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Abstract
This study explores the role of foreign direct investment (FDI), financial development (FD), and globalization (GLO) in
environmental degradation (ED) through the channel of energy consumption (EC) for the selected panel of belt and road initiative
(BRI) countries for 1990–2017. The study applies appropriate panel unit root tests, the Westerlund cointegration test, the
dynamic seemingly unrelated regression (DSUR) long-run panel estimation approach, and the Dumitrescu–Hurlin panel causal-
ity test. Results of panel unit root test ascertain variables are interred either at a level or after first difference and long-run
association documents by implementing conventional and error correction. Study findings with DSUR, in the long run, reveal
that energy consumption and economic growth expose positive statistically significant association with environmental degrada-
tion, implying intensity in energy consumption and aggregate output level shall augment the present state of environmental
degradation. While negative statistically significant effects reveal running from FDI, financial development, and globalization to
environmental degradation, implying that energy efficiency technology, the scope of green financing through financial devel-
opment, and cross country effects help the economy reduce environmental consequences with lesser carbon emission. Results of
directional causality unveiled feedback hypothesis available in explaining the causality between environmental degradation and
energy consumption [ED←➔EC] and FDI and environmental degradation [FDI←➔ED], moreover, unidirectional effects
running from financial development, globalization, and economic growth to environmental degradation, i.e., [FD➔ED;
GLO➔ED; Y➔ED]. The finding reveals the need to formulate energy policies that promote belt and road (BR) country energy
efficiency.
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Introduction

As a consequence of global warming, environmental degrada-
tion has risen to a serious issue for both industrialized and
developing countries. Following the transition of world econ-
omies from crude tools to more complex machines during the
Industrial Revolution, global economies began experiencing
an acceleration in their economic growth and development
pace in the late nineteenth century. It is an established belief
in the literature that the industrial revolution is responsible for
greenhouse gas accumulation and eventually plays a destruc-
tive role in degrading the state of the environment. Over the
past decades, research in empirical investigations have been
trying to figure out the root causes of environmental dilapida-
tion (Kaufmann et al. 1998; Tamazian et al. 2009; Kochi and
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López 2013; Audi and Ali 2018); however, a consensus about
the responsible factors is yet to be reached. Moreover, accord-
ing to existing literature, growing researchers establish a
group of macro fundamentals that are responsible for environ-
mental degradation, either direct or indirect association, in-
cluding factors such as fossil energy consumption (Bölük
and Mert 2014; Ali et al. 2020a), foreign direct investment
(Shahbaz et al. 2018; Adamu et al. 2019; Nadeem et al.
2020), financial development (Al-mulali et al. 2015; Adams
and Klobodu 2018), trade openness (Al-Mulali and Ozturk
2015; Gulistan et al. 2020), and gross capital formation
(Rahman and Ahmad 2019; Rjoub et al. 2021).

The motivation of the study is to seek the potential
impacts of foreign direct investment (FDI, hereafter), fi-
nancial development (FD, hereafter), and globalization
(GLO, hereafter) on environmental degradation (ED, here-
after) with the presence of energy consumption (EC, here-
after) in empirical estimation for a panel of B&R initiative
countries for the period 1990–2017. This study contributes
in the following two ways: First, numerous time series
and panel studies have investigated such relationships
(Sadorsky 2010; Sadorsky 2011; Islam et al. 2013;
Ozturk and Acaravci 2013; Solarin et al. 2013;
Qamruzzaman and Jianguo 2020) but to the author’s
knowledge, it is scant, and studies have not yet been
undertaken in the context of B&R initiative countries,
which is potentially an important panel for such kind of
investigation. Second, prior empirical literature used panel
data analysis techniques and combined country analysis. In
contrast, this study used a unique set of country-wise
long-run estimations. This study used the second genera-
tion DSUR estimator approach and took the longest data
available for the analyzed variables. This study assists
both China and other B&R initiative countries in knowing
and detecting the potential adverse impacts of the initia-
tive, which will assist in providing practical information
for policymakers.

The debate over environmental degradation, energy
consumption, FDI, globalization, and financial develop-
ment will clarify the controversy surrounding the belt and
road initiative (BRI), which China first suggested in 2013.
The B&R initiative comprises two routes, the Silk Road
Economic Belt and the 21st Century Maritime Silk Road.
This initiative intends to connect infrastructure networks
and build trade among Asia with Europe and Africa along
the ancient Silk Road routes. Therefore, it is one of the
main priorities and important pillars of the B&R initiative
activities to strengthen the energy cooperation along the
B&R routes (Framework 2015). The B&R initiative about
the energy sector is not without controversy. It might also
have productive impacts, such as a rise in financial provi-
sion and infrastructure development. Further, it is expected
that the B&R initiative will enhance energy security in

China along with partner countries through enhancing pro-
duction, energy supply, and energy efficiency gain.

In contrast, the international community believes that
China’s outdated industries will transfer to the rest of the
countries through this initiative, resulting in a decline in their
environmental quality and energy consumption (Jelinek
2017). This opposing view will prevent or discourage various
economies from participating in this initiative. This will also
stop those countries from induction of technological advance-
ment, finance, and expertise-related activities in their coun-
tries (Han et al. 2018).

In the current era of globalization, the debate on energy
policy and its regulation are considered a critical research area
among practitioners and academics. Energy consumption is an
important part of economic development (Belke et al. 2011),
social, and sustainable development (Kahouli 2017). Due to
the rise in the world’s economic growth, the gap between the
demand and supply of energy has increased rapidly over the
past years, increasing energy insecurity as today’s world econ-
omy grew rapidly, affecting the energy consumption level.
Therefore, an appropriate level of energy supply is also a
challenge for world economies. For instance, the global econ-
omy grew 22.9 times from 1971 to 2015. Along with econom-
ic growth, total energy consumption levels in 2015 rose about
2.2 times to their 1971 level1.

Over the last few decades, several studies have investigated
the relationship between energy and economic development.
In most of these studies, an increase in energy consumption
has been linked to economic growth (Saud et al. 2018). Thus,
it is also possible to find a link between energy consumption
and financial development (Çoban and Topcu 2013). The fi-
nancial sector performs a crucial role in the stability and de-
velopment of an economy. Meanwhile, the term financial de-
velopment mostly refers to an increase in the financial activ-
ities of a country for instance, an increase in foreign direct
investment (FDI), increase in the provision of credit to the
private sector, financial sector, private sector by the bank, or
an increase in an economy’s stock market activities. Financial
development performs a crucial role in a country’s financial
systems, increasing economic efficiency and energy con-
sumption (Sadorsky 2011). Three different channels are
existing through which the financial development and energy
consumption nexus could be explained. First, financial devel-
opment encourages more FDI inflows, which leads to enhanc-
ing energy consumption and economic growth. Second, finan-
cial development causes financial sector development, which
leads to efficient financial intermediation approaches to more
consumer credits which surge in the purchases of big-ticket
items. Third, the development of the capital markets and

1 IEA. World Energy Statistics and Balances. Paris: International Energy
Agency; 2017.
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financial markets facilitates more reserves in economies, en-
hancing energy consumption (Zhang 2011).

Financial development may facilitate investments
such as providing more funds to new firms, bringing
more opportunities to establish and/or upgrade the re-
newable energy sector newly. Financial development at-
tracts more FDI, leading to technological innovations
and reducing energy consumption (Chang 2015a, b). It
has the fact that FDI is one of the reliable sources that
boost domestic production capacities and bring upgraded
technologies and increase investment through finance
provisions (Sirin 2017). Therefore, the researchers be-
lieve that only superior knowledge and management
practices can sustain and give international enterprises
an edge on foreign soil, probably through FDI (Doytch
and Narayan 2016). Further, there is ample literature
that explored the nexus between FDI and energy con-
sumption. FDI can enhance energy consumption by de-
veloping and expanding the industrial, logistics and
manufacturing sectors, where energy is considered the
backbone of the industrialized process. The nexus be-
tween FDI and energy consumption is less highlighted
but the essential area which needs further investigation
through updated data and advances econometrics tech-
niques (Abidin et al. 2015).

The novelty of the study lies in the following aspects.
First, even though empirical literature has been produced,
a growing number of studies concentrating on environmental
degradation by taking time series and panel data, but so far
our best knowledge, this is the first ever empirical study
conducted by taking account of BRI centuries. The study
firmly believes that the new data set with empirical assess-
ment will open a new avenue for restructuring and rethink-
ing environmental development and environmental policy
formulation in BRI nations, which eventually supports
long-run sustainable economic integration. Second, for de-
tecting the impact of financial development on environmen-
tal degradation, the study has considered both proxy mea-
sures for financial development, which allows investigating
the respective agent role in environmental issues. Moreover,
support to make policy formulation and implementation of
the green environment is considered. Third, the study ap-
plied newly introduced panel regression, DSUR, to explore
the magnitudes of explanatory variables on environmental
degradation. In empirical estimation, DSUR can be per-
formed with heterogeneous sets of regressors joining the
regressions and when equilibrium errors are associated
through cointegration regressions.

The rest of the paper is organized as follows. Section 2
explains the literature review. Section 3 discusses the data
and methodology. Section 4 provides the estimated results
along with its discussion. The final section concludes the
paper.

Literature review

Environmental degradation and energy consumption

Energy is a critical aspect in the growth of an economy and the
provision of essential services that considerably enhance the
well-being of persons. Traditionally, energy has been seen as a
driving force behind economic development and advance-
ment. However, its manufacture, usage, and byproducts have
led to significant environmental demands, both in resource use
and environmental degradation (Rehman and Rashid 2017).
The decoupling of energy use and production presents signif-
icant obstacles in the pursuit of sustainable development.
Gains in energy efficiency and a shift toward the environmen-
tally responsible usage of renewable resources should be the
long-term aim of wealth and ongoing growth, rather than the
other way around. However, in many emerging and underde-
veloped nations, inadequate access to environmentally accept-
able energy supplies is a severe barrier. The destruction of the
environment is one of the most significant concerns that the
world is now experiencing, for the simple reason that it has
negative consequences for human health, biodiversity, the
ozone layer, air quality and natural resources (water, soil,
and forest), as well as the economy as a whole. Among the
variables contributing to environmental degradation, the
growing worldwide trend in CO2 emissions is the most sig-
nificant. It is linked to an increase in energy demand.

The nexus between environmental adversity and macro
factors have immensely attracted and grew interested among
researchers, academicians, and international development
agencies. The underlying motivation is to figure out the key
determinants and the possible preventive measures for lessen-
ing the speed of environmental degradation. Energy intensity,
especially fossil sources of energy consumption for the aggre-
gate production process, emerged as the prime responsible
actor for environmental adversity due to a higher degree of
carbon emission (Naradda Gamage et al. 2017). Excessive
carbon and greenhouse gas emissions from various economic
activities into the environment result in global warming, tem-
perature increase, and abrupt ecosystem behavior, which are
the direct results of environmental degradation (Lashof and
Ahuja 1990). A growing number of members of empirical
studies have accused energy consumption as primarily respon-
sible for environmental degradation, see for instanceNasir and
Ur Rehman (2011), Saboori and Sulaiman (2013), Shahbaz
et al. (2013a), Dabachi et al. (2020), and Usman et al. (2020).
Economic growth with excessive conventional energy con-
sumption accelerates overall economic progress at the cost
of environmental degradation (Bastola and Sapkota 2015).

Rahman (2020) investigates the role of energy consump-
tion, economic growth, and global environmental degradation
by taking 10 highly electricity-consuming countries for 1992–
2013. Study documents that electricity consumption
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intensifies the speed of environmental degradation. However,
the impact of globalization establishes negative statistically
significant environmental degradation, implying the role of
environmental improvement. The enhancement in globaliza-
tion and cross-country industrialization has constantly been
supporting a higher level of output, indicating the direct link-
age with energy consumption (as (such as electricity, coal,
gas, and oil) and carbon emission (Rahman and Kashem
2017). Adebayo and Kirikkaleli (2021) document that global
integration assists the economy for effective implementation
of environmental protective measures, and environmental ad-
versity on the socio-economic state can be reduced substan-
tially. Alam et al. (2007) gauge the impact of energy con-
sumption on environmental degradation for sustainable devel-
opment in Pakistan. They suggest that to secure the long-term
growth of the economy, environmental deterioration should
not rise over time but should instead bemitigated or at the very
least maintained at a constant level. If it continues to rise, the
economy will be forced to move even far away from sustain-
ability. Akhmat et al. (2014) document that energy integration
boosts economic drivers for causing the environmental pollut-
ants in SARAC nations.

Financial development is considered one of the most im-
portant drivers of energy consumption and carbon emissions.
It is thought that they have significant interrelationships with
one another. According to Shahbaz et al. (2013a), the results
regarding the nexus between financial development and ener-
gy usage are still in the early stages. However, the results
regarding the nexus between carbon emissions and financial
development have produced wildly disparate results (Mahdi
Ziaei 2015). According to existing literature, energy con-
sumption can be intensified in two different channels, i.e.,
the first positive augmentation due to financial development,
see for an instant Sadorsky 2010, Zaman andMoemen (2017).
Literature suggests that by making it easier for consumers and
businesses to obtain access to financing resources for
large-ticket purchases, financial development promotes ener-
gy consumption during manufacturing and daily life. This
leads to an increase in energy consumption in both production
and daily life usage. Second, the inhibitory effects are an ad-
verse association between financial development and energy
consumption (Topcu and Payne 2017; Gómez and Rodríguez
2019).

Energy consumption and macro fundaments

The Chinese government proposed the belt and road initiative
(BRI) in late 2013, attracting world attention (Godement and
Kratz 2015; Palit 2017). There is no doubt that the BR
Initiative will have a significant impact on the world econo-
mies in all areas such as financial, environmental, economic,
energy, educational, and political (Shahbaz et al. 2013b). Like

the significance of other economic variables, financial devel-
opment can also positively stimulate and brings several chang-
es within an economy, such as it assists the easy availability of
financial capital, stimulates global investments, facilitating the
easy availability of energy-efficient appliances, minimizes fi-
nancial risks, reducing borrowing cost, and enhances transpar-
ent economic transactions between borrowers and lenders. All
such stimulation of economic activities can affect energy con-
sumption with fixed investment of businesses in different
economies (Saud et al. 2018). The financial development pro-
vides liquidity for the establishment of energy-efficient
projects.

On the other hand, energy also plays an integral part in the
financial sector’s smooth running. Development in the finan-
cial sector can boost its liquidation for investment activities,
industrial expansion, facilitating new infrastructure, and sig-
nificantly affecting energy consumption (Islam et al. 2013).
Hence, this study categorizes the empirical literature based on
two strands, i.e., the first part comprises the strand that em-
ploys time series data, and the second part is composed of the
strand which has used the panel county data framework.

Shahbaz et al. (2018) probe energy-finance nexus in
Tunisia for 1971–2008. The ARDL and Johansen
cointegration tests were adopted for data analysis. The results
specify the presence of a long-run relationship between energy
consumption and finance. Moreover, the bidirectional causal
relationship between two variables was also detected.
Similarly, another study concluded that financial develop-
ment, population, and economic growth drive energy con-
sumption. In addition, the feedback effect between financial
development and energy consumption is detected inMalaysia.
In the short run, energy consumption Granger causes by fi-
nancial development (Tang and Tan 2014). A similar study
probes the presence of a long-run association between FDI,
relative price, economic growth, FD, and energy consumption
while applying the Johansen and Juselius cointegration ap-
proach. This study presented a bidirectional link between
growth and energy consumption and a unidirectional causal
link from financial development toward economic growth.
Another study investigated the long-run relationship between
energy and finance for Pakistan for 1972–2012 (Kumar et al.
2016). The finding of this empirical work revealed the signif-
icant positive influence of financial development on energy
consumption. More recently, Saudi Arabia examines the
energy-finance nexus from 1971 to 2011 (Anser et al. 2020).
The study’s finding explored the presence of a one-way causal
link from financial development to energy demand. Similarly,
Kahouli specified that escalation in financial development ac-
celerates energy consumption, which adversely stimulates
Israel’s real output growth (Kahouli 2017).

In panel country analysis, we perceived a direct relation-
ship between energy and financial development for a panel of
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22 developing countries for 1990–2006 (Shahbaz et al. 2016).
The finding of the study reveals the positive relationship be-
tween the explanatory variables. In another study, Sadorsky
(2011) explored the influence of financial energy nexus using
data of 9-CEEF economies. The findings show that financial
development (FD) enhances the energy demand when the FD
measures used as the financial system deposits to GDP, bank
deposit and bank assets to GDP, stock market capitalization,
and liquid liabilities to GDP. Xu probes the finance and ener-
gy relationship for 29 provinces of China during the period
1999–2009. This study employed the GMM approach. The
finding showed a positive relationship between the consump-
tion of energy and financial development (Xu 2012).

Another similar study focusing on a panel of GCC
countries investigates the long-run association between
economic growth, trade openness, financial develop-
ment, urbanization, and energy consumption by apply-
ing the Pedroni cointegration approach (Al-mulali and
Lee 2013). The study’s findings uncovered that trade
openness, financial development, urbanization, and eco-
nomic growth positively impact energy consumption.
Furthermore, the two-way causality exists between fi-
nancial development and growth, energy consumption
and growth, trade openness and economic growth, open-
ness and financial development, openness, and urbaniza-
tion. Furthermore, a one-way causal relationship is de-
tected from financial development toward energy con-
sumption and urbanization toward energy consumption.
Ilam examines the effects of financial development on
energy consumption from 1971 to 2009 (Tang and Tan
2014). The finding discovered the existence of a bidi-
rectional causal link between energy and financial de-
velopment. Chang’s deliberate that financial develop-
ment can bring opportunities regarding renewable ener-
gy sector expansions by providing more funds for inno-
vative firms (Chang 2015a, b). Besides, FDI may bring
more technological advancement result in a reduction of
energy consumption.

Further, Furuoka (2015) studied the association be-
tween finance and energy consumption in Asia from
1980 to 2012 by employing a panel cointegration test.
The finding confirms the long-run association between
finance and energy consumption. Besides, the one-way
causality relationship is noticed running toward financial
development from energy consumption. Hence, the rise
in energy consumption might motivate the acceleration
of financial development in Asia. Furthermore, it con-
firms that financial development in the financial sector
development reduces energy consumption in BRICS
countries (Alsaman et al. 2017). In another study, Fan
et al. offer that high energy efficiency can minimize
energy consumption, increasing China’s financial devel-
opment (Fan et al. 2017).

Material and methods

The analysis of this study is based on the fifty-nine belt and
road initiative (BRI) countries2. The Chinese State
Information Center hosted seventy-one BRI countries (Saud
et al. 2019a, b). However, the selection of countries and the
choice of the period (1990–2017) were constrained by the data
appropriateness and accessibility, which reduced our sample
size to only fifty-nine BRI countries. The main variables of the
study are environmental degradation (ED), energy consump-
tion (EC), financial development (FD), foreign direct invest-
ment (FDI), and globalization (GEO). The data is collected
from the World Development Indicator (WDI, 2017).

Environmental degradation is measured by tons of CO2

emission per capita (Rehman and Rashid 2017). The FDI is
measured by the net inflow of foreign direct investment (% of
GDP), financial development is gauged by domestic credit to
the private sector (% of GDP), domestic credit provided to the
private sector by banks (% of GDP), and domestic credit pro-
vided by the financial sector (% of GDP) (Pohekar and
Ramachandran 2004; Qamruzzaman and Jianguo 2018;
Qamruzzaman and Wei 2018; Qamruzzaman and Wei 2019;
Sun et al. 2020). GDP per capita (constant 2010 US$) repre-
sents economic growth. Energy consumption denotes energy
use (kg of oil equivalent per capita). Globalization has
expressed the globalization index (Kearney and Policy 2006;
Ahmed and Le 2020; Aluko et al. 2021). The choice of
selecting the variables for the study is based on several prior
empirical works of literature. To facilitate the interpretation of
the estimated coefficient, we transformed the variables into
their logarithm. It will also control the heteroskedasticity issue
and will reduce the differences in the heterogeneous panel
data. The variables, along with their measure, data sources,
and frequency, are presented in Table 1.

The methodology of the study

This study empirically explores the nexus among the analyzed
variables, i.e., financial development, FDI, growth, energy
consumption, and globalization for a heterogeneous panel of
B&R initiative countries. Base on prior empirical work,
Shahbaz et al. 2016, Alsaman et al. (2017) study assumed
the following energy consumption function:

2 Albania, Azerbaijan, Armenia, Bahrain, Belarus, Bangladesh, Bosnia and
Herzegovina, Bulgaria, Brunei, Cambodia, Colombia, China,
Czech Republic, Croatia, Egypt Arab Rep., Ethiopia, Estonia, Georgia,
Hungary, Indonesia, India, Iran Iraq, Islamic Rep., Israel, Jordan,
Kazakhstan, Kuwait, Kyrgyz Rep., Korea Rep., Lebanon, Macedonia,
Mongolia, Malaysia, Moldova, Myanmar, Morocco, New Zealand, Nepal,
Oman, Panama, Pakistan, Poland, Philippines, Qatar, Russian Federation,
Romania, Singapore, Saudi Arabia, Slovak Republic, South Africa,
Slovenia, Sri Lanka, Thailand, Tajikistan, Turkey, United Arab Emirates,
Ukraine, Vietnam, Yemen Republic.
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EDit ¼ ∫EC;FD;FDI ;GLO; Y ð1Þ

where ED stands for environmental degradation, EC for
energy consumption, FD represents financial development,
FDI shows foreign direct investment; Y is economic growth;
GLO indicates globalization. The analyzed variable is taken in
their natural logarithm so that to acquire consistent results.
The log-linear form can be a rewrite of Eq. (1) as follows:

lnEDit ¼ α0 þ β1lnECit þ β1lnFDit þ β1lnFDIit

þ β1lnY it þ β1lnGLOit þ τ it ð2Þ

T represents the number of periods, I indicates several
countries; and λ represents the error term. β0 shows the
slope-intercept, β1t, β2t, β3t, and β4t are the coefficient esti-
mates of FD, GDP, FDI, and GLO.

Cross-sectional dependency test

The cross-section dependency test is essential in panel date
empirical research, especially when representative nations
have comparable economic characteristics, such as develop-
ing nations, rising economies, and transition nations. Because
of trade internationalization, financial integration, and global-
ization, a comparable economy is susceptible to the effects of
any shock in other nations. As a result, analysis of
cross-sectional dependence is most often required in empirical
research using panel data. The Lagrange multiplier (LM) test
was proposed by Breusch and Pagan (1980), which is pre-
ferred in a situation when the cross-section (N) is smaller than
time (T). Base on the following equation, we can construct
LM test statistics as follows:

yit ¼ αi þ βixit þ uit i ¼ 1……N; t ¼ 1……T ð3Þ

where yit denotes a dependent variable, xit are the indepen-
dent variable and the subscript of t, and i represents
cross-section and period, respectively. The coefficients of αi

and βi respectively represent the country-specific intercept
and slope in the equation. In the contest of LM cross-section
dependency test, the null hypothesis of cross-section indepen-
dence - HO= COV(uitujt)=0 for all t, and t≠j, against the alter-
native hypothesis of cross-sectional dependence - -HO= COV
(uitujt)≠0 for at least t≠j. Moreover, the LM test statistics can
be computed with the following equation:

LM ¼ T∑N−1
i¼1 ∑

N
j¼iþ1bρIJ→dX 2N N þ 1ð Þ2 ð4Þ

where bρij represents the pairwise correlation of the

residuals.
The LM test is not suitable in a situation with a larger

cross-section (N), therefore overcoming this limitation.
Pesaran (2004) suggests the following Lagrange multiplier
(CDlm) that is the scaled version of the LM test:

CDlm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

N
N N−1ð Þ

s
∑N−1

I¼1∑
N
J¼iþ1 Tbρij−1� �

ð5Þ

Under cross-sectional independence of the null hypothesis
with t➔ ∞ and then N➔ ∞, CDlm test statistics follow an
asymptotic normal distribution (see, (Nazlioglu et al. 2011;
Menyah et al. 2014; Wolde-Rufael 2014). In the case of larger
N relative to T, CDlm estimation is subject to size dissertation.
Therefore, Pesaran (2006) proposed the following CD test,
which is suitable in a situation when N is larger than T shows
as follows:

CDlm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑N−1

I¼1∑
N
J¼iþ1 bρij� �

ð6Þ

Table 1 Variables, measure, data
source, and period Variable name Acronym Measure Data

source
Timespan

Environmental degradation ED Tons of CO2 emission per capita WDI 1990–2017

Foreign direct investment FDI The net inflow of foreign direct
investment (% of GDP)

WDI 1990–2017

Financial development by the
financial sector

FDFS Domestic credit by the financial sector
(% of GDP)

WDI 1990–2017

Financial development by
banks

FDB Domestic credit to the private sector by
banks (% of GDP)

WDI 1990–2017

Energy consumption EC kg of oil equivalent per capita WDI 1990–2017

Economic growth Y Gross domestic product per capita
(constant 2010 US$)

WDI 1990–2017

Globalization GLO Index of globalization KOF
in-
dex

1990–2017

World Development Indicator (WDI, 2017)
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The CD test followed an asymptotically standard normal
distribution of investigation of the null hypothesis of
cross-sectional interdependency with t➔ ∞ and then N➔ ∞
in any order (Nazlioglu et al. 2011). Furthermore, the CD test
might produce distorted information when the population av-
erage pairwise correlation is zero. The individual pairwise
correlation is non-zero. Limiting the negative effect, Pesaran
et al. (2008) proposed the bais-adjusted LM test. LMadj uti-
lized the exact mean and variance of the LM statisitcs in case
of the large panel first t➔∞ and thenN➔∞. The bias-adjusted
LM statistics can be computed with the following equation:

CDlm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2

N N−1ð Þ

s
∑N−1

I¼1∑
N
J¼iþ1

T−Kð Þbρ2ij−uTij
υ2Tij

0
@

1
A d
!

N ; 0ð Þ

ð7Þ

where k refers to the number of regresses, uTij and υ2Tij
specify the mean and variance of T−Kð Þbρ2ij, respectively.
Dumitrescu and Hurlin’s (2012) panel causality test

Non-granger causality test is proposed by Dumitrescu and
Hurlin (2012) with the extension and modification of the con-
ventional non-Granger causality test. The following causality
equation is to be implemented for investigating directional
association in the empirical assessment.

Y it ¼ αi þ ∑
P

K−1
γikY i;t−k þ ∑

P

K−1
βikX i;t−k þ μit ð8Þ

This test has a special feature: it will consider the differing
degrees of dependence and variability in the results. To allow
for the concept of Granger causality, the examination relies on
the Wald statistics of the different cross-sectional groups. It
thus considers all of the coefficients to be unique over the
cross-sectional data. The test forms the average statistic linked
with the null Homogeneous Non- Causality (HNC) hypothe-
sis as follows:

WHnc
NT ¼ N−1 ∑

N

i−1
Wi;t ð9Þ

This experiment contains two hypotheses: the null hypoth-
esis that a single process is the only trigger and the alternate
hypothesis that a community of processes is the cause. This
approach suggests that the null hypothesis of no association
between time and some statistical measure is placed fourth to
compare the alternative hypothesis of correlation to a subset of
the time sequence. The main aim is to investigate the overt and
indirect impact of multiple indicators on one another. This test
reveals that the harmonized Z-test statistic, adjusted for fixed T
samples, also has a standard normal distribution as shown here:

Z ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N
2P

� T−2P−5
T−P−3

r
� T−2P−3

T−2P−1
W−P

� �
ð10Þ

Results and discussions

Before checking and analyzing the stationarity of the data, it is
imperative to check it for cross-sectional dependence in the
context of heterogeneous panels. To this end, the Pesaran
2004, Pesaran (2007) CD tests have been implied, which is
more consistent and reliable for panel data. The CD test out-
comes are noted in Table 2, which confirms cross-sectional
dependence in the panel data since the probability value is
below 0.09. Hence, the findings show cross-sectional depen-
dency for foreign direct investment, energy consumption, eco-
nomic growth, globalization, and financial development.

Panel unit root test

The econometric analysis starts with the panel unit root test to
check the data’s stationarity. Several panel unit root tests pro-
posed by prior literature, such as the first generation panel unit
root tests, i.e., Levin Lin Chu (LLC) familiarize Levin et al.
(2002), and Hadri (2000), Breitung (2001) and the second
generation panel unit root tests (i.e., IM Pesaran Shin, Fisher
PP, Fisher ADF test, and CIPS and CADF initiates by Pesaran
(2007)). The results of the first-generation unit root tests are
displayed in Table 2. However, the first generation estimator
may not appropriate reliable results due to the test’s low power
(O'Connell 1998) (Table 3).

Therefore, this study prefers to employ the CIPS and
CADF tests established by Pesaran and Yamagata (2008) for
panel unit root confirmation. The results of panel unit root
tests are present in Table 4, showing that the evaluated vari-
ables become stationary at first differences [I(1)] and unit root
at levels.

Table 2 Test for cross-sectional dependence

Pesaran CD Scaled LM

Variables Statistic Probability Statistic Probability

lnED 15.842*** 000 175.788*** 000

lnEC 7.152*** 0.000 150.15*** 0.000

lnFDFS 4.71*** 0.000 110.83*** 0.000

lnFDB 0.98 0.047 140.38*** 0.000

lnGLO 75.75*** 0.000 240.50*** 0.000

lnFDI 10.73*** 0.000 35.60*** 0.000

lnY 15.19*** 0.000 95.86*** 0.000

Note: ***, **, and * denote the statistical significance at 1%, 5%, and
10% levels, respectively
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Padroni and Westerlund panel cointegration test

After confirmation of the stationarity in the data at the first
differences, next to find out the cointegration among the ana-
lyzed variables, this study applied panel cointegration test
following Pedroni (1999), Pedroni (2004), and Westerlund
panel cointegration test proposed by Westerlund (2007). The
results of the Pedroni panel cointegration test are displayed in
Table 5. Referring to the test statistics, it is obvious that out of
11 test statistics, the majorities are statistically significant at a
1% significance level. This suggests that the availability of
long-run association in the empirical equation.

This method is useful to detect heterogeneity in the data
and provides more consistent and robust results. The

Westerlund cointegration results, see Table 6, infer that both
group and probability statistics are significant at a 1% signif-
icance level. The finding suggests that the null hypothesis of
no cointegration is rejected. Thus, cointegration exists among
the analyzed variables, i.e., ED, EC, FDI, FD, Y, and GLO.

Baseline estimation with OLS, fixed effects, and
random effects model

Before implementing the empirical target models with ad-
vanced econometrical methodology, we understand the sign
of association by implementing conventional panel regres-
sion, including ordinary least square, random effects (RE,

Table 3 Results of first-
generation panel unit root test Levin, Lin, and Chu t Im, Pesaran, and Shin W-stat ADF-Fisher Chi-square

t t&c t t&c t t&c

Panel A: all levels

lnED −2.745 −1.541 −0.745 −1.811 41.874 25.781

lnEC −3.001 −0.834 −2.861*** −1.284*** 59.281*** 39.545

lnFDFS −1.172 −3.899 −1.443 −1.068 51.32 52.202***

lnFDB −0.825 −2.598 −2.093*** −1.064 40.514 40.96

lnGLO −1.035 −3.515 −0.932 −2.737*** 34.86 50.527***

lnFDI −0.926 −3.06 −3.368 −2.032 41.424 56.669***

lnY −1.164 −3.396 −0.313 −1.95 39.352 43.68

Panel B: after the first difference

lnED −14.551*** −12.482*** −8.451*** 11.471*** 154.745*** 205.887***

lnEC −8.192*** −18.03*** −20.04*** −6.154*** 219.745*** 200.564***

lnFDFS −10.289*** −10.241*** −17.272*** −10.878*** 147.737*** 153.145***

lnFDB −7.865*** −22.19*** −5.42*** −8.617*** 293.597*** 203.194***

lnGLO −8.106*** −15.709*** −19.451*** −6.176*** 291.066*** 175.108***

lnFDI −7.943*** −9.949*** −17.645*** −8.543*** 289.343*** 92.699***

lnY −6.692*** −21.468*** −21.93*** −9.365*** 273.535*** 186.434***

Note: ***, **, and * denote the statistical significance at 1%, 5%, and 10% levels, respectively

Table 4 Panel unit root test

CIPS CADF
Variables Level First difference Level First difference

lnED −1.855 −3.745*** −1.115 −4.857***
lnEC −1.212 −2.939*** −1.681 −3.588***

lnFDFS −1.512 −4.377*** −1.748 −3.173***

lnFDB −1.722 −4.239*** −2.0653 −3.2301

lnGLO −3.155*** −4.848*** −2.443*** −3.750***

lnFDI −3.484*** −5.631*** −2.870*** −4.415***

lnY −1.994 −3.972*** −2.543*** −3.193***

Note: ***, **, and * denote the statistical significance at 1%, 5%, and
10% levels, respectively

Table 5 Padroni panel cointegration test

[1] [2]

H1: common AR coefs. (within-dimension)

Panel v-Statistic 2.072 2.062 1.903 2.116

Panel rho-statistic −6.889*** −4.324*** −7.005*** −3.745***
Panel PP-statistic −8.674*** −10.241*** −8.247*** −7.221***
Panel ADF-statistic −6.224*** −5.513*** −3.735*** −5.353***
H1: alternative hypothesis: individual AR coefs. (between-dimension)

Group rho-statistic −6.112*** −11.884*** −11.157 −8.663
Group PP-statistic −10.011** −11.071*** −10.598 −6.575
Group ADF-statistic −4.934*** −4.685*** −2.554 −2.875

Note: ***, **, and * denote the statistical significance at 1%, 5%, and
10% levels, respectively
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hereafter), and fixed effects (FE, hereafter). The Hausman
test’s associated p value ascertain that the empirical model
coefficient with FE is robust compared with the other two
estimations.

Referencing model estimation with financial development
measured by domestic credit by the financial sector. See mod-
el – [1] with column 3. The study finding reveals a positive
statistically significant nexus between energy consumption
and environmental degradation (a coefficient of 0.122), which
aligns with Rehman and Rashid (2017). Study findings sug-
gest that a higher production scale consumes more energy,
thus allowing higher greenhouse gas emissions. A negative
statistically significant impact of financial development on
environmental degradation (a coefficient of −0.447) is in line
with Tamazian et al. (2009). This suggests that the demand for
energy consumption will be subsidies due to shifting from
conventional energy to green energy. Similar effects also ex-
pose that is the impact of globalization on environmental deg-
radation (a coefficient of 0.221) indicates that global econom-
ic integration induces pressure forces in the economy to utilize
environmentally friendly energy to lessen greenhouse gas
emissions. On the other hand, the positive injection was
established from inflows of FDI (a coefficient of 0.566) and
economic growth (a coefficient of 0.681) to environmental
degradation. These findings suggest that economic progress
through increased aggregate production causes a high degree
of investment in production and industrialization, thus aug-
menting the present state of energy consumption and eventu-
ally additional carbon emission for excessive fossil energy
consumption.

Empirical model results with financial development proxy
by credit by bank are displayed in column [6] of Table 4.
Study documents a positive statistically significant association
between energy consumption and environmental degradation
(a coefficient of 0.127). Moreover, the association between
financial development (a coefficient of −0.244) and globali-
zation (a coefficient of −0.199) with environmental degrada-
tion is negative and statistically significant at a 1% level.
Findings suggested that the application of green energy is
the outcome of financial development and financial and eco-
nomic integration worldwide. In contrast, a positive, statisti-
cally significant association establishes between inflows of

FDI (a coefficient of 0.472) and economic growth (a coeffi-
cient of 0.114) with environmental degradation.

Based upon the baseline estimation, it is convincingly re-
vealed that energy consumption plays a critical role in envi-
ronmental degradation in B&T countries. Thus, as a policy
implication concern, countries for mitigating the environmen-
tal issues should have concentrated on energy application and
integration for aggregated production and industrialization.
Furthermore, globalization and foreign capital flow play a
constructive role in environmental improvements, implying
that technological advancement and green energy consump-
tion can intensify the economy with foreign investment and
broader association.

DSUR long-run estimation results

The key inference of empirical work is to analyze the long-run
estimations among the analyzed variables. This study implied
the second generation estimator DSUR established by Mark
et al. (2005). The DSUR estimator is a good predictor and
provides consistent normal distribution, even if N’s value is
smaller than the value of T. This approach is used to estimate
the long-run coefficient of ED, EC, FDI, Y, FD, and GLO.
Along with the DSUR approach for panel data analysis, the
DOLS approach is employed for country-wise analysis. The
DSUR panel long-run estimation and DOLS approach results
are presented in Tables 6 and 7, respectively.

DSUR long-run estimates

The key empirical results of DSUR long-run estimation are
displayed in Table 5. It is worth mentioning that referring to
the probability values and t-statistics values, all the explana-
tory variables’ coefficient estimates are statistically
significant.

The nexus between energy consumption and environmen-
tal degradation, the study disclosed positive statistically sig-
nificant association in both model estimations, specifically in
model -1 (a coefficient of 0.214) and in model -2 (a coefficient
of 0.179), while is in line with Acheampong (2018), Kivyiro
and Arminen (2014), Bozkurt and Akan (2014), and
Eyuboglu and Uzar (2021). Study finding suggests that a

Table 6 Results of Westerlund
panel cointegration test Model 1 (FDFS) Model 2 (FDB)

Test Value Z value P value Value Z value P value

Group- −4.315*** −2.554 0.006 −2.221 −1.774 0.141

Group-α −6.258 4.041 1.000 −4.178 5.198 1.000

Panel- −16.542*** −3.662 0.001 −16.998*** −3.744 0.000

Panel-α −6.997 −0.487 0.412 −6.785 −0.115 0.334

Note: ***, **, and * show the rejection of the null hypothesis at a level of 1%, 5%, and 10%
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10% augmentation of energy consumption shall intensify the
process of environmental degradation by releasing carbon in
the atmosphere by 2.14% and 1.79%, respectively. Energy
application in various economic activities is the cost of envi-
ronmental pollution (Ali et al. 2020b) since all the energies are
not produced from renewable sources.

For the FDI role in environmental degradation, study doc-
uments deterring role, implying that FDI inflows decrease the
speed of carbon emission in B&R initiative countries.
Particularly, FDI has highly significant (at 1% level) and neg-
ative effects on environmental degradation. The magnitude of
−0.116 and −0.125 suggests that a 10% progress in FDI can
increase environmental adversity by −1.16% and −1.25%, re-
spectively, in models 1 and 2. Our empirical result is
consistent with the prior empirical literature, for instance,
Lee (2013) for G20, Ozturk and Acaravci (2013) for
Malaysia, and Alam et al. (2015)) for SAARC countries but
disprove the empirical findings of Shahbaz et al. (2018) for
France, and Farhani and Solarin (2017) for the USA. Study
finding suggests that those FDI inflows are the key factor
behind causing the lower degree of fossil energy consumption
in the initiative regions and encourage renewable energy con-
sumption (Emre Caglar 2020). The FDI inflows motivate for-
eign investors to set up new businesses or expand their
existing businesses in the host country, resulting in high ener-
gy demand and consumption in the region. Moreover, FDI
inflows bring efficient technology, knowledge sharing of the
advanced production processes, and human skill enhance-
ment, resulting from less reliance on fossil energy (Chang

2015a, b). FDI inflows, therefore, are negatively connected
with environmental degradation in the B&R initiative
countries.

Financial development connection with environmental
degradation has exposed negative statistical significance in
both empirical estimations. It implies that financial develop-
ment does impede environmental degradation by reducing
carbon emissions. More precisely, a 10% rise in financial de-
velopment can intensify the process of environmental degra-
dation by −1.77% and −1.41%, respectively, in models 1 and
2. Study findings support the existing literature, such as
Tamazian and Bhaskara Rao (2010) Tamazian et al. (2009),
and Saud et al. (2019a, b). The negative estimated coefficient
shows that financial development has a marginal impact on
aggregated economic activities with reducing energy con-
sumption in these countries. Environmental quality relies on
access to and effective financial resources linked to economic
growth (Khan et al. 2017). The proxies used for financial
development measure significantly the negative effects of en-
vironmental degradation in B&R initiative countries.
However, the growth of financial resources may have a deter-
ministic effect on environmental performance. A highly de-
veloped financial sector can permit greater finance at cheaper
prices, which may be used for a variety of purposes, including
investment in environmental initiatives. The capacity to obtain
such money may be particularly crucial for governments—at
the local, state, and national levels—because a large portion of
environmental protection will be carried out by the public
sector. It, on the other hand, pertained to private sector

Table 7 Results of baseline
model estimation Model –[1] Model –[2]

OLS RE FE OLS RE FE

lnEC 0.121**

[10.221]

0.042***

[25.442]

0.122***

[15.374]

0.041

[0.244]

0.154***

[10.542]

0.127***

[10.144]

LOGFDFS 0.032 ***

[10.449]

−0.224**
[−5.338]

−0.447***
[−9.774]

– – –

LOGFDB – – – −0.345**
[−6.036]

−0.274***
[−12.631]

−0.244***
[−12.741]

LOGGLOB −0.116***
[12.269]

−0.097***
[−10.55]

0.221**

[6.731]

−0.211**
[6.178]

−0.175***
[−11.455]

−0.199***
[−10.443]

lnFDI 0.224***

[10.748]

−0.079**
[−7.955]

0.566**

[4.775]

0.656***

[8.532]

0.161***

[8.257]

0.472***

[7.795]

lnY −0.027**
[−`4.265]

0.121**

[4.509]

0.681***

[11.554]

−0.188***
[−10.814]

0.378***

[12.855]

0.114**

[5.986]

Constant 0.55***

[9.057]

0.274***

[8.225]

0.524***

[11.161]

−0.147**
[−5.399]

0.141***

[6.221]

−0.097**
[−4.554]

F-stat (p value) 0.001 0.000 0.0014 0.0021 0.000 0.0032

Hausman test (p value) 0.875 0.522

Note: ***, **, and * denote the level of significant at a 1%, 5%, and 10%, respectively
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investments in environmentally beneficial activities that were
mandated by law. Furthermore, it has been shown that com-
panies with superior governance are more ready to take envi-
ronmental factors into account. As a result, increased environ-
mental performance may be achieved via enhanced gover-
nance in the financial sector growth.

The relationship between economic growth and environ-
mental degradation exposes positive statistically significant
associateship, which is established in model 1 (a coefficient
0.514) and model 2 (a coefficient of 0.441) that keeping other
things constant. More specifically, a 10% rise in economic
growth can cause environmental deterioration by 5.14% and
4.41%, respectively. This empirical finding is similar to the
finding reached for India (Tamazian et al. 2009). In contrast,
this result is not similar to the US’s finding (Farhani and
Solarin 2017). High growth requires more energy consump-
tion, as energy is an essential factor in producing goods and
services (Pohekar and Ramachandran 2004). Our result is also
similar to Qamruzzaman et al. (2020). The expansion of in-
dustrial activities and economic activities such as investment,
production, purchasing, shopping, and consumption required
more energy contributing to the gross domestic product.
Further, the use of old technologies, lack of skills, old methods
of production, the absence of knowledge, and no diversity in
energy sources cause high energy consumption in the BRI
countries.

The coefficient estimate of globalization with environmen-
tal degradation is negative and highly significant at a 1% sig-
nificance level. The coefficients −0.485 and −0.255 infers that
a 10% increase in globalization decreases the propensity of
environmental adversity by 4.85% and 2.55%, respectively.
The result infers that globalization hurts environmental issues
in the long run. This result is in line with Qamruzzaman and
Jianguo (2020) for India, and Saud et al. (2018) for China and
not in line with Dogan and Deger (2016) for Brazil, and
Shahbaz et al. (2013b) for Singapore. Globalization is a slow
process that reduces carbon emissions in the B&R initiative
with the positive integration of green and renewable energy
consumption. The negative link may be due to the use of
advanced energy-efficient technologies in the production pro-
cesses or due to unsuitable improvement in the total produc-
tion factor and economic growth. The high economic growth
determines high energy demand for the production of goods
and services if advance or energy-efficient technologies are
not implied in the production process (Solarin et al. 2013).

Further, globalization assists the transfer of innovative
technologies from cross-border, i.e., from developed coun-
tries, toward developing countries. It brings an innovative
production method rather than the traditional production
methods and increases the comparative advantages among
different nations. It boosts trade and economic activities
boosting financial markets and brings innovation and fresh
knowledge to the regions.

This study’s reported results are reliable and robust since
th i s s tudy employed d i f fe ren t t es t s a long wi th
second-generation long-run estimators. The results drawn
from different models used are robust. The results are similar
across both models used with different financial development
measures. Further, this study uses the longest available dataset
for the explanatory variables for the B&R initiative panel
countries, providing robust results (Table 8).

Results from DOLS (country-wise analysis)

After analyzing the long-run estimation for panel data, it is
imperative to comprehend the dynamic nexus between FDI,
EC, and FD across individual countries. The fully modified
ordinary least square model (FMOLS) is applied to analyze
the data’s long-run country-wise analysis. The results of
DOLS estimations are presented in Table 7.

The association between energy consumption and environ-
mental degradation study reveals both positive and negative
statistical associations. For positive, a list of 44 (forty-four)
countries including Tajikistan, Bosnia and Her-Panama,
Slovenia, Kuwait, Romania, Philippines, Azerbaijan,
Bulgaria, Qatar, Malaysia, Israel, Poland, Albania, Turkey,
India, Saudi Arabia, Singapore, Yemen Rep., Pakistan,
Kyrgyz Rep., Vietnam, Jordan, Colombia, Estonia,
Morocco, Slovak Rep., Armenia, Mongolia, Croatia,
Ethiopia, China, Bahrain, Bangladesh, Macedonia, Czech
Rep., Moldova, Myanmar, Thailand, Egypt, Hungary,
Indonesia, Sri Lanka, and Cambodia. While, for the negative
association, study documents 15 (fifteen) countries, namely,
South Africa, New Zealand, Ukraine, Korea Rep., Nepal,
Lebanon, UAE, Georgia, Russia, Iraq, Iran, Brunei Daru-
Belarus, Kazakhstan, and Oman.

Study findings focusing on foreign direct investment im-
pacts on environmental degradation detects positive statisti-
cally significant connection in (forty countries) Malaysia,
Armenia, New Zealand, Bosnia and Her-, Israel, Croatia,
India, Lebanon, Georgia, Qatar, Colombia, Yemen Rep.,
Slovenia, Azerbaijan, China, Nepal, Iran, Iraq, Morocco,
Macedonia, Ukraine, Thailand, UAE, Russia, Turkey,
Kazakhstan, Tajikistan, Brunei Daru-, Bangladesh, Panama,
Singapore, Ethiopia, Bulgaria, Egypt, Romania, Jordan,
Oman, Indonesia, Philippines, and Czech Rep. Moreover, a
group of countries that has exposed negative statistically sig-
nificant interlinkage with environmental degradation is
Mongolia, Moldova, Myanmar, Albania, South Africa,
Kyrgyz Rep., Poland, Bahrain, Korea Rep., Sri Lanka, Saudi
Arabia, Cambodia, Vietnam, Kuwait, Slovak Rep., Pakistan,
Hungary, Belarus, and Estonia. Study finding suggests the
positive role of FDI in improving the environmental conse-
quences due to excessive carbon emission. It is apparent that
though FDI assists in technological advancement, knowledge
sharing and higher output with industrialization at the cost of
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the environment are observed. Heavy equipment utilization
demands a higher level of energy consumption, and eventual-
ly, the pressure for excessive CO2 emissions happened.
Therefore, countries in BRI have to put considerable efforts
into managing the destructive effects of FDI and channelizing
the positive impact for the betterment of socio-economic
development.

The finding infers that financial development has a positive
and significant impact on environmental degradation in
(thirty-three countries) Pakistan, Yemen Rep., Myanmar,
Thailand, Jordan, India, Qatar, Albania, Bulgaria, Bosnia
and Her, Panama, Ethiopia, Kyrgyz Rep., New Zealand,
Colombia, Georgia, Cambodia, Kazakhstan, Poland,
Hungary, Slovak Rep., Nepal, Indonesia, Saudi Arabia,
Korea Rep., Czech Rep., Belarus, Brunei Daru-, Iraq,
Ukraine, Azerbaijan, UAE, and Moldova. This finding infers
that financial development positively stimulates the consump-
tion of energy in these countries. It is recommended regarding
policy implications in these countries to enhance the induction
of high energy-efficient technology through financial devel-
opment in the financial and banking sectors. Further, financial
institutions should invest more in energy-efficient projects and
R&D to boost efficient production and consumption of ener-
gy. While, on the other hand, it is observed that financial
development has an adverse influence on energy consumption
in (twenty-six countries) Vietnam, Estonia, Philippines,
Russia, Macedonia, Lebanon, Morocco, Turkey, Tajikistan,
Egypt, China, Singapore, Oman, Iran, Bangladesh,
Romania, Bahrain, Slovenia, Mongolia, Armenia, South
Africa, Malaysia, Israel, Croatia, Kuwait, and Sri Lanka.
The development of the financial sector positively contributes
to the efficient use of energy or energy conservation policies.
The policymaker needs to keep constant or to further improve
such energy conservation policies in the future.

The coefficient of foreign direct investment has a signifi-
cant positive impact on environmental degradation in ten BRI

countries like Armenia, Azerbaijan, Bahrain, China, Egypt,
Kazakhstan, Korea Republic, Myanmar, Tajikistan, and
Yemen. This result infers that high energy consumption en-
courages more investments and growth activities, which call
for further financial development in the regions. To reduce
high energy consumption, strict rules and policies regarding
FDI inflow are needed in the above countries. The high tariff
on the induction of old and high energy consumption technol-
ogy can reduce high energy consumption in these economies,
unlike the negative and significant impact of FDI on energy
consumption found in eleven BRI countries, including
Albania, Belarus, Bosnia and Herzegovina, Brunei
Darussalam, Estonia, Georgia, Indonesia, Iran, Jordan,
Poland, and UAE. It means that FDI inflow in these countries
brings energy-efficient technology, knowledge, and skills to
the host country. At the same time, the insignificant impact
was observed in thirty-eight BRI countries, including
Bangladesh, Bulgaria, Colombia, Cambodia, Croatia,
Czech Republic, Ethiopia, Hungary, India, Iraq, Israel,
Kuwait, Kyrgyz Republic, Lebanon, Malaysia, Macedonia,
Mongolia, Moldova, Morocco, New Zealand, Nepal, Oman,
Panama, Pakistan, Philippines, Qatar, Russia, Romania,
Singapore, Saudi Arabia, Slovenia, Slovak Republic, Sri
Lanka, South Africa, Turkey, Thailand, Ukraine, and
Vietnam.

Regarding the estimated coefficient of globalization
concerning environmental degradation found significant and
positive in thirty BRI countries, i.e., Ethiopia, Turkey, Czech
Rep., Malaysia, New Zealand, Nepal, China, Albania,
Croatia, Kuwait, Pakistan, Bahrain, Sri Lanka, Kazakhstan,
Georgia, Belarus, Morocco, UAE, Poland, Slovak Rep.,
Panama, Cambodia, Singapore, Oman, Vietnam, Yemen
Rep., Israel, Azerbaijan, Moldova, Egypt, Tajikistan,
Macedonia, Estonia, and Saudi Arabia. This finding infers that
an increase in globalization causes high energy consumption.
The possibility can be due to inefficient energy consumption

Table 8 Results from panel
DSUR Model 1 (FDFS) Model 2 (FDB)

Test Coeff. t statistics P value Coeff. t statistics P value

lnEC 0.214*** 14.512 0.000 0.179*** 25.415 0.000

lnFDS −0.177*** −2.360 0.001 – – –

lnFDB – – – −0.141* −1.800 0.072

lnGLO −0.485*** −9.781 0.000 −0.255*** −8.184 0.000

lnFDI −0.116*** −8.945 0.008 −0.125*** −5.920 0.004

lnY 0.511*** 15.00 0.000 0.441*** 59.46 0.000

Constant 1.744*** 15.60 0.000 1.312*** 25.345 0.000

R-square 0.775 – – 0.795 – –

F-statistic 1524 – – 2415 – –

Prob. 0.000 – – 0.000 – –

Note: ***, **, and * show the statistical significant at a level of 1%, 5%, and 10% respectively
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technology transfer through globalization. It is urged that the
government should take initiative steps to establish strict pol-
icies regarding FDI inflows and trade. Further, high taxes on
old and outdated high energy consumption technologies are
required to reduce energy consumption. Unlike the above
finding, globalization also has a negative and significant im-
pact on environmental degradation in twenty BRI countries,
including Brunei, South Africa, Lebanon, Indonesia,
Colombia, Iraq, Armenia, Slovenia, Bangladesh, Philippines,
Thailand, Bosnia and Her, Ukraine, Myanmar, Bulgaria,
Kyrgyz Rep., Iran, Russia, Hungary, India, Korea Rep.,
Qatar, Jordan, Romania, and Mongolia.

The economic growth has a significant positive impact on
environmental degradation in forty-five BRI countries, includ-
ing Nepal, Croatia, Armenia, Moldova, Bulgaria, Philippines,
Romania, Israel, Estonia, Slovak Rep., Mongolia, Jordan, Sri
Lanka, Belarus, Panama, Oman, Qatar, Ethiopia, Russia, New
Zealand, Bangladesh, Thailand, Turkey, Lebanon, Bosnia,
Slovenia, India, Indonesia, Georgia, Iraq, Saudi Arabia,
Pakistan, Brunei Daru, Hungary, Czech Rep., Poland,
China, Azerbaijan, Colombia, Yemen Rep, UAE, Albania,
Macedonia, Korea Rep, and Kyrgyz Rep. This result implies
that the above B&R initiative countries are energy-dependent.
Therefore, energy conservation policies are needed to pre-
serve high energy consumption. High energy consumption
leads to high economic growth; consequently, efficient energy
utilization is required to maintain high economic growth with
low energy consumption. Hence, the escalation in energy con-
sumption leads to high growth and investments in the regions.
Unlike the above result, economic growth also has an adverse
influence on the environmental aspect in fourteen BRI coun-
tries like Nepal, Croatia, Armenia, Moldova, Bulgaria,
Philippines, Romania, Israel, Estonia, Slovak Rep,
Mongolia, Jordan, Sri Lanka, Belarus, Panama, Oman,
Qatar, Ethiopia, Russia, New Zealand, Bangladesh,
Thailand, Turkey, Lebanon, Bosnia, Slovenia, India,
Indonesia, Georgia, Iraq, Saudi Arabia, Pakistan, Brunei
Daru, Hungary, Czech Rep., Poland, China, Azerbaijan,
Colombia, Yemen Rep, UAE, Albania, Macedonia, Korea
Rep, and Kyrgyz Rep (Table 9).

Dumitrescu Hurlin (DH) panel causality

The DSUR panel long-run estimation results are not appropri-
ate to offer sufficient evidence about the causal relationship
between the analyzed variables for appropriate policymaking.
Knowledge about the causal link between environmental deg-
radation, energy consumption, foreign direct investment,
globalization, and financial development can help craft appro-
priate environmental strategies and policies in the regions that
guarantee sustainable economic development. This study im-
plied the panel causality approach for testing the null hypoth-
esis of the homogeneous non-causality counter to the

alternative hypothesis of heterogeneous non-causality
(Dumitrescu and Hurlin 2012). The significance of using this
approach is that it permits having heterogeneous unrestricted
coefficients through CD and dissimilar log structures. This
technique, composed of two statistics, i.e., Z bar-statistics,
demonstrates the standard normal distribution of the test.
The W bar statistics demonstrate the average statistics. The
DH panel causality test results are stated in Table 8. The panel
causality test exposes several direction associations in the em-
pirical model. However, the study intended to investigate the
directional effects of environmental degradation from
target-independent variables.

For a bidirectional association that is supporting the pres-
ence of feedback hypothesis, study documents bidirectional
effects are running between environmental degradation and
energy consumption [ED←➔EC] which is in line with
Zheng et al. (2018), Wang et al. (2007), and foreign direct
investment and environmental degradation [FDI←➔ED], it
is in the line with study of Muhammad et al. (2021), Cheng
et al. (2019), and Yuan et al. (2016). Furthermore, unidirec-
tional causality runs from financial development to environ-
mental degradation [FD➔ED], globalization to environmental
degradation [GLO➔ED], and economic growth to environ-
mental degradation [Y➔ED], respectively.

The empirical results imply the presence of a feedback
hypothesis between FD and EC. Prior empirical works also
find a similar result, for instance, Farhani and Solarin (2017)
for the USA, Dogan and Aslan (2017) for GCC countries, and
Shahbaz et al. (2013b) for Malaysia. It offers FD assistance in
providing easy loans or debts to establish new businesses,
investment activities, or purchasing durable energy consump-
tion goods. The rise in energy consumption enhances econom-
ic expansions resulting in a rise in demand for financial ser-
vices that further guarantee financial development. The find-
ing infers that both FD and EC are complementary (Islam
et al. 2013). Our study supports a two-way causal link be-
tween GDP and EC. This finding is similar to Sadorsky
(2010) for Malaysia, Kahouli (2017) for SMCs, and
Alsaman et al. (2017) for BRICS. It infers that both EC and
GDP impact each other, suggesting that EC and GDP-related
policies should be implanted mutually. The causality results
indicate a mutually reinforcing (feedback) effect between FD
and GDP. This finding validates both the demand–supply side
hypothesis and is similar to the finding reached by Solarin
et al. (2013). The FD enhances capital formation, opens op-
portunities for entrepreneurs, stimulates trade, and offers fi-
nancial resources with low costs, motivating foreign investors
to invest in the home country, enhancing domestic output.
Thus, escalation of economic growth occurs (Shahbaz et al.
2017b). Two-way causal association is detected between GDP
and FD. Similar results are also found by Al-mulali and Lee
(2013) for GCC countries and Islam, Islam et al. (2013) for
Malaysia.
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Table 9 Results from DOLS (countrywide)

Country EC FDI FD GLO Y

Albania 0.068*** −0.166* 0.091** −0.106*** 0.244***

Armenia 0.156*** 0.007** −0.033 0.25*** 0.01*

Azerbaijan 0.046*** 0.086** 0.228*** −0.104*** 0.222**

Bahrain 0.194** −0.131*** −0.042** 0.238** −0.053*
Bangladesh 0.208** 0.193** −0.045** 0.096*** 0.131*

Belarus −0.027* −0.023*** 0.22** 0.149* 0.066***

Bosnia & Her- 0.01*** 0.019** 0.104*** −0.015*** 0.16***

Brunei Daru- −0.032*** 0.193*** 0.222*** −0.189** 0.186***

Bulgaria 0.046** 0.213** 0.095*** 0.12* 0.022***

China 0.191** 0.09*** −0.074*** −0.192*** 0.218**

Colombia 0.128*** 0.078** 0.119** 0.23** 0.223**

Cambodia 0.264* −0.075** 0.138** −0.041*** −0.007***
Croatia 0.19*** 0.057* −0.014** −0.122*** 0.005**

Czech Rep. 0.22*** 0.271* 0.212*** 0.098*** 0.194**

Egypt 0.238*** 0.219*** −0.075* 0.037** −0.016**
Estonia 0.131*** −0.014*** −0.117** 0.171*** 0.039*

Ethiopia 0.19*** 0.207** 0.108** −0.051* 0.117***

Georgia −0.046*** 0.078*** 0.134*** 0.136** 0.171**

Hungary 0.243** −0.043** 0.172*** −0.087*** 0.186***

India 0.092** 0.071*** 0.058*** −0.218*** 0.168***

Indonesia 0.267*** 0.26*** 0.202* −0.124** 0.171***

Iran −0.038*** 0.105** −0.052*** −0.078* −0.001**
Iraq −0.041* 0.118*** 0.224*** −0.188 0.172***

Israel 0.053*** 0.035** −0.015*** 0.238*** 0.035***

Jordan 0.114** 0.228* 0.054* 0.113*** 0.049***

Kazakhstan −0.027* 0.173*** 0.138* 0.09*** −0.002*
Korea Rep. −0.056*** −0.119*** 0.208* −0.145*** 0.256***

Kuwait 0.018*** −0.062*** −0.013*** 0.113*** −0.026**
Kyrgyz Rep. 0.108** −0.143*** 0.112* −0.118* 0.266***

Lebanon −0.052*** 0.078*** −0.092* −0.275* 0.154*

Macedonia 0.212** 0.129*** −0.098 −0.06* 0.245

Malaysia 0.047*** 0.003*** −0.023* 0.197*** −0.018***
Moldova 0.223* −0.171*** 0.233* −0.221** 0.012***

Mongolia 0.185*** −0.173*** −0.038* 0.196*** 0.047

Morocco 0.142** 0.123** −0.092 −0.161*** −0.025***
Myanmar 0.228* −0.168*** 0.046*** −0.044*** −0.014**
Nepal −0.056*** 0.094 0.196*** 0.034*** 0.014***

New Zealand −0.059** 0.019* 0.115*** −0.224*** 0.123**

Oman −0.019* 0.244*** −0.054*** 0.013*** 0.096***

Pakistan 0.104** −0.044*** 0.006* −0.143*** 0.185***

Panama 0.011*** 0.196*** 0.107* 0.223*** 0.076***

Philippines 0.039*** 0.267*** −0.113* 0.166 0.027***

Poland 0.055*** −0.131*** 0.164*** −0.222* 0.194***

Qatar 0.046*** 0.078* 0.08*** −0.272* 0.099***

Romania 0.022*** 0.221*** −0.044*** −0.105* 0.028***

Russia −0.046** 0.161*** −0.102 0.165*** 0.119***

Saudi Arabia 0.093*** −0.08*** 0.204*** −0.232*** 0.181**

Singapore 0.099** 0.199* −0.067* −0.202*** −0.056*
Slovak Rep. 0.153** −0.054*** 0.195** −0.072*** 0.046*
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Furthermore, the bidirectional causal relationship is ob-
served between globalization and FD, globalization and
GDP, GDP and FDI, FDI and FD, and globalization and
EC. However, it differs concerning a unidirectional causal
link detected from EC toward FD. This result is similar to
the finding reached by Furuoka (2015) and Tan and Tang
(2016); they illustrate that the energy conservation policy
should be implanted. Similarly, a one-way causal relationship
was detected running from energy consumption to foreign
direct investment (Table 10).

Discussion

The role of macro-fundamentals on environmental degrada-
tion has been extensively investigated with policy assessment
and strategic development for mitigating the persistent flows
of carbon emission n by taking time series and panel data with
the application of various econometrical tools. The motivation

of the study is to explore fresh insights through the assessment
of energy consumption (EC), foreign direct investment (FDI),
financial development (FD), and globalization (GLO) on en-
vironmental degradation by taking a panel of 59 countries
from B&R initiative for the period from 1990–2017. Several
econometrical tools apply for association evaluation purposes,
and the key findings are as follows.

First, before empirical model estimation, the study initiates
elementary basement by performing cross-sectional depen-
dency, heterogeneity, and variable order of integration
through panel unit root tests. The result of cross-sectional
dependency tests confirms the sharing of common dynamic
properties by the research units. Panel unit root tests reveal
that variables are integrated in mixed order, indicating few
variables are stationary at level. Few variables become station-
ary after the first difference neither variables exposed integra-
tion after the second difference. Moreover, second-generation
unit root tests, commonly known as CIPS and CAFD, can
handle cross-sectional dependency issues and similar

Table 9 (continued)

Country EC FDI FD GLO Y

Slovenia 0.013*** 0.08*** −0.041*** −0.046*** 0.163*

South Africa −0.065*** −0.156*** −0.03** −0.246*** −0.058*
Sri Lanka 0.262*** −0.108* −0.009*** −0.178*** 0.065***

Tajikistan 0.174*** 0.183** −0.077*** −0.211*** −0.035***
Thailand 0.232*** 0.143* 0.053*** −0.185*** 0.151***

Turkey 0.072* 0.169*** −0.082*** 0.122* 0.151***

Ukraine −0.059*** 0.142*** 0.225*** −0.224*** −0.019*
UAE −0.049*** 0.149*** 0.228** −0.012** 0.231***

Vietnam 0.109** −0.065*** −0.124* −0.015* −0.069***
Yemen Rep. 0.103*** 0.079*** 0.025** −0.137** 0.229***

Note: ***, **, and * denote the statistical significance at 1%, 5%, and 10% levels, respectively

Table 10 Results of Dumitrescu–Hurlin (DH) panel causality

ED EC FDI FD GLO Y

ED 13.562***
(12.843)

12.737***
(19.634)

4.845**
(11.288)

9.756***
(19.699)

5.515**
(19.096)

EC 6.735**
(22.664)

5.244**
(18.792)

0.487
(8.388)

2.795
(9.546)

2.896
(6.806)

FDI 12.662**
(15.81)

11.715***
(20.866)

1.217
(1.002)

8.555**
(19.902)

5.183**
(13.375)

FD 0.414
(2.759)

10.12***
(23.473)

13.706***
(15.652)

9.703**
(9.359)

1.936
(1.848)

GLO 1.561
(1.594)

9.828**
(13.964)

6.081**
(7.63)

8.267**
(13.28)

12.153***
(11.921)

Y 1.377
(3.85)

7.133**
(18.113)

13.192***
(12.554)

11.296***
(12.924)

9.401**
(9.226)

Note: ***, **, and * denote the statistical significance at 1%, 5%, and 10% levels, respectively
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document line of variables integration found in conventional
unit root tests.

Second, long-run cointegration in empirical model is eval-
uated by implementing panel cointegration tests offered by
Pesaran and Shin (1998) and error correction-based
cointegration test introduced by Westerlund (2008).
Conventional panel cointegration test reveals that the majority
of the test statistics are statistically significant at a 1% level,
implying the availability of long-run relationships among ED.
EC, FDI, FD, GLO, and Y. Furthermore, Westerlund
cointegration test results show the presence of long-run
cointegration among the analyzed variables.

Third, for empirical model estimation with DSUR, study
finding establishes positive statistically significant effects
running from energy consumption to environmental degrada-
tion. It is in line with existing literature, for instance,
Sehrawat et al. (2015) and Raza et al. (2019). Intense energy
consumption, especially reliance on fossil energy, produces
detrimental effects for the environment by augmenting car-
bon emissions. In the recent period, the transition from fossil
energy to renewable energy becomes the key strategic deci-
sion taken by the countries to lessening the adverse conse-
quence on environment by eliminating CO2 emission
(Adebayo and Kirikkaleli 2021). Energy consumption transi-
tion to renewable energy reliance assists the economy is two--
fold: environmental destruction mitigation with less CO2 in-
jection and reduction of production cost by decreasing envi-
ronmental protection, the green economy adaptation (Ben
Mbarek et al. 2018). FDI inflows exposed a negative statisti-
cally significant association with environmental degradation,
indicating that technological advancement with energy
efficiency and efficient industrial processes based on
renewable energy helps the economy take environmental
preventive measures. Qamruzzaman and Jianguo (2020) ad-
vocate that foreign capital flows augment the energy transi-
tion process from fossil to renewable energy, indicating that
industrial output with energy efficiency can positively impact
environmental quality improvement. Thus, emerging econo-
mies have to shift in energy efficiency. Industrialization and
aggregate activities have to be based on renewable sources
rather than conventional energy sources. Doytch and Narayan
(2016) postulate the FDI focusing service industry continu-
ously seeking energy-efficient operation, encouraging the
economy to formulate energy policies favoring renewable
energy growth over conventional sources.

Referring to globalization impacts on environmental deg-
radation, the study discloses a negative statistically significant
association, indicating that global integration plays a positive
role in enhancing environmental quality in the long run
(Balsalobre-Lorente et al. 2020). When it comes to promoting
clean technology (technological effect), globalization may be
considered to have an influence. It also encourages the adop-
t ion of required regulatory measures to promote

competitiveness and efficiency. Study finding disproves the
earlier researcher findings, see for instance Shahbaz et al.
(2017a).

Fourth, the directional causality between environmental
degradation, energy consumption, FDI, financial develop-
ment, globalization, and economic growth by implementing
the panel Granger causality test is familiarized by Dumitrescu
and Hurlin (2012). Study findings reveal feedback hypothesis
hold for explaining the causal effects running between envi-
ronmental degradation and energy consumption [ED←–EC]
and FDI and environmental degradation [ED←➔FDI]. Study
findings suggest that in the long run, the improvement of
environmental quality is caused by the application and inte-
gration of energy sources in the economy; on the other side,
environmental quality concerns shall guide industries for the
transition from fossil energy to renewable energy in the pro-
duction process. Furthermore, the role of FDI that is
energy-efficient technological development and knowledge
sharing shall play a critical role in environmental develop-
ment. Side by side, protective measures for environmental
cost shall discourage foreign investors’ reliance on fossil en-
ergy rather than entice them to integrate renewable energy.
Study documents unidirectional causal effects running from
financial development to environmental degradation
[FD➔ED], globalization to environmental degradation
[GO➔ED], and economic growth to environmental degrada-
tion [[Y➔ED].

In order to reduce energy consumption in the long run, the
high energy consumption countries should need to specialize
in their production of non-energy intensive products. Efficient
energy use will enhance the production activities along with
economic growth in the selected B&R initiative countries. The
energy-intensive industries and firms should be forced by
strict energy consumption regulations. The financial institu-
tion should invest more in energy-efficient technology, effi-
cient energy consumption projects, and research and
development-related programs. Further, the encouragement
of advanced technology through foreign investments and an
increase in tariff on old and outdated technologies will also
reduce high energy consumption in these countries. Public
awareness regarding the efficient utilization of energy is also
an important step to mitigate energy consumption.

Conclusion

The purpose of the study is to gauge the impact of financial
development, foreign direct investment, and globalization on
environmental degradation in BRI nations through the chan-
nel of energy consumption for the period 1990–2017. Several
econometrical tools were considered for empirical assessment
that variable stationary properties were detected by
performing panel unit root test including CADF and CIPS
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following Pesaran (2007), the test of heterogeneity following
Pesaran and Yamagata (2008). The long-run cointegration
was evaluated through the implementation of panel
cointegration test following Pedroni (2001), Pedroni (2004),
ADF test following Kao (1999), and Westerlund (2008) error
correction-based cointegration test. For exploring the long-run
elasticity of explanatory variables on environmental degrada-
tion, the study applied dynamic seemingly uncorrelated re-
gression (DSUR) and directional causality documented
through Dumitrescu and Hurlin (2012) causality test. The
key findings of the study are stated below.

First, the variable stationary properties study documented
that all the variables are stationary after the first difference;
moreover, the CSD tests confirmed the sharing of common
attributes among the research units. Second, according to test
statistics of the panel cointegration test, it is ascertained the
long-run cointegration an empirical equation. Third, consider-
ing the long-run magnitudes estimated with DSUR, the study
documented the positive statistically significant effects of en-
ergy consumption on environmental degradation. It is sug-
gested that heavily relying on fossil fuel by BRI nations have
been augmenting environmental adversity by injecting carbon
dioxide. Whereas, the coefficient of FDI, financial develop-
ments, and globalization exposed negative statistically signif-
icant linkage with environmental degradation, suggesting an
improvement in environmental correction. More specifically,
technological advancement and energy-efficient operations
with clean energy integration at the aggregate level prompt
an environmentally friendly ecosystem by lowering the level
of carbon emission. Fourth, for the results of directional cau-
sality test, study findings reveal that feedback hypothesis
holds for explaining the causal effects running between envi-
ronmental degradation and energy consumption [ED←➔EC]
and FDI and environmental degradation [ED←➔FDI].

In a nutshell, study findings suggest improving the envi-
ronmental discomfort due to excessive carbon emission due to
fossil fuel integration in industrial output in BRI nations.
However, capital adequacy resulting from financial develop-
ment and energy-efficient technological integration with clean
energy applications has emerged as an important factor in
improving environmental adversity. Thus as far as policy for-
mulation and implementation are concerned, it is suggested
with appreciating the empirical findings that environmental
policy formulation and effective implementation in BRI na-
tions have to be initiated. The following policy suggestion is
derived from the study findings.

First, clean energy integration through motivating the en-
ergy investment in the renewable energy sector with capital
assistance. Financial sector expansion can play a critical role
in capital accumulation and allocation in renewable energy
output and support initial investment. Second, foreign invest-
ment inflows should be encouraged with effective environ-
mental policies for adopting the green environment concept

with clean energy. Availability of energy-efficient technolo-
gies through FDI can enhance carbon emission reduction in
the economy and transit into an eco-friendly environment.
Third, the global economic and financial integration creates
an ambiance for energy efficiency that is external effects mo-
tivate countries to transform fossil fuel-based economy to re-
newable energy integration.

Even though the study tried to explore the role of FDI,
financial development, and globalization for environmental
degradation through energy consumption, this study is not
out of limitation. Thus, it is suggested that future studies can
be initiated with asymmetric assessment. The positive and
negative shocks’ impacts on the environment might open a
new avenue for policy makers to rethink the process in formu-
lating environmental policies.
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