
Introduction

Under the background of the new normal in 
the economy, social and economic development in 

coastal regions are confronted with inside and outside 
pressures, specifically restriction of the export-oriented 
economy due to the resurgence of international 
trade protectionism and transformation of economic 
development due to the structural adjustment of 
‘address overcapacity, reduce inventory, deleverage, 
lower costs, and bolster areas of weakness’ during the 
period of China’s 13th Five-Year Plan [1-2]. Meanwhile, 
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Abstract

Taking the Economic-Society-Environment system as an open system with complex structures, the 
coordinated relationship of the three subsystems is the prerequisite for regional sustainable development. 
Based on statistical data from 7 cities of the East China Sea and the established evaluation system, the 
comprehensive development level and the coupling coordinative degrees were analysed and predicted 
by R/S analysis. Comprehensive development slightly increased, with a few fluctuations in Jiaxing, and 
all of the coastal cities were in the run-in and improving stages for basically coordinative development, 
except Zhoushan, and were undergoing less imbalanced development in 1995, except Jiaxing, Taizhou, 
Wenzhou and Ningbo. And the comprehensive development of the cities in the eastern region was higher 
than the other, but the coupling and coordinative degree were both δ convergent, which illustrated the 
less regional difference in future. However, the trend of the comprehensive and coupling coordinative 
development of most coastal cities in future will be opposite to that from 1995 to 2015. To realize 
coupling coordinative development, it is necessary to take advantage of national strategies and their 
own competitive advantages and then build an eco-environmental collaborative governance alliance for 
resource saving and establishing an environmentally friendly society.
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the discordance between socio-economic development, 
ecological carrying capacity, and serious environmental 
pollution has aroused wide social concerns due to  
the rapid social and economic development and 
accelerating urbanization [3]. With the implementation 
of ‘the Belt and Road Initiatives’, the coastal cities 
in the southeast region of China are also facing 
an environmental resources crisis and sustainable 
development problems that are affected by the intense 
human activities under the conditions of global 
change and rapid urbanization [4]. In the report of the 
eighteenth national congress of the Communist Party 
of China, the development of an ecological civilization 
has been strongly emphasised and incorporated into, 
the overall plan for advancing socialism with Chinese 
characteristics, the essential requirement of which is 
that human activities should be confined to the limits of 
what nature can cope with and then be properly avoided 
to prevent the occurrence of irreversible ecological 
damage [5]. Zhejiang Province, as a representative in 
the eastern developed provinces of China, has also been 
confronted with the dilemmas of land construction, 
economic growth and ecological degradation [6]. 
Therefore, the coordinative development of an 
ecological environment and socio-economy is a 
necessary means of achieving the objective of the new 
urbanization in coastal regions of the East China Sea, 
as an important part of the Eastern Ocean Economic 
Circle and Yangtze River Delta Economic Circle, and 
maintaining sustainable and sound development. It 
is important to establish an evaluation model for the 
Economic-Society-Environment system of the 7 coastal 
cities and then analyse the trends of their coupling 
coordinative development.

Due to the synthesis of the research on the 
coordination of the socio-economic system, many 
scholars in different academic disciplines, such as 
ecology, geography, economics, and management, have 
performed studies from different perspectives. Foreign 
research on the interaction of the socio-economy 
and the environment is mature. As early as 1987, the 
United Nations Commission on the environment and 
development defined the term ‘sustainability’ and 
popularized the idea that sustainable development 
meets the needs of the present without compromising 
the ability of future generations to meet their own 
needs [7]. Then, the scope and intensity of coupled 
societies and the economy dramatically increased. It 
was found that there is a mutual relationship between 
economic development and resource environment from 
competition to adaptation, which forms an inverted 
U-shape known as the Environment Kuzlitz Curve 
[8]. All human- related resources are embedded in 
complex social-ecological systems, which are composed 
of multiple subsystems and internal variables within 
these subsystems [9]. Later, foreign scholars began to 
focus on subsystems coordination issues with many 
quantitative methods, such as the Input-Output model 

[10], ecological footprint [11-13], energy analysis 
[14-15], to construct an integrative framework and 
comprehensive methods to understand the complexities 
of society-economy interactions and determine the 
interaction mechanisms and influencing factors. Later, 
as the contradiction between economic development 
and the ecological environment in China became acute, 
Chinese scholars began to apply these methods and 
models in multidiscipline. Some scholars focused on the 
evaluation index system of the ecology-economy system 
[16-19], while others paid attention to the coordinative 
development in different regions, provinces, or 
ecological function areas [20-25]. Today, empirical 
research on the comprehensive framework of ecology, 
economy and society is less popular, not to mention 
the dynamic analysis of the coupling development 
and the spatial heterogeneity of the composite system. 
Therefore, based on the statistical data from 7 cities, 
we established the evaluation system of the Economy 
-Society-Environment system to assess the coupling 
coordinative development level of the whole system 
from 1995 to 2015 in the 7 coastal cities of the East 
China Sea in temporal and spatial dimensions and 
predict the trend of their coupling coordinative degree 
via R/S analysis, which provided a scientific basis and 
theoretical support for the sustainable development of 
all 7 coastal cities.

Material and Methods

Study Area

Zhejiang Province is located in the southeast of 
China and has a long coastline of 1.8×103 km [26] and 
a total maritime area of 2.6×105 km2 [27]. There are 
7 coastal cities among the 11 prefecture-level cities 
of Zhejiang Province, including Hangzhou, Jiaxing, 
Shaoxing, Ningbo, Zhoushan, Taizhou, and Wenzhou. 
Due to the central location of the eastern coastal 
developed cities in China, and the T-type junction 
of the Yangtze River Basin, Zhejiang Province has 
superior geographic conditions and regional and 
international strategic transportation. Since the 1980s, 
when the world economy began to focus on the Asia-
Pacific region, Zhejiang Province, as the bond of East 
Asian economic development, attracted domestic 
and foreign investment and developed an industrial 
economy. However, Zhejiang Province has recently 
been confronted with the dilemma of being caught 
between economic acceleration and environmental 
protection. Whilst the provincial government has taken 
some measures, such as building monitoring stations 
and implementing ‘environmental action’, the ecological 
problems caused by its industrial structure with high 
energy consumption and high emissions has not been 
fundamentally solved.



Coupling Coordinative Development Model... 945

Model Description

The Coupling Coordinative Degree Model

According to the scientific nature of index selection, 
the completeness of the index system, and the 
availability of data, referring to the evaluation index in 
‘China Development Report 2015’ [28], the evaluation 
system shown in Table 1 was established to access the 
comprehensive development level of the whole coupling 
system and its subsystems in the 7 coastal cities of 
the East China Sea in the period 1995-2015. The data 
were derived from ‘China Statistical Yearbook’, ‘China 
City Statistical Yearbook’, ‘China Marine Statistical 
Yearbook’, ‘Zhejiang Statistical Yearbook’, ‘Hangzhou 
Statistical Yearbook’, ‘Jiaxing Statistical Yearbook’, 
‘Shaoxing Statistical Yearbook’, ‘Ningbo Statistical 
Yearbook’, ‘Zhoushan Statistical Yearbook’, ‘Wenzhou 
Statistical Yearbook’, and ‘Taizhou Statistical Yearbook’. 
Due to the different dimensions of the original data, 
the data were standardized by the difference method 
to ensure comparability between them. The index (xi), 
which is better when the value is bigger, can be defined 
as the positive indicator, and vice versa as the negative 
indicator.

 (1)

xi’ represents the index values in each index layer (i) 
that has been standardized by the difference method. 

Therein, max(xi) and min(xi) are the maximum and 
minimum values of xi in each index layer(i).

Based on the capacity coupling coefficient model in 
physics, the coupling degree model of the economic-
society-environment system [29] was constructed, 
namely,

   (2)

C represents the coupling degree. Therein, fi(x) is 
the evaluation function of the economic subsystem, 
the society subsystem, and the environment subsystem, 
which are the product of standardized values of the 
three subsystems, and the weights of the indices in the 
three subsystems calculated by the entropy method, 
respectively.

As for the multi-regional comparison, the 
coupling degree is difficult to reflect the coordination 
of the whole coupling system, which leads to the 
inconsistence with the actual situation. Therefore, we 
introduced the coordinative degree model [30] to access 
the development of mutual coordination between the 
economic, society and environment subsystems in the  
7 coastal cities. The formula is,

       (3)

D represents the coordinative degree, which is 
between 0 and 1. T is the comprehensive value of the 
whole coupling system. α, β and γ are the weights of the 

Fig. 1. Location of the study site.
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three subsystems calculated by the analytic hierarchy 
process, which are 0.44, 0.17 and 0.39, respectively.

R/S Analysis

R/S analysis was firstly proposed by Hurst, and 
then further improved by Mandelbrot and Wallis into a 
fractal theory of time series [31-32]. The basic principle 
is that there is a Hurst phenomenon for the time series 
[εt] (1≤t≤T), if the relationship between the range R and 
the standard deviation S is R/S ∝ TH [33]. Thereinto, 
the range R of the variance D(t, T) and the standard 
deviation S of εt are,

             (4)

                    (5)

H is the Hurst exponent, which can be calculated 
using the least squares fitting method in the double 
logarithmic coordinate system (ln n, ln(R/S)).  
If H = 0.5, it indicates that the time series is completely 
random; if 0<H <0.5, it indicates that there is a negative 
tendency in the time series. The closer the H value 

Target Layer Criterion Layer Index Layer

Economy Subsystem

Economic vigour

Per capital GDP growth rate

GDP index

Foreign capital

Economic structure

Percentage of service industry increment in GDP

Percentage of fishery increment in GDP

Percentage of household consumption in GDP

Percentage of high-tech production in industry 

Economic benefit

Percentage of fiscal revenue in GDP

Social labour productivity

GDP per area

Society Subsystem

Urbanization
Urbanization rate

Engel coefficient

Land
Per capita living space

Coverage rate of green area in developed area

Transportation
Turnover volume of waterway freight traffic

Per capita area of paved roads in city

Tourism
Number of tourists

Percentage of tourism income in GDP

Education
Numbers of students in senior schools

Total collections of books in public libraries

Environment Subsystem

Environment quality

Per capita public green area

Per capita arable area

Per capital water resource

Environment pollution

Industrial waste water discharge

Volume of industrial solid waste produced

Industrial waste gas emission

Environment management

Rate of industrial solid waste utilized

Ration of waste water treated

Ratio of consumption wastes treated

Table 1. Evaluation system of the Economic - Society - Environment of the 7 coastal cities.
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is to 0, the more obvious the negative tendency is; if 
0.5<H<1, it indicates that the time series has a positive 
trend. The closer the H value is to 1, the more obvious 
the positive trend.

δ Converge Test

The δ converge test is used to analyse the deviation 
of the regional coupling and coordinative degree from 
their average and the dynamic process, which can be 
calculated by

                  (7)

CV is the index of δ converge test, the ci is the 
coupling degree or the coordinative degree of one 
coastal city in the specific year, n is the total number 
of the cities, and c–   is the average of the coupling degree 
or the coordinative degree of all 7 coastal cities in  
the specific year. The larger CV is, the larger the gap 
of the coupling degree of the coordinative degree in 
different regions. If the CV is in a downward trend, it 
means that there is a δ convergence in these regions.

Results and Discussion

Comprehensive Development Level 
of the Economic-Society-Environment System 

and Its Subsystems

In Fig. 2, for Hangzhou City, the average 
comprehensive evaluation index of the whole system 
was 0.517 with an annual growth rate of 2.16%, 
which continuously increased from 1995 to 2015 and 
represented the better development of the whole system 
in most coastal cities. Before 2009, the development 
of the Environment subsystem was better than that of 
the other subsystems, while development of society has 
exceeded that of the others since then. As for Jiaxing 
City, the comprehensive evaluation index increased 
by 3.39% from 1995 to 2015 with an average value 
of 0.503, but some fluctuations occurred in 1997, 
which were caused by the decline in the economic 
and environment subsystems. During the period  
1995-2003, the development of environment and 
economic subsystems was better than the society 
subsystem, while the society subsystem exceeded the 
economic subsystem in 2004 and the environment 

 
Fig. 2. Comprehensive evaluation index of the Economic-Society-Environment system and its subsystems in 7 coastal cities from 1995 
to 2015. a) Hangzhou City, b) Jiaxing City, c) Shaoxing City, d) Ningbo City, e) Zhoushan City, f) Wenzhou City, and g) Taizhou City.
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subsystem in 2009. As for Shaoxing City, the 
comprehensive evaluation index of the whole system 
rose by 1.51% from 1995 to 2015 with an average value 
of 0.537, and there were some changes during the period 
of 1995-2002 that were mainly caused by the anomalous 
change of environmental development in Shaoxing 
together with the effect of changes in the development 
of the society and economic subsystems. As for Ningbo 
City, the average comprehensive evaluation index of the 
whole system was 0.515, and steadily increased by 3.76% 
from 1995 to 2015, except for a subtle declined value in 
2013 due to an anomaly in the environment subsystem. 
Since 2005, the evaluation index of the environment 
subsystem began to decline, and the society subsystem 
became predominant after 2010. As for Zhoushan City, 
the comprehensive evaluation index first fluctuated and 
then kept at continuous growth, with an annual growth 
rate of 0.93% and an average value of 0.485 from 1995 
to 2015, which was the weakest development of the 
whole system of 7 coastal cities of the East China Sea. 
Especially before 2005, the development of the three 
subsystems was in a state of fluctuation. Throughout 
the whole research period, the development of the 
environment subsystem was better than the other ones, 
while development of society rapidly increased since 
2004. As for Taizhou City, the development of the 
whole system was in a stationary phase compared with 
the other cities. The average comprehensive evaluation 
index was 0.506 with the annual growth rate of 6.07% 
from 1995 to 2014, which was the fastest in all 7 coastal 
cities. Subtle changes in the environment and economic 
development had occurred since 2007, which showed 
the breaking-in period between the rapid economic 
development and the environmental protection. As for 
Wenzhou City, the development of the whole system 
was in a relatively stationary phase, with an annual 
growth rate of 3.28% and the average value of 0.503, 
while the development of the three subsystems was 

variable from 1995 to 2014. Before 2006, development 
of the environment subsystem was the best, and 
development of society became the best after 2006.

Coupling Coordinative Development Level 
of the Economic-Society-Environment System

The coupling degree of the Economic-Society-
Environment system in these cities, which has been 
calculated by Equation 2 (Fig. 3), basically increased 
from 0.4 to 0.5, which indicated the run-in and 
continuously improving stage between the ecological 
environment and the socio-economic development, 
except for Shaoxing City, which drastically fluctuated in 
2000 and 2001. The relationship between the Economic, 
Society, and Environment subsystems of Shaoxing 
was not very close, with less reliance on each other. 
In 2000, the coupling degrees of Hangzhou, Ningbo, 
Wenzhou, Jiaxing, Shaoxing, Zhoushan, and Taizhou 
were 0.483, 0.46, 0.488, 0.469, 0.39, 0.48, and 0.472, 
respectively, while there were obvious fluctuations 
in most of the coastal cities except Zhoushan before 
2000. Due to the one-sided pursuit of GDP growth and 
heavy industry development without the consideration 
of environmental protection, a series of ecological 
environment destruction and pollution events had 
occurred, leading to peoples’ environmental protection 
consciousness. Since then, the coupling development of 
the Economic-Society-Environment system in all of the 
coastal cities had been improved because of the good 
opportunity for the socio-economic development and 
the ecological restoration.

During the period of 1995-2015, all coordinative 
degrees calculated by Equation 3 (Fig. 4) remained 
between 0.3 and 0.6, and the average coordinative 
degree of each coastal city was 0.493, which indicated 
the basically coordinative development of the Economic 
-Society-Environment system, and the increasing trend 

Fig. 3. Coupling degree of the Economic-Society-Environment system in 7 coastal cities from 1995 to 2015.
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showed potential development in the future. Before 
2000, the coordinative degrees of Shaoxing, Hangzhou, 
Zhoushan, Ningbo and Wenzhou were higher, and there 
were obvious fluctuations in most cities except Ningbo 
and Wenzhou, which were ascribed to the imbalance 
in socio-economic development and environmental 
carrying capacity in the initial developing phase. The 
coordinative development of the three subsystems in 
most of the coastal cities was in rising and stable stages 
since 2000, with small fluctuations in the period of 
2000-2006 and 2012-2015, which illustrated that there 
was a better coordinated relationship of socio-economic 
development and environmental protection in these 

cities due to the superior technology, good support 
policy and abundant natural resources.

As for the comparative multi-regional study, 
only considering the coupling degree might lead to 
difficulty in reflecting the overall coordination level of 
the complex system, and the bias between the research 
results and the actual situation. Hence, on the basis of 
the coupling degree, the coordinative degree should be 
considered together (Fig. 5). According to the situation 
of the coupling coordinative degree in all 7 coastal 
cities and the standard for the classification of coupling 
degree, for 1995, 2005 and 2014, all of the coastal cities 
stayed in the antagonistic phase, which meant that the 

Fig. 5. Characteristics of the coupling degree and coordinative degree of the Economic-Society-Environment system in 7 coastal cities 
in 1995, 2005, and 2014. (1) According to the relevant literature (Wang and Tang, 2015; Xie, Chen and Li, 2016; Sun et al., 2017; Bi, 
Yang and Liu, 2017), the coupling degree is between 0.2 and 0.5, which is classified into the antagonistic phase. (2) The coordinative 
degree is 0.2-0.4, 0.4-0.5, and 0.5-0.6, which is classified into moderate imbalance, low imbalance and basic coordination, respectively. 
(3) Different colours represent different cities, Black-Hangzhou, Grey-Ningbo, Green-Wenzhou, Purple-Jiaxing, Blue-Shaoxing, 
Orange-Zhoushan, and Light Blue-Taizhou; (2) due to the missing data for Wenzhou and Taizhou in 2015, the coupling degree and the 
coordinative degree of the Economic-Society-Environment system in 2014 were chosen for comparison to 1995 and 2005.

Fig. 4. Coordinative degree of the Economic-Society-Environment system in 7 coastal cities from 1995 to 2015.
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ecological environment might be slightly damaged and 
the environmental carrying capacity decreased with 
the rapid socio-economic development. In 1995, the 
three subsystems of Jiaxing, Taizhou, Wenzhou and 
Ningbo were moderately imbalanced, while these of 
the other three cities were less imbalanced. In 2005, 
the three subsystems of all of the coastal cities were 
basically coordinative, while these of Zhoushan in 
2005 were slightly imbalanced. All of the coastal cities 
except Zhoushan have fully seized the opportunity 
of social-economic development and strengthened 
environmental protection, which have significantly 
improved the coupling coordination degree. In 2014, the 
three subsystems of all the coastal cities were basically 
coordinative, which illustrates the growing trends of the 
coupling coordinative development of the Economic-
Society-Environment system in all cities.

Trends in the Coupling Coordinative Degree 
of the Economic-Society-Environment System

The R2 values mean that the prediction accuracy of 
the R/S analysis is high and the fitting effect is good. 
In Fig. 6, as for the R/S analysis on the comprehensive 
evaluation index, the values of H for Hangzhou, Jiaxing, 
Shaoxing, Ningbo, Zhoushan, Wenzhou, and Taizhou 
were 0.3387, 0.3417, 0.308, 0.3492, 0.356, 0.3421, 
0.3614, respectively, which were all below 0.5. The 
comprehensive evaluation indices of some cities, such as 
Zhoushan, Taizhou and Wenhou, decreased since 2013. 
In addition, the trend of comprehensive development in 
all of the coastal cities in the future will be opposite that 
from 1995 to 2015, which indicates that comprehensive 
development in all of the coastal cities will follow a 
decreasing trend. However, the H values are all closer 
to 0.5, which means the decreasing trend is not obvious. 
As for the R/S analysis on the coupling degree, the 
values of H for Hangzhou, Jiaxing, Shaoxing, Ningbo, 
Zhoushan, Wenzhou, and Taizhou were 0.4827, 0.4345, 
0.269, 0.3382, 0.329, 0.5386, and 0.4225, respectively, 
which were all less than 0.5 (except Wenzhou). These 
data show that the coupling degree of all cities except 
Wenzhou will follow an inconspicuously decreasing 
trend. However, the value of H for the coupling 
degree of Wenzhou was close to 0.5, which indicated 
that the increasing trend is not obvious and might be 
unsustainable under the abnormal changes in external 
influence factors in the future. While the negative 
trend of the coupling degree in Shaoxing was relatively 
obvious, more attention should be paid to adjusting 
the mutual development between the socio-economic 
growth and the environmental carrying capacity. As 
for the R/S analysis of the coordinative degree, the 
values of H for Hangzhou, Jiaxing, Shaoxing, Ningbo, 
Zhoushan, Wenzhou, and Taizhou were 0.3554, 0.3587, 
0.3014, 0.3485, 0.3568, 0.3672, and 0.3721, respectively, 
which was similar to the comprehensive evaluation 
index in all coastal cities. To guarantee the coordinative 
development of the Economic-Society-Environment 

system, importance should be attached to ecological 
protection and environmental improvement on the basis 
of economic development, infrastructure construction 
and education promotion.

Spatial Heterogeneity andδConverge Tests

The comprehensive evaluation indices of the 
Economic-Society-Environment system slightly 
increased in most coastal cities, with a few 
fluctuations in Jiaxing, while a decreasing trend 
in the comprehensive development occurred in 
Zhoushan, Taizhou and Wenzhou since ca. 2013. 
Taking the three subsystems into consideration, social 
development in Jiaxing, especially the public services 
and infrastructure construction, is better than in other 
cities, but has brought pressure on the environment and 
resulted in the decrease of the environment subsystem. 
As for Zhoushan, with a good ecological environment 
but relatively weak industry, its ecology subsystem is 
higher than that of other cities while a descending trend 
occurred recently. Economic development in Taizhou 
and Wenzhou was significantly higher than the other 
cities, but high pollution and energy consumption 
industries brought large pressure to the ecological 
environment, which results in negative effects on the 
coordinative development in the two cities.

To estimate whether there was spatial heterogeneity 
or not, the spatial distribution of the comprehensive 
development level in all of the coastal cities (Fig. 7) 
showed that there were obvious differences in the 
comprehensive development of 1995, 2005, and 2014. 
Overall, the comprehensive development levels of each 
coastal city increased from 1995 to 2014. Hereinto, 
the comprehensive development level of each city was 
lower than in 2005 and 2014 with significant regional 
differences, which manifested that the comprehensive 
development of the cities in the eastern region 
was higher than the other and the comprehensive 
development level of Taizhou was the lowest in all of 
the coastal cities in 1995. However, the comprehensive 
development of all of the coastal cities in 2005 and 2014 
was almost in the same level, except for Zhoushan in 
2005. The coupling coordinative degree model portrays 
the statues among economic, society, and ecology 
subsystems, and provides a holistic view of the evolution 
trajectory for combing sustainable theory with the 
actual situation [34]. As for the coupling coordinative 
development, all of the coastal cities were in the run-
in and improving stage with basically coordinative 
development in 2005, except for Zhoushan, and 2014, 
while with the basically coordinative development in 
1995, except Jiaxing, Taizhou, Wenzhou and Ningbo. 
During the period of 1995-2015, the coupling degree 
of the Economic-Society-Environment system in these 
cities basically increased, except Shaoxing City, which 
drastically fluctuated in 2000 and 2001. The increasing 
trend of most coordinative degrees with few fluctuations 
showed potential development in the future. Due to the 
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Fig. 6. R/S analysis of the comprehensive evaluation index, coupling degree, and coordinative degree of the Economic-Society- 
Environment system in 7 coastal cities from 1995 to 2015. (1) Comprehensive evaluation index, (2) Coupling degree, (3) Coordinative 
degree. The values of H are the coefficients of the linear regression equations.
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differences in the coupling degree and coordinative 
degree of all 7 coastal cities, the δ converge test was 
chosen to measure the regional differences in the 
coupling and coordinative degrees (Fig. 8).

As for the coupling degree, the δ values first 
decreased from 0.052 in 1995 rapidly and then slightly 
decreased to 0.006 in 2014 after 2002, although there 
were mutant values because of the drastic fluctuations 
of Shaoxing in 2000 and 2001, which illustrated that 
the coupling degree was δ convergent. However, 
for the coordinative degree, the δ values fluctuated 
continuously, in spite of basically descending from 
0.13 in 1995 to 0.021 in 2014, which indicated that the 
coordinative degree was also δ convergent, although 
more obvious differences among the coordinative 
degrees of these cities can be observed compared to the 
coupling degrees.

Conclusions

This study provides an updated coupling 
coordinative degree model for quantifying sequential 
coastal cities development in multi dimensions based 

on the evaluation system of the Economic-Society-
Environment. Furthermore, this model explored the 
interdependencies and trends among the integrated the 
Economic-Society-Environment from 1995 to 2015, and 
proved to be viable for characterizing the socioeconomic 
and environment dynamics of the 7 coastal cities in the 
East China Sea. Comprehensive development slightly 
increased in most coastal cities, with a few fluctuations 
in Jiaxing, and all of the coastal cities were in the run-
in and improving stages with moderately coordinative 
development in 2005 and 2014, except Zhoushan, and 
basically coordinative development in 1995, except 
Jiaxing, Taizhou, Wenzhou and Ningbo. However, 
the trend of the comprehensive and the coupling 
coordinative development in most of the coastal cities 
will decline, which is not obvious. The results indicate 
the importance of a low-carbon and circular economic 
development pattern under the pressure of natural 
resources reduction and rapid urbanization. For the 
environmentally backward cities, such as Wenzhou 
and Jiaxing, the rapid industrial development and the 
disorderly spread of cities have exerted great pressure 
on the ecological environment. In the future, it is urgent 
to change the economic development mode and relieve 
the pressure on the environment, including controlling 
energy consumption, strictly monitoring waste 
discharge, improving the comprehensive utilization 
rate of solid waste, and increasing investment in 
environmental protection and public facilities. Social-
economic backward cities, such as Zhoushan, should 
focus on promoting economic development and urban 
construction, including raising the proportion of the 
urban population and employment in secondary and 
tertiary industries, improving infrastructure and public 
services, and increasing the local financial income, to 
accelerate the process of social-ecological development 
and then narrow the gap with other cities as soon as 
possible.

Additionally, to realize the coupling coordinative 
development of all 7 coastal cities, it is necessary to take 
advantage of national strategies, such as the Hangzhou-
Jiaxing-Huzhou Economic Zone, national innovation 

Fig. 7. Distribution of the comprehensive development level of the Economic – Society – Environment system in 7 coastal cities in 1995, 
2005, and 2014.

Fig. 8. Estimation of the convergence of the coupling and 
coordinative degree of the Economic-Society-Environment 
system in 7 coastal cities from 1995 to 2014.
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development of marine economy in Zhoushan and 
Ningbo, Free Trade Zone Strategy in Zhoushan, 
and Innovation development of Integrated Costal 
Management in Wenzhou, giving full play to their 
own competitive advantages in ecological resources, 
traffic location, and economic foundations. In the 
perspective of sustainable eco-economic development, 
the transformation of the economic development mode 
should be considered to promote the policy of energy 
conservation and emission reduction by upgrading 
industrial technology. Meanwhile, all 7 coastal cities 
of the East China Sea should enhance their cooperation 
on the basis of socio-economic development to share 
resources and complement each other’s advantages 
and then build an eco-environmental collaborative 
governance alliance to construct a resource-saving and 
environmentally friendly society, with the aim of highly 
coordinated development of the Economic-Society-
Environment system in all 7 coastal cities.
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