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Abstract
The Belt and Road initiative (BRI) mainly relies on the traditional and underdeveloped logistical trade routes including the
terrestrial and oceanic Silk Road. The poor logistic infrastructure across the BRI region not only restricts trade potential and
economic progress but also creates several social and environmental challenges. Therefore, this study investigates the relation-
ship between green logistic operations, economic, environmental, and social indicators of countries along with the BRI. This
study provides three key findings using feasible generalized least squares (FGLS) and system generalized method of moments
(Sys-GMM) estimation techniques. First, Chinese outward foreign direct investment significantly improves the quality and
quantity of green logistic operations in terms of transport infrastructure, customs services, cost, time, tracking, and reliability
of international shipments. Second, a higher quality of transport-related infrastructure, customs clearance efficiency, and com-
petency of logistics services significantly mitigate the level of carbon emissions due to the energy conservation in the supply
chain process. Moreover, the application of renewable energy resources significantly improves the quality of logistics operations.
These results indicate that higher quality of green logistic operations provides efficient infrastructure and greater information
sharing among supply chain partners that increase trade volume, growth opportunities, and environmental sustainability. Third, a
higher institutional quality helps to mitigate social concerns through improvement in the efficiency of logistic operations.
Although BRI regional estimates show significant variations, the overall results imply that BRI participating countries should
integrate with ongoing investment projects to promote the quality and quantity of green logistic infrastructure and ensuring
environmental stewardship.
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Introduction

The Belt and Road Initiative1 (BRI) is a great vision for econom-
ic integration of China with Asia Pacific, Europe, and their ad-
joining oceans, established eco-tiered, multifaceted, and exten-
sive connectivity network, realizing interdependent, diverse, and
sustainable growth in 65 countries covering 35% of global trade,
30% of the world’s GDP, 39% of global land, and 64% of the
global population, become the world’s largest cooperation net-
work (Du and Zhang 2018; An et al. 2020). The BRI developing
countries exhibited significant logistic infrastructure gaps in trade
and transport-related logistic infrastructure, which is not only
restricts their trade and economic progress but also creates several
social and environmental challenges (Wiederer 2018). The BRI
is building reliable infrastructure and logistics across the under-
developed region (Swaine 2015) that encompasses highways,
railway tracks, seaports, dry ports, and airport terminals, eventu-
ally creating the trading process swift, easier, and compatible and
paves the way toward sustainable development (Huang 2016).

In the recent decade, researchers’ and practitioners’ emphasis
has been diverted toward the integration of economic, social, and
environmental concerns that can be addressed by green logistic
operations (GLOs) (Khan et al. 2019; Yu et al. 2020a). The
GLOsmainly comprise a range of interconnected activities includ-
ing material handling, freight transportation, information process-
ing, warehousing, and information sharing with supply chain par-
ticipants involved in the movement of goods (Martel and Klibi
2016). GLOs are at the heart of economic activity, while poor
logistics raised environmental and social concerns that emerged
from carbon emissions (CO2) and climate change (Cousins et al.
2019; Rehman Khan and Yu 2020). According to World Bank
estimates, 23% of fuel-based CO2 are attributed to transportation,
while 7% of global CO2 are linked to freight transportation (Arvis
et al. 2018). Therefore, organizations are now introducing green
practices in their operational network to achieve social, economic,
and ecological benefits (Shahzad et al. 2020; Yu et al. 2020b). Due
to inadequate environmental regulations and customer awareness,
green practices generally add substantial costs to the system
(Halkos andSkouloudis 2018; Sarkis andZhu2018). Supply chain
participants play diverse and significant roles while executing
green supply chain management (SCM) practices. Those involve
government legislatures, community activists, non-government or-
ganizations (NGOs), and foreign competitors. All these factors
encourage enterprises to adopt a certain level of dedication to
protecting environmental sustainability (Hassini et al. 2012).

The conventional logistic operations consume a relatively
higher quantity of fossil fuel, contributing to climate change and
global warming (Hayami et al. 2015; Rehman Khan and Yu
2020). Transportation and global supply chain activities primarily

rely on energy consumption (Çankaya and Sezen 2019;
Alinaghian et al. 2021). Primarily, the growth of logistics and
transportation industry is mainly driven by higher energy con-
sumption (Anable et al. 2012; Hao et al. 2020). Besides, it has
also established that regulators have failed to implement effective
policies to protect environmental pollution, causing severe socio-
environmental damages.McMichael et al. (2008) cautioned about
increasing environmental hazards and rising emissions causing
several ecological and health problems such as asthma attacks,
allergic infections, neurobehavioral disorders, bronchitis, and pul-
monary cancer (Khasnis and Nettleman 2005; Maji et al. 2018;
Razzaq et al. 2020b). Herold and Lee (2017) estimated that global
CO2 has almost doubled in the last five decades, which is mainly
attributed to fossil fuel consumption by 78% of total CO2 (IPCC
2014).

The BRI countries have a lower socio-economic status such
as lower per capita income (US$12,000), highest contribution in
global carbon emissions, i.e., 54% (Fan et al. 2019), and signif-
icant logistics infrastructure gap, i.e., US$22.5 trillion (Pascha
2020), that attracts more than US$80 billion Chinese outward
foreign direct investment (OFDI) in the last 5 years (MOFCOM
2018). These investment projects are not only improving logis-
tics infrastructure and fueling trade and growth (Liu et al. 2017)
but also reduced the level of carbon emissions at least by
48.69Mt in the last 5 years through green energy solutions (Gu
and Zhou 2020). Figure 1 represents the global logistics perfor-
mance indicator (LPI) score across lower to higher quantiles of
LPI. The positive slope curve in Fig. 1 visualizes the global
trends of LPI score in year 2018. The average LPI score of the
BRI countries is 3.00 fall under the range of consistent performer;
however, data descriptive shows significant variations across re-
gional samples. East Asia and Western Europe fall under the
range of top-performing countries with LPI scores 3.86 and
3.70, respectively. Central and Eastern Europe (3.07),
Southeast Asia (2.96), Middle East and North African
(MENA)Countries (2.93) fall in the grid of consistent performers
while South Asia (2.46), Central Asia (2.44), Commonwealth of
Independent States (CIS) (2.54) fall in the range of the fourth
quantile of partial performers (see Appendix Table 6).
Nevertheless, LPI score of BRI countries is steadily improving
since the last five years (Arvis et al. 2018), signifying the rele-
vance of the BRI policy in improving logistic operations and
sustainable development (Chen and Lin 2018).

Research gaps and objectives

Although a plethora of researchers analyzed the link between
green logistic operations and environmental and financial perfor-
mance of firms, few studies explored the link at macro/cross-
country-level. Mostly, previous studies have usedmicroeconomic
approaches, firm, industry, or survey level analysis. A few studies
also conducted country-level analysis from China (Khan et al.
2016), South Asian Association for Regional Cooperation

1 Belt and Road Initiative, “BRI,” the new buzzword previously known as
OBOR (one belt one road). It is also known as the twentieth-century
Maritime Silk Road and the Silk Road Economic Belt”
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(SAARC) countries (Abdul et al. 2019), the UK (Khan and
Qianli 2017a), selected developed and developing countries
(Khan et al. 2018), and selected EU countries (Zaman and
Shamsuddin 2017). The current study is different from the pre-
vailing literature in several aspects. First, this study draws the
correlation between logistics operations and the economic, envi-
ronmental, and social indicators on a panel of 65 Belt and Road
host countries (see Appendix Table 8) and spans from 2007 to
2018. Second, the study incorporates China-specific overseas
foreign direct investment (FDI) in economic health indicators,
which is mainly concentrated in trade and transport-related infra-
structure at BRI host countries. This can help us to integrate the
impact of BRI investment along with different logistic perfor-
mance indicators. Third, the study performs region-wise analysis,
which produces interesting and diverse insights at the disaggregated
level. To the best of our knowledge, this is a pioneering study that
examines the association among green logistic operations and envi-
ronmental and socio-economic indicators across the BRI countries.

This paper is composed of four sections; The first section con-
tains literature review and hypotheses development; the second
section explains materials and methods, while the third section
discusses empirical findings. The last section provides a conclu-
sion and policy recommendations.

Literature review and hypotheses
development

In the recent decade, researcher’s emphasis has been diverted to-
ward the integration of economic, social, and environmental

concerns that stress the reduction of emissions and waste (Hussain
and Malik 2020; Yu et al. 2020a). This phenomenon is coined by
Elkington (1998) 25 years ago, which is popularized with the name
of triple bottom line (TBL). TBL provides a sustainability frame-
work that examines a company’s social, environmental, and eco-
nomic impacts. A similar theoretical framework can be extended to
evaluate the country’s sustainable performance.

The economic progression of the country is improved by in-
dustrial development and global supply chain operations.
However, this growth is not persistent without environmental
and social problems that emerged from CO2 and climate change
(Jayaraman et al. 2012). Recognizing the same, organizations are
now introducing green practices in their operational networks such
as green sourcing, green storage, green distribution, green trans-
port, and ecological design of the products to achieve social, eco-
nomic, and ecological sustainability (Rehman Khan and Yu
2020). The relationship between logistics and energy demand
has been broadly debated under SCM. Green energy resources
are required in logistics operations to achieve a sustainable envi-
ronment (Centobelli et al. 2018). Zaman and Shamsuddin (2017)
revealed that supply chain operations mainly consumed energy
and resources, considered as a significant contributing factor to
global warming and ecological deprivation.

In order to improve sustainable ecology, Cousins et al.
(2019) suggested that firmsmust implement renewable energy
sources and ecological design in their supply chain processes.
Environmental stewardship can be obtained through energy
conservation in the supply chain process, and green logistics
operations help to simultaneously achieve socio-economic
and environmental objectives (Dev et al. 2020). Worldwide

Fig. 1 Cumulative Distribution of LPI score on Global Scale 2018. Source: World Bank Logistic Performance Index, 2018
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energy consumption projected to the year 2040 specifies a
persistent development pattern toward green energy consump-
tion (EIA 2019). Renewable energy resources are compara-
tively cheap, thus encouraging organizations to utilize renew-
able sources of energy. Bhattacharya et al. (2016) highlighted
that green energy solution is the only way to minimize the
environmental hazards, which can be enforced under the do-
main of green regulations. In recent years, green energy solu-
tion has continued to grow faster as can be observed from Fig.
2. The next section contains a comprehensive literature re-
view, which helps to build research hypotheses.

The link between GLOs and economic health
indicators

The mitigation of waste and resource conservation is emphasized
in GLO, which is strongly linked with ecological sustainability
and firms economic performance (Arora et al. 2020;Mardani et al.
2020). At the national level, economic growth and trade potential
have closely associated with sustainable logistics activities and
green SCM practices (de Medeiros and Ribeiro 2017; Aldakhil
et al. 2018). Green practices in SCMare not only supposed to play
a critical role in promoting market-share but also enhance con-
sumer satisfaction and improve firms financial performance
(Jayaraman et al. 2012;Yu et al. 2020a). Based on the requirement
of integrated development across BRI region, the logistic perfor-
mance of participating countries and realizing inter-regional logis-
tic coordination is an imperative problem. Unfortunately, the lo-
gistics performance of the BRI region is comparatively lower than
the global average (Arvis et al. 2018).

Yan and Wang (2016) identified two major constraints: logis-
tics infrastructure and customs efficiency limiting the overall LPI
performance in the BRI region. However, the BRI investment is
mainly concentrated in infrastructure development, significantly
improving the quality and availability of logistics facilities across
the BRI countries (Chen and Lin 2018). BRI is helping to remove
trade barriers and stimulate growth (Shahriar et al. 2019) and
renewable energy consumption (Gu and Zhou 2020).
Undoubtedly, supply chains and logistics have played an impera-
tive role in the economic growth of host countries. However, the
logistics industry also caused severe CO2 accounted for 13% of

the total global CO2 (World Economic Forum 2016). Likewise,
international logistics and supply chain activities facilitate global
trade across countries and thus can be considered as a key source
of CO2 (Herold and Lee 2017). Khan and Qianli (2017c) articu-
lated that infrastructure and logistics capability substantially im-
proves economic performance, and logistics operations encourage
sectoral development and FDI inflows. Similar findings are ech-
oed by Zhu and Sarkis (2004), indicating that green logistics op-
erations stimulate the long-term profitability of Chinese firms.

Werikhe and Jin (2016) stated that conventional logistics prac-
tices impede overseas investments. It also creates heavy logistics
and supply chain operational costs due to the inefficient customs
clearance process and fewer export opportunities. Thus, green
logistic operations help to fight climate change while improving
the operational and financial performance of firms by embracing
sustainable practices and an efficient waste management system
(Hartmann et al. 2015; Khan et al. 2020). Similarly, Zaman and
Shamsuddin (2017) argued that green logistics operations attract
more foreign investment and can also be a significant driver of
environmental sustainability. Their findings confirmed that
renewable energy resources and inward foreign investment are
both positively and significantly interrelated with the green SCM
process. Also, a higher green logistic performance is negatively
correlatedwithCO2 and fuel consumption.Gani (2017) found that
higher values of logistics performance indicators stimulate both
imports and exports at the global level. In a nutshell, green logistic
performance indicators are positively correlated with GDP, trade,
and FDI, among others (Zaman and Shamsuddin 2017; Khan
et al. 2019). Based on these studies, we develop the following
hypothesis:

& H1: GLOs are positively correlated with macro-economic
indicators.

The link between GLOs and macro-level environmen-
tal aspects

The green SCM provides an opportunity for environmental
protection from the adverse impact of conventional non-
green SCM practices. Rehman Khan and Yu (2020) con-
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firmed that green SCM practices significantly improve firms’
environmental and socio-economic performance through re-
source conservation in business operations. Similar results are
documented in the Chinese context by Hartmann et al. (2015).
Another study by Narasimhan and Schoenherr (2012) con-
cluded that green SCM practices significantly mitigate system
waste, reduces production cost, improve efficiency that saves
the environment, and boost firms’ financial performance
(Razzaq et al. 2021; Zhu and Sarkis 2004). Without adequate
green policies, freight transportation and related supply chain
activities will have a negative impact on the global atmo-
sphere (Yu et al. 2020b). Dey and Cheffi (2013) argued that
transportation and logistics operations are the main source of
climate change, global warming, and environmental pollution.
Enterprises that began to adopt green logistics and supply
chain processes to boost their efficiency also have to
overcome the intricacy of performance evaluation and
related executive decisions.

Büyüközkan and Çifçi (2011) estimated that enterprises can
decrease about 80% of adverse environmental impact during
the operational activities by adopting green SCM practices.
Khan and Qianli (2017b) quantified green supply chain and
logistics practices through five constructs: green manufactur-
ing, green procurement, environmental design, green informa-
tion systems, and customer cooperation in Pakistan. Their find-
ings revealed that green practices in logistics operations have a
beneficial effect on the environmental efficiency of the firms.
Yu et al. (2020a, b) advised that incorporating sustainable en-
vironmental initiatives into a firm’s strategic planning would
foster inclusive competence to counteract potential hazards
and improve the firm’s goodwill and market share. Luthra
et al. (2016) emphasized that implementing green strategies in
logistics and supply chain activities contributes to waste reduc-
tion, promotes energy conservation, and strengthens a sustain-
able environment with a reduction in CO2 (Herold and Lee
2017; Hussain and Malik 2020).

From the Chinese market data, Lai and Wong (2012) artic-
ulated that green logistic activities lead to environmental sus-
tainability. Consumer pressure and regulatory bodies
encourage green practices such as the deployment of
renewables in logistics and supply chain operations.
Recently, Dogan et al. (2020) confirmed positive economic
fallout of renewable energy consumption at lower level of
economic growth. Aldakhil et al. (2018) stated that environ-
mental conservation is profoundly influenced by worldwide
logistics services, which is primarily affected by energy and
fossil fuel consumption (Tirkolaee et al. 2020). Khan and
Qianli (2017c) found that green and sustainable practices in
logistics operations have a positive and significant correlation
with renewable energy consumption (REC). Their findings
endorsed that environmental stewardship and sustainable
growth are significantly improved due to green practices in
logistics operations (Khan et al. 2018;Winkelhaus and Grosse

2020). A major strand of literature highlighted that a signifi-
cant portion of carbon emissions are mainly attributed to poor
logistic operations, which agonies the global health and cli-
mate. It cannot be fixed without taking appropriate steps like
implementing stringent eco-friendly technologies and poli-
cies, incentivizing enterprises to implement green initiatives,
and encouraging consumer awareness (Werikhe and Jin 2016;
Nawaz et al. 2020; Shahzad et al. 2020). Based on the
abovementioned studies, following hypothesis is constructed:

& H2: GLOs are positively correlated with greater environ-
mental sustainability.

The link between GLOs and macro-level social
indicators

The domestic and international logistic operations are regulat-
ed by governing and enforcement bodies. Therefore, the effi-
ciency of logistic operations mainly relied on the quality of
institutions, which not only facilitate the local movement of
goods through an efficient national transport network but also
facilitate cross-border trade through the integration of local
and international supply chain logistics operations (Arvis
et al. 2018). The quality of institutions is mainly expressed
in the form of political stability, rule of law, control of crime,
violence and terrorism, and public and private corruption in
host countries. According to North (1990) and Wegenast
(2013), “institutions are the rules of the game in a society,
or, more formally, are the humanly devised constraints that
shape human interaction in the business environment.” From
developing countries, Seabra et al. (2016) analyzed that cus-
toms officials are mainly involved in corruption, and they
deliberately delay the shipment clearance process to charge
higher bribe money. Also, they considered fabricated docu-
ments to clear illegal consignments. Thus, corruption leads
toward weaker investor confidence and lose country’s attrac-
tiveness for international trade and FDI (Wegenast 2013).

Wong and Tang (2018) investigated the core determinants of
logistic performance on a global scale. They found that stable
political institutions and control over corruption significantly
improve the logistic performance of host countries. Doh et al.
(2012) and Bach and Allen (2010) argued that market growth
and business environment rely on social and economic factors
of host countries. Arvis et al. (2016) observed that corruption
adversely affects and distorts the efficiency of all logistic oper-
ations. Similar results are empirically tested by Heble et al.
(2007). On the other hand, Uca et al. (2016) analyzed that a
higher score of green logistic performance indicators is corre-
lated with a lower level of corruption. Guner and Coskun
(2012) articulated that a higher level of political stability, de-
mocracy, and regulatory quality significantly improves logistic
performance. Higher political stability is attributed to consistent
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policies in which logistics service providers perform formally
and smoothly in a country. Some recent examples also show
that political turmoil and ethnic tensions in the Middle East,
North Africa, and Ukraine endanger international supply chains
and lead to business unrest.

Due to the intrinsic nature of business operations (water
and air pollution), most of the firms have an adverse impact
on society (Zaman and Shamsuddin 2017; Khan et al. 2020).
Unremitting pollution emerged from conventional logistics
operations, and other economic activities caused several eco-
logical and health problems. These hazards main include pre-
mature deaths, asthma, mesothelioma, neurobehavioral disor-
ders, bronchitis, pulmonary cancer, liver, and other forms of
cancer, and respiratory diseases (Khasnis and Nettleman
2005; McMichael et al. 2008; Maji et al. 2018). Rodríguez
et al. (2014) argued that social concerns can be reduced by
attaining long-term political stability. In the recent decade,
firms are also paying attention to CSR (corporate social re-
sponsibility) to minimize their adverse effects on living crea-
tures (Shahzad et al. 2020; Yu et al. 2020b).

The signaling theory proposes that information anomalies
can be removed by sharing information with peer firms in an
industry. Particularly, firms need to signal their CSR in the
presence of weak regulations and poor institutions in devel-
oping countries (Rodríguez et al. 2014). Pursuing the same,
Visser (2008) explicated that the firm’s social responsibility
should involve health care, persuading political reforms and
preserving traditional cultural traditions to serve society.
Aldakhil et al. (2018) explored that logistic activities are the
main contributors of CO2, while green practices have a pro-
found impact to mitigate social and environmental issues.
Moreover, green practices in business and logistic operations
can help the governments to control several diseases, includ-
ing asthma, lung infection, and a range of neural disorders
that emerged from contaminated air. On the other hand, Khan
et al. (2018) found that green logistic operations lead toward
the lower socio-environmental problem in the form of lower
public health spending. From the above studies, following
hypothesis is constructed:

& H3: GLOs are positively correlated with social indicators

Materials and methods

The study establishes the link among green logistics perfor-
mance indicators (GLPI) withmacroeconomic (Eco), environ-
mental (Env), and social (Soc) factors in a panel of 65 BRI
host countries (see Appendix Table 8). Chinese OFDI im-
proves logistics performance of the BRI host countries from
both quantitative and qualitative aspects such as the construc-
tion of physical infrastructure (ports, highways, railways) and

improving the logistic quality (deliver time, efficiency) (Ye
and Haasis 2018). There is also no question that the supply
chain and logistics operations stimulate economic develop-
ment. However, it also yields several environmental and social
hazards in the absence of green policies and practices.
Therefore, this study connected international logistics opera-
tions with environmental and social indicators under national
scale economic factors, particularly Chinese OFDI that spon-
sor and improve GLOs across the BRI region. Based on our
hypotheses, the following basic equation is derived.

GLPIi ¼ ai þ β1Ecoi þ β2Envi þ β3Soci þ ϑi þ εi ð1Þ
where GLPI shows cumulative green logistics performance in-
dex is composed of over six indicators of logistic performance
including track and trace consignments (LPITTC), competence
and quality of logistics services (LPICQL), competitively priced
shipments (LPICPS), efficiency of the customs clearance process
(LPICCP), frequency with which shipments reach consignee
within scheduled or expected time (LPICCT), and quality of
trade and transport-related infrastructure (LPITINF). Eco shows
the economic health indicators of countries including Chinese
outward foreign direct investment (real Chinese outward FDI
stocks in BRI host countries), TO (trade openness percentage
of GDP), and GDP (real GDP per capita USD constant 2010).
Env indicators are covering CO2 (carbon emissions metric tons
per capita) and REC (percentage of renewable energy consump-
tions to total energy consumption). Soc shows social indicators
such as institutions (weighted index; quality of public and private
institutions, accountability and corruption, business cost of crime,
violence, and terrorism) and HS (Per capita health expenditure).
MVD (manufacturing value-added percentage of GDP) is in-
cluded as a control variable, and i represents Belt and Road host
countries, t represents time, ai denotes constant term, and ϑi
captures the country-specific that is relatively stable and does
not change over time, such as geography (country size, natural
resource endowments, and location dynamics).

In this study, the data of 65 Belt and Road host countries,
spanning from 2007 to 2018, are extracted from the World
Bank Logistics Performance dashboard except for Chinese
outward FDI and weighted institutional quality index which
are sourced from the annual statistical bulletin of China and
global competitiveness index world bank, respectively. The
data of all countries are taken from same sources, which pro-
vide empirical data in standardized format (same measure-
ment unit and scale). Moreover, all model variables are trans-
formed into logarithms except indexes by following Razzaq
et al. (2020a). The following equation examines the perfor-
mance of green logistics operations.

GLPIit ¼ ait þ β1Ecoit þ β2Envit þ β3Socit þ ϑi þ εit ð2Þ

We expand the basic Eq. 2 and replace the dependent var-
iable with six distinct logistic performance indicators from
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Eqs. 3–8, while Eq. 9 shows the cumulative indicator of lo-
gistic performance.

LPITTCit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð3Þ

where LPICQL represents logistic performance in terms of
tracking and tracing of consignments. FDI, TO, GDP, CO2,
REC, HLT, INST, and MVA represent Chinese outward for-
eign direct investment, trade openness, economic growth,
carbon emissions, renewable energy consumption, health ex-
penditure, cumulative institutional quality index, and
manufacturing value-added, respectively. Here, i represents
Belt and Road host countries, t represents time, a is constant
term, β represents parameter coefficient, ε exhibits error term,
and ϑi captures the country-specific effects.

LPICQLit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð4Þ

where LPICQL index represents logistic performance in
terms of competence and quality of logistics services. For
the sake of brevity, the descriptions of right-hand-side vari-
ables and parameters are generalized from the above expla-
nation for Eq. 3.

LPICPSit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð5Þ

where LPICPS index represents competitively priced ship-
ments index, while the descriptions of right-hand-side vari-
ables and parameters are same as explained in the above
section for Eq. 3.

LPICCPit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð6Þ

where LPICCP index represents efficiency of the customs
clearance process, while the descriptions of right-hand-side
variables and parameters are the same as explained in the
above section for Eq. 3.

LPICCTit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð7Þ

where LPICCT index denotes frequency in which shipments
reach consignee within scheduled or expected time, while the
descriptions of right-hand-side variables and parameters are
the same as explained in the above section for Eq. 3.

LPITINFit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð8Þ

where LPITINF index represents quality of trade and
transport-related infrastructure, while the description of
right-hand-side variables and parameters are the same as ex-
plained in the above section for equation 3.

GLPIit ¼ ait þ β1LnFDIit þ β2LnTOit þ β3GDPit

þ β4 CO2it þ β5RECit þ β6HLTit

þ β7 INSTit þ β8MVAit þ ϑi þ εit ð9Þ

where GLPI index represents cumulative green logistics per-
formance index composed of the above six distinct indicators
of logistic performance, while the descriptions of right-hand-
side variables and parameters are the same as explained in the
above section for Eq. 3.

Usually, the panel data inherently hold the problem of
heteroskedasticity, auto-correlation, and endogeneity and
caused estimation errors. These issues are not encountered
by standard models like fixed effect (FE), random effect
(RE), and ordinary least square (OLS) (Ibrahim and Law
2014). The first problem, auto-correlation, refers to the corre-
lation between the error term and a model variable by the error
term associated with other variables in this model (Attari et al.
2016). The second problem in the panel data is
heteroskedasticity, which appears when the error terms’ vari-
ance varies across observations (Simpson 2012). Lastly, the
issue of endogeneity can be expressed as a correlation be-
tween the parameters and error term (Khan et al. 2018).

The problems of auto-correlation and heteroskedasticity
can be addressed by the feasible generalized least square
(FGLS) estimator (Judge et al. 1988; Maddala and Lahiri
1992). The FGLS models allow heteroskedasticity but no
cross-sectional correlation (Davidson and Mackinnon 1993;
Green et al. 2012). Moreover, the FGLS models are asymp-
totically efficient and more suitable for a larger sample size,
which leads to overcoming the problem of auto-correlation
and heteroskedasticity (Rao and Griliches 1969). The problem
of auto-correlation can also be addressed by controlling the
year fixed effect by incorporating time dummies during esti-
mations. However, the possible endogeneity and reverse cau-
sality between logistic operations and growth indicators may
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lead to inefficient estimates if not appropriately handled. For
example, higher economic growth affect logistic operations as
well as higher logistic operations affect growth. Logistic op-
erations may also be affected by their own lag terms, which
can only be addressed using dynamic estimators.

In order to deal with dynamic trends, reverse causality and
endogeneity, generalized method of moments (GMM) is con-
sidered as most appropriate technique. The GMM estimator
fits testing the hypotheses, as explanatory variables correlated
with the error term distort the real estimation. The use of
lagged endogenous as explanatory variables is highly recom-
mended by Arellano & Bond (1991). Thus, the transformed
basic equation by GMM is stated as:

Lyi;t ¼ α1 þ γyi;t−1 þ βX i;1 þ δi þ λt þ μi;t ð10Þ

The δi records the ignored country-specific effects; λ shows
the period-specific effect, and X denotes the set of variables.
The country-specific effects are removed by differencing of
variables.

yi;t−yi;t−1 ¼ α1 xi;t−1−xi;t−2
� �þ β X i;t−X i;t−1

� �

þ λt−λt−1ð Þ þ μi;t−μi;t−1
� � ð11Þ

The lagged endogenous variable yi, t − 1 − yi, t − 2 associates
with error μi, t − μi, t − 1 as considered in difference GMM and
imposes bias the estimation (Arellano and Bond 1991; Khan
et al. 2019). The usage of the lagged level of the independent
variables as instruments by GMM estimator, which rectifies
the term of disturbance as it is not auto-correlated/serially
correlated and they are independent (Arellano and Bond
1991).

The research approach does bear a drawback, as
highlighted by Blundell and Bond (1998), that the results
of difference GMM may not reveal true estimations. The
exceptionality may occur due to the small sample size and
when the data has continuous endogenous and exogenous
variables, which may not measure as a reliable instrument
(Masron and Subramaniam 2019). As a remedy to the
issue, the most appropriate method is system GMM
(system-generalized method of moments) (Arellano and
Bover 1995; Ibrahim and Law 2014). Thus, the problem
of serial correlation, endogeneity, unobserved panel ef-
fects, and dynamic nature of logistic performance indica-
tors are countered by the second usual transformation pre-
sented by Arellano and Bover (1995), namely, system
GMM or forward orthogonal deviations. The system esti-
mators employ the first difference of all the exogenous
variables as standard instruments and the lags of the en-
dogenous variables to produce Sys-GMM type instru-
ments (Roodman 2009). This technique is more suitable
for larger sample sizes and lower time dimension.

Both the estimators FGLS and Sys-GMM are suitable can-
didates for larger panels (65 countries) and shorter time di-
mensions (11 years) (Abdul et al. 2019). However, the study
first employs pooled OLS (P-OLS), FE, and RE techniques
and then utilizes FGLS and Sys-GMM approaches to concur-
rently deal with the problems of auto-correlation, endogeneity,
and heteroskedasticity. Nevertheless, these estimators have
the capability to encounter heterogeneity problem, but BRI
countries have diverse characteristics. Therefore, we have fur-
ther expanded the same models at a disaggregated level (see
Appendix Table 7), consisting of South Asia, southeast Asia,
east Asia, central Asia, MENA countries, central and eastern
Europe, western Europe, and CIS countries.

Empirical results and discussion

From Table 1, it can be observed that all dependent and inde-
pendent variables follow a positive mean and standard devia-
tion, which have a substantial distribution peak. However,
data shows significant variation across the regions along
BRI. The value of logistic performance indicators is ranged
from 5 to 1 showing higher to lower logistic performance. A
higher logistics performance score corresponds to healthy eco-
nomic activities that improve GDP, trade, and MVD, and
particularly, Chinese OFDI significantly boosts green logistic
indicators. The environmental sustainability and HS are sub-
stantially influenced by positive means and standard deviation
values of CO2 that can be mitigated with the replacement
REC. Also, the use of more green and clean energy resources
in national logistics will decrease health spending. The host
country’s institutional quality provides a conducive environ-
ment to stimulate trade and logistics activities, producing pos-
itive spillovers for environmental, social, and other financial
indicators of host countries. Interestingly, the mean value of
sub-

samples reflect that countries that received higher Chinese
FDI have a relatively higher logistic performance score. It
indicates that the BRI investment significantly improves green
logistic performance while improving GDP, trade, and envi-
ronmental quality.

Table 2 demonstrates the pairwise correlation matrix, indi-
cating a distinct impact on logistics performance from the
economic, environmental, and social indicators. FDI, TO,
and GDP positively correlated with green logistic perfor-
mance indicators. REC may substantially decrease environ-
mental deprivation and improve ecological sustainability,
hence improving green logistic performance. Similarly, a
higher value of green logistics performance indicators leads
to lower CO2. The cumulative institutional quality index pos-
itively and significantly correlated with green logistic opera-
tors, economic health indicators, and REC while inversely
correlated with CO2 emissions. The BRI sample contains the
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maximum number of developing countries striving to improve
their institutional quality, logistic operation, and growth.
Therefore, strong institutions improve the economic and so-
cial development of host countries, while ecological depriva-
tion can be minimized through the adoption of REC and green
logistics practices.

Table 3 shows the findings of P-OLS, FE, and RE models.
The coefficient values of FDI are positively associated with all
green logistic operators. This indicates that Chinese OFDI
significantly improves green logistic performance across all
specifications. TO, GDP, and REC positively correlated to
higher green logistic performance, while CO2 is negatively
correlated with poor logistic performance indicators. This
specifies that poor logistics operations (lower quality of
transport-related infrastructure, customs clearance, etc.) are
the substantial contributors to ecological deprivation such as
severe air pollution, water-waste emissions, and global
warming. Weak institutional quality of the host country is
the main cause of weak logistics performance and operations
in terms of poor logistic services, inefficient transport systems,
and corruption in the customs clearance process. Precisely,
greater efficiency of logistic operators is positively correlated
with economic health, environmental sustainability, and social
status of the host country.

Table 4 reports the findings of FGLS and Sys-GMM esti-
mators. From three economic indicators, Chinese FDI signif-
icantly improves green logistic operations of the host country:
consignments tracking (LPITTC) by 0.059%, logistics com-
petence and quality (LPICQL) by 0.061%, competitively
priced shipments (LPICPS) by 0.033%, efficiency of customs
clearance (LPICCP) by 0.029%, time efficiency of consign-
ments delivery (LPICCT) by 0.046%, and trade and transport-
related infrastructure (LPITINF) by 0.051%, at 1% level of
significance. Also, the FDI significantly improves cumulative
GLPI by 0.046%. These findings endorsed the key objectives
of BRI, which is persuaded to improve the logistics perfor-
mance of host countries to remove trade barriers (Huang 2016;
Du and Zhang 2018; Wiederer 2018; Ye and Haasis 2018).
Amid removing logistic operations constraints, TO and GDP
also boost significantly with the improvement in logistic in-
frastructure (Shahriar et al. 2019). This also implies that a

lower value of logistic performance indicators corresponds
to the lower value of GDP and TO. These findings are also
in line with the earlier studies (Ruparathna and Hewage 2015;
Werikhe and Jin 2016; Yune et al. 2016; Khan et al. 2019).
These studies emphasized that trade potential significantly
reduced by incompetent customs clearance procedures and
massive pollution from logistics operations. Rehman Khan
and Yu (2020) highlighted that firm’s performance is signifi-
cantly influenced by logistics operation, which helps to stim-
ulate a firm’s overall performance. Barysienė et al. (2015) and
Benitez-Amado et al. (2015) observed a strong association
between green logistics operations and the financial perfor-
mance of a firm. Moreover, green practices in logistics activ-
ities excite the host country’s per capita GDP (Khan and
Qianli 2017c). Another study by Zhu et al. (2012) exhibited
that the adoption of green practices in the logistics and
transport sector not only decelerates ecological degradation
but also improves the financial performance of firms.
Similar findings were endorsed by Khan et al. (2019) from
SAAR countries, who revealed a positive correlation between
FDI, TO, GDP, and green logistic operations.

For environmental health, the study utilizes two indicators,
i.e., CO2 emissions and renewable energy consumption, under
the influence of logistics performance indicators. From
Table 4, the results reveal that CO2 are significantly and neg-
atively correlated with logistic performance indicators. A 1%
improvement in competence and quality of logistics services
(LPICQL), competitively priced shipments (LPICPS), cus-
toms clearance efficiency (LPITCCP), and quality of trade
and transport-related infrastructure (LPITINF) mitigates CO2

by 0.008%, 0.005%, 0.014%, and 0.012%, respectively.
These results suggest that poor logistics operations

contribute to higher carbon emissions due to non-green
practices in logistics and supply chain. Although it is hard to
calculate CO2 from all logistics operations, transportation pro-
vides a good measure; about 24% fuel-based CO2 are attrib-
uted to transportation, while 7% of global CO2 are linked to
freight transportation, which is estimated to emit 3.20 GT of
CO2 in 2015 (Arvis et al. 2018). Dekker et al. (2012) articu-
lated that the transportation industry is primarily responsible
for air and water pollution. Similarly, Bektas et al. (2016)

Table 1 Descriptive statistics for Belt and Road host countries (full sample)

LPITTC LPICQL LPICPS LPICCP LPICCT LPITINF GLPI FDI TO GDP CO2 REC HS INST MVA

Mean 3.02 2.93 2.98 2.78 3.43 2.87 3.00 14.36 4.44 8.94 7.00 2.32 5.97 4.01 14.01

SD 0.59 0.58 0.49 0.57 0.53 0.66 0.54 2.65 0.70 1.30 7.44 1.31 1.47 0.83 7.65

Min 0.93 1.60 1.50 1.58 1.25 1.15 1.71 8.59 − 1.79 6.26 0.10 0.10 1.95 1.68 0.14

Max 4.27 4.31 5.19 4.18 4.53 4.44 4.23 23.01 6.09 11.15 51.93 4.53 8.64 6.19 65.01

Obs 780 780 780 780 780 780 780 780 780 780 780 780 780 780 780

Source: Authors’ estimations
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highlighted that green transportation and distribution systems
are required to alleviate destructive effects on humans, flora,
and fauna. The poor performance of green logistic operations
such as transport infrastructure surges fossil fuel consumption,
which produced a colossal sum of CO2, creating several
environmental hazards. Leigh and Li (2015) argued that envi-
ronmental hazards such as environmental degradation and
global warming could be neutralized using biofuels and
REC in SCM process.

Table 4 shows that renewable energy consumption (REC) is
positively and significantly linked with green logistic opera-
tions, indicating that a 1% improvement in REC improves
LPITTC, LPICQL, LPICPS, LPICCP, LPICCT, LPITINF,
and GLPI by 0.136%, 0.110%, 0.091%, 0.091%, 0.123%,
0.050%, and 0.101%, respectively, at 1% level of significance.
The results highlight that REC caused efficiency-based energy
conservation that improves logistic operations. According to
IEA (2019), global CO2 from transportation only increased by
0.6% in 2018 as compared with 1.6% in 2016, which dedicates
to the efficiency advancement and green logistic operations in
global SCM. This also indicates that poor logistic operations are
linked to a lower level of REC and vice versa. Abid et al. (2012)
stressed that renewable energies and biofuels would preserve
environmental beauty while at the same time helping to achieve
rapid economic progress. The implementation of green energy
policy is considered as a prime step to achieving green logistics
operations. Without particular support of political leadership
and eco-friendly regulations, the business community cannot
enforce it in their logistical and business activities.
Recognizing the environmental constraint, Datta et al. (2015)
articulated that biofuel is a possible green energy source that has
the potential to transform logistics operations in commercial
activities. On the other hand, Khan et al. (2016) and
Mafakheri and Nasiri (2014) derived that biofuel and green
energy resources do not have a promising future without rea-
sonable governmental support and eco-legislation for tax
waivers and subsidies on these projects. Besides former
arguments, Li (2014) highlighted that green and renewable en-
ergy resources can mitigate ecological deprivation; through the
use of renewable energy and biofuels in logistics and transpor-
tation activities, firms can create an advantage, leading to great-
er customer satisfaction and a better repute in global markets
that boost cross-border trade. The results conclude that green
logistic performance has a profound impact to achieve sustain-
able growth by simultaneously minimizing CO2 with an alter-
native policy shift to REC.

Undeniably, the host country’s public and private in-
stitutional quality has significantly influence logistic per-
formance, such as customs clearance, competence, and
quality of logistics. The results from Table 4 confirm
that institutions are significantly and positively contrib-
utes to green logistic operation: a 1% improvement in
host country’s institutional quality increase LPITTC,T
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LPICQL, LPICPS, LPICCT, LPITINF, and GLPI by
0.200%, 0.251%, 0.179%, 0.287%, 0.151%, 0.290%,
and 0.242% respectively, at 1% level of significance.
HS and MVA produce a positive correlation across all
logistic performance indicators, suggesting that higher
logistic performance is attributed to higher MVA and
HS. The coefficient of HS is positive against the assump-
tion, which might be the reason that major BRI develop-
ing countries have relatively lower health spending, low-
er average life due to lower socioeconomic status, rela-
tively higher population growth, poverty, and food dep-
rivation, thus increasing health problems caused by
higher public health spending (Chan et al. 2019).
However, several regions (see Appendix Table 7) show
a negative correlation between HS and logistics quality.
Burrell (2006) examined that emission activities in firms
and industries have a detrimental effect on our society,
particularly human health issues due arise from air pol-
lution. Due to poor transport-related infrastructure, vari-
ous pollution-related ailments are growing, which caused
asthma, hypertension, eye infection, severe lower
respirational contagions in children, and lung problem
(Dekker et al. 2012; Khan et al. 2020).

Most of the BRI developing countries fall in the lower range
of institutional quality as compared with developed countries.
Due to political unrest, military control or dictatorship, terror-
ism, wars, weak government control, poor legislation, and ter-
restrial disputes in most of the BRI host countries jeopardize
political stability, economic progress, and environmental legis-
lation (Duan et al. 2018). Heldeweg et al. (2015) and Rodríguez
et al. (2014) argued that social concerns can only be mitigated
through long-term political stability and efficient institutional
governance, which helps to not only improve countries eco-
nomic prosperity but also improve eco-friendly regulations ef-
ficiency (Bush et al. 2015; Datta et al. 2015; Nawaz et al. 2019).
Generally, the BRI host countries have weak logistics infra-
structure and customs efficiency due to less effective equipment
and unqualified staff (Arvis et al. 2018).

Also, most of the transactions processed manually, which is
the core reason for delays in the end-to-end clearance process.
Moreover, most of the BRI countries carry the culture of bribe
and corruption, particularly developing south asianBRI countries
like India, Pakistan, and Bangladesh. (Quazi 2014). In some
instances, the customs authorities deliberately obstruct the

custom clearance process to grab the bribe money. Bölük and
Mert (2015) argued that inefficient customs clearance processes,
poor transport-related infrastructure, polluting logistics vehicles,
and corruption reduced trade potential with European economies.
It also damages a country’s image in the international market
through the adoption of non-green practices and less stringent
environmental laws in its global logistics operations. Zawaydeh
(2017) revealed that logistics industries significantly promote the
economic health of the host country. It is mainly attributed to
higher energy and CO2 that far beyond impacts ecological sus-
tainability, human diseases, and global warming. Since the in-
ception of BRI in 2013, the logistics performance of BRI host
countries has significantly improved. Infrastructure-based
Chinese outward FDI helps to build logistic transport and infra-
structure across the BRI route (Du and Zhang 2018). Although
the trend is positive, but still there is a need to improve basic
institutional quality as well as quantity of logistics in terms of
transport-related infrastructure to achieve sustainable develop-
ment. Table 5 confirms the acceptance of all three hypotheses
tested in this study, indicating that GLOs are positively linked
with the economic, environmental and social development of
BRI host countries.

These results confirm the theoretical foundations of triple
bottom line (TBL). This theory provides a sustainability
framework that examines social, environmental, and econom-
ic performances of firms. We have expanded this theory to
draw the link between TBL factors and GLOs at the national
level through macro-indicators across BRI host countries. The
acceptance of TBL hypotheses opens a new avenue for the
legislatures to formulate national strategies and derive sustain-
able growth. It can be served as a foundation to analyze firm-
level factors at a national scale to integrate an overall impact of
a country’s performance.

The BRI countries are following diverse socio-
economic and demographic characteristics. Therefore,
to internalize heterogeneous regional effects, it is also
imperative to draw the relationship across different de-
mographic regions, which not only helps us to compare
the results with overall BRI findings but also provides
interesting insights from diverse BRI sample. Appendix
Table 7 reports the estimates from seven regions across
the BRI host countries. The overall results support our
primary findings; however, they reveal significant vari-
ation across the BRI sub-samples. These variations are

Table 5 Summary of hypotheses
decision across Belt and Road
host countries

Hypothesis Description Decision

H1 GLOs are positively correlated with macro-economic indicators Accepted

H2 GLOs are positively correlated with greater environmental sustainability Accepted

H3 GLOs are positively correlated with social indicators Accepted

Source: Authors estimation
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attributed to the different socio-economic and institu-
tional characteristics of BRI host countries.

Conclusion

The BRI is considered a new “global grand strategy” that
develops connectivity between China’s less-developed west-
ern region with other less developed countries in central Asia
through multiple logistic infrastructure and transport projects
(Cai 2017). The BRI developing countries exhibited signifi-
cant logistic infrastructure gaps, which not only restricts their
trade and economic progress but also creates several social
and environmental challenges (Wiederer 2018). Therefore,
this study investigates the relationship between green logistics
operations, economic, environmental, and social indicators of
countries along with the Belt and Road Initiative (BRI). From
the perspective of modern supply chain management, the
stance that global logistics should have in encouraging eco-
nomic, environmental, and social activities is quite conten-
tious. This discussion is further complicated by including oth-
er essential factors in logistic operations such as institutional
quality, human health, ecological deprivation, and social is-
sues. Therefore, this study examines the correlation between
green logistics operations, economic, environmental, and so-
cial indicators using FGLS and Sys-GMM estimators.

The findings show that Chinese outward foreign direct in-
vestment significantly improves the quality of all logistic op-
erations of the BRI host countries. The lower quality of green
logistic performance indicators in terms of trade and transport-
related infrastructure, customs clearance efficiency, compe-
tency of logistics services, and competitively priced shipments
lead toward higher carbon emissions due to higher fossil fuel
consumption in SCM process, not only creating environmen-
tal pollution but also agonies people health. The application of
renewable energy resources and green practices significantly
improves the quality of all logistics operations, which in turn
mitigates social and ecological concerns while improving the
economic growth of the host countries. Further, the efficiency
of customs clearance process, cost, time and delivery efficien-
cy of consignments, and greater information sharing among
supply chain partners is positively correlated with trade open-
ness. It suggests that a higher green logistic performance stim-
ulates trade and business activities and boost economic
growth.

The quality of institutions significantly improves all green
logistic performance indicators. On the other hand,
manufacturing value-added and public health spending are
positively correlated with higher logistic performance indica-
tors; however, their results show significant variations across
diverse regional samples (see Appendix Table 7). Higher
green logistic performances in terms of shipment cost, track-
ing and delivery, transport-infrastructure, and customs

clearance are negatively correlated with health spending of
south Asia, central Asia, east Asia, and CIS countries, respec-
tively. Interestingly, health spending is negatively linked to all
green logistic performance indicators in central and eastern
Europe, suggesting a higher sustainable and green logistics
improves the health conditions of local inhabitants, resultantly
reducing per capita public health expenditures. Concludingly,
a higher quality of green logistic operations is positively cor-
related with economic health indicators (FDI, GDP, and TO),
environmental sustainability (lower CO2 and higher REC),
and social indicators (institutions and health). The overall re-
sults imply that strong institutions improve the economic and
social development of host countries. At the same time, envi-
ronmental pollution can be mitigated by adopting REC and
green logistics in SCM process.

Policy recommendations

The findings of the study can help to draft green logistics pol-
icies and regulations that would be helpful to promote green
practices at a national scale. The BRI minimizes logistics infra-
structure gap, in turn stimulating FDI growth, GDP, trade, em-
ployment, and green logistics performance. Therefore, it can be
used as a tool of poverty alleviation and environmental sustain-
ability across the Belt and Road region. Without sequester lo-
gistic infrastructure, a country’s sustainable growth is impeded.
Thus, BRI host countries need to devise policies that increase
Chinese infrastructure-based FDI, which can also produce sev-
eral technology spillovers for recipient countries. Moreover,
energy consumption is at the heart of the logistic operations.
Therefore, innovation-led energy conservation (renewable en-
ergy) in logistic operations can decrease carbon emissions, con-
trol climate change, and protect flora and fauna. An environ-
mentally friendly and green logistics network can create a com-
petitive edge in global competition, and better repute in global
markets boost cross-border trade and economy and facilitate
greater socio-environmental sustainability. Finally, a strong in-
stitutional foundation is a pre-requisite to align all these objec-
tives. Without reasonable institutional capacity, neither a coun-
try implements green practices in logistic operations nor
achieve socio-economic milestones. Therefore, besides physi-
cal logistic infrastructure, the BRI host countries need to build a
strong institutional governance framework to achieve sustain-
able development.

Limitations and future direction

However, this study attempts to draw the link between logistic
operations with social, economic, and environmental factors.
However, this study is limited to national indicators across
Belt and Road host countries using China-specific investment
in the region. Due to specific scope, this study examines in-
ternational logistics operations, and future research should be
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directed to study domestic logistics operations and their im-
pact on socio-economic factors at the disaggregated/country
level.
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Table 6 Descriptive statistics of Belt and Road regional samples

Region LPITTC LPICQL LPICPS LPICCP LPICCT LPITINF GLPI FDI TO GDP CO2 REC HS INST MVA

South Asia Mean 2.65 2.58 2.69 2.41 3.06 2.39 2.64 14.27 3.98 7.43 1.08 3.42 4.26 3.63 11.91
SD 0.30 0.37 0.33 0.31 0.33 0.36 0.30 2.01 0.52 0.85 0.79 1.21 1.23 0.47 5.82
Min 1.95 1.71 1.86 1.83 2.21 1.70 2.04 9.76 3.23 6.26 0.10 0.70 2.63 2.76 1.92
Max 3.52 3.39 3.36 3.17 3.74 3.34 3.42 17.42 5.22 8.99 3.07 4.53 7.27 4.44 19.44

Southeast Asia Mean 2.99 2.82 3.04 2.74 3.37 2.80 2.96 16.14 4.48 8.47 5.48 2.59 5.13 3.90 16.71
SD 0.56 0.59 0.62 0.58 0.50 0.66 0.54 1.97 1.20 1.23 5.99 1.37 1.21 0.90 7.46
Min 1.57 1.60 1.50 1.63 2.08 1.67 1.71 10.68 −1.79 6.59 0.18 0.10 1.95 2.56 0.14
Max 4.25 4.21 5.19 4.18 4.53 4.28 4.19 19.88 6.08 10.97 24.63 4.46 7.93 6.19 31.07

East Asia Mean 3.92 3.87 3.65 3.68 4.14 3.96 3.86 18.50 4.66 10.41 9.12 1.19 7.86 5.04 16.34
SD 0.16 0.17 0.18 0.23 0.14 0.22 0.17 2.64 1.04 0.29 2.38 0.54 0.52 0.68 11.08
Min 3.56 3.59 3.33 3.22 3.86 3.44 3.52 15.43 3.20 9.92 5.79 0.56 7.02 3.70 0.98
Max 4.13 4.12 4.18 3.99 4.34 4.25 4.12 23.01 6.09 10.80 13.59 2.24 8.56 5.78 28.48

Central Asia Mean 2.44 2.35 2.47 2.21 2.88 2.26 2.44 14.38 4.31 7.58 5.11 2.34 4.57 3.51 11.91
SD 0.30 0.21 0.30 0.24 0.34 0.23 0.22 1.38 0.42 1.00 5.77 1.27 0.70 0.44 2.33
Min 1.67 1.90 2.00 1.80 2.04 1.86 1.93 12.40 3.39 6.51 0.31 0.81 3.36 2.65 7.62
Max 2.96 2.75 3.29 2.75 3.72 2.76 2.83 17.00 4.98 9.32 16.80 4.14 5.94 4.41 18.27

MENA countries Mean 2.94 2.87 2.89 2.67 3.38 2.83 2.93 14.16 4.33 9.09 11.51 1.35 6.01 4.23 13.57
SD 0.49 0.46 0.40 0.47 0.46 0.54 0.43 2.30 0.47 1.28 11.71 1.41 1.18 0.93 10.37
Min 1.86 1.91 1.93 1.63 2.07 1.45 2.04 8.63 3.03 6.50 0.25 0.10 3.76 1.68 1.63
Max 3.96 3.92 3.89 3.84 4.38 4.07 3.96 17.82 5.26 11.15 51.93 4.50 8.02 5.95 65.01

Central and
eastern
Europe

Mean 3.07 2.99 3.08 2.84 3.56 2.84 3.07 12.09 4.71 9.37 6.41 3.08 6.67 3.78 15.29
SD 0.39 0.32 0.28 0.34 0.35 0.37 0.31 1.98 0.28 0.52 3.43 0.44 0.55 0.44 4.81
Min 1.67 2.00 2.28 2.00 2.13 1.98 2.08 8.59 4.07 8.16 1.32 1.98 5.31 2.89 4.61
Max 3.84 3.72 3.75 3.58 4.52 3.57 3.68 15.56 5.13 10.20 18.60 3.76 7.68 5.03 24.87

Western Europe Mean 3.79 3.68 3.48 3.50 4.06 3.76 3.70 15.17 4.49 10.54 7.72 2.38 8.14 4.57 11.73
SD 0.43 0.51 0.35 0.46 0.35 0.51 0.42 2.44 0.43 0.25 1.86 0.39 0.42 0.86 4.56
Min 2.54 2.69 2.69 2.38 3.25 2.87 2.83 9.52 3.82 10.01 4.57 1.49 7.30 3.28 3.89
Max 4.27 4.31 4.05 4.12 4.48 4.44 4.23 19.14 5.11 10.92 11.02 3.07 8.64 6.00 20.85

CIS countries Mean 2.49 2.43 2.58 2.37 2.97 2.41 2.54 12.66 4.53 8.37 3.97 2.20 5.55 3.63 11.87
SD 0.41 0.22 0.22 0.37 0.41 0.35 0.17 1.68 0.23 0.30 1.99 0.81 0.40 0.45 6.27
Min 0.93 2.00 2.00 1.58 1.25 1.15 2.14 9.49 4.02 7.95 1.34 1.17 3.90 2.66 3.99
Max 3.20 2.85 3.05 3.87 3.51 3.30 2.98 15.37 5.06 8.83 6.91 3.72 6.12 4.65 26.42

Source: Authors estimations
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