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Abstract
The broad purpose of this study is to empirically explore the impact of globalization and financial development on environmental
pollution by carbon (CO2) emissions in the six Middle East and North Africa (MENA) countries using balanced panel data from
1971 to 2015. We also aimed to test the legitimacy of the environmental Kuznets curve (EKC) hypothesis for this region. The
fixed-effects approach preferred by the Hausman specification test is used to estimate the empirical model, and the feasible
generalized least squares (F.G.L.S.) estimator is employed to cope with any issue of heteroscedasticity and serial correlation. This
study found that globalization and financial development have adverse and significant effects on environmental degradation and
affirm the legitimacy of the EKC hypothesis for these countries. The finding of this study suggests that the governments of
MENA countries should design and implement appropriate policies for strengthening the renewable sources of energy like wind,
solar, bio-fuel, and thermal to decrease CO2 emissions and boost sustainable economic development. The policymakers should
focus on the efficiency of institutions and enhancement of energy-saving projects in this region.
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Introduction

The temperature and environmental changes have been grow-
ing across the world in the past several decades. This issue has
now got priority to think both politically and economically. In
1997, the Kyoto convention featured the issue of diminishing
greenhouse gases (GHG) that answerable for atmosphere

harms. Presently, several factors can be observed that can make
environmental pollutants and can be the reason for climate
change, but carbon dioxide (CO2), which is the highest level
in history nowadays, is the most prominent reason for global
warming (Rogelj and Schleussner 2019). Sustainable economic
development is the prime goal of every country. Azam (2016:
175) noted that “sustainable economic growth needs to be the
primary objective of every government, including developing
Asian countries, for improving the social welfare of people.
Therefore, to achieve the desired level of sustainable economic
growth, environmental degradation must be controlled without
lowering real growth and the well-being of society.”

Globalization is the multifaceted process because it re-
quires swift social alteration that is happening simultaneously
diagonally in the different dimensions in the world economy,
in culture, in the physical environment, in communication,
and in politics transformation with each other. So, it is too
difficult process to hold in it’s completely (Tomlinson
1999). This concept has been developed since the 1970s,
which has promoted trade growth, has increased capital inno-
vation, and has extended the exchange of culture, social, and
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political values (Shahbaz et al. 2017). Globalization not only
causes the economic, communal, and cultural phase of a na-
tion collectively but also hit the environmental worth globally.
The globalization has so impressed the new era that air quality
has been concerned about raising business activities like trade
and investment (Latif et al. 2018). Similarly, financial devel-
opment is the other important factor that can cause environ-
mental quality. Though Mishkin (2009) has noted that glob-
alization makes the way to financial development and hardly
suggested that financial development could be significant as it
makes the venture process solid and that innovation is em-
braced to decrease the ecological discharge (Zafar et al.
2019). For this reason, the current study has included the
financial development variable in the model and has analyzed
its impact on environmental degradation. Figure 1 depicts
CO2 emissions, financial development, and globalization in
the Middle East and North Africa (MENA) region.

According to Simon Kuznets (1955), income disparity first
rises and afterward falls as economic development continues.
As per Stern (2004), ecological Kuznets curve is a theorized
connection between the different indications of environmental
deprivation and income per capita. At the initial phase of eco-
nomic growth, both degradation and pollution rise. However,
with time, growth in income leads the economy to grow, which
prompts environmental improvement. The ecological Kuznets
curve confronts the contention very regularly that increments in
income lead unavoidably to more contamination because more
income suggests more energy consumption, which thusly infers
more contamination. Theoretically, an ecological Kuznets
curve concedes the likelihood that there might be factors having
the contrary impact of diminishing, as opposed to expanding,
contamination. The blend of the two impacts can lead to con-
tamination first expanding and afterward diminishing with in-
crements in income (Carson et al. 1997). The study of
Grossman and Krueger (1991) on the environmental impacts
of North American Free Trade Agreement (NAFTA) advanced
a hypothesis about the environmental Kuznets curve (EKC).
Shafik and Bandyopadhyay (1992) were the first to complete
a significant report to approve the EKC speculation.

This study aims to examine the influence of globalization
and financial development along with some other explanatory
variables, namely economic growth, inward FDI, energy
consumption, and population growth on CO2 emissions.
Grossman and Krueger (1991) examined the association be-
tween economic growth, and ecological discharge was sure at
the beginning times of development; yet, after arriving at a
specific point, it transforms into negative. So, the economic
growth protects the environment when the per capita income
reached to the required level. Many studies were conducted to
examine the relationship between CO2 emissions and energy
consumption like Ang (2007) and Azam (2019) found that
carbon emissions and energy consumption have a strong
relation. Irfan et al. (2020a, 2020b) concluded that energy is
the main cause of environmental pollution. Energy usage is
indeed the source to get economic development by improving
productivity, but, more use of energy leads to higher toxin
gases. Irfan et al. (2019a, 2019b) energy inefficiency affects
the life of people as well as impeding the financial improve-
ment of the nation. Foreign direct investment (FDI) inflows
have instantly extended during the past few decades in basi-
cally every locale of the world. As a general rule, it is addi-
tionally apparent that FDI inflows play a vital role in dimin-
ished carbon emanations (Omri et al. 2014). Lastly, popula-
tion growth is also to be examined in this study. Population
size is a complex issue for development, but more human
means more skills, and that skill can be efficiently utilized to
mitigate the emissions through inventing new technologies.

Globalization and financial development with carbon diox-
ide emissions is an important issue and required more discus-
sion. After the review literature, a very small amount of stud-
ies had been carried out on this issue, especially in MENA
countries (Ang 2007). Therefore, this study was conducted to
investigate the effect of globalization and financial sector de-
velopment on environmental quality in the MENA region.
There are many reasons to select MENA region because coun-
tries have more than 40% of natural gas, whereas 57% of oil
reserves all over the world. Almost 85% of greenhouse gases
discharge in this region through the usage and production of

Fig. 1 Carbon emissions (emissions), financial development (FD), and globalization in the MENA region. The primary Y-axis shows the data of CO2

and FD, both in per capita (WDI, 2020) and the secondary Y-axis shows globalization data in average numbers (Dreher 2006)
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oil and gases and the environment is too polluted in these
countries (Audi and Ali 2018). Secondly, these nations have
an extreme issue of natural degradation in the feeling of car-
bon discharges. The release of CO2 emissions for most of the
MENA countries is higher than in other regions (Charfeddine
and Mrabet 2017). The forgoing studies exhibits that it is
needed to conduct research on the connection between glob-
alization and carbon emissions right now, including the job of
financial development, and it is a significant issue to be talked
about. The existing literature reveals that both globalization
and financial development indicators have been overlooked so
far to find their impact on CO2 emissions within the frame-
work of EKC hypothesis in these selected MENA countries.
Therefore, this study plans to identify and verify the effect of
globalization and financial development on CO2 emissions
and tests the EKC hypothesis, by taking the panel data from
six MENA countries in which Israel and Saudi Arabia are the
high-income nations, Jordan and Iran are upper-income na-
tions, and Egypt and Tunisia are the middle-income nations
from 1971 ti 2015.

The contributions of this study to the literature on
environment-globalization nexus are three-fold. First, this
study is most recent study to exploring empirically the rela-
tionship between globalization and the financial development
sector together with environmental degradation in six selected
countries of the MENA region for 1971–2015 within the
framework of EKC hypothesis. Second, we used the KOF
index of overall globalization (economic, social, and political)
by commissioning the fixed-effect model to get unbiased es-
timates and true causal effects of an entity. Third, this study
also implanted that most appropriate analytical techniques
namely feasible generalized least squares (FGLS) to tackle
the issues of heteroskedasticity and autocorrelation in the data.

The arrangement of the study is that in the “Literature re-
view” section, focused on the review of the literature and the
“Data and empirical methodology” section deals with data and
methodology. The “Results and discussions” section presents
results and discussion and “Concluding remarks” section con-
tains conclusion and policy recommendations.

Literature review

Carbon emissions and globalization

Bu et al. (2016) used the panel data from 1990 to 2016 for 166
countries to examined globalization and carbon emission rela-
tionship, and suggests that the role of globalization in natural
debasement is crucial for Organization for Economic
Cooperation andDevelopment (OECD) and non-OECDnations.
Audi and Ali (2018) examined the elements of environmental
deprivation by considering the globalization if there should be an
occurrence of chose MENA countries from 1980 to 2013. The

panel autoregressive distributed lag (ARDL) technique was uti-
lized to estimate the model. The globalization, energy utilization,
and financial development have both noteworthy and positive
relationship with the ecological quality in the selected MENA
region. Haseeb et al. (2018) used the panel data of Brazil, Russia,
India, China, and South Africa (BRICS) region from 1995 to
2015 and used the variables of energy use, financial
development, CO2 emissions, urbanization, and globalization.
They used the dynamic unrelated regression technique to
estimate the data. Their results showed the negative relationship
between globalization and carbon emissions for the BRICS and
in the case of Russia and India globalization significantly
contributed to rising CO2 emissions while in Brazil, China, and
India helped to improve environmental quality significantly.
Destek (2019) studied the impact of the political social and eco-
nomic globalization on CO2 emissions explaining the time frame
of 1995–2015 for the area of central and European countries by
using the augmentedmean group (AMG) technique for the long-
run relationship. He concluded that political globalization re-
duced CO2 emissions while social and economic globalization
was responsible for raising the CO2 level. Salahuddin et al.
(2019) explored globalization, environmental quality, and urban-
ization relationship for sub-Saharan African countries. They
showed an insignificant impact of globalization and ecological
quality; anyhow, urbanization is the cause to slow down global-
ization in those countries.

Carbon emissions and financial development

Shahbaz et al. (2016) conducted a study on the nexus between
CO2 emissions and financial development with two additional
variables namely GDP and energy consumption in the context of
Pakistan. The authors developed an index of financial
development that consisted of the banking sector and stock
market indicators. They concluded that as the index raised the
CO2 emissions also accelerated. Pata (2018) found that carbon
emissions are directly related to financial development and EKC
was valid for Turkey. The empirical findings of Azam (2019)
showed that financial development and environmental pollution
byCO2 emissions had close linkages by using the panel data four
BRICS countries from1981 to 2015. Charfeddin and Kahia
(2019) investigated 24 MENA countries through the Panel
VAR technique and concluded that CO2 emissions accelerated
with an increase in financial development.

Economic growth and carbon emissions

EKC is widely used in literature to shows the relationship
between national income and CO2 emissions. Grossman and
Krueger (1995) proposed an inverted U-shaped EKC for a
long-run relationship between an increase in per capita
income and environmental quality, and hence are considered
as pioneers. They were of the view that with the increase in
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economic growth the environment goes through degradation
at first, but after a certain growth limit, any further
improvement in growth will cause the quality of the
environment to improve. Farhani and Rajeb (2012) investigat-
ed the link among economic growth, CO2 emissions, and con-
sumption of energy by using the panel data of 15 MENA
countries. They found that there was a long run, a unidirec-
tional causality from CO2 emissions and growth to energy-
burning up; while, in the short run, there were no relationship
between carbon emissions and the consumption of energy and
also between growth and energy consumption. Al-Rawashdeh
et al. (2014) used time-series data for 22MENA countries and
performed a country-level analysis to examine EKC between
gross domestic product (GDP) and environmental degrada-
tion. Environmental degradation was measured by pollution
indicators, i.e., SO2 and CO2. For the panel, EKC was not
valid in this region, whereas for country-wise, it gives mixed
results for EKC. Azam and Khan (2016) found that EKC was
valid in low,middle, upper middle, and high-income countries
over 1975–2014. The studies of Ali et al. (2016, 2017) con-
firmed the validity of the EKC hypothesis for Malaysia be-
tween 1985–2012 and 1971–2012 using a different set of
regressors. Zafeiriou and Azam (2017) corroborated the
EKC hypothesis covering the agriculture sector for three
Mediterranean countries namely France, Portugal, and Spain
from 1992 to 2014. The Bah et al. (2020) study vindicated the
existence of EKC hypothesis of ten sub-Saharan African
countries from 1971 to 2012.

Carbon emission and energy usage

Omri (2013) examined CO2 emissions, energy use, and finan-
cial development in the MENA area and discovered unidirec-
tional connection from energy utilization to emanation while
bi-directional among CO2 emissions and economic
development. Magazzino (2017) found that the relation of
energy use with emissions was the cause to increase in the
income in Asia-Pacific Economic Cooperation (APEC) coun-
tries. Sinha and Sengupta (2019) studied the role of NO2

emissions and found that there was an N-shaped relation of
income and emissions in APEC countries. Irfan et al. (2020a,
2020b) conducted the study on major cities of Pakistan based
on primary data. They used structural equation modeling and
found that environment and renewable energy cost had not
any significant relationship in major cities of Pakistan.

Carbon emissions, FDI, and population size

Al-Mulali et al. (2013) contemplated the connection between
energy utilization, urbanization, and CO2 discharge in the
MENA locale for the time of 1980–2009. The dynamic ordi-
nary least squares (OLS) results found that there was a bi-
directionally positive connection among the factors, whereas

the level of income and development had long-run relation-
ships among all the variables. Dong et al. (2018) explored the
nexus of CO2, population growth, and economic growth for
128 nations from 1990 to 2014. They utilized common
correlated effects mean group estimator to locate that, both,
population and economic growth, had a fundamentally
positive connection with carbon discharges at worldwide
just as at the provincial level. Shahbaz et al. (2019) examined
FDI and carbon emanations in the region of the MENA for
1990–2015. They utilized generalized methods of moments
(GMM) to demonstrate the presence of the pollution haven
hypothesis (PHH) and found an N-shaped shaped connection
among CO2 emissions and FDI in the MENA region. Table 1
shows prior empirical studies on globalization, financial de-
velopment, and some other variable’s impacts on CO2 emis-
sions. Figure 2 describes the graphical relationship of all the
independent variables with the dependent variable (carbon
emissions) in this study.

The aforementioned studies indicate that carbon emissions,
globalization, and financial development are still to be ex-
plored for MENA countries. Only a few studies considered
the MENA region, whereas advanced economies have been
studied these issues several times (Dreher 2006), though these
variables are studied by other researchers for a different part of
economies like Zafar et al. (2019) for OECD countries and Bu
et al. (2016) for OECD and non-OECD countries (Fig. 3). The
issue of economic growth, energy usage, and ecological de-
basement has been talked about by the number of studies; yet,
at the same time, there is a need to contemplate globalization
and financial development with the EKC hypothesis together
in the MENA district. So, this study will certainly reduce this
gap by contemplating the effect of globalization and financial
development on CO2 emissions by together with GDP, energy
consumption, foreign direct investment, and population size.

Data and empirical methodology

Data of the study

We utilized selected variables namely globalization, financial
development, CO2 emissions, FDI inflows, population, and
economic growth by GDP, while the extensive goal of this
study is to verify the legitimacy of EKC theory. We included
high-income countries (Israel and Saudi Arabia), upper-
income countries (Iran and Jordan), and lower income coun-
tries (Egypt and Tunisia) countries from the MENA region
over the period of 1971–2015. Sample data is limited to these
countries due to the confinements on the accessibility of data,
especially on CO2 emissions. We used annual/yearly data (45
years) from 1971 to 2015. Thoughwe intend to use longer and
updated data, consistent balanced data on CO2 emissions were
only available up to 2015. Besides, low-income nations from
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this locale have almost no commitment to the world
economy, so those nations are prohibited and there is
an issue for adjusted information for low-income na-
tions. The data have been taken from the World
Development Indicators (WDI) (2020), the World
Bank, while data on globalization has been from KOF
index, in light of the Dreher (2006), who presented the
idea of globalization list dependent on economic, polit-
ical, and social globalization. Details of the data are
given in Table 2.

Empirical model

The concept of globalization discussed in different studies is
an old tradition like Grossman and Krueger (1991) discussed
the Northern America Free Trade Agreement and debated on
the effects of globalization. When production increases
through foreign trade and investments, it is called a scale ef-
fect of globalization. Two other effects are the technique and
the composition scale of globalization.

Dreher (2006) explicated that due to the scale effect of
globalization; structural changes took place whereas the
composition effect might be a reason for environmental
damage as the production sector might increase the in-
vestment. When economic growth becomes constant,
along with scale effect than new concepts of the technol-
ogy are considered and new patterns of production
methods are introduced, and this is called a technique
effect of globalization. This consequence reduces CO2

emissions because of pollution-free trade and investment.
Financial development is another variable to check

the relationship with carbon emissions. Financial devel-
opment can play a vital role in CO2 emissions in any

society. For example, Sadorsky (2011) explored that
monetary improvements cover the customer’s approach
to the strength and consistency of the products which
increased energy usage and environmental emissions.
Financial development provides the opportunity for the
business community to increase the capital to expand
the production activities. Charfeddine and Khediri
(2016) expounded that domestic credit to the private
sector scaled by real GDP proxy to measure the finan-
cial development notwithstanding economic growth and
energy utilization as globalization impact and financial
development can’t be estimated without these referenced
factors appropriately. The conversation concerning the
association of CO2 emissions and economic growth
has been concentrated broadly through EKC. for
instance, Zaidi et al. (2019) for APEC nations, Azam
and Khan (2016) for low, lower center, upper center,
and high-income nations from various pieces of the
world. After Zaidi et al. (2019), this study will pursue
the following function to estimate carbon emissions.

CO2 ¼ ƒ GLOB; FD;GDP;GDP2;EUSE; FDI;PS
� � ð1Þ

In Equation (1), CO2 refers to carbon emissions extended
in metric tons. The use of coal, oil, gas, and other fuels is the
source of CO2 emissions. FD refers to financial development,
which is the % of GDP and is extended through the proxy
“domestic credit issued to the Private sector.” GDP is per
capita gross domestic product, current US dollars, used as a
proxy of economic growth. GDP square is the square term of
per capita GDP, current US dollars to measure the EKC,
EUSE is energy usage, kilograms of oil equivalent per capita
energy use from all sources, FDI is the foreign direct invest-
ment of inflows measured in percentage of GDP, and PS is a
total population of midyear estimates.

Swiss Institute for Economic Research developed the glob-
alization index which is named as KOF index. It consists of
three sub-indexes called economic, social, and political index-
es. All the factors are included in the KOF globalization index.
KOF index is scaled from 0 to a maximum of 100. In the
above model, the GLOB variable is a globalization index that
has been taken from the KOF globalization index.

All the used variables in this model are transformed into log
form to stay away from sharpness in the data. The log trans-
formation method is the most adopted technique as it trans-
forms the data to confirm normality (Changyong et al. 2014).

LCO2it ¼ β0 þ β1iLGLOBit þ β2iLFDit þ β3iLGDPit

þ β4iLGDP
2
it þ β5iLEUSEit þ β6iLFDIit

þ β7iLPSit þ εit: ð2Þ

Fig. 2 Conceptual framework. Source: authors constructed
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whereas i represent the number of countries; t shows the
quantity of time; ε is the error term; and β1, β2, β3, β4,
β5,β6, and β7 are the coefficient of globalization, finan-
cial development, economic growth, economic growth
square, energy use, foreign direct investment inflows,
population growth, and error term respectively.

Estimation procedure

The issue of cross-sectional dependence in panel data has seen
in a large portion of the investigations. This issue emerges due
to numerous components like nearer outskirts, same exchange
designs, or nearly the equivalent financial exercises and

Fig. 3. Trends of variables in
selected countries of the MENA
region. Data of globalization is
taken from Dreher (2006) and
source of other series, is WDI
(2020)
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patterns. So, by overlooking the issue of cross-sectional de-
pendence results might be out of line (Paramati et al.
2017). This investigation utilized the cross-sectional de-
pendence (CD) test, Pesaran (2004), and the Breusch-
Pagan-LM (1980) test.

The first-generation unit root tests cannot be executed as
the problem of cross-section dependence exists in the data
(Zafar et al. 2019). Accordingly, this study will utilize the
second-generation unit root test of cross-sectional augmented
Dickey-Fuller (CADF), proposed by Pesaran (2007). This test
has command over the cross-sectional dependence issue when
data is inspected for the unit root test and the selection of the
right unit root test intensifies the consistency of the outcomes
(Paramati et al. 2017). The null hypothesis shows that data is
non-stationary. In the wake of testing the 2nd-generation unit
root of the panel data, it is required to check the 2nd-
generation panel cointegration test among the variables
(Menegaki 2019). So, this study employs the Westerlund
(2005) test for panel cointegration. Westerlund (2005) test
inferred a couple of variance ratio (VR) test statistics for the
null hypothesis of no cointegration. The default test utilizes a
model wherein the autoregressive (AR) parameter is board
explicit and for which the alternative hypothesis is that the
series in a portion of the panels are cointegrated.
Determining the “all panels” choice creates the outcomes for
a test where the alternative hypothesis is that the series in all
the panels are cointegrated, and this test utilizes a model
wherein the AR parameter is the equivalent over the panels.

In case when panel data does not find any cointegration
between the variables then polling is the best technique to
check the relationship between the variables and the option
between fixed effect and random effect can be picked through
the Hausman test (Menegaki 2019). Panel data modeling in-
vestigates the time and group effect to compact with individ-
ual effect and heterogeneity effect and these effects are fixed
effect or random effect (Park 2011).

The Hausman (1978) test is exercised to decide between
the fixed-effect (FE)model and the random effect (RE) model.
It is used to determine which of the two models is appropriate.
The Hausman test calculates that the residuals are correlated

with the explanatory variables. The fixed and random effects
are better than other techniques of estimation as the result of
the following:

1) The RE model assists in providing estimates for time–
constant covariates.

2) The FE model is used to derive unbiased estimates.
3) The FE is a better measure of identifying the true causal

effect of an entity.
4) The FE and the RE models help to analyze the panel data

which constitutes of time-series data and cross-sectional
data (Oshin and Ogundipe 2014).

To check the cross-sectional independency, this study will
use Breusch and Pagan’s (1980) test since this test is pertinent
for cross-sectional independence under the fixed-effect regres-
sion model (Greene 2000). Wooldridge (2002) test for auto-
correlation in this study is used. For panel data, a major issue
to be faced is the autocorrelation problem (Driscoll and Kraay
1998). This issue emerges because regularly utilized panel
data estimators have insufficient ability to deal with autocor-
relation. Parks’ feasible generalized least squares (FGLS) es-
timator Parks (1967) can be a dependable source to handle
autocorrelation problems. Notwithstanding, it must be execut-
ed when the volume of the cross-segment is not exactly or
equivalent to the volume of time (Reed and Ye 2011).

To check the group-wise heteroskedasticity in the model of
fixed-fixed regression, an adjusted Wald test will be executed
(Baum 2001). If group-wise heteroskedasticity is found in the
fixed-effect model, at that point the FGLS are tried to expel
the issue of heteroskedasticity (Reed and Ye 2011). So, we
also implement the FGLS approach.

Results and discussions

Table 3 shows a summary of descriptive statistics and corre-
lation matrix. CO2 emissions in the selected MENA nations
have been 1.3528 metric tons on normal from 1971 through
2015. The most reduced GDP, speaking to economic growth,

Table 2 Data and its sources
Series Definition Supporting references Sources

Carbon emissions Metric tons per capita Omri (2013) WDI, 2020

Globalization Index Zafar et al. (2019) KOF index

Financial development % of GDP Al-Mulali et al. (2013) WDI, 2020

Per capita GDP Current USD Bilgili et al. (2016) WDI, 2020

Square of per capita GDP Current USD Bilgili et al. (2016)

Energy use A kilogram of oil equivalent per capita Zaidi et al. (2019) WDI, 2020

FDI inflows % of GDP Shahbaz et al. (2019) WDI, 2020

Population size Total population Dong et al. (2018) WDI, 2020
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was 5.49% though; the most elevated GDP rate was 10.53%.
The globalization was 3.86 on standard and financial devel-
opment was 3.58%. The least and most elevated paces of
energy usage were 5.38 kg and 8.84 kg, individually, while,
inflows of FDI were 0.414% in selected MENA countries.

Table 3 shows a positive connection between globalization
and CO2 emissions, between CO2 emissions and GDP, CO2

emissions, and energy use, among CO2 emissions and inward
FDI. There exists additionally a positive relationship among
globalization and financial development, financial develop-
ment, and energy use; FDI has likewise a positive connection
with population size. A negative relationship between finan-
cial development and CO2 emissions, among CO2 emissions
and population size, and among globalization and population
size can be seen.

Table 4 describes the results of cross-section dependence in
data. This study considers the outcomes of the Pesaran CD test

and the Breusch-Pagan LM test. All the variables are at 1% of
a significant level so we reject the null hypothesis of no cross-
section dependence.

After the cross-sectional dependence results, the next step
is to check the unit root of the selected variables. We used the
second-generation unit root test of cross-sectional augmented
Dickey-Fuller (CADF), proposed by Pesaran (2007) due to
the issue of cross-sectional dependence and results of CADF
unit root test are given in Table 5. The results indicate that
there is mix order of integration, i.e., I(0) and I(1). Inward FDI
and population size are stationary at a level while all other
variables have unit root but become stationary at the first
difference at 1% significant level.

Table 3 Summary of descriptive
statistics, and correlation matrix Variables Mean Min. Max. Std. dev.

LCO2it 1.352821 − .438635 2.967367 .8760321

LGLOBit 3.865844 3.318839 4.386682 .7174191

LFDit 3.588851 1.011817 4.505349 .6629812

LGDPit 8.009402 5.496376 10.53685 1.168841

LEUSEit 7.115166 5.380083 8.840111 .8265699

LFDIit .4147791 − 1.29133 1.394486 .4413644

LPSit 7.153587 6.257482 7.965872 .4861979

Variables LCO2it LGLOBit LFDit LGDPit LEUSEit LFDIit LPSit
LCO2it 1.0000

LGLOBit 0.0566 1.0000

LFDit − 0.1594 0.3514 1.0000

LGDPit 0.8604 0.2762 0.1722 1.0000

LEUSEit 0.9545 0.1886 0.0190 0.7481 1.0000

LFDIit 0.3019 0.1335 − 0.1697 0.1152 0.2688 1.0000

LPSit − 0.0070 − 0.2015 − 0.2897 − 0.1352 0.0384 0.1574 1.0000

Table 5 Results of CADF unit root tests

Variables CADF

Level First difference

LCO2it − 2.417 − 4.525***

LGLOBit − 1.635 − 3.460***

LFDit − 2.161 − 4.576***

LGDPit − 2.708 − 4.275***

LGDP2it − 2.736 − 4.217 ***

LEUSEit − 2.575 − 4.605 ***

LFDIit − 3.378*** ----

LPSit − 4.237 *** ----

***Shows the significance at the 1% level respectively. Deterministic
chosen are constant and trend. Critical values for CADF – 2.730 at
10%, − 2.840 at 5%, and – 3.060 at 1% significance levels. The results
are reported at lag = 1. *** denotes rejection of the null hypothesis

Table 4 Cross-sectional dependence results

Series Breusch-Pagan LM Pesaran Scaled Pesaran CD

LCO2it 314.3932*** 54.66147*** 17.05994***

LGLOBit 549.8039*** 97.64138*** 23.31242***

LFDit 348.4735*** 60.88365*** 18.07397***

LGDPit 472.8036*** 83.58312*** 21.58188***

LGDP2it 473.0353*** 83.62542*** 21.59257***

LEUSEit 515.8459*** 91.44153*** 22.60216***

LFDIit 69.71900*** 9.990276*** 6.440047***

LPSit 656.9363*** 117.2010*** 25.62944***

***Show significance at the 1% levels, respectively. The results are
descripted on the source of Breusch-Pagan (1980) LM test
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The results of the Westerlund cointegration test are shown
in Table 6. The null hypothesis of the test describes that there
is no cointegration and some panels are cointegrated is an
alternative hypothesis so our study accepts he null hypothesis
as variance ratio is insignificant and is greater than 5% if
significant level.

Table 6 shows that the P value is profoundly unim-
portant that implies there is no panel cointegration then
this study executed the pooling technique as discussed
in the estimation procedure.

Under the panel data estimation technique, the fixed-effect
and the random effect estimators were used and the Hausman
test was used to ascertain the most efficient and consistent
model. The fixed-effect estimator accounts for the time-
invariant characteristics, that is, unique traits or characteristics
which are found in individual countries. Those characteristics
are unique to just that particular country or entity, e.g., culture.
Therefore, when carrying out the FE test, we assume that
something within the entity may lead to the bias of our ex-
planatory variables; therefore, we need to control for this. The
hypothesis of the Hausman test is specified as follows:

H0: Random effect model is suitable.
H1: Random effect model is not suitable.
The null hypothesis suggests that the random effect estima-

tor is best to employ, whereas alternative suggests that the
fixed-effect estimator is more reliable to check the relations
among the variables.

Table 7 shows the results of the fixed-effect model, which
indicated that the Hausman test rejects the null hypothesis and
concluded that the fixed-effect estimator is more suitable. But
before going to interpret the fixed-effect model results, some
diagnost ic tes ts to be executed l ike group-wise
Heteroskedasticity, serial correlation, and cross-sectional in-
dependence test whether the results of fixed-effect model is
reliable or not. The diagnostic tests results are given in
Table 8, which shows the result of the Breusch-Pagan LM test
of cross-sectional independence was significant at 1% level of
significant; therefore, this study reject the null hypothesis that
the cross-sectional independent. The modified Wald test for
group-wise heteroskedasticity result was also found signifi-
cant at 1% level of significant and reject the null hypothesis
that heteroskedasticity in the data. The Wooldridge test for
autocorrelation results found significant; therefore, reject the
null hypothesis that there are first order correlation in the data.

The results of the diagnostic tests show that the fixed-effect
model results were not reliable. Therefore, this study used
cross-sectional time-series FGLS regression to get ride from
the heteroskedasticity and autocorrelation problems. Table 9
presents the FGLS regression results, which shows the nega-
tive and significant relationship between globalization and
CO2 emissions. The coefficient of this variable indicates that
a 1% increase in globalization will lead to reducing the emis-
sion by 0.1255% in the selected MENA countries. Our results
are parallel to the results of Haseeb et al. (2018) and Zaidi
et al. (2019). Carbon emissions and financial development
has also a significant and negative relat ionship.
Environmental conditions are improved by 0.2644% when
financial development is decreases by 1%. The similar results
ware fund by Zafar et al. (2019) and Zaidi et al. (2019).

The estimated coefficient values of GDP and GDP square
explain the concept of EKC. Economic growth by GDP has a
positive relationship with carbon emissions, which means that
if GDP improves by 1% then carbon emissions will make the
environment polluted by 0.6248%. On the other hand,

Table 7 Fixed-effect estimation

Variables Coefficient P values

LGLOBit − 0.0937*** 0.000

LFDit − 0.1149*** 0.004

LGDPit 0.9038*** 0.000

LGDP2it − 0.0451*** 0.000

LEUSEit 0.5106*** 0.000

LFDIit 0.0957*** 0.007

LPSit 0.0524 0.703

adj. R2 0.94

Hausman test 27.52*** 0.000

***Shows significance at the 1% level. Dependant variable: LCO2

emissions

Table 6 Westerlund test
for panel cointegration Statistic P value

Variance ration − 1.5146 0.0649

**, *The rejection of null hypothesis of no
cointegration is statistically significant at
5% and 1% levels, respectively

Table 8 Cross-sectional independence test under the fixed-effect
estimator, group-wise heteroskedasticity test, and results of
autocorrelation test

Cross-sectional independence test under the fixed-effect estimator

Ho: cross-sectional Independence

Breusch-Pagan LM test: chi2(15) 74.370, Pr = 0.0000

Group-wise heteroskedasticity test

Modified Wald test chi2 (6) P value

477.95 0.0000

Results of autocorrelation test

H0: no first-order autocorrelation

Wooldridge test F (1,5) Probability

11.255 0.0202
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emission can be eliminated by 0.0286 percent due to an in-
crease in GDP squares by one percent, which means that car-
bon emission is inversely related to GDP squares. These re-
sults interpret that in earlier stages when economic growth
raises carbon emissions also increase but over time and after
reaching a threshold point when economic growth develops,
CO2 emissions start declining. Azam et al. (2016) and Dogan
and Turkekul (2016) have also obtained similar results for the
EKC hypothesis in their respective studies. The CO2 emis-
sions and energy consumption has also significant but positive
relations. If 1% increase in energy consumption in the selected
MENA region will increase the carbon emission by 0.8216%.
These results are the same as by the study of Haseeb and
Azam (2015) and Shaari et al. (2017) and Azam and Ozturk
(2020). The most reliable way of producing energy like wind
energy which have no harmful emissions (Irfan et al. 2019a,
2019b). The after effects of FDI inflows demonstrate that the
relationship is certain and profoundly critical with carbon em-
anations. A 1% increase in incoming FDI can cause environ-
mental pollution by 0.0985% in selected MENA regions dur-
ing the mentioned period. Our empirical results are the same
as the findings of Omri et al. (2014) and Shahbaz et al. (2019).
The population size and carbon emissions have a significant
and negative relationship. It is obvious from the results that
CO2 emissions decreased by 0.1728 when population size is
increased by 1%. The same results were given by Azam
(2016) and Charfeddine and Mrabet (2017).

Concluding remarks

This study aims to investigates the impact of globalization and
financial development on CO2 emissions in six countries of
the MENA region which are a high-income (Israel, Saudi
Arabia), upper center income (Jordan, and Iran), and lower

center income (Egypt and Tunisia) from 1971 to 2015. The
second-generation unit root test indicated that there were
mixed level of stationery of the variables. TheWesterlund test
of cointegration is additionally employed to check the long-
run relationship. The Hausman test recommend to use the
fixed-effect model, but the results of fixed-effect model results
were not reliable due to autocorrelation and heteroskedasticity
problem in the data. To overcome these problems, the study
used feasible generalized least square (FGLS) techniques to
estimate the data. This study found that globalization, finan-
cial development, and population size reduces CO2 emissions,
whereas energy usage and foreign direct investment are the
cause to make the environment more polluted. The results
reveal a positive linear connection and a negative relationship
in quadratic structures between CO2 emissions and economic
growth. This association suggests that in the beginning pe-
riods, growing economic growth in selected MENA nations
additionally inspire CO2 discharges to a defining point yet
after that point outflows begin to diminish as economic
growth increments further.

This study recommended for MENA countries that environ-
mental issues can be eliminated by introducing the trade open-
ness to the economy and developing relationswith trade partners.
High-quality reform in institutions can be a cause to increase the
globalization index. Furthermore, improvement in the efficiency
of the banking system, reduction in corruption, betterment in
legal systems, control on the misuse of property rights acts, and
reduction in unemployment rates can also improve the globali-
zation in the selected MENA countries. The private sector is
always a strong element to reduce emissions. Governments
should pay attention to the private sector so that commercializa-
tion and investment can reduce poverty rates in selected in
MENA countries. Environmental projects should be launched
through private sectors as they are directly involved in financial
development and has an important role to make the surroundings
free of pollution. The MENA countries should be worried about
energy use and its role to make the environment more polluted.
Wind energy and solar energy could be the best option to reduce
air pollution; so, policies should be designed and implemented to
renewable sources of energy like wind, solar, bio-fuel, and ther-
mal to decrease CO2 emissions. Energy consumption should be a
decline in the selected MENA countries. Energy efficiency can
be gain by introducing energy-saving projects and energy con-
servation policies in selected MENA countries.

The incoming FDI needs to be utilized efficiently, where
environmental pollution shall be regulated to mitigate emis-
sions. Otherwise, FDI inflows will create problems in these
selected countries, so the policymakers should focus and give
attention to the “environmental standard” of FDI inflows to
escape “pollution haven” frauds, by promoting organized
know-how and safe technology transfers with foreign inves-
tors. The relationship between absolute population figures and
emissions cannot be overlooked in these selected countries.

Table 9 Results of cross-sectional time-series FGLS

Coefficients Generalized least squares
Panels Homoskedastic
Correlation No autocorrelation
Variables Coefficients P values

LGLOBit − 0.1255*** 0.000

LFDit − 0.2644*** 0.000

LGPDit 0.6248*** 0.000

LGDP2it − 0.0286*** 0.000

LEUSEit 0.8216*** 0.000

LFDIit 0.0985*** 0.000

LPSit − 0.1728*** 0.000

Wald chi2 (7) 8464.41 0.000

***Show significance at the 1% level. Dependent variable: LCO2

emissions
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As population size has a very complex impact on carbon
emissions so the only way, to reduce emissions, is not by
regulating population size. The government and policymakers
should follow the fundamental laws of population size. Along
with that, it is comprehensively required to highlight the prob-
lems of emissions and population.

The restriction of the current study is the deficiency of data.
Currently, the study exercises the overall index of globaliza-
tion. The future individual indexes of globalization (econom-
ic, political, and social) can be more beneficial for further
studies for selected MENA countries.
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