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Abstract
Sustainable development is significantly contributing the environmental degradation due to improvements in financial
sector in One Belt and Road Initiative (BRI) region. Thus, the present research work constructs the sustainable
development index for BRI. Afterwards, it unfolds the nexus of sustainable development-environmental degradation
and also evaluates the role of financial development indicators in BRI economies. By utilizing the robust mean group,
the present study quantifies the long-run marginal impacts of sustainable development, financial development indica-
tors, energy consumption, and urban sprawl on environmental degradation, respectively. The marginal impacts infer an
inverted U-shaped sustainable development environmental Kuznets curve in BRI region. The sustainable development,
energy consumption, and urban sprawl are enriching the environmental degradation, whereas the financial development
indicators have an adverse impact on environmental degradation by induction of interaction of sustainable
development-financial development. Therefore, the improvements in financial development indicators will help to
achieve the sustainable development.

Keywords One Belt and Road Initiative . Financial development . Environmental Kuznets curve . Environmental degradation .

Sustainable development . Urban sprawl

Introduction

The economic and political dynamics of the international sys-
tem are in flux. Perhaps, the post-cold war era and the global
financial crisis (GFC) revamped patriotism and isolationism in
global politics (Khan et al. 2018). The recent political progres-
sion such as United Kingdom’s Brexit and “America First”
anti-globalization speech-making of President Donald Trump,
corroborates that, in the West nationalism, protectionism and
isolation overrun the globalization (Crouch 2017; Ahearn
2006). The western societies have started to recognize that
the standard business practices and processes have completely
lost traction in response to GFC 9 Sirkin et al. 2008). The
aftermath of GFC has driven western powers, particularly,
the USA, to protect its domestic industries through erecting
tariffs which have resulted in worst international trade in the
last 30 years (Rong 2016). Conversely, China’s views on the
trade openness and commerce persist and utterly contradict
the trade and political preferences of the US and the
European Union (Hal Brands 2017).

The Chinese President Xi Jinping allocates the endow-
ments to New Silk Road Economic Belt across Eurasia to
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connect China with Europe, the Middle East, and South Asia
on September 2013 at Kazakhstan (PRC Ministry of Foreign
Affairs 2013). Subsequently, Chinese officials have publi-
cized aspiring plans and interest to invest billions of dollars
in developing infrastructure in partner countries particularly
the highways, pipelines, railroads, and power grids adjacent
with ports which shall be upgraded for maritime logistics. The
land belt and maritime belt collectively named as One Belt,
One Road (OBOR) or Belt and Road Initiative (BRI) (Hafeez
et al. 2018). Initially, official reports predicted that China will
invest US$800 billion to USS1 trillion which covers 890 pro-
jects in more than 60 partner countries (The Economist 2016).
BRI is the largest single country initiative in the history of
mankind which focuses on enhancing cooperation between
Eurasian countries and has the prospective to alter the world
trade and integrate regional development. BRI initiative is
estimated to impact 2/3 of world population covering 1/3 of
global GDP and 1/4 of world trade (Mckinsey 2016; Hafeez
et al. 2018). Factually, numerous branches will be built to
connect these routes. The complexity and scale of BRI signify
that key cities and ports will focus on the development of six
major economic corridoes; PRC-Central Asia-West Asia,
Bangladesh-PRC-India-Myanmar, PRC-Pakistan, New
Eurasia Land bridge, PRC-Indochina Peninsula, and PRC-
Mongolia-Russia corridors (PRC The State Council 2015).

It is difficult to evaluate BRI’s impact due to the fact that it
is driven through a unique blend of strategic and domestic
factors. China aims to foster its international trade and foreign
economic relations through investment in international transit
and logistics. It will not only act as a catalyst in achieving a
friendly political acceptance by partner countries but also pro-
mote the impact of Chinese-based financial institutions such
as “Asian Infrastructure Investment Bank (AIIB) and the
BRICS New Development Bank” (PRC Ministry of Foreign
Affairs 2015). China aims to stipulate new business opportu-
nities to the domestic companies by diverting overcapacity
particularly in cement and steel industry which will help these
industries during economic slowdown to act as a regional
representative of the Chinese government (Dollar 2015).
BRI is considered as an ultimate game changer as the country
has never launched such a massive project in the past whose
outcomes are projected far-reaching even parallel to the US
Marshall Plan (South China Morning Post 2015).

Preliminary studies and the global response to BRI tend to
categorize it either as “gamers” (geopolitical implications) or
“traders” (anticipated developmental consequences)
(Ruseckas 1998). Gamers speculate that BRI through its fi-
nancial institutions such as AIIB will challenge the Western-
led financing system and global governance which will place
China at a key position among the international governance
bodies. Nonetheless, traders drew attention to the need for
investment in infrastructure development in Eurasia and
neighboring regions. It was projected that by next decade

Asia will require another US$8 trillion to redeem underinvest-
ment and the escalating demand (Tahilyani et al. 2011).
Despite traders’ contradictory views toward the impacts of
BRI, lavish foreign investments are expected to contribute to
the humanitarian to political to economic to the regional com-
panies and simultaneously create opportunities for Western
investors and financial institutions (Salman et al. 2012). The
proceeding argument suggests that it is timely to assess the
influx of Chinese-led projects particularly from the financial,
sustainable, and environmental context which will incorporate
the critical discussion on political agendas, social conditions,
and networks across different regions. The actual empirical
impact of BRI initiative has largely remained unexplored in
the region, as most of the previous studies had adopted a
descriptive and conceptual approach to determine BRI impact
(Enderwick 2018; Cooley 2016; Khan et al. 2018; Liu 2018).
It is considered a significant research gap; hence, the tentative
focus of this research is to empirically determine the financial
development, sustainable development, and environmental
degradation in the BRI region.

Literature review

BRI overview

The ancient Chinese philosophy of “Silk Rood Sprit” under-
pins the roots of BRI initiative to foster peace and enhance
cooperation, openness, inclusiveness, mutual learning, and
mutual benefit among all the societies (Xihua 2015). The
Chinese officials are zealous in developing six corridors
through roads, railways, and sea networks. It is believed that
developing transportation infrastructure is a giant leap toward
the creation of economic corridors which will provide traction
to the landlocked Eurasian economies and strengthen them
tightly to China (Rolland 2017).

Initially, US$1 trillion were allocated in 2013 as seed mon-
ey which proves the strategic significance of BRI for China.
Due to the anticipated outcomes and its impact on China, the
project was able to attract an additional US$8 trillion to estab-
lish infrastructure throughout BRI region, specifically in Asia.
Chinese scholars argue that BRI not only focuses on develop-
ing infrastructure but also acts as a policy and cultural dia-
logues among partner countries. It will empower China to
establish an image of responsible global power through en-
hanced financial support, infrastructural connectivity, and
trade (Mohieldin 2017).

BRI is a signatory of a continuous dedication by the
Chinese government which requires interactive endeavors
from the partner countries to maintain inclusive balanced de-
velopment. The developing countries are in need of invest-
ment to establish infrastructure which is an essential compo-
nent of economic and industrial development (Bei 2017).

33708 Environ Sci Pollut Res (2021) 28:33707–33718



Under BRI’s umbrella, China will provide 3.5 trillion US$ of
financial resources as a foreign exchange reserve along with
extensive expertise in the development of infrastructure. Lai
et al. (2018), concluded that BRI is a mammoth infrastructural
development initiative which promises to contribute to indus-
trial and economic prosperity within region. The projects un-
der BRI involve approximately 70% of the world population,
75% global energy resources, 25% world trade, and 55%
global GDP (Lehmacher 2016).

Financial development

China fully understands the negative consequences of anti-
globalization and positive outcome of embracing it which is
a moral lesson learned from the past. In light of this lesson,
China is striving to develop a new form of globalization which
is labelled as “Chi-globalization.” It is a process guided to-
wards the search for alternative financial routes for the devel-
opment of societies purely based on contradictory principles
of Eurocentric model (Jia 2017). Especially the developing
countries such as Pakistan and many others have always relied
upon foreign aid to support infrastructure development
(Salman and Hui 2009). For infrastructure development of
foreign countries, China has established its own economic
and political network to influence global governance and con-
tribute to infrastructure development. The new political agen-
da visualizes the extension of peaceful coexistence, connec-
tivity, and infrastructure development across Eurasia, Europe,
central Asia and Africa. China projected that the BRI provides
a new global governance model which will help the country to
improve its soft image in international politics (Ferdinand
2016),

whereas financial experts and economist have raised their
concerns over the financial development in partner countries
through BRI (Anderlini et al. 2018; Holslag 2017). A
Chinese-based bank AIIB whose size is larger than the
World bank will support BRI, and there are serious concerns
over the compatibility of Chinese financial institutions to
comply with the needs and norms of regional countries.
Since this financial institution is the servant of the Chinese
government and the governance of investment by this institu-
tion is also questionable hence, question is, whether these
financial institutions will support infrastructure development
or act as a bedrock for political stability? (Davies et al. 2016).
BRI is referred as an ambiguous geopolitical plan, an econom-
ic bubble and frivolous infrastructural project which will ulti-
mately collapse and will leave economically fragile region
indebted to China (Fair 2018). However, China reacted to this
verdict and declared it as a political attempt to restrict its
economic and political influence in the region (Boriçi 2018).

In addition, financial and economic development in the
past had entangled in ethnic tensions and distributional diver-
gences in several countries. The construction of US$3.6

billion Myitsone dam in Myanmar was abolished after the
reversal of civilian rule by the parliament. The project was
politicized due to the concerns over environmental degrada-
tion, anti-Chinese sentiment, and continuing dispute
concerning Kachin rebels and local government. An anti-
Chinese sentiment was discovered in Pakistan when Baloch
rebels attacked Chinese mining and construction projects led
due to the conflict between the government of Pakistan and
the rebels. Amajor planned spur of the BRI in Pakistan named
as Pak-China Economic Corridor spans through the moun-
tains of Karakorum highway all the way through to the port
of Gwadar which is also prone to insurgent attacks (Sha
2016). Many other countries such as Sir Lanka, Kyrgyzstan,
and Zambia presidential election candidates were seen
campaigning against the legitimacy of Chinese investments
and contracts. All these cases obscure that large-scale financial
development commitments in BRI are subject to political pos-
turing, nationalist and competitive nationalist appeals (Cooley
2016).

Finance, trade, and investment development in BRI

Financial sector as crucial driver of economic growth triggers
the deficits and surpluses of sector an economy (Raheem et al.
2020). Despite the existence of significant shortfall of demand
and sluggish economic performance globally, the total volume
of trade between China and BRI partner countries was record-
ed RMB6.3 trillion Yuvan (US$915 billion) in 2016 (Xinhua
2016). China yielded a record of 36% growth and secured a
total of US$126 billion through newly signed foreign con-
tracts (MOFCOM 2015). The imports and exports volume
of imported goods and services from BRI countries hit the
landmark of US$6.53 trillion in 2015, while the exports
reached US$7.12 trillion. The total exports and imports from
BRI countries made up 33.7% of the total trade volume in the
world. Regionally, Southeast Asian countries recorded trade
of US$2.3 trillion and Europe US$2.1 trillion and West Asia
and North Africa recorded trade of US$1.9 trillion. In terms of
overall imports, Southeast Asia was still a leading importer of
foreign goods. Among the countries Singapore remained the
leading importer and exporter of goods in 2016.

Sustainable development

BRI is characterized as a moral political model enrooted
in Chinese Philosophy. The modern-day Chinese leader-
ship acknowledges that the Western political and econom-
ic policies have amplified the gap between the North and
the South which is a major threat for the global environ-
ment. The apparently visible gap nourished through polit-
ical disputes has promoted inequality, poverty, and human
displacement and has enhanced concerns over security
and risks to human beings (Ramo 2004). China has
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always shown a readiness to take responsibility of global
governance to create a peaceful, developed, and harmoni-
ous world known as “meihaoshenghuo” in Chinese which
means a happy life for everyone. The 2030 Agenda, for
example, ever since it was launched, China has pursued
national policy arrangements and specified measures for
the promotion and implementation of the Agenda which
represents China’s exceptional role as a global leader in
achieving sustainable development goals (SDGs). China
released a China’s Position Paper in April 2016 which
constituted strategic information on the implementation
of the 2020 Agenda. Moreover, China established domes-
tic coordination mechanism through 43 government de-
partments to maintain the ingenious progress in
implementing the 2030 Agenda (UNDP 2017).

BRI has created an updated framework toward globaliza-
tion which is based on win-win cooperation. The financial
institutions such as AIIB, BRICS, and NSRF offer colossal
development opportunities for the partner countries (Sandano
2017). In the light of Chinese philosophy of shared develop-
ment, a fully functional BRI project will constitute distinctive
impacts on sustainable development, whereas Cooley (2016)
argued that the regional political dynamics entangle the infra-
structure development as many countries have opposed in-
creasing Chinese influence. The Chinese sentiments are large-
ly opposed due to the fact that local communities consider
BRI as a method to enhance Chinese political influence rather
than create a partnership.

Urban sprawl

According to the 2030 Agenda’s SDG-11, urbanization
and sustainable development have a concrete link which
indicates the significance of developing sustainable cities
and communities, secure and resilient human settlements
and the cities’ commitment in promoting sustainable de-
velopment. Based on the past experience from the oppor-
tunities and challenges of urban sprawl, the 2030 Agenda
emphasizes on the need of creating a balanced implemen-
tation plan (UNDP and UNRISD 2017). The global South
is a house to the world’s 24 megacities having a popula-
tion over 10 million. Most of these megacities are located
in the developed regions of China and India (UNDESA
2016). These cities face numerous challenges such as 1.9
billion people located in these megacities are prone to
high morality risks from natural disasters (UNDESA
2016). BRI is projected to impose a formative impact on
the world economy, society, quality of life, and global
consumption of resources and energy. Moreover, BRI is
anticipated to contribute to the growing infrastructure
needs of the urban population, projected 6.5 billion by
2050 (UNDESA 2016).

Environmental degradation in BRI

The global warming is intensified through environmentally
unstable methods which continue to worsen the air quality
through the greenhouse gas emission, air pollution, usage of
land for energy, electricity, and production. The agriculture,
food production, forests, biodiversity, species, water re-
sources, and climate are among the most affected areas. The
human activities directly impact on climate change and envi-
ronmental degradation (IPCC 2015). The UN Environment
Programmes (UNEP) issued Emission Gap Report in 2016
and warned that world is warming by 3.0–3.2 °C despite
countries that were able to achieve Nationally Determined
Contributions (NDCs) pledge during the COP 21 in Paris
Agreement in 2015.

BRI is expected to have multidimensional direct or indirect
impacts on human endeavors. Arguably, it is expected to pose
positive impacts on economies through globalization whereas,
and its negative impacts are characterized as environmental
degradation through the consumption of higher energy re-
quired for electricity generation, transportation, construction
of infrastructure, industrialization, urbanization and deforesta-
tion for the sake of roads and railway lines (Laurance 2018).
China is not only the second largest growing economy of the
world but also the leading energy consumer and carbon diox-
ide (CO2) emitter, and its emission accounts to 30% of global
CO2 emission (USEIA 2014).

Of the Chinese, 98.68% (1.34 billions) are living in vulner-
able areas due to intensive economic growth, environmental
degradation, and population aging (He et al. 2018a). Through
CO2 emission, China has become the significant producer of
greenhouse gases (GHGs) which release CO2 in the air
(Apergis and Ozturk 2015), because China is emitting
28.6% of total world CO2 emission (Li et al. 2019).
Consequently, GHGs and water resource consumption are
two critical challenges for Chinese economy (He et al.
2018b). Under uncertainty, life cycle is main hurdle in envi-
ronmental performance regarding the Shale gas supply chain
(Chen et al. 2018). There is an evidence of climate aggression
effect in Tibet and Arctic (Lu et al. 2020). Thus, authorities
and society have to take steps to tackle CO2 emission at initial
stage of economic development (Mahmood et al. 2020).

Xu and Lin (2016) concluded that growth in economy and
industrialization drives China to emit CO2. Non-renewable
energy enhances the CO2 emission (Shaheen et al. 2020).
Energy intensity is also an imperative driver of CO2 emission
(Lv et al. 2019).

The alarming CO2 level in the air has driven China to
discover renewable power technologies to produce energy
and create green national economies. Through BRI China
has shifted its polluted industrial sector to less developed re-
gions where local authorities are paid to manage the ecologi-
cal challenge. Global environment institute statistics show that

33710 Environ Sci Pollut Res (2021) 28:33707–33718



currently, China is administrating 240 coal-based projects in
25 countries such as India, Indonesia,Magnolia, Vietnam, and
Turkey to install a capacity of 251 gigawatts.

Additionally, Chinese firms have planned to establish 92
supplementary projects in 27 economies. China’s largest over-
seas investment emerged on building a coal power station in
Pakistan. A precise analysis of the BRI region shows that CO2
emission level in certain economies continues to rise over the
last few years which has become an enormous threat to the
climate. BRI region shows an inconsistent trend in CO2 emis-
sion, while in China itself it has gained consistent rise and
reached to 61.4% (BP Statistical Review of World Energy
(2017). The proportion of energy intensive emission of CO2
in BRI has reached 80% which indicates the crucial contribu-
tion of economies in regional environmental degradation.
Based on these facts, it can be asserted that most of BRI
projects are not environment friendly. Howard and Howard
(2016) found that BRI is a global shifting wave which is
projected to influence on indigenous resources and ecosystem.
Lastly, China’s past record in environmental protection in
overseas indicates the lack of commitment in enforcing mech-
anism and provides one of the many reasons to be concerned
about the environmental impact of BRI in the region.

Data and method

Sample set and descriptive analysis

This research work contains a panel of 43 BRI countries from
1991 to 2017. Data availability of under-considered variables
is the selection criteria for both countries and time span. It is
notable and significant to remark that the present research
work has utilized the longest available sample-set to scrutinize
the role of financial development and sustainable develop-
ment in environmental degradation of BRI region. The dataset
of all under-considered variables of present study is retrieved
from world development indicator (WDI) and also converted
into natural logarithm to compute the elasticities of environ-
mental degradation considering the financial development,
sustainable development, energy consumption, and urban
sprawl (World Development Indicators, 2017). The financial
development (FDP) is quantified by domestic credit to finan-
cial sector (FS), private sector (PS), and by banks (BS) as
percentage of GDP, respectively (Hafeez et al. 2019a;
Katircioglu and Taspinar 2017). Total greenhouse gas
(TGHG) emissions are taken to measure the environmental
degradation (Hafeez et al. 2019a). Energy consumption
(ENR) is measured through aggregate energy usage per
$1000 GDP (Hafeez et al. 2019b). Urban population (URP)
as percent of total population is used as proxy of urban sprawl
(Charfeddine and Ben Khediri 2015).

The novel contribution of present research work is to con-
struct the composite index of sustainable development
(SUSDP) for BRI. By using the principal component analysis
(PCA), the SUSDP is developed through four indicators: per
capita GDP at constant 2010 US dollar , Foreign direct invest-
ment as percent of GDP (FDI), education (number of pupils in
Primary education), and percent of employment to total pop-
ulation. The PCA analysis is demonstrated in Table 1.
Equation 1 depicts the computation of SUSDP index.

SUSDP ¼ ∑
4

i¼1
Wi � susdpi ð1Þ

In Eq. 1, “i” shows the 4 sub-dimensions; SUSDP1 = per
capita GDP, SUSDP2 = FDI, SUSDP3 = education, and
SUSDP4 = employment. Wi is the weight of each indicator
and calculated as follows:

Wi ¼ vi

∑
4

i¼1
vi

0BB@
1CCA ð2Þ

where vi is the ratio of variation explained by each indicator.
The summary statistics are stated in Table 2. It con-

cludes that energy consumption and urban sprawl are less
volatile as compared with environmental degradation, sus-
tainable development, and financial development indica-
tors. Environmental degradation has positively correlated
with sustainable development (18.6%), energy consump-
tion (21.6%), and urban sprawl (16.5%), respectively.
Sustainable development is positively associated with en-
ergy consumption, domestic credit to private sector, and
by banks subsequently and negatively associated with ur-
ban sprawl and domestic credit to financial sector.
Furthermore, urban sprawl and energy consumption have
positively and negatively correlated with financial devel-
opment indicators, respectively.

Econometric design

The core contribution is the development the index of
SUSDP, and empirically quantifies the nexus of sustain-
able development-environmental degradation along the fi-
nancial development for BRI region. Financial sector is
enriching the economic efficiency through financial devel-
opment (Hafeez et al. 2019a). Energy disparity can be re-
duced through financial development (Li et al. 2020). It is
also an imperative element of economic growth to achieve
economic efficiency (Yang et al. 2020). Similarly,
Katircioglu et al. (2018) and Katircioglu and Taspinar
(2017) suggest that financial development improves the
FDI, banking, and financial sector of economy by reducing
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the spread in risk and financial cost. Hence, it encourages
the advance technology usage, triggers the economic pro-
cess, and brings dynamics in environment (Hafeez et al.
2019a). Consequently, the SUSDP and financial develop-
ment indicators have taken as input variables for output
variable (TGHG). The study of Hafeez et al. (2019b) sug-
gests that energy consumption uplifts the CO2 emission in
12 regions across the globe. Energy disparities upsurge the
environmental degradation in BRI regions except the
South Asia (Hafeez et al. 2019c). Likewise, the urban
sprawl upsurges the infrastructure by development in busi-
ness and also increases the consumer demand and, hence,
environmental degradation (Charfeddine and Ben Khediri
2015; Hafeez et al. 2019a). Thus, the variables ENR and
URP as control variables are modelled in estimated
models. Equation 3 depicts the econometric specification
to quantify the impact of SUSDP, financial developments
indicators on TGHG, and also testing the sustainable de-
velopment environmental Kuznets curve (EKC).

TGHGit ¼ γ0 þ γ1tSUSDPit þ γ2tSUSDP
2
it þ γ3tFDPit

þ γ4tENRit þ γ5tURPit þ ε1it ð3Þ

In Eq. 3, t and “i” represent the time span, i.e., 1991–2017,
and number of cross-sections, i.e., 43 BRI countries; TGHG is
the environmental degradation; SUSDP and SUSDP2 are the
sustainable development and square of sustainable development
for EKC hypothesis testing; FDP is the financial development
indicators; domestic credit to financial sector (FS), private sector
(PS); and by banks (BS), ENR and URP stand for energy con-
sumption and urban sprawl subsequently. The expected signs of
γ1 > 0, and γ2 < 0 to validate the inverted U-shape sustainable
development EKC hypothesis for BRI region (Hafeez et al.
2018). Energy consumption and urbanization are directly with
environment and reveal the marginal impacts of financial devel-
opment on environmental degradation (Hafeez et al. 2019a, b;
Charfeddine and Ben Khediri 2015). Hence, these variables are
incorporated to tackle the specification bias problem.

Equations 4 is the extended version of Eq. 3; another input
variable, an interaction among SUSDP and FDP indicators,
has been modelled as function of TGHG to examine whether
improvements in FDP indicators will help to accomplish the
sustainable development. Therefore, the sustainable develop-
ment due to financial development may have positive or ad-
verse impact on environmental degradation.

TGHGit ¼ γ0 þ γ1tSUSDPit þ γ2tSUSDP
2
it

þ γ3t FDP*SUSDPð Þit þ γ4tENRit

þ γ5tURPit þ ε1it ð4Þ

Estimation scheme

Testing of cross-sectional dependence and unit roots in BRI

This research work contains a sample set of a panel of 43
economies of BRI. So, there are various advantages;

Table 1 PCA analysis for
SUSDP index Component (C) Eigen value Difference Proportion Cumulative

C1 1.78385 0.745172 0.4460 0.4460

C2 1.03868 0.162269 0.2597 0.7056

C3 0.876409 0.575346 0.2191 0.9247

C4 0.301063 - 0.0753 1.0000

SUSDP indicators Variation explained by indicator

SUSDP1 0.0327

SUSDP2 0.7240

SUSDP3 0.0047

SUSDP4 0.6890

C1 to C4 are components of PCA, SUSDP1 = per capita GDP, SUSDP2 = FDI, SUSDP3 = Education, and
SUSDP4 = Employment

Table 2 Summary statistics

Variables TGHG SUSDP ENR URP FS PS BS

Correlation

TGHG 1

SUSDP 0.186 1

ENR 0.216 0.111 1

URP 0.165 −0.227 0.053 1

FS 0.193 −0.033 −0.194 0.056 1

PS 0.242 0.091 −0.306 0.271 0.390 1

BS 0.245 0.091 −0.309 0.276 0.389 0.996 1

Descriptive stats

Min 2.416 7.821 1.677 0.962 −10.151 0.066 0.066

Max 7.095 41.708 2.841 2 2.332 2.221 2.221

Mean 4.835 27.492 2.166 1.727 1.603 1.487 1.476

Std. Dev. 0.808 5.526 0.221 0.195 0.612 0.374 0.376
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sample variation, unbiased estimates, suitable degree of
freedom, and calculate the composite analysis of macro-
economics, and advantages; heterogeneity and cross-
sectional dependence issues, to analysis the panel dataset
by comparing the time series analysis (Rauf et al. 2018;
Dogan and Seker 2016). To overcome the aforementioned
disadvantages, the degree of cross-sectional dependence
(CD) is measured by CD tests (Pesaran 2007). Based on
Lagrange Multiplier (LM) test (Eq.6), this test computes
the level of CD and depends upon the pairwise correlation
with respect to square and stated in Equation 5.

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
bρij

 !
∽N 0; 1ð Þ ð5Þ

LM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
bρij

 !
T−kð Þbρij2−E t−kð Þbρij2

Var T−kð Þbρij2
ð6Þ

Afterwards, the present research has considered vari-
ous macro-economic series to examine the order of inte-
gration of sample set and patterns whether it traces the
transitory or permanent. Evoking the CD problem in
panel data analysis, the first-generation unit root tests
for panel data are not able to tackle the CD issues and
cannot provide robust and reliable estimates (Liu et al.
2018). To address the CD and heterogeneity issues, the
CADF (cross-sectionally augmented Dickey-Fuller) test
is considered to assess the order of integration (Liu
et al. 2018; Pesaran 2007). The CIPS is also applied to
validate the results from CADF test because it calculates
the critical value based on cross-sectional average of
CADF. The econometric form of CADF is stated in term
of TGHG in Eq. 7.

ΔTGHGi;t ¼ δi þ βiTGHGi;t−1 þ ρiT þ ∑
n

i¼1
θijΔTGHGi;t− j þ εi;t

ð7Þ

Westerlund co-integration test

The first-generation co-integration tests, Johansen, Kao,
and Pedroni, are able to incorporate the CD issue.
Therefore, the present research work has applied the
Westerlund co-integration test to investigate whether
long-run relationship with under-considered models exit
or not (Westerlund 2007). Based on panel and group
statistics, it tests the null hypothesis: no co-integration
in all cross-sections and can be elaborated its procedure
in Eq. 8 (Westerlund 2007).

ΔTGHGi;t ¼ δidt þ δi TGHGi;t−1−βiX i;t−1
� �þ ∑

j¼1

ρi

δijΔi;t− j

þ ∑
−qi

ρi

γijΔX i;t− j þ εit ð8Þ

Panel long-run marginal impact

The traditional long-run estimators, generalized method of
moments, fixed, and random effects, are not appropriate and
cannot address the issues of CD and heterogeneity and esti-
mate the inconsistent marginal impact (Pesaran and Smith
1995). Pesaran and Smith (1995) proposed mean group
(MG) approach to estimate average population long-run mar-
ginal impact by allowing various cross-sections having the
different slopes, intercept, and variances of error, respectively.
The MG estimator comes from arithmetic mean of estimated
independent model of each cross-section in considered panel
(Ozcan and Apergis 2017; Pesaran and Smith 1995). It also
computes the consistent estimates in case of time series ex-
tended (Ozcan and Apergis 2017). Hence, the present research
work adopts the MG approach to compute the long-run mar-
ginal impacts (Kao and Chiang 2000). Equation 9 explains the
procedure of MG approach.

ΔTGHGi;t ¼ ∑
p

j¼1
θijTGHGi;t− j þ ∑

q

j¼0
βijX i;t− j þ ηi þ τ t þ ϵit ð9Þ

In Eq. 9, TGHG is the predicted variable, Xi is the set of the
predictor variables that contains sustainable development, and
its square, financial development indicators, energy consump-
tion, and urban sprawl, while ϵit is the error term. ηi and τt
indicate the invariant-time effect for cross-section and time
period, respectively. Eq. 10 is resultant of addition of the lag
period of TGHG t-1 in both sides of Eq. 9.

TGHGi;t ¼ ∑
p

j¼1
ωijTGHGi;t− j þ ∑

q

j¼0
βijX i;t− j þ ηi þ τ t þ ϵit ð10Þ

where ωij = θij ∀j ≠ 1, ωi, 1 = θi, 1 + 1

ΔTGHGi;t ¼ φi TGHGi;t−1−θX i;t
� �þ ∑

p−1

j¼1
ωijΔTGHGi;t− j

þ ∑
q−1

j¼0
βijΔX i;t− j þ ηi þ τ t þ ϵit ð11Þ

Equation 11 depicts the error correction of Eq. 10 and can
compute individually for each cross-section then provide an
average magnitude from all individually estimated cross-
sections (Ozcan and Apergis 2017; Pesaran and Smith
1995). For example, the speed of adjustment of MG estimator
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suggested by Pesaran and Smith (1995) can be stated as bπMG

¼ N−1 ∑
N

i¼1
bπi with the variancecΔbπ MG ¼ 1

N N−1ð Þ ∑
N

i¼1
bπi−bπð Þ 2.

To check the stability and robustness of estimates, this
research work also applied FMOLS approach which also ad-
dresses the heterogeneity and cross-sectional dependence is-
sues in panel data analysis (Kao and Chiang 2000).

Empirical results and discussions

In recent decades, the both developing and developed nations
have interdependence among them due to spill-over effects of
spatial and cross-boarders (Pedroni 2004; Hafeez et al.
2019b). Likewise, the study of Liu et al. (2018) recommends
the CD test as preliminary test of cross-sectional dependence
to move towards the unit root analysis. To do this, the CD tests
are utilized and reported in Table 3. The results from CD tests
infer that OBOR countries are cross-sectionally dependent.
Thus, the conventional panel unit root tests are not appropriate
to investigate the order of integration (Hafeez et al. 2019b). To
address the CD and heterogeneity issues, Pesaran (2004,
2007) has recommended the second-generation unit root tests,
CADF and CIPS, to check the integration order and presented
in Table 4. The outcome of both unit root tests infer that all
under-considered variables are stationary at level. Table 5 de-
picts the results from Westerlund (2007) and infers the exis-
tence of long-run relationship among under-considered vari-
ables in FS, BS, and PS model, respectively.

The MG method reveals the valuable insights, and com-
putes the long-run marginal impact of sustainable develop-
ment, financial development indicators, energy consumption,
and urban sprawl on environmental degradation for BRI, as
reported in Table 6. The empirical estimates deduce the
inverted U-shape EKC of sustainable development in BRI
along all financial development indicators. Sustainable devel-
opment is significantly enriching the environmental degrada-
tion in FS, BS, and PS model, respectively (2nd , 4th and 6th
columns of Table 6). China has always shown a readiness to
take responsibility of global governance to create a peaceful,

developed and harmonious world (Xi, 2017). The expansion
of major sectors of an economy triggers the economic activi-
ties which enriches the carbon footprints (Ahmed et al., 2019).
As the Sustainable Development goals (SDGs) 2030 vision is
to attain growth in digital economy, regional financial, and
trade (Hafeez et al. 2019a), it implies that an increase of 1%
in sustainable development upsurges the 0.095, 0.082, and
0.076% in environmental degradation with respect to financial
development of financial, private, and bank sector,
respectively.

The energy consumption and urban sprawl boost the envi-
ronmental degradation in BRI region in estimated models
(2nd , 4th and 6th columns of Table 6) which is similar to
results of studies of Hafeez et al. (2019b), Yasmeen et al.
(2018), and Liu et al. (2018), respectively. The study of
Hafeez et al. (2019a) recommends that financial sector im-
provements allow investors to develop the business by getting
easy loans and, hence, arise in energy consumption. Energy
disparities are initiating the environmental degradation in BRI
regions (Hafeez et al. 2019c). Similarly, the carbon footprints
trace the uprising trend in BRI due to expansion in energy
consumption (Hafeez et al. 2019a). Urban sprawl is increasing
the CO2 emission in East Asia and Middle East, respectively
(Liu et al. 2018).

The financial development indicators have positive but sig-
nificant impact on environmental degradation (2nd , 4th and
6th columns of Table 6). The financial development provides

Table 3 Results of cross sectional independence tests

Variables TGHG SUSDP ENR URP FS PS BS

CD-stats 118.96 114.66 103.72 119.99 69.14 89.45 90.28

Prob. 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Residuals cross sectional independence

Frees' test Pesaran CD test Friedman's test

22.259 113.211 1045.853

Prob. 0.00 0.00 0.00

Table 4 panel unit root tests

Variable CADF (C) CADF (T) CIPS (C) CIPS (T)

TGHG −4.207* −4.16* −5.803* −6.030*
SUSDP −4.567* −4.912* −6.129* −6.331*
ENR −4.885* −4.938* −6.107* −6.322*
URP −4.438* −4.65* −5.906* −6.002*
FS −5.117* −5.196* −6.147* −6.368*
PS −4.336* −4.458* −6.126* −6.339*
BS −4.409* −4.525* −6.132* −6.337*

(C) , and (T) mean constant, and Trend. While , * shows the 1 % level of
significance

Table 5 results of Westerlund (2007) co-integration test

Westerlund cointegration test

Stats Gt Ga Pa Pt

FS Model −3.664* −19.708* −18.413* −22.944*
PS Model −3.238* −19.900* −16.927* −21.106*
BS Model −3.198* −19.921* −16.731* −20.880*

Note: * shows 1% level of significance
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the luxuries goods (air conditions, refrigerators, and machin-
ery) to customer which enriches the energy consumption and,
hence, environmental degradation (Hafeez et al. 2019c).
Secondly, it also enhances the economic activities which yield
the environmental degradation (Hafeez et al. 2018). It indi-
cates that an increase of 1% in FS, BS, and PS model (2nd ,
4th and 6th columns of Table 6) increases the 0.807, 0.703,
and 0697% in environmental degradation.

The present research work is also contributing the existing
literature by introducing the interaction term between SUSDP
and FDP indicators (SUSDP*FDP) to examine whether im-
provements in FDP indicators will help to accomplish the
sustainable development. The interaction of sustainable devel-
opment and financial development indicators reveals that fi-
nancial development is deteriorating the environmental deg-
radation (Interaction Models in Table 6). A healthier environ-
ment can be achieved through green investment projects and
eco-friendly. The SUSDP*FDP (interaction-term) has a statis-
tically positive marginal impact on environmental degradation
in all estimated models (Interaction Models in Table 6).

The aforementioned noteworthy findings may be helpful to
devise policy matrix concerning the sustainable development
and financial development indicators along with energy

consumption and urban sprawl. The focus on efficient usage
of energy, and eco-friendly projects, will play a crucial role to
enhancing the economic activities along with a controlled the
air pollutions. For sensitivity analysis, another panel data es-
timation approach (FMOLS) has been applied. As Pesaran
(2007) and Hafeez et al. (2018) suggest that FMOLS is an
appropriate estimator to handle the endogeneity and cross-
sectional dependence, the results from FMOLS are reported
in Table 7. The estimates from FMOLS validate the estimated
results of MG approach (2nd, 4th, and 6th columns of
Table 7). Therefore, the estimates of present research work
are robust and consistent to devise policies for OBOR region.

Conclusion and policy implications

This study analysis is an effort to explore the nexus of sustain-
able development and environmental degradation by develop-
ing the sustainable development index in selected 43 BRI
countries. The standardMG approach is employed to estimate
the long-run marginal impact by tackling the heterogeneity
and cross-sectional dependence issues (Kao and Chiang
2000). The estimates from MG approach are validated

Table 6 MG estimates
Variables FS Model BS Model PS Model

Marginal impact Pro. Marginal impact Pro. Marginal impact Pro.

EKC Hypothesis

SUSDP 0.095* 0.00 0.082* 0.00 0.076* 0.00

(SUSDP)2 −0.001* 0.001 −0.001* 0.00 −0.0009* 0.00

ENR 1.045* 0.00 1.040* 0.00 1.022* 0.00

URP 0.606* 0.00 0.435* 0.00 0.454 0.00

FS 0.807* 0.00 - - - -

BS - - 0.703* 0.00 - -

PS - - - - 0.6971* 0.00

Constant −1.488* 0.00 −0.625* 0.00 −0.5442* 0.00

Wald Chi 2 1876.43 0.00 2129 0.00 2066.77 0.00

EKC Hypothesis + interaction Models

SUSDP 0.0026 0.881 0.0181 0.296 0.0014 0.933

(SUSDP)2 −0.0011* 0.003 −0.0009* 0.000 −0.0008* 0.000

ENR 0.9778* 0.000 1.0013* 0.000 0.9837* 0.000

URP 0.6589* 0.000 0.4917* 0.000 0.5206* 0.000

FS −0.640* 0.007 - - - -

BS - - −0.3596 0.118 - -

PS - - - - −0.547** 0.020

FS* SUSDP 0.0523* 0.000 - - - -

BS* SUSDP - 0.03674* 0.000 - -

PS* SUSDP - - - - 0.04281* 0.000

Constant 1.116* 0.005 1.124** 0.011 1.5009* 0.001

Wald Chi 2 1134.07 0.00 2507.17 0.00 2492.32 0.00

*,**, and show the 1 , 5, and 10 % level of significance, respectively
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through the FMOLS. The empirical findings infer an inverted
U-shape sustainable development EKC in case of BRI coun-
tries. The estimated marginal impacts also reveal that an in-
crease in sustainable development will enrich the environmen-
tal degradation. Moreover, the financial development indica-
tors, energy consumption, and urban sprawl also uplift the
environmental degradation in BRI countries, respectively.
However, the introduction of SUSDP*FDP (interaction-
term) reveals that the financial development indicators have
an adverse impact on environmental degradation. A healthier
environment can be achieved through green investment pro-
jects and eco-friendly. It concludes that financial development
indicators can be helpful to control the environment quality
along sustainable development.

The present research work suggests few possible policy
proposals in light of estimated results. First, policy-makers
may provide easy credit and loans to investors to encourage
the green financing. Secondly, carbon tax may introduce to
decrease the usage of old technologies and production
methods. Third, introduction of eco-friendly and energy-
efficient machines will be helpful to optimal usage of energy
consumption. Lastly, policy-makers may consider a well-
organized urbanization for better environment quality.

Authors’ contributions Xiaolong Li and Zhiyuan Yu have provided the
idea. Muhammad Hafeez, Asma Salman, and Qaisar Ali have written the

whole draft. Zhiyuan Yu and Muhammad Hafeez have done the data
acquisitions and analysis. Muhammad Shoaib Aslam and Xiaolong Li
read and approved the final version.

Data Availability The datasets/materials used and/or analyzed for present
manuscript are available from the corresponding author on reasonable
request.

Compliance with ethical standards

Ethical approval Not applicable

Consent to participate I am free to contract any of the people involved
in the research to seek further clarification and information.

Consent to publish Not applicable

Conflict of interests It declared that there is no conflict of interest among
authors.

References

Ahearn RJ (2006) Europe: Rising Economic Nationalism? Washington,
DC, Congressional Research Service, Library of Congress

Anderlini J, Sender H, Bokhari F (2018). Pakistan rethinks its role in Xi’s
Belt and Road plan. Financial Times. 2018. Available online:
https://www.ft.com/content/d4a3e7f8-b282-11e8-99ca-
68cf89602132 (accessed on 25 March 2019)

Table 7 Results from FMOLS
Variables FS Model BS Model PS Model

Marginal impact Pro. Marginal impact Pro. Marginal impact Pro.

EKC Hypothesis

SUSDP 0.0521* 0.00 0.0571* 0.00 0.0556* 0.00

(SUSDP)2 −0.0004* 0.00 −0.0006* 0.00 −0.0006* 0.00

ENR 0.8589* 0.00 1.013* 0.00 1.007* 0.00

URP 0.7862* 0.00 0.3769* 0.00 0.3969 0.00

FS 0.3114* 0.00 - - - -

BS - - 0.6377* 0.00 - -

PS - - - - 0.6297* 0.00

EKC hypothesis + interaction models

SUSDP 0.0309 0.3351 −0.0395* 0.00 −0.0418 0.145

(SUSDP)2 −5.70E-05 0.9430 0.0005* 0.002 −0.53*** 0.083

ENR 0.8375* 0.000 0.2607* 0.000 0.2672* 0.000

URP 0.9210* 0.000 0.4272* 0.000 0.4630* 0.002

FS 0.3251 0.3805 - - - -

BS - - −0.1755** 0.023 - -

PS - - - - −0.2474** 0.022

FS* SUSDP 0.002* 0.0012 - - - -

BS* SUSDP - 0.01077* 0.000 - -

PS* SUSDP - - - - 0.0133* 0.000

*,**, and show the 1 , 5, and 10 % level of significance, respectively

33716 Environ Sci Pollut Res (2021) 28:33707–33718

https://www.ft.com/content/d4a3e7f8-b282-11e8-99ca-68cf89602132
https://www.ft.com/content/d4a3e7f8-b282-11e8-99ca-68cf89602132


Apergis N, Ozturk I (2015) Testing environmental Kuznets curve hypoth-
esis in Asian countries. Ecol Indic 52:16–22

Bei J (2017) Economic Globalization 3.0 and the Concept of
Interconnection under the belt and road initiative. China Econ Rev
12:2–21

Boriçi G (2018) China’s One Belt and One Road Initiative: The Response
to Western Globalization? ILIRIA Int Rev 8(1):1–14

BP Statistical Review of World Energy. (2017).
Charfeddine L, Ben Khediri K (2015) Financial development and envi-

ronmental quality in UAE: cointegration with structural breaks.
Renew Sust Energ Rev 55:1322–1335

Chen Y, He L, Li J, Zhang S (2018) Multi-criteria design of shale-gas-
water supply chains and production systems towards optimal life
cycle economics and greenhouse gas emissions under uncertainty.
Comput Chem Eng 109:216–235

Cooley A (2016) The emerging political economy of OBOR: the chal-
lenges of promoting connectivity in Central Asia and Beyond.
Center for Strategic & International Studies

Crouch C (2017) Neoliberalism, Nationalism and the Decline of Political
Traditions. Polit Q 88(2):221–229

Davies M, Edinger H, Tay N, Naidu S (2016) How China Delivers
Development Assistance to Africa. Centre for Chinese Studies,
University of Stellenbosch, p. 53–57

Dogan E, Seker F (2016) An investigation on the determinants of carbon
emissions for OECD countries: Empirical evidence from panel
models robust to heterogeneity and cross-sectional dependence.
Environ Sci Pollut Res 23(14):14646–14655

Dollar D (2015) China’s Rise as a Regional and Global Power: The AIIB
and the ‘One Belt One Road. Brookings. Available at: https://www.
brookings.edu/research/chinas-rise-as-a-regional-and-global-
power-the-aiib-andthe-one-belt-one-road/ (accessed on March 26,
2019)

Enderwick P (2018) The economic growth and development effects of
China’s One Belt, One Road Initiative. Strateg Chang 27:447–454

Fair CC (2018). ARGUMENT: ‘Pakistan Can’t Afford China’s
‘Friendship’. Foreign Policy. 2017. Available online: https://
foreignpolicy.com/2017/07/03/pakistan-cant-afford-chinas-
friendship/ (accessed on 26 March 2019)

Ferdinand P (2016) Westward ho—the China dream and ‘one belt, one
road’: Chinese foreign policy under Xi Jinping. Int Aff 92(4):941–
957

Hafeez M, Chunhui Y, Strohmaier D, Ahmed M, Jie L (2018) Does
finance affect environmental degradation: evidence from One Belt
and One Road Initiative region? Environ Sci Pollut Res 25:9579–
9592

Hafeez M, Yuan C, Shahzad K, Aziz B, Iqbal K, Raza S (2019a) An
empirical evaluation of financial development-carbon footprint nex-
us in One Belt and Road region. Environ Sci Pollut Res 1-11

Hafeez M, Yuan C, Yuan Q, Zhuo Z, Stromaier D (2019b) A global
prospective of environmental degradations: economy and finance.
Environ Sci Pollut Res 26(25):25898–25915

HafeezM, Yuan C, Khelfaoui I, SultanMusaad OA,Waqas AkbarM, Jie
L (2019c) Evaluating the Energy Consumption Inequalities in the
One Belt and One Road Region: Implications for the Environment.
Energies 12(7):1358

Hal Brands (2017) U.S. Grand Strategy in an Age of Nationalism:
Fortress America and its Alternatives. Wash Q 40(1):73–94

He L, Shen J, Zhang Y (2018a) Ecological vulnerability assessment for
ecological conservation and environmental management. J Environ
Manag 206:1115–1125

He L, Chen Y, Li J (2018b) A three-level framework for balancing the
tradeoffs among the energy, water, and air-emission implications
within the life-cycle shale gas supply chains. Resour Conserv
Recycl 133:206–228

Holslag J (2017) How China’s New Silk Road Threatens European
Trade. Italian J Int Affairs 52(1):46–60

Howard KWF, Howard KK (2016) The new “Silk Road Economic Belt”
as a threat to the sustainable management of Central Asia’s
transboundary water resources. Environ Earth Sci 75:96

Iermann F, Bauer S (2004) United Nations Development Programme
(UNDP) and United Nations Environment Programme (UNEP).
Externe Expertise für das WBGU-Hauptgutachten, Welt im
Wandel: Armutsbekämpfung durch Umweltpolitik, Berlin:
Wissenschaftlicher Beirat der Bundesregierung Globale
Umweltveränderungen (WBGU)

Intergovernmental Panel on Climate Change (IPCC) (2015). Climate
Change 2015 Synthesis Report: Summary for Policymakers.
Available online: https://www.ipcc.ch/pdf/assessment-report/ar5/
syr/AR5_SYR_FINAL_SPM. pdf (accessed on 25 March 2019).

Jia W (2017) Now, Globalization with Chinese Characteristics. Yale
Global Online. available at https://yaleglobal.yale.edu/content/
now-globalizationchinese-characteristics

Kao C, Chiang MH (2000) On the estimation and inference of a
cointegrated regression in panel data. In: Baltagi B (ed)
Nonstationary Panels, Panel Cointegration, and Dynamic Panels
(Advances in Econometrics). JAI Press, Amsterdam, pp 161–178

Katircioglu ST, Taspinar N (2017) Testing the moderating role of finan-
cial development in an environmental Kuznets curve: empirical ev-
idence from Turkey. Renew Sust Energ Rev 68(1):572–586

Katircioglu S, Gokmenoglu KK, Eren BM (2018) Testing the role of
tourism development in ecological footprint quality : evidence from
top 10 tourist destinations. Environ Sci Pollut Res 25:33611–33619

Khan M, Sandano I, Pratt C, Farid T (2018) China’s Belt and Road
Initiative: A Global Model for an Evolving Approach to
Sustainable Regional Development. Sustainability 10(11):4234

Lai TL, Tang J, Yin H (2018) Spatial Economics in the Era of One Belt
One Road and Counter-Globalization. Mod Econ 9(1):61–66

Laurance, F.W. (2018) China’s Global Infrastructure Initiative Could
Bring Environmental Catastrophe. Nexus News. 2018. Available
online: https://nexusmedianews.com/chinas-global-infrastructure-
initiative-could-be-anenvironmental-catastrophe-25a40e2d1000
(accessed on 25 March 2019)

Lehmacher W (2016) Why China Could Lead the Next Phase of
Globalization. World Economic Forum, 2016

Li ZG, Cheng H, Gu TY (2019) Research on dynamic relationship be-
tween natural gas consumption and economic growth in China.
Struct Chang Econ Dyn 49:334–339

Li Y, Peng H, Hafeez M, Ahmad H (2020) Assessment of Energy
Disparity and Financial Development Nexus in Environmental
Kuznets Curve Framework. In International Conference on
Management Science and Engineering Management (pp. 613-
626). Springer, Cham

Liu B (2018) The Role of Chinese Financial Institutions in Promoting
Sustainable Investment Under the One Belt One Road Initiative.
Available at https://papers.ssrn.com/sol3/papers.cfm?abstract_id=
3148085

Liu J, Yuan C, Hafeez M, Yuan Q (2018) The relationship between
environment and logistics performance: evidence from Asian coun-
tries. J Clean Prod 204:282–291

Lu H, Guan Y, He L, Adhikari H, Pellikka P, Heiskanen J, Maeda E
(2020) Patch aggregation trends of the global climate landscape
under future global warming scenario. Int J Climatol 40(5):2674–
2685

Lv Q, Liu H, Yang D, Liu H (2019) Effects of urbanization on freight
transport carbon emissions in China: Common characteristics and
regional disparity. J Clean Prod 211:481–489

Mahmood MT, Shahab S, Hafeez M (2020) Energy capacity, industrial
production, and the environment: an empirical analysis from
Pakistan. Environ Sci Pollut Res 27(5):4830–4839

McKinsey (2016) China's one belt, one road: will it reshape global trade?
McKinsey Global Institute, July 2016

33717Environ Sci Pollut Res (2021) 28:33707–33718

https://www.brookings.edu/research/chinas-rise-as-a-regional-and-global-power-the-aiib-andthe-one-belt-one-road/
https://www.brookings.edu/research/chinas-rise-as-a-regional-and-global-power-the-aiib-andthe-one-belt-one-road/
https://www.brookings.edu/research/chinas-rise-as-a-regional-and-global-power-the-aiib-andthe-one-belt-one-road/
https://foreignpolicy.com/2017/07/03/pakistan-cant-afford-chinas-friendship/
https://foreignpolicy.com/2017/07/03/pakistan-cant-afford-chinas-friendship/
https://foreignpolicy.com/2017/07/03/pakistan-cant-afford-chinas-friendship/
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5_SYR_FINAL_SPM
https://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5_SYR_FINAL_SPM
https://yaleglobal.yale.edu/content/now-globalizationchinese-characteristics
https://yaleglobal.yale.edu/content/now-globalizationchinese-characteristics
https://nexusmedianews.com/chinas-global-infrastructure-initiative-could-be-anenvironmental-catastrophe-25a40e2d1000
https://nexusmedianews.com/chinas-global-infrastructure-initiative-could-be-anenvironmental-catastrophe-25a40e2d1000
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3148085
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3148085


McNicoll G (2006) United Nations Department Of Economic and Social
Affairs, Population Division: Population, Resources, Environment
and Development Database, Version 4.0. Population and
Development Review 32(4):790–791

Ministry of Commerce of the People’s Republic of China (MOFCOM)
(2015) 2015 Statistical Bulletin of China's Outward Foreign Direct
Investment. Available online: http://english.mofcom.gov.cn/article/
newsrelease/policyreleasing/201602/20160201251488.shtml
(accessed on 26 March 2019)

Mohieldin M (2017) Belt and Road Initiative: A Global Effort for Local
Impact. Connecting Cities for Inclusive and Sustainable
Development. World Bank. Available online: https://www.
worldbank.org/en/news/feature/2017/09/26/bridge-for-cities-
speech-by-mahmoud-mohieldin (accessed on March 27 2019)

Ozcan B, Apergis N (2017) The impact of internet use on air pollution:
Evidence from emerging countries. Environ Sci Pollut Res 25(12):
4174–4189

Pedroni P (2004) Panel cointegration; asymptotic and finite sample prop-
erties of pooled time series tests with an application to the purchas-
ing power parity hypothesis. Economet Theor 20:597–625

Pesaran MH (2007) A simple panel unit root test in the presence of cross-
section dependence. J Appl Econ 47:36–37

Pesaran MH, Smith R (1995) Estimating long-run relationships from
dynamic heterogeneous panels. J Econ 68:79–113

PRC Ministry of Foreign Affairs (2013). President Xi Jinping Delivers
Important Speech and Proposes to Build a Silk Road Economic Belt
with Central Asian Countries. Available online:http://www.fmprc.
gov.cn/mfa_eng/topics_665678/xjpfwzysiesgjtfhshzzfh_665686/
t1076334.shtml. (accessed on 25 March 2019)

PRC Ministry of Foreign Affairs (2015) Vision and Actions on Jointly
Building Silk Road Economic Belt and 21st-Century Maritime Silk
Road. Available online: http://www.fmprc.gov.cn/mfa_eng/zxxx_
662805/t1249618.shtml (accessed 26 March 2019)

PRC The State Council (2015) Action plan on the Belt and Road
Initiative. Available online: http://english.gov.cn/archive/
publications/2015/03/30/content_281475080249035.htm (accessed
on 26 March 2019)

Raheem ID, Tiwari AK, Balsalobre-Lorente D (2020) The role of ICT
and financial development in CO 2 emissions and economic growth.
Environ Sci Pollut Res 27(2):1912–1922

Ramo JC (2004) The Beijing Consensus. London, Foreign Policy Centre
Rauf A, Liu X, Amin W, Ozturk I, Rehman OU, Hafeez M (2018)

Testing EKC hypothesis with energy and sustainable development
challenges: A fresh evidence from Belt and Road Initiative econo-
mies. Environ Sci Pollut Res 25:1–15

Rolland N (2017) China’s “Belt and Road Initiative”, Underwhelming or
Game-Changer? Wash Q 40(1):127–142

Rong F (2016) Zhongguo Ying Daitou Fandui ‘Ni Quanqiuhua’ Chaoliu.
Beijing Ribao. 2016. Available online: http://www.qstheory.cn/
zhuanqu/bkjx/2016-07/27/c_1119288692.htm (accessed on 25
March 2019)

Ruseckas R (1998) State of the field report: Energy and politics in Central
Asia and the Caucasus. Access Asia Rev 1(2):51

Salman A, Hui HX (2009) Three Decades and More of Foreign Aid in
Pakistan: Impact on GDP. In Proceedings of the Eight Wuhan
International Conference on E-Business. 1-42, Wuhan, China

Salman A, Khalid A, Jamil N (2012) Foreign Aid and Economic
Development: The Case of Pakistan. Int J Org Innov 5(1):97–108

Sandano IA (2017) One Belt One Road: A Step Towards Globalization.
Eurasian Economic Review. Available online: http://www.
eurasiareview.com/28032017-one-belt-one-road-a-step-towards-
globalization-oped/ (accessed on 27 March 2019)

Sha S (2016) Chinese-Pakistani Project Tries to Overcome Jihadists,
Droughts and Doubts, Wall Street Journal. Available online: http://
www.wsj.com/articles/big-chinese-pakistani-project-tries-to-
overcome-jihadists-droughtsand-doubts-1460274228 (accessed on
25 March 2019)

Shaheen A, Sheng J, Arshad S, Muhammad H, Salam S (2020)
Forecasting the determinants of environmental degradation: a gray
modeling approach. Energy Sources A: Recov Util Environ Effects:
1–21

Sirkin H, Hemerling J, Bhattacharya A (2008) Globality: Competingwith
Everyone from Everywhere for Everything. New York, Bussiness
Plus

South China Morning Post (2015) One Belt, One Road’ Will Define
China’s Role as a World Leader. April 2, 2015. Available online:
http://www.scmp.com/comment/insight-opinion/article/1753773/
one-belt-one-road-initiative-will-definechinas-role-world accessed
March26, 2019)

Tahilyani N, Tamhane T, Tan J (2011) Asia’s $1 trillion infrastructure
opportunity. McKinsey Global Institute. Available online: https://
www.mckinsey.com/industries/private-equity-and-principal-
investors/our-insights/asias-1-trillion-infrastructure-opportunity
(accessed on 26 March 2019)

The Economist (2016) Our Bulldozers, Our Rules. July 2, 2016.
Available online: https://www.economist.com/china/2016/07/02/
our-bulldozers-our-rules (accessed on 26 March 2019)

U.S. Energy Information Agency (2014) International Energy Outlook
2014. U.S. Energy Information Agency, Washington, DC ISBN
0160920663

United Nations Development Programme (UNDP) and United Nations
Research Institute for Social Development (UNRISD). (2017)
Global Trend Challenges and Opportunities in the Implementation
of the Sustainable Development Goals

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

Xihua (2015). Vision and Actions on Jointly Building Silk Road
Economic Belt and 21st-Century Maritime Silk Road

Xinhua (2016) ICBC business succeed in countries along Belt and Road.
Available online: http:// news.xinhuanet.com/fortune/2016-05/27/
c_1118944628.htm (accessed 24 March 2019)

Xu B, Lin B (2016) Quantile regression analysis of China’s provincial
CO2 emissions: Where does the difference lie? Energy Policy 98:
328–342

Yang L, Hui P, Yasmeen R, Ullah S, Hafeez M (2020) Energy consump-
tion and financial development indicators nexuses in Asian econo-
mies: a dynamic seemingly unrelated regression approach. Environ
Sci Pollut Res 27(14):16472–16483

Yasmeen R, Li Y, Hafeez M, Ahmad H (2018) The trade-environment
nexus in light of governance: A global potential. Environ Sci Pollut
Res 25:34360–34379

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

33718 Environ Sci Pollut Res (2021) 28:33707–33718

http://english.mofcom.gov.cn/article/newsrelease/policyreleasing/201602/20160201251488.shtml
http://english.mofcom.gov.cn/article/newsrelease/policyreleasing/201602/20160201251488.shtml
https://www.worldbank.org/en/news/feature/2017/09/26/bridge-for-cities-speech-by-mahmoud-mohieldin
https://www.worldbank.org/en/news/feature/2017/09/26/bridge-for-cities-speech-by-mahmoud-mohieldin
https://www.worldbank.org/en/news/feature/2017/09/26/bridge-for-cities-speech-by-mahmoud-mohieldin
http://www.fmprc.gov.cn/mfa_eng/topics_665678/xjpfwzysiesgjtfhshzzfh_665686/t1076334.shtml
http://www.fmprc.gov.cn/mfa_eng/topics_665678/xjpfwzysiesgjtfhshzzfh_665686/t1076334.shtml
http://www.fmprc.gov.cn/mfa_eng/topics_665678/xjpfwzysiesgjtfhshzzfh_665686/t1076334.shtml
http://www.fmprc.gov.cn/mfa_eng/zxxx_662805/t1249618.shtml
http://www.fmprc.gov.cn/mfa_eng/zxxx_662805/t1249618.shtml
http://english.gov.cn/archive/publications/2015/03/30/content_281475080249035.htm
http://english.gov.cn/archive/publications/2015/03/30/content_281475080249035.htm
http://www.qstheory.cn/zhuanqu/bkjx/2016-07/27/c_1119288692.htm
http://www.qstheory.cn/zhuanqu/bkjx/2016-07/27/c_1119288692.htm
http://www.eurasiareview.com/28032017-one-belt-one-road-a-step-towards-globalization-oped/
http://www.eurasiareview.com/28032017-one-belt-one-road-a-step-towards-globalization-oped/
http://www.eurasiareview.com/28032017-one-belt-one-road-a-step-towards-globalization-oped/
http://www.wsj.com/articles/big-chinese-pakistani-project-tries-to-overcome-jihadists-droughtsand-doubts-1460274228
http://www.wsj.com/articles/big-chinese-pakistani-project-tries-to-overcome-jihadists-droughtsand-doubts-1460274228
http://www.wsj.com/articles/big-chinese-pakistani-project-tries-to-overcome-jihadists-droughtsand-doubts-1460274228
http://www.scmp.com/comment/insight-opinion/article/1753773/one-belt-one-road-initiative-will-definechinas-role-world
http://www.scmp.com/comment/insight-opinion/article/1753773/one-belt-one-road-initiative-will-definechinas-role-world
https://www.mckinsey.com/industries/private-equity-and-principal-investors/our-insights/asias-1-trillion-infrastructure-opportunity
https://www.mckinsey.com/industries/private-equity-and-principal-investors/our-insights/asias-1-trillion-infrastructure-opportunity
https://www.mckinsey.com/industries/private-equity-and-principal-investors/our-insights/asias-1-trillion-infrastructure-opportunity
https://www.economist.com/china/2016/07/02/our-bulldozers-our-rules
https://www.economist.com/china/2016/07/02/our-bulldozers-our-rules
http://news.xinhuanet.com/fortune/2016-05/27/c_1118944628.htm
http://news.xinhuanet.com/fortune/2016-05/27/c_1118944628.htm

	The role of financial development indicators in sustainable development-environmental degradation nexus
	Abstract
	Introduction
	Literature review
	BRI overview
	Financial development
	Finance, trade, and investment development in BRI

	Sustainable development
	Urban sprawl

	Environmental degradation in BRI

	Data and method
	Sample set and descriptive analysis
	Econometric design
	Estimation scheme
	Testing of cross-sectional dependence and unit roots in BRI
	Westerlund co-integration test
	Panel long-run marginal impact


	Empirical results and discussions
	Conclusion and policy implications
	References


