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Abstract

The construction of the green Belt and Road is an important part for the transformation of regional 
economy to green development and also important objects of the United Nations 2030 Agenda for 
Sustainable Development. This study establishes a coupling coordination measurement model, and 
used entropy method combined with and spatial statistics tools, to valuate and analyze the coupling 
coordination level and its geographical distribution between economic development and ecological 
environment of 55 countries along the Belt and Road. Most countries have been making a significant 
progress in sustainability efforts, in a stage of basic coordination and preliminary incoordination. 
Regions with a relatively high coupling coordination degree are mainly concentrated in East Asia 
and Europe, while areas with severe ecological pollution and low coupling coordination degree are 
predominantly in Central and West Asia and Africa. The coupling coordination level results indicates 
a significant global spatial correlation and a ladder-like geographical distribution that descends from 
west to east along the Belt and Road region, presenting a spatial agglomeration pattern for economy-
environment system high-high regions and low-low regions. This study could be helpful for policy 
making to promote green and coordinated development based on differentiated strategies adapt to local 
conditions.
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Introduction

The efforts to construct the green Belt and Road 
has gained increasingly intensive global attention for 
the sustainability transformation of regional economy. 
The vision and proposed actions outlined on jointly 
building Silk Road Economic Belt and 21st Century 
Maritime Silk Road was issued by China government 
in March 2015, to prompt regional economic integration 
[1]. This Belt and Road regional initiative has gradually 
transformed from China’s vision to a world consensus, 
and has become an approach to strengthen regional 
economic integration with neighboring countries and 
participate in further economic globalization [2]. By 
the end of January 2020, China had signed over 200 
cooperation agreements on jointly building the green 
Belt and Road with 138 countries and 30 international 
organizations along the Belt and Road. Meanwhile, with 
economic development, the environmental degradation 
and frequent occurrence of natural disasters have 
brought huge losses to the global economy and posed 
severe challenges for countries along the Belt and 
Road, especially developing and emerging economies, 
including China, to participate in global green 
transformation and environmental governance [3, 4].

In response to the increasing severe ecological 
and environmental problems and achieve sustainable 
development, major developed economies have 
proposed the green development concept and advocated 
the transition to a sustainable economic growth model  
[5-8]. As one of the regional economic cooperation 
paths, the Belt and Road initiative has also involved 
the green economy model as the focus of regional 
cooperation. On April, 2017, the Guidance on Promoting 
Green Belt and Road was jointly issued by three 
ministries of China, which has become the guiding 
programmatic document for the construction of the 
green Belt and Road [9]. China government announced 
that “the construction of the Belt and Road will 
advocate green, low-carbon, recycled, and sustainable 
production and lifestyle, strengthen cooperation in 
ecological protection, and build ecological civilization 
to achieve the 2030 Sustainable Development Goals” 
on May, 2017, at the first Belt and Road International 
Cooperation Summit Forum. Further, the green 
development goals were taken as main topics of the 
2019 Belt and Road International Cooperation Summit 
Forum, such as energy-water sustainable use, pollution 
reduction, nature reserve, and sanitation infrastructure. 
Sustainable development promotion of the regions 
along the Belt and Road has become an international 
consensus among the global relevant countries.

However, there are various natural environment 
characteristics and economic development levels with 
different regional development stages along the Belt and 
Road. Developing and emerging economies accounted 
for most of the countries along the Belt and Road, 
generally facing the huge resource and environmental 
pressure with industrialization and urbanization 

processes, which have become major obstacles to 
regional sustainable development [10, 11]. Based on 
the Environmental Performance Index released by Yale 
University, the economic growth rate along the Belt 
and Road countries was higher than the world average 
level, and simultaneously the energy consumption and 
pollutant emissions were far higher than the world 
average level. Nearly half of the global carbon emissions 
came from the Belt and Road countries [12]. To achieve 
a win-win goal between economic development and 
ecological environment along the Belt and Road, 
it is necessary to quantitatively and objectively 
evaluate the economic-environmental coordination 
status of countries, and accordingly policy debating 
can be improved to advance the overall sustainable 
development level along the Belt and Road. However, 
to our knowledge, there were few researches on this 
topic, which hampered understanding the economic 
development and ecological environment levels of the 
Belt and Road countries, and restricts the promotion of 
the connectivity and implementation of the green Belt 
and Road initiative. Therefore, this study establishes 
a coupling coordination evaluation model and applied 
the entropy weighting method, combined with spatial 
statistics tools, to measure and analyze the coupling 
coordination degree and its spatial patterns between 
economic development and ecological environment of 
55 countries along the Belt and Road. It could serve as 
an important reference for improving the coordinated 
and sustainable development level along the Belt and 
Road, and advance the national participation level 
in global environment governance, and promote the 
transformation of the Belt and Road economy from the 
extensive growth to green development.

The literature on the economic and environmental 
issues of the countries along the Belt and Road mainly 
focuses on the following aspects. (1) The geographical 
distribution characteristics and risk assessment of 
resources and environment elements. Some literature 
studied the spatial pattern of water resources, natural 
gas, energy, and gave great attention to the security 
governance of these elements during the implementation 
of the Belt and Road initiative and proposed paths 
for sustainable economic development of the Silk 
Road Economic Belt [13-16]. Besides, some scholars 
have also studied the current and future Eurasia 
environmental risks along with the construction of the 
Belt and Road and proposed new policy paradigms 
of ecological civilization to avoid these risks [17, 18]. 
(2) The environmental effects of the Belt and Road 
construction. The relevant literature focused on the 
possible impacts of railway, water conservancy, 
hydropower and other infrastructure construction on 
the ecological environment such as the loss of animal 
and plant habitats, the reduction of biodiversity, the 
damage of oil spills to local water and cultivated land 
[19-22]. Some scholars also studied some specific 
regional issues the environmental effects of the Belt 
and Road construction projects in Russia Far East and 
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Central Asia and discussed the development trend of 
regional eco-economy in the initial stage of the “Silk 
Road Economic Belt”[23]. (3) Climate change and green 
Belt and Road construction. Some literature analyzed 
the characteristics of climate change in countries along 
the Belt and Road, especially the impact of extreme 
natural disasters on the construction of the green Belt 
and Road [24, 25]. And, some scholars have explored 
carbon emission characteristics and its influencing 
factors and analyzed the impact of carbon emissions 
on the social-economic development of countries 
along the Belt and Road, and explored the low-carbon 
economic paths in the context of green Belt and Road 
[26-29]. Herein, some scholars ignored the objective 
mechanism of industrial transfer and demonized the 
Belt and Road initiative, and deemed that the Belt 
and Road construction could realize China’s pollution 
transfer. (4) Green development valuation along the 
Belt and Road. Some impacts of financial development, 
trade, foreign direct investment and globalization on 
the green development of countries were analyzed  
[30-32]. It could be concluded, the most related researches 
focused on discussing the impact of construction 
projects, trade and investment on the environment, 
for the relationship between eco-environment and 
economic growth of countries along the Belt and Road. 
There were few studies on the internal interaction and 
coupling coordination mechanism between economic 
development and ecological environment in this region. 
The green development of the countries along the Belt 
and Road is a comprehensive and systematic subject, 
it is of global significance to explore coordinated 
development of environment-economy, based on a 
multi-disciplinary perspective such as geography, 
environment and economics. 

The study differs from the preceding studies in the 
following aspects. Above all, a systematic assessment 
of the coupling coordination level of economic 
development and ecological environment is firstly 
performed, along the Belt and Road, to our knowledge. 
Meanwhile, a lot of poor countries are located in 
the Belt and Road region, with backward economy 
and fragile ecological environment. The research 
on their coordinated development level is seriously 
insufficient, and taken as the crux for the green Belt 
and Road analysis. Furthermore, this study establishes 
a comprehensive evaluation index system, and strives to 
fully reflect the level of development, involving as many 
economic and environmental indicators as possible, 
related to measurement of economic scale, structure, 
efficiency, and environment level, emissions, protection. 
In addition to the above factors, some indicators such 
as population using improved sanitation facilities, 
population with access to clean fuels and technologies 
for cooking, would also be especially critical to the 
Belt and Road, with a typical transformation feature. 
Third, an economy-environment coupling coordination 
measurement model, including the classification system, 
is established, using entropy method combined with 

and spatial statistics tools. Finally, the geographical 
distribution feature is valuated and analyzed. Moran 
index and LISA map are also presented. This 
quantitative estimation could be helpful to advance 
the basis for policy making to promote green and 
coordinated development along the Belt and Road based 
on differentiated policies adapt to local conditions. 

The remaining structure of this study is as follows: 
Section 2 describes the methodology and data, presents 
the coupling coordination degree classification criterion. 
Section 3 gives the empirical results of coupling 
coordination degree and the spatial distribution. The 
conclusions and some policy implications are presented 
in section 4.

Material and Methods

Coupling Coordination Degree Evaluation Model

Coupling coordination degree refers to an evaluation 
index of the particular state of an complex system. 
Coordination describes the benign interaction between 
factors. This degree quantitatively evaluates the 
coordination status among the various subsystems 
or elements. The coordination level of economic 
development and ecological environment is the coupling 
result between these two systems at a particular regional 
development stage [33, 34]. Herein, the calculation of 
the coupling coordination degree involves three steps 
as follows: the calculation of comprehensive indexes of 
these two systems, the calculation of coordination level 
of these two comprehensive indexes, and the calculation 
of coupling coordination degree.

First, entropy method was used to evaluate the 
comprehensive index of economy-environment system 
[35]. The weight of each index was calculated by 
analyzing the dependency degree and their information 
contents. This could strengthen the robust and avoid the 
subjectivity and information overlap between multiple 
indicators. According to this method, the collected 
data was standardized by the following formula (1) and 
formula (2). 
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...where Xij represents the value of indicator j in the 
region i(i = 1,…,n; j = 1,…,m). min{X1j,…, Xnj} and 
max{X1j,…, Xnj} are the minimum and maximum values 
of index Xij. Xij

+ is the positive dimension index, and 
Xij

-is the negative dimension index. The value is in 
the range of [0, 1]. Then the sample index weight is 
calculated according to the formula (3).
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Furthermore, the study calculates the entropy value 
Ej of the j-th index by formula (4).
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Third, the comprehensive index Zij was considered 
according to the formula (5).
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Fourth, the coordination degree of the 
comprehensive index of economic development 
and ecological environment were calculated by  
the formula (6).
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...where SED and SEL are the comprehensive index of 
economic development and ecological environment 
respectively. And, r is equal to 2, taken as the 
coordination index. .

Finally, the coupling coordination degree between 
economic development and ecological environment was 
calculated by the formula (7).
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= +                    (7)

...where dij is the coupling coordination degree of 
economic development and ecological environment. α 
and β are the weights of these two systems. The equally 
significant economy and environment weights were set 
as α = β = 0.5.

The coupling coordination degree is not a definite 
value, but an interval value [36, 37]. In this study, the 
coupling coordination degree of economic development 
and ecological environment system along the Belt and 
Road regions could be divided into five types as follows 
(see Table 1).

Table 1. Coupling coordination degree classification.

Level Degree Function Type

0.8<dj≤1 High-level coordination (V1)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

0.5<dj≤0.8 Intermediate coordination (V2)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

0.4<dj≤0.5 Basic coordination (V3)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

0.3<dj≤0.4 Preliminary incoordination (V4)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

0.2<dj≤0.3 Intermediate incoordination (V5)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

0<dj≤0.2 Extreme incoordination(V6)

SED<SEL Economy Lag

SED≈SEL Economy-Ecology Synchronization

SED>SEL Ecology Lag

Notes: SED≈SEL means |SED-SEL|≤0.1.
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Exploratory Spatial Data Analysis Methods

Exploratory spatial data analysis (ESDA) is meant 
to a complex of a series of spatial analysis methods 
and techniques. The spatial correlation and aggregation 
features of research variables are analyzed, through the 
description and visualization of the spatial distribution 
pattern. In this study, two spatial autocorrelation 
methods are applied to investigate the spatial 
distribution characteristics of the coupling coordination 
degree level along the Belt and Road countries. The 
spatial autocorrelation analysis model is constructed to 
examine the existence of spatial correlation in the study 
area, and then the local spatial autocorrelation index is 
used to identify the hot and cold spots of the coupling 
coordination degree.

(1) Spatial autocorrelation analysis. The global 
Moran index was firstly proposed by Moran in 1950 
[38]. It is an exploratory spatial analysis index used 
to test spatial relevance and agglomeration, reflecting 
the similarity between each unit and its neighboring 
units in the whole study area. In this study, Moran’s 
I index is used to observe the global autocorrelation 
characteristics. The model is constructed as follows:
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...where I is the regional Moran’s I index, and its value 
range is [-1, 1]. I>0 indicates a positive correlation, and 
the closer to 1, the higher the degree of clustering of 
similar attributes. I<0 indicates a negative correlation, 
and the closer to -1, the higher the degree of clustering 
of dissimilar attributes. I = 0 indicates irrelevant.

(2) The local Moran index was firstly presented 
by Anselin in 1995, which could accurately reflect 
the scope and location of the regional agglomeration 
features. The model is constructed as follows:
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...where, Ii>0 means a high attribute value accompanied 
by a high attribute value (“high-high” aggregation area), 
or a low attribute value along with a low attribute value 
(“low-low” aggregation area); Ii<0 means a high attribute 
value surrounded by a low attribute value (“high-low” 
aggregation area), or a low attribute value associated 

with a high attribute value (“low-high” aggregation 
area).

Variables and Data

The countries and regions along the Belt and 
Road showed the significant geographic differences 
in natural environment, economic development and 
ecology. Besides, the statistical systems are incomplete 
with missing historical data in some undeveloped 
countries. Presently there are various established 
comprehensive index evaluation system based on the 
coupling coordination relationship between economic 
development and ecological environment [40-43]. 
Considering the availability of data and locality, 
according to the principles of index representativeness 
and flexibility, this study established a comprehensive 
ecological environment-economic development 
evaluation index system. It includes 24 indicators as 
Table 2. 

The level of economic development can be measured 
from three aspects: economic scale, economic structure 
and economic efficiency. The expansion of economic 
scale, the optimization of economic structure and the 
improvement of economic efficiency will be conducive 
to economic development. Economic scale includes 
GDP per capita, GDP growth rate, gross fixed capital 
formation and tax scale. Economic structure includes 
the ratio of secondary industry added value to GDP, 
the ratio of service industry added value to GDP, 
urbanization rate and the ratio of technology research 
and development (R&D) input to GDP. Economic 
efficiency includes labor productivity of secondary 
industry, labor productivity of service industry, GDP 
per energy use and GDP per water use.

Ecological environment can be measured as 
following three types of indicators: ecological 
environment level, ecological environment emission 
and ecological environment protection. The increase 
of ecological resource endowment, the decrease 
of pollutant emissions, and the improvement of 
environmental protection capacity will improve 
the ecological environment quality. The ecological 
environment level is mainly reflected by arable land 
per capita, forest coverage rate, renewable freshwater 
resources per capita and energy supply per capita.  
The ecological environment emission is mainly reflected 
by CO2 emissions per capita, NO2 emissions per capita, 
PM2.5 exposure per capita and agricultural greenhouse 
gas emissions per capita. The ecological environment 
protection is mainly weighed up by the ratio of people 
using improved sanitation facilities to total population, 
the ratio of people access to clean fuels and technologies 
for cooking to the total, the proportion of terrestrial 
protected areas and the proportion of renewable energy 
consumption. 

The descriptive statistics economic development 
and ecological environment evaluation index systems 
and the corresponding variables were summarized  
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in Table 2. Countries along the Belt and Road are mainly 
distributed in Eurasia mainland and North Africa, and 
most of them are developing and emerging economies. 
There existed in some imperfect statistical systems and 
lack of continuous historical data. The authoritative 
data was only updated to 2014. Considering the 
availability of data and the geographical location of 
countries in this region, 55 countries were selected 
as research cases and divided into seven groups, as 
shown in Table 3. All the data used in this study were 
originated from World Bank Database, World Statistical 
Yearbook, International Statistical Yearbook and China 
Environmental Statistics Yearbook.

Results and Discussion

Coupling Coordination Degree

Based on the coupling coordination degree model, 
the study calculated the comprehensive index of 
economic development and ecological environment 
and its coupling coordination degree of 55 countries 
along the Belt and Road. The coupling coordination 
degree of sample countries were mainly concentrated 
between 0.3 and 0.5, according to the division 
features in Table 2. As shown in Fig. 1, the difference 
between the highest and the lowest value is about 0.33.  

Table 2. Variable descriptive statistics analysis.

System Indicator Variables Mean Std. Dev. Min Max

Economic 
development

Economic scale

GDP per capita (US) 14381.25 14519.92 706.24 56957.08

GDP growth rate (%) 3.21 2.64 -6.55 7.89

Gross fixed capital formation (million US) 186044.59 648074.07 1974.03 4721377.00

Tax scale(million US) 85528.43 178885.44 232.75 987029.30

Economic 
structure

Secondary industry added value/GDP (%) 37.28 8.17 21.08 61.06

Service industry added value/GDP (%) 54.59 9.42 33.62 76.51

Urbanization rate (%) 60.30 19.62 18.18 100.00

R&D input/GDP (%) 0.94 0.93 0.04 4.29

Economic 
efficiency

Labor productivity of secondary 
industry(US) 122.17 535.51 0.32 3866.80

Labor productivity of service industry(US) 9.01 3.32 3.35 20.65

GDP per energy use (US) 45921.02 45103.39 2285.48 180000.00

GDP per water use (US) 26108.80 23526.97 1731.26 86715.59

Ecological 
environment

Ecological 
environment 

level

Arable land per capita(hectares) 0.25 0.28 0.00 1.71

Cover rate of forest (%) 26.84 18.36 0.07 67.51

Renewable internal freshwater resources per 
capita (cubic meters) 4267.51 5444.06 16.54 29981.99

Energy supply per capita (gigajoules) 97.18 72.00 14.00 366.01

Ecological 
environment 

emission

CO2 emissions per capita(metric tons) 0.01 0.00 0.00 0.02

NO2 emissions per capita (million metric 
tons of CO2 equivalent) 0.48 0.33 0.08 1.59

PM2.5 exposure per capita (micrograms per 
cubic meter) 0.00 0.00 0.00 0.01

Agricultural greenhouse gas emissions 
per capita (million metric tons of CO2 

equivalent)
0.81 1.01 0.00 7.61

Ecological 
environment 
protection

Proportion of population using improved 
sanitation facilities (%) 84.08 20.70 28.50 100.00

Access to clean fuels and technologies for 
cooking/ total population (%) 82.65 24.26 13.42 100.00

Terrestrial protected areas/total land area (%) 16.93 11.59 1.45 53.64

Renewable energy consumption/total final 
energy consumption (%) 20.71 19.56 0.01 84.37
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The coupling coordination degree of Germany, France, 
Italy and Singapore is relatively higher, with a value 
greater than 0.5. Meanwhile, Kenya, Kenya, Cambodia 
and Nepal have a relatively low coupling coordination 
level, with a value of less than 0.25. The most areas are 
concentrated in basic coordination (V3) and preliminary 
incoordination (V4), accounting for around 34.54% and 
34.55% respectively of the total sample countries. The 
proportions of other coupling coordination types from 
large to small are intermediate incoordination (V5) 

18.18% and intermediate coordination (V2) 12.73%, 
respectively. And, no one country achieve the state of 
high-level coordination (V1) or extreme incoordination 
(V6). On the whole, the coupling coordination degree of 
the most countries along the Belt and Road is relatively 
low and shows obvious regional differences. Germany, 
France, Italy, Singapore, Spain and Netherlands 
all maintain a relatively high level of coordinated 
and balanced development between economic and 
environmental factors. In particular, Singapore has 

Fig. 1. Coupling coordination degree results of countries along the Belt and Road
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made great efforts to develop high-end services and 
build a garden city, thus achieving a green economic 
transformation.

From the perspective of economic development, the 
top 10 countries are as follows: Singapore, Netherlands, 
Germany, France, Israel, Italy, Korea, Spain, Greece, 
and United Arab Emirates. Most of these countries 
are developed economies in Europe and East Asia, 
with the high-income level, and basically completed 
their industrialization process. The last 10 countries 
are Ukraine, Moldova, Uzbekistan, Vietnam, Pakistan, 
Kyrgyz Republic, Tajikistan, Kenya, Cambodia and 
Nepal. Most of these countries are poor and backward 
countries in Central Asia, South Asia and Africa, and 
their economies are basically within the pre-industrial 
stage. In particular, the most energy-deficient or socially 
turbulent countries, such as Afghanistan and Nepal, had 
the lowest economic development level in the world.

From the point of view of ecological environment, 
the top 10 countries are Slovenia, Malaysia, Russia, 
Estonia, Korea, Croatia, Latvia, Spain, Germany 
and Portugal. In addition, the last 10 countries are 
Saudi Arabia, Northern Macedonia, China, Jordan, 
Moldova, Iraq, Pakistan, India, Kenya and Mongolia. 
Most of these countries are located in areas with the 
most intensive human activities and relatively fragile 
ecological environment. Moreover, due to the long-term 
industrialization and urbanization processes in these 
countries, the pollutant emissions are serious and the 
environmental pressure is huge.

Spatial Distribution

The spatial distribution of coupling coordination 
degree level along the Belt and Road indicates a spatially 
unbalanced feature, with significant regional differences 
(see Fig. 2). The geographical difference characteristics 

could be summarized: The high-value regions are 
concentrated in Central and Western Europe, and some 
developed regions in Northeast Asia and Southeast Asia. 
These countries are mostly developed economies with 
high development levels, and have largely completed the 
industrialization process. Their industrial structures rely 
mainly on finance, insurance, tourism, and other service 
industries with relatively low energy consumption 
and pollutant emissions, and high added value. The 
relatively advanced environmental infrastructures, strict 
environmental protection policies and regulations have 
been constructed in these countries, and the residents 
basically have a strong environmental protection 
awareness. The low-value regions are concentrated in 
West and Central Asia, Africa and a member countries 
of the Commonwealth of Independent States. These 
countries along the Belt and Road generally have 
the typical geographical features of abundant natural 
resources, complex topography, and fragile ecological 
environment. Their economic growth always mainly 
rely on natural resource consumption, and the regional 
contradiction between environmental protection and 
economic development has become increasingly 
prominent. Among them, Central and Western Asia 
and Russia Asian areas, with abundant energy resource 
endowments, have a huge development potential, 
where economic growth has mainly be depending on 
the exploitation and trade of natural resources for a 
long time. However, these regions shows a dominated 
initial developing stage feature with low technological 
level, low energy use efficiency, and high pollutants 
emissions. Then, the number of primary coordination 
(V3) and basic incoordination (V4) regions is the largest, 
relative to that of the other regions, mainly concentrated 
in the Northeast Asia, Central Asia, East Asia and 
South Asia. Additionally, no country belongs to high-
level coordination (V1) and extreme incoordination 

Fig. 2. Spatial distribution of coupling coordination degree.
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(V6). Overall, the region indicates a wholly increasingly 
coordinated development trend. This spatial pattern, on 
the one hand, is mainly due to the different economic 
development level between developed countries, 
developing countries and emerging economies along 
the Belt and Road, accompanied by the large regional 
differences in economic scale, economic structure, and 
industrial efficiency. On the other hand, the ecological 
and natural resource endowments, and the pollution 
pressure and environmental protection level, related 
with the various industrialization processes, vary 
significantly between numerous countries along the Belt 
and Road.

LISA Spatial Analysis

In order to observe the spatial agglomeration 
characteristics of various regions, the Moran’s I 
index of the coupling coordination degree between 
economic development and ecological environment of 
55 countries along the Belt and Road was calculated by 
GeoDa software. The value range of Global Moran’s I is 
[-1, 1]. When I>0, it is indicated that there is a positive 
spatial correlation, namely, regions with a relatively 
high (or low) degree of coupling coordination between 
economic development and ecological environment 
system tend to be agglomerated significantly in space, 
and the correlation is strong. When I<0, it is indicated 
that there is a negative spatial correlation, that is, the 
coupling coordination degree between the region and 
the surrounding area has a spatial difference. When 
I = 0, it means that there is no spatial correlation and 
the geographical distribution is in a random state.  
As shown in Table 4, the global Moran’s I index is 0.324. 
It rejects the null hypothesis at the 1% significance level 
and forms the high-high and low-low agglomeration 

Moran’s I Z score P value

0.324 3.236 0.001***

Notes: *** denotes the statistical significance at 1% level, 
and the p value is obtained using Monte-Carlo simulation test 
for 999 times.

Table 3. Sample countries along the Belt and Road.

Region Country

Northeast Asia: Mongolia, Russia, Korea, China

Southeast Asia Singapore, Indonesia, Malaysia, Thailand, Vietnam, Philippines, Cambodia

South Asia India, Pakistan, Sri Lanka, Nepal

West Asia and North Africa United Arab Emirates, Saudi Arabia, Israel, Egypt, Iran, Jordan, Iraq, Azerbaijan, Georgia, Kenya, 
Tunisia

Central and Eastern Europe
Poland, Estonia, Lithuania, Slovenia, Bulgaria, Czech Republic, Hungary, Macedonia, Serbia, 

Romania, Slovakia, Croatia, Latvia, Bosnia Herzegovina, Ukraine, Belarus, Moldova, Spain, Portugal, 
Germany, Italy, Cyprus, Greece, France, Netherlands

Central Asia Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan

Table 4. Coupling coordination Moran’s I value.

Fig. 3. LISA spatial autocorrelation.
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status. This implies that the coupling coordination level 
of countries along the Belt and Road shows a strong 
positive spatial correlation feature.

Spatial differentiation of coupling coordination 
degree in countries along the Belt and Road is 
investigated based on LISA map (see as Fig. 3). In 
general, the level of coupling coordination degree 
presents at ladder-like distribution that descends from 
the west to the east. The high-high regions are mainly 
distributed in Central and Eastern Europe, and the 
spatial difference with the surrounding regions is small. 
It is shown that those countries in the Central and 
Eastern Europe have improved the green development 
level as a whole by emphasizing the coordination 
between economic development and environmental 
protection. Low-low regions are mainly distributed in 
West and South Asia, southeast of the Belt and Road, 
such as India and Uzbekistan. The coupling coordination 
degree of these areas and its surroundings are relatively 
low, and the spatial difference is also very small, 
and reduces the overall coupling coordination level. 
The aforementioned results reveals that the coupling 
coordination level between economic development and 
ecological environment of countries along the Belt 
and Road has the strong spatial autocorrelation and 
geographical heterogeneity distribution characteristics, 
and has developed into a relatively stable spatial pattern 
condition. The coupling coordination level descends 
from the west to the east along the Belt and Road and 
presents basically a spatial agglomeration feature.

Conclusions

The coupling coordination level between economic 
development and ecological environment of countries 
along the Belt and Road and the geographical 
distribution were studied based on coupling 
coordination degree model. Regions with relatively 
benign environmental-economic coordination degree 
are mainly concentrated in East Asia and Europe, with 
a good economic foundation and high per capita output. 
They pay more attention to the high-level coordinated 
development of economy, society, resources and the 
environment. Therefore, some effective experiences 
in water conservation, sewage treatment, and garden 
city and sponge city construction, in some emerging 
economies, such as Israel and Singapore, could be 
applicable to the sustainable development in the region. 

Regions with serious pollution and low environment-
economy coupling coordination level are mainly 
concentrated in Central Asia, West Asia, Africa, and 
the former CIS Countries, relying on huge economic 
aggregates and resource consumption to produce 
resource economic benefits for a long time, and the 
regional contradiction between environmental protection 
and economic development has become increasingly 
prominent. Their ecological environment infrastructure 
construction and industrial structure adjustment should 

be emphasized, such as the adjustment of the energy 
structure, which, in the long run, requires capital 
investment and technological upgrading. China could 
combine its own industrial advantages with the needs 
of the relative countries to build a green Belt and Road 
energy system, resorting to green energy technologies 
cooperation and the renewable energies investment 
joint projects. Some hydropower projects could be built 
in Southeast and South Asia countries, such as Laos 
and Pakistan, and EPC (Engineering Procurement 
Construction) projects can be carried out in African 
countries, to help these countries along the Belt and 
Road to establish green energy systems and energy-
saving power systems.

Most ecological lag countries are located in the 
human activities intensive areas along the Belt and Road 
with a relative fragile ecological environment. And,  
the ecological and environmental problems accompanied 
by industrialization and urbanization have become  
the main obstacles to sustainable development for these 
countries. Meanwhile, the United Nations Environment 
Program, in its report, Green Waters and Clear 
Mountains are Gold and Silver Mountains: The Actions 
of China’s Ecological Civilization, acknowledges 
China’s achievements in ecological civilization 
construction and environmental promotion efforts. In 
this context, countries with continuously improving 
environmental protection capabilities, including 
China, could carry out the “Belt and Road” ecological 
environmental jointly protection projects, to provide 
the green public goods and spread green development 
ideology and experiences of ecological civilization to 
ecological lag countries along the Belt and Road. 

Likewise, most economic lag countries pertain 
to low-income countries within the pre-industrial 
development stage in Central Asia, Indochina Peninsula 
and Africa, with an elementary industrial structure 
dominated by primary and tertiary industries. For these 
countries, poverty alleviation probably could still be 
the most important task for ensuring the green Belt and 
Road construction. Some Belt and Road related financial 
institutions, such as the Asian Infrastructure Investment 
Bank, the China-Eurasia Economic Cooperation 
Fund, and the Silk Road Fund could provide more 
financial support for their industry development and 
infrastructure construction, employment opportunities 
promotion, and drive economic growth in these 
countries. In addition, the jointly established Belt and 
Road poverty alleviation fund could be an effective 
resort.

The evaluation model proposed in this study 
could be applied quantitatively for the coordinated 
development analysis between the economic 
development and ecological environment along the Belt 
and Road region, combined with the entropy method 
and spatial statistics tools, and provide a reference 
to evaluate the sustainable development level and its 
geographical distribution for the sample countries. 
However, it will still be a long and ongoing process 
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for the improvement of coupling coordination degree 
model. The regional environmental-economic system 
itself is of a dynamic and complex framework. Further 
evidence of technology, management and politics is still 
required to answer the question. With the establishment 
of environmental monitoring infrastructure and data 
acquisition, and promotion of environmental capacities 
in this region, environmental-economic coupling 
empirical issues need to be further investigated, in 
terms of index and mechanism.

Acknowledgements

This work was supported by the Science & 
Technology Basic Resources Investigation Program 
of China (2017FY101300), the Key Research Program 
of the Innovation Academy for Green Manufacture, 
Chinese Academy of Sciences (IAGM-2019-A16), the 
Strategic Priority Research Program of the Chinese 
Academy of Sciences (XDA20030200), and the National 
Social Science Foundation of China (18VDL010). J. H. 
and F. L. contributed equally to this study.

Conflict of Interest

The authors declare no conflict of interest. 

References

1. National Development and Reform Commission, 
Ministry of Foreign Affairs, and Ministry of Commerce. 
Vision and proposed actions outlined on jointly 
building Silk Road Economic Belt and 21st-Century 
Maritime Silk Road. http://www.mofcom.gov.cn/article/
resume/n/201504/20150400929655.shtml (accessed on 
04.01.2015). 

2. HUANG Y.P. Understanding China’s Belt & Road 
Initiative: Motivation, framework and assessment. China 
Economic Review, 40, 314, 2016.

3. ZHANG N., LIU Z., ZHENG X., XUE J. Carbon footprint 
of China’s belt and road. Science, 357, 1107, 2017.

4. HAN L., HAN B., SHI X., SU B., LV X., LEI X. Energy 
efficiency convergence across countries in the context of 
China’s Belt and Road initiative. Applied Energy, 213, 112, 
2018.

5. SKEA J., NISHIOKA S. Policies and practices for a low-
carbon society. Climate Policy, 8, 5, 2008.

6. HAMDOUCH A., DEPRET M.H. Policy integration 
strategy and the development of the green economy: 
foundations and implementation patterns. Journal of 
Environmental Planning and Management, 53 (4), 473, 
2010.

7. United Nations Environment Programme, Economics and 
Trade Branch. Green Economy Briefing Paper: Indicators. 
https://www.greengrowthknowledge.org (accessed on 
04.18.2012).

8. WANG M.X., ZHAO H.H., CUI J.X., FAN D, LV 
B, WANG G., LI Z.H, ZHOU G.J. Evaluating green 
development level of nine cities within the Pearl River 

Delta, China. Journal of Cleaner Production, 174, 315, 
2018.

9. National Development and Reform Commission, Ministry 
of Environmental Protection, Ministry of Foreign Affairs, 
Ministry of Commerce. Guidance on Promoting the 
Green Belt and Road. http://www.mee.gov.cn/gkml/
hbb/bwj/201705/t20170505_413602.htm (accessed on 
04.26.2017). 

10. FENG T.T., KANG Q., PAN B.B., YANG Y.S. Synergies 
of sustainable development goals between China and 
countries along the Belt and Road initiative. Current 
Opinion in Environmental Sustainability, 39, 167, 2019.

11. HUANG Y.Y. Environmental risks and opportunities for 
countries along the Belt and Road: Location choice of 
China’s investment. Journal of Cleaner Production, 211, 
14, 2019.

12. WENDLING Z.A., EMERSON J.W., ESTY D.C., LEVY 
M.A., SHERBININ A. Environmental Performance Index. 
New Haven, CT: Yale Center for Environmental Law & 
Policy. https://epi.yale.edu/. 2018.

13. DONG S., LI Z., LI Y., SHI G.Y., YU H.L., WANG 
J.L. Resources, environment and economic patterns 
and sustainable development modes of Silk Road  
Economic belt. Journal of Resources and Ecology, 6 (2), 
65, 2015.

14. ZHANG Y., ZHANG J.H., TIAN Q., LIU Z.H., ZHANG 
H.L. Virtual water trade of agricultural products: A new 
perspective to explore the Belt and Road. Science of the 
Total Environment, 622, 2018.

15. ZHOU N., WU Q.S., HU X.P., XU D.Y., WANG X.L. 
Evaluation of Chinese natural gas investment along 
the Belt and Road Initiative using super slacks-based 
measurement of efficiency method. Resources Policy, 67, 
101668, 2020.

16. HUSSAIN J., ZHOU K., GUO S.L., ANWAR K. 
Investment risk and natural resource potential in “Belt 
& Road Initiative” countries: A multi-criteria decision-
making approach. Science of the Total Environment, 723, 
137981, 2020.

17. XU H., QIMANGULI Y., YAO R., WU J. Environmental 
risk analysis and responding strategy for the Belt and Road 
Initiative. Chinese Journal of Environmental Management, 
8, 36, 2016.

18. TRACY E.F., SHVARTS E., SIMONOV E., MIKHAIL B. 
China’s new Eurasian ambitions: The environmental risks 
of the Silk Road Economic Belt. Eurasian Geography and 
Economics, 58, 56, 2017.

19. ZAFAR I., WUNI I.Y., SHEN G.Q., ZAHOOR H., XUE 
J. A decision support framework for sustainable highway 
alignment embracing variant preferences of stakeholders: 
case of China Pakistan economic corridor. Journal of 
Environmental Planning and Management, 2019.

20. TAO Y.H., LIANG H.M., MICHAEL A.C. Electric power 
development associated with the Belt and Road Initiative 
and its carbon emissions implications. Applied Energy, 
2671, 114784, 2020.

21. WANG C., LIM M.K., ZHANG X.Y., ZHAO L.F., LEE 
P.T. Railway and road infrastructure in the Belt and  
Road Initiative countries: Estimating the impact 
of transport infrastructure on economic growth. 
Transportation Research Part A: Policy and Practice, 134, 
288, 2020.

22. ZHANG C.L., CHEN S.F., QIAO H.J., DONG L.H., 
HUANG Z., QU C.Q. Small hydropower sustainability 
evaluation for the countries along the Belt and Road. 
Environmental Development 34, 100528, 2020.



Huang J., Li F.3626

23. IRINA G., IRINA Z. Silk Road Economic Belt and green 
growth in the East of Russia. Journal of Resources and 
Ecology, 7, 342, 2016.

24. XU X., WANG L.L., CAI H.Y. Spatio-temporal 
characteristics of climate change in the Silk Road 
Economic Belt. Resources Science, 38, 1742, 2016.

25. LIU Y.X., ZHAO W.W., HUA T., WANG S., FU B.J. 
Slower vegetation greening faced faster social development 
on the landscape of the Belt and Road region. Science of 
The Total Environment, 697, 134103, 2019.

26. LIU Z.K., LI X. Has China’s Belt and Road Initiative 
promoted its green total factor productivity? Evidence 
from primary provinces along the route. Energy Policy, 
129, 360, 2019.

27. CHEN Y., LIU S.B., WU H.Q., ZHANG X.L., ZHOU 
Q. How can Belt and Road countries contribute to glocal 
low-carbon development? Journal of Cleaner Production 
25620, 120717, 2020.

28. DANISH D. Effects of information and communication 
technology and real income on CO2 emissions: The 
experience of countries along Belt and Road. Telematics 
and Informatics, 45, 101300, 2019.

29. WANG C., WOOD J., GENG X.R., WANG, Y.J., 
QIAO, C.Y., LONG X.L. Transportation CO2 emission 
decoupling: Empirical evidence from countries along the 
belt and road. Journal of Cleaner Production, 2631, 121450, 
2020.

30. KHAN A., HUSSAIN J., BANO S., YANG C.G.  
The repercussions of foreign direct investment, renewable 
energy and health expenditure on environmental decay? 
An econometric analysis of B&RI countries. Journal  
of Environmental Planning and Management, 1, 1, 
2019.

31. CHENG C.Y., GE C.Z. Green development assessment 
for countries along the Belt and Road. Journal of 
Environmental Management, 2631, 110344, 2020.

32. SAUD S., CHEN S.S., SUMAYYA A.H. The role 
of financial development and globalization in the 
environment: Accounting ecological footprint indicators 
for selected one-belt-one-road initiative countries. Journal 
of Cleaner Production, 25020, 119518, 2020.

33. LI Y., LI Y., ZHOU Y., SHI Y., ZHU X. Investigation of a 
coupling model of coordination between urbanization and 
the environment. Journal of Environmental Management, 
98, 127, 2012.

34. QIU J., ZHAO J., WU J. Measurement on the benefits of 
regional land use in China based on coupling relationship. 
China Population, Resources and Environment, 22 (1), 103, 
2012.

35. CHENG J., DAI S., YE X. Spatiotemporal heterogeneity 
of industrial pollution in China. China Economic Review 
40, 179, 2016.

36. BI J., ZHANG S., TANG Y.J. An evaluation model of 
sustainability and its application. Journal of Environmental 
Sciences-China, 18, 30, 1998.

37. CAI N. Study on the criterion and decision making 
model for coordinative development of economy and 
environment. System Engineering-Theory &Practice, 1, 
85, 1999.

38. MORAN P. A. Notes on continuous stochastic phenomena. 
Bimetrika, 37 (1-2), 17, 1950.

39. ANSELIN L. Local indicator of spatial association-LISA. 
Geographical Analysis, 27 (2), 93, 1995.

40. WANG R., CHENG J.H., ZHU Y.L., LU P.X. Evaluation 
on the coupling coordination of resources and environment 
carrying capacity in Chinese mining economic zones. 
Resources Policy, 53, 20, 2017.

41. XING L., XUE M.G., HU M.S. Dynamic simulation and 
assessment of the coupling coordination degree of the 
economy-resource-environment system: Case of Wuhan 
City in China. Journal of Environmental Management, 
230, 474, 2019.

42. LI W.W., YI P.T. Assessment of city sustainability – 
Coupling coordinated development among economy, 
society and environment. Journal of Cleaner Production, 
5620, 120453, 2020.

43. SHI T., YANG S.Y., ZHANG W., ZHOU Q. Coupling 
coordination degree measurement and spatiotemporal 
heterogeneity between economic development and 
ecological environment – Empirical evidence from tropical 
and subtropical regions of China. Journal of Cleaner 
Production, 244, 118739, 2020.


