasticity of ecological footprint
related to energy utilization has a positive impact in the case
of allGCCcountries.Moreprecisely, a1%increase in energy
consumption will lead to increase the EFP in the case of
Bahrain, Kuwait, Oman, Saudi Arabia, and UAE by
1.774%, 0.034%, 0.756%, 1.615%, 0.173%, and 0.831%,
respectively. The GCC countries hold almost a 3rd of
established global crude oil reserves and 5th of the world
gas reserves countries (BP 2018). By 2025, it is predictable
that GCC countries’ population will reach approximately 60
million; moreover, the total electrical energy consumption
will be reached to1095TWh.Themain power (fuels) inGCC
countries used for electricity generation is natural gas tailed
by crude oil and the other is divided among diesel, light oil,
renewable sources, and heavy fuel oil (BP 2018). Due to
these concerns, we recommend to policymakers and central
body, the government will provide more incentives to inves-
tors of the private sector in clean andgreenpower generation.
Furthermore, the technology of these countries should be
shifted from their conventional energy sources to clean and
renewable energy sources. These results are in line with the
finding ofYang et al. (2020), Usman et al. (2020a, b), Khalid
et al. (2020). Furthermore, the coefficient of the urban pop-
ulation (URB) has a negative and statically significant influ-
ence on EPF in the case of Qatar and Saudi Arabia countries.
To some extent, the abovementioned results prove that the
urbanized population performs a vital part in overcoming the
ecological footprint in these countries. Specifically, a 1%
increase in URB will lead to an increase in environmental
pollution in the case of Qatar and Saudi Arabia by − 0.045%
and − 0.463%, respectively. These findings coincide in line
with the finding of Wang et al. (2014). Besides, urban popu-
lation demonstrated the positive influence on the ecological
footprint in the case of Oman depicting that a 1% increase in
URB will lead to increase the EFP by 0.204% in long-run and
these findings are consistent with the previous study of Anser
et al. (2020) and Khoshnevis Yazdi and Dariani (2019).
The impact of URB can be explained through the
concept that the duration of initial phase of urbanization,
the transportation system of such countries is expanded,
increase the demand of electronic commodities and
increased the amount of financial institutions are
established. All these indicators increase the demand for
conventional energy sources, consequently, which in turn

increase the ecological footprint level of particular
country (Akadiri et al. 2020).

For robustness analysis, the current study performed
our estimation results using an alternative method, i.e.,
common correlated effect with 2SLS simulation (referred
to as CCE-2SLS).2 To do this intention, we employ the
common correlated effect approach of Pesaran (2006)
and Chudik and Pesaran (2015) with two-stage least
squares (2SLS). Table 6 also reports the findings of the
regressions analysis by employing the CCE-2SLS meth-
od. In sum, the findings of this method are consistent
with the findings of the FMOLS approach as reported
in Table 6.

Results of panel Dumitrescu and Hurlin (D-H) pairwise
non-causality test

Finally, the last step of the econometric procedure of
empirical analysis is to discover the causality relationship
among candidate variables, i.e., globalization, financial
development, per capita income, energy utilization, ur-
banization, and ecological footprint. Once the long-run
cointegration is confirmed, there should be a unidirec-
tional or bidirectional causality relationship that exists
among variables/series. We explore this relationship
within the panel D-H causality framework which can
counter the problem of cross-sectional dependency. The
causality relationship exists between two series (y and x)
if the current value of x is forecasted by employing the
lag value of y series (Intisar et al. 2020).

Table 8 reveals that a unidirectional causality relation-
ship is discovered from EFP to GLO, from EFP to FD,
from EFP to GDPPC, from FD to GLO, from FD to
GDPPC, from FD to EC, and from FD to URB in the
whole panel of GCC countries. In contrast, a bidirection-
al causality relationship is discovered between EC and
EFP, between URB and EFP, between EC and GLO,
between URB and GLO, between URB and GDPPC,
between EC and GDPPC, and finally between EC and
URB (Table 8; Fig. 1). However, there is no causal re-
lationship observed between per capita income and glob-
alization. Our empirical results are consistent with some
previous studies (i.e., Bello et al. 2018; Wang and Dong
2019; Khalid et al. 2020; and Usman et al. 2020b, c,
d) in the case of different panel countries. The findings
drawn from Table 8 and Fig. 1 will provide significant
help to central authority and policymakers in formulating

2 The regression of CCE-2SLS is estimated applying the STATA command:
XTCCE which provided by Neal (2015) (http://fmwww.bc.edu/repec/bocode/
x/xtcce.ado). The possible endogenous series are instrumentedwith using their
first two lags in the regression.
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and implementation of efficient policies (control pollu-
tion level) for the GCC countries in the future.

Conclusion and policy suggestion

To examine the role of globalization, financial develop-
ment with energy utilization and determination of envi-
ronmental degradation, the current article investigates the
dynamic impact of globalization, financial development,
economic growth, energy consumption, and urbanization
on ecological footprint during the period from 1990 to

2017 in the case of GCC countries. To do this intention,
the ecological footprint, a more aggregate variable (based
on six different environmental indicators) is utilized to
quantify the environmental degradation in current re-
search (Wang et al. 2019). For such reasons, the associ-
ation among these under-examined variables is inspected
by utilizing the second-generation approach, which ad-
dresses the problem of slope heterogeneity and cross-
sectional dependency (CSD) across cross-sections.

The problem of CSD among GCC countries is the
projected situation due to trade agreements, globalization,
and financial and economic integration, and our empirical
results verify that CSD is valid across GCC economies.
Therefore, we employed a second-generation methodology
to estimate the robust and consistent results. First- and
second-generation panel unit tests suggest that all variables
are following the unit root property at a level while, after
taking the first difference, it turns to be stationary at I(1).
Furthermore,Westerlund cointegration test confirms the ex-
istence of long-run relationships among concerned vari-
ables. In order to examine the empirical estimation, themag-
nitude of long-run coefficients/elasticity of concerning var-
iables, fully modified ordinary least square (FMOLS), and
common correlated effect mean group with 2SLS (CCE-
2SLS) estimation approaches were applied. Consistent with
the FMOLS estimation approach, it is observed that global-
ization, financial development, and primary energy utiliza-
tion are significantly deteriorating the environmental quality
in the GCC region. More specifically, country-specific re-
sults discover that financial development, energy utilization,

Table 8 Pairwise Dumitrescu and Hurlin panel causality test analysis

Null hypothesis: W-Stat. Zbar-
Stat.

Prob. Remarks

lnGLO ⇎ lnEFP 2.368 0.157 0.874 EFP → GLO
lnEFP⇎ lnGLO 4.482** 2.576 0.013

lnFD ⇎ lnEFP 3.501 1.286 0.198 EFP → FD
lnEFP⇎ lnFD 4.861** 3.132 0.010

lnGDPPC ⇎ lnEFP 2.712 0.501 0.616 EFP → GDPPC
lnEFP⇎ lnGDPPC 3.946* 1.731 0.083

lnEC ⇎ lnEFP 4.574** 2.356 0.018 EC ↔ EFP
lnEFP⇎ lnEC 6.317*** 4.095 0.000

lnURB⇎ lnEFP 7.861*** 5.632 0.000 URB ↔ EFP
lnEFP⇎ lnURB 7.171*** 4.945 0.000

lnFD ⇎ lnGLO 3.912* 1.697 0.089 FD → GLO
lnGLO ⇎ lnFD 1.911 − 0.297 0.766

lnGDPPC ⇎ lnGLO 2.362 0.151 0.879 GDPPC ⇎ GLO
lnGLO ⇎ lnGDPPC 3.534 1.319 0.187

lnEC ⇎ lnGLO 4.361** 2.144 0.032 EC ↔ GLO
lnGLO ⇎ lnEC 4.673** 2.456 0.014

lnURB⇎ lnGLO 6.581*** 4.356 0.000 URB ↔ GLO
lnGLO ⇎ lnURB 10.873*** 8.637 0.000

lnGDPPC ⇎ lnFD 3.193 0.979 0.327 FD → GDPPC
lnFD ⇎ lnGDPPC 4.468** 2.251 0.024

lnEC ⇎ lnFD 1.498 − 0.711 0.477 FD→ EC
lnFD ⇎ lnEC 5.395*** 3.175 0.001

lnURB⇎ lnFD 2.852 0.639 0.522 FD → URB
lnFD ⇎ lnURB 14.158*** 11.912 0.000

lnEC ⇎ lnGDPPC 4.989*** 2.771 0.005 EC ↔ GDPPC
lnGDPPC ⇎ lnEC 5.839*** 3.618 0.000

lnURB⇎ lnGDPPC 9.239*** 7.007 0.000 URB ↔ GDPPC
lnGDPPC ⇎ lnURB 28.906*** 26.615 0.000

lnURB⇎ lnEC 8.5547*** 6.325 0.000 URB ↔ EC
lnEC ⇎ lnURB 16.081*** 13.829 0.000

Note: ***, **, and * indicate significance level at 1%, 5%, and 10% and
the symbol→ shows as unidirectional causality relationship,↔ denotes
to as bidirectional causality relationship, and symbol⇎ symbolizes does
not granger cause

Source: based on the authors’ estimations

FD

EFP

GDPP

EC

GLO

URB

Fig. 1 Causality relationship schema for GCC countries
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and globalization have a positive influence in increasing the
level of ecological footprint while urbanization has an ad-
verse effect on the ecological footprint in the case of Qatar
and Saudi Arabia state. Moreover, the outcomes of panel D-
H causality test show that a unidirectional causality is run-
ning from ecological footprint to globalization, from ecolog-
ical footprint to financial development, fromecological foot-
print to GDP growth, from financial development to global-
ization, from financial development to GDP growth, from
financial development to energy utilization, and from finan-
cial development to urbanization in the case of GCC coun-
tries. In contrast, the bidirectional causality relationship dis-
covered between energy utilization and ecological foot-
print, among urbanization and ecological footprint, be-
tween energy utilization and globalization, between ur-
banization and globalization, between urbanization and
GDP growth, between energy utilization and GDP
growth, and finally between energy utilization and ur-
banization in GCC region.

Based on these findings, we recommend the following pol-
icy implication to the governments, policymakers, and stake-
holders in general and specifically concerning GCC countries
for environmental sustainability. Firstly, since the globaliza-
tion boosts the economy in GCC countries; however, it ad-
versely influencing the environmental quality and hinders sus-
tainable development in GCC countries. Therefore, we recom-
mend to the policymakers in GCC countries they should not
ignore the globalization factor in the policy framework regard-
ing a sustainable environment and strike a balance between
the economic benefits of globalization and its hazardous ef-
fects on environmental sustainability. The policymakers
should encourage foreign direct investment only in the envi-
ronmentally sustainable sectors andmust welcome that invest-
ment in pollution-free industry, which brings environmentally
friendly production technologies, skills, and methods in the
GCC countries. In this context, governments can use legal and
regulatory frameworks that discourage environmentally un-
sustainable foreign capital investment and incentivizing
environmental-friendly investment through tax rebates, etc.

Secondly, the positive nexuses between financial develop-
ment and environmental quality indicate that financial devel-
opment in GCC countries is environmentally unsustainable. A
plausible reason for such unsustainable financial development
in GCC is that the enterprises are focusing on the expansion of
their production scale rather than using credit finance for de-
veloping or importing environmentally friendly production
technologies. Therefore, we suggest the government should
devise strict financial regulations and monitoring mechanisms
regarding environmentally sustainable finance, to divert sub-
stantial financial resources for building environmentally
friendly production facilities either through research and

development (R&D) or technology transfer from technologi-
cally advanced countries. Finally, energy utilization also
yields a positive impact on environmental quality in the
GCC countries. Energy utilization is essential for economic
development; therefore, we suggest to policymakers in GCC
countries to devise a policy framework for enhancing the cost-
effective renewable energy resources to alleviate the issue of
environmental sustainability without compromising the pace
of economic development.

While the current study has significant policy implications, it
has also some limitations that can be addressed in future research.
Firstly, this study is focused only on six GCC countries; there-
fore, the findings of this study cannot be generalized in other
countries. Therefore, we recommend the researchers in the future
to examine the nexuses between globalization, financial devel-
opment, energy utilization, and environmental sustainability by
taking global sample. Secondly, globalization and financial de-
velopment are complex and multidimensional variables; howev-
er, the current study only investigates the holistic impact of both
globalization and financial development on environmental deg-
radation. Future studies can also determine the impact of each
dimension of globalization (i.e., social, economic, and political)
and financial development (i.e., financial deepening, financial
access, and financial efficiency) on environmental quality to help
policymakers in devising a more comprehensive policy for
achieving a sustainable environment. Furthermore, future re-
search can also examine the conditioning role of green
macroprudential regulations and institutional quality in the rela-
tionship between globalization, financial development, and envi-
ronmental quality for more instructive policy implications.
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