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ABSTRACT

Local governments in China have been presented with an opportunity to become more sustainable
through the program of China National Sustainable Communities (CNSCs). This program is aimed at
guiding CNSCs toward sustainable development among resources, economy, environment and soci-
ety. This article is focused on coordinated development patterns of CNSCs, in which the integrated
coordination of CNSCs was analyzed. The entire process of the coordinated development of CNSCs
being taken as object of study, the concept of coordination degree for CNSCs was proposed and a
coordination degree evaluation system framework for CNSCs was built, which was divided into four
subsystems, namely resource, economic, environment and social subsystems. Furthermore, a coordi-
nation degree evaluation indicator system for CNSCs was set up and the index weight was calculated
based on component importance with the method of Principal Components Analysis used for data
analysis. Finally, an evaluation model for coordination degrees of CNSCs was established. Besides,
a hierarchy for coordination degrees to evaluate sustainable development levels was also set up. For
application of the proposed model and the hierarchy for coordination degrees of CNSCs, two national
sustainable communities, Chengmai county and Baisha county in Hainan Province, were analyzed for
case study.
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1 INTRODUCTION
The traditional pattern of industrialization and urbanization in China, characterized by high
input, consumption and emission, is not able to meet the needs of development. There is an
urgent demand to explore new development patterns, which can help achieve coordinated
development among resources, economy, environment and society. As a practice of sustain-
able development strategies in China, the program of China National Sustainable Communities
(CNSCs) has received increasing concerns from governments and experts.

In 1986, CNSCs was introduced by the government of China as a national program for
comprehensive demonstration of sustainable development. This program is aimed at explor-
ing mechanisms and patterns for coordinated development among resources, economy,
environment and society in different types of regions and providing demonstrations for
implementation of sustainable development strategies [1, 2]. It allows mechanism innovation
and decision making by local governments, combined with local characteristics, to correct
and reduce contradiction and incongruity in the process [3].

Sustainable development is a crucial and necessary choice for China. As a sustainable
development demonstration, the program of CNSCs has achieved an increasingly signifi-
cant progress over 30 years. By 2015, the program of CNSCs has already developed into
an enormous network platform for sustainable communities with 189 CNSCs distributed
in 31 provinces and 145 cities in China. Figure 1 shows the geographical distribution of
CNSCs.

China is exploring theory and practice actively in the fields of addressing urban climate
change and sustainable development [4]. Based on the characteristics of China, experts
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Figure 1: Distribution of CNSCs in China.

conducted extensive related research from perspectives of urban planning, building design,
transportation planning and social participation [5, 6]. Some practical theories and tech-
nologies applied to China were presented, which provided theoretical and technical supports
for the planning and construction of CNSCs. Monitoring and evaluating the status and
degree of sustainable development were not only the basis for integrated decision-making
and coordination management mechanism of sustainable development but also the founda-
tion for implementation of sustainable development strategies [7]. Coordinated development
is the core content of sustainable development and the evaluation of coordination degrees is
applicable to the sustainable assessment of urban ecological systems and economic systems
[8]. The research on coordinated development mechanisms and evaluation methods for
coordination degrees of CNSCs contributes to tackling sustainable-related problems in
China.
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2 METHODOLOGY
2.1 Definition of Coordination Degree and Technical Route for Evaluation

Coordination refers to the harmonious and virtuous-cycle relationship between two or more
kinds of subsystems or elements in a system [9]. Coordinated development refers to an evolu-
tion process from junior to senior, from simplicity to complexity or from disorder to order
based on the harmonious and virtuous-cycle relationship between subsystems or elements in
a system [10]. Consequently, the system coordination of CNSCs refers to an orderly state,
characterized by sustainable utilization of resources, sustainable growth of economy, sustain-
able improvement of environment and sustainable development of society, which can be
achieved by reaching the coordination status among the subsystems of resources, economy,
environment and society or elements of a system in the process of development and
evolution.

Sustainability is a continuous optimization process with the change of economy, society
and environment rather than a fixed state [11]. From the angle of system theory, sustainable
development refers to development at a higher level, which is based on coordinated develop-
ment of subsystems of resources, economy, environment and society [12]. CNSCs become
the carrier of sustainable development. In the development process of CNSCs, sustainable
utilization of resources, sustainable growth of economy, sustainable improvement of environ-
ment and sustainable development of society play important roles. Therefore, sustainable
communities are defined as an open system made up of four subsystems, namely resource
subsystem, economy subsystem, environmental subsystem and social subsystem. The four
subsystems influence and interact with each other, jointly promoting the improvement and
optimization of sustainable communities constantly.

Coordination degree, reflecting the harmony degree among subsystems or elements in a
system in the development process and the tendency of systems from disorder to order, is
taken as a quantitative index to evaluate system coordination [13]. The coordination degree
of CNSC:s refers to the degree of harmony reached through coupling relationship between
subsystems (i.e. coordination of various subsystems) in the construction process of CNSCs.
The calculation of system coordination of CNSCs includes four stages. At the first stage, the
evaluation index reflecting the development level of CNSCs is established. Next, the method
of Principal Component Analysis (PCA) is used to determine the weight of indicators. Meas-
urement of the development level for all subsystems and their coordination is the main
priority at the third stage. Finally, the system coordination degree of CNSCs is computed
based on all our previous work.

2.2 Evaluation index for coordination degrees of CNSCs

Based on the ‘construction and planning index system of CNSCs’ [2] issued by the
Administrative Center for China’s Agenda 21 and the ‘innovation capability evaluation index
system of CNSCs’ [14, 15] issued by Department of Social Development of Ministry of
Science and Technology, we proposed the coordination degree evaluation index system
(Table 1) through index selection and improvement. Here, the new evaluation index system
of CNSCs was divided into four subsystems: that is, resources subsystem (B D economic
subsystem (B,), environmental subsystem (B,) and social subsystem (B,).
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Table 1: Evaluation index system of CNSCs.

Objective

Subsystems

Index

A: Coordination
degree of CNSCs

B,: Resources sub-
system

Chor:

Choxt
Clost
C

104°

Clost

Cioe:

Population family planning rate (%)
Natural population growth rate (%o)
Forest coverage (%)

Per capita area of cultivated farmland
(acres)

Energy consumption amount per unit
output value of ten thousand Yuan(tons
of standard coal equivalent, TCE)

Water consumption amount per unit
output value of ten thousand Yuan (ton)

B,: Economic
subsystem

Coor:
C
Coosl
(%)

C

202°

204+

Coost

Cooe:

Annual growth rate of GDP (%)
Per-capita GDP (ten thousand yuan)

Locally budgetary revenue growth rate

Proportion of GDP accounted for by
added value of the tertiary industry (%)

Per-capita disposable income of urban
households (yuan)

Per-capita net income of rural residents
(yuan)

B;: Environmental
subsystem

Cyor:

Cypa!
Cyost

Cyoat

Cypst
(%)

Cso60

Standard discharge rate of industrial
wastewater (%)

Treatment rate of domestic sewage (%)

Standard discharge rate of industrial
gases (%)

Comprehensive utilization rate of indus-
trial solid waste (%)

Treatment rate of household garbage

Per-capita green area of public places
(square meter)

B,: Social
subsystem

Cyor:
(%)

C
C

402

403°

Registered urban unemployment rate

Utilization rate of tap water (%)

Coverage rate of old-age insurance for
urban workers (%)

(Continued)
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Objective Subsystems Index

C,o4: Coverage rate of social old-age insur-
ance for farmers (%)

C,os: Number of health workers per thousand

population (person)

405°

C,p6: Cable TV coverage of the population (%)

Cuor’
C,o5: Crime rate (%o)

Aeonatal mortality rate (%o)

C,o: Proportion of fiscal expenditure
accounted for by triple expenses
concerned about science and
technology (%)

C,,o: Proportion of every ten thousand popu-
lation accounted for by college degree or
above population (%)

C,,,: Proportion of fiscal expenditure account-
ed for by education spending (%)

C,,,: llliteracy rate among young and
middle-aged people (%)

The data need to be normalized by eqn (1).
Z. =—4 7 (1)

where X refers to the original value of Index j, m; refers to the average value of Index j in a
selected period of time and Sj refers to the standard deviation of Index j.

e
In addition, the conditions Wf >0, Z wf =1 needs to be met, where wf refers to the weight
j=1
of Index j in System k calculated by the method of PCA.

Some parameters, such as characteristic value, variance contribution rate and accumulated
variance contribution rate of components, need to be computed, and the components with
their accumulated variance contribution rates more than 90% are recognized as principal
components. Then, the variance contribution rates of principal components are used to obtain
the coefficient of indexes in linear combination. After normalization, the weight of indexes is
calculated.

Equation (2) is used to calculate the development level of four subsystems, namely
resources (re), economy (ec), environment (en) and society (o).

2w}zj,ke re,ec,en, so} 2)
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Table 2: Five levels of coordination degree for CNSCs (U).

Coordination | ' 1 50 021-040  041-0.60  0.61-0.80  0.81-1.00
degree(U)

Coordination Serious Medium Basic Good Excellent
level imbalance imbalance  coordination coordination coordination

where SD, refers to the development level of System k and wf refers to the weight of Index j
in System k.
Equation (3) is used to calculate the coordination degree between all subsystems.

U =1 [sD.-5)| 0<U. <lij=1-4i=] 3)
""" max(sp.sp)) 7T b=

where U refers to the coordination degree between System i and System j, 0 < U, <1.
The formula for the coordination degree for the sustainable development of CNSCs is
expressed in eqn (4):

3 4
v=1%3yu, @
65 j=i+l
where U refers to the coordination degree for the sustainable development of CNSCs,
0<U, <L
If the development level of four subsystems (resources, economic, environmental and
social) tends to be in harmony, the coordination degree of CNSCs (U) is in a higher level; on
the contrary, if the development level of four subsystems tends to be imbalance, the coordina-
tion degree of CNSCs (U) is in a lower level. When four subsystems tends to be perfect
coordinate, U =1; on the contrary, once four subsystems tends to be completely uncoordi-
nated, U =0. Based on the principle of clustering analysis and five-level grading method [16],
the coordination degrees of CNSCs (U) are divided into five levels (Table 2).

3 DATA PROCESSING
3.1 Data sources

The sustainable communities in Chengmai County and Baisha County of Hainan Province
were taken for case study on the coordination degree of CNSCs. Chengmai County and
Baisha County were approved as national sustainable communities in 2013 and 2014, respec-
tively, and have received extensive attention from experts for their uniqueness of tropical
islands. Commissioned by the Department of Science and Technology of Hainan province,
our team from Huazhong University of Science and Technology prepared the construction
plan for the sustainable communities in Chengmai County and Baisha County.

Chengmai County is located in the northwest of Hainan Island with 114.33 km of coastline
and abundant ecological and historical resources. Baisha County is a typical minority auton-
omous county located in the west center of Hainan Island. Table 3 shows the construction
status of the sustainable communities in Chengmai County and Baisha County.

All related data are from ‘Construction Plan of National Sustainable Community of Cheng-
mai County (2012-2016)’ [17] and ‘Construction Plan of National Sustainable Community
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Table 3: Construction status of sustainable communities in Chengmai County and Baisha
County.

Item Chengmai County Baisha County

Protection of resources and environ-
ment in ecological core areas, inheri-
tance of the Li nationality culture and
improvement of people’s livelihood in
the tropical island area of China

Development of ecological indus-
tries and improvement of urban and
rural livelihood at the county scale
in the tropical island area of China

Subject

Intensive ecological agriculture base
. o Processing and trade base of green
New industrialized county . & &
. . agricultural and forestry products
.. Leisure and low-carbon tourism . . .
Objective count Leisure and longevity preservation
Y tourism resort

Demonstration base of high-effi- .
. . . Demonstration area of ecology protec-
ciency tropical agriculture tion

Ecological county

Protection of environment and natural
resources

Tropical eco-agriculture

Ecological tourism industry

Social issues and people's livelihood
Protection and inheritance of Li nation-
ality culture

Ecological agriculture

New industries

Low-carbon tourism industry
People's livelihood

Priority

of Baisha County (2014-2018)’ [18]. The planned construction period for the sustainable
communities in both counties is 5 years, and the base year for index calculation was 2011 and
2013, respectively.

3.2 Results from model

3.2.1 Data analysis

By the method mentioned in Section 2, the program SPSS v19.0 was used to process the data
from the national sustainable communities in Chengmai County and Baisha County from
2011 to 2018. Table 4 illustrates the weight of all indexes.

3.2.2 Calculation of coordination degrees
Equation (2) was applied to calculate the levels of sustainable development for all subsystems
with the results shown in Table 5.

Equation (3) was applied to calculate the coordination degrees among all subsystems with
results shown in Table 6.

The results show that the coordination degree for the sustainable community of Chengmai
County in 2011 is 0.531, which belongs to the level of Basic Coordination according to Table
2, whereas the coordination degree of the sustainable community of Baisha County in 2013
is 0.650, which belongs to the level of Good Coordination. Although Chengmai County was
better than Baisha County in the aspects of economic foundation and resources, Chengmai
County was worse in system coordination of development.
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Table 4: Component matrix.

929

Index Integrated score Weight . Integrated score Weight

Chengmai Baisha Chengmai Baisha Chengmai Baisha Chengmai Baisha
Ciol 0.899 0.899 0243 0243 C,, 0900 0.900 0.167 0.167
Cin -0.902  -0.902 0.013  0.013 C,,; 0885 0.885 0.166 0.166
Cios 0.902 0902 0244 0244 C,,c 0902 0902 0.167 0.167
Cios -0.900 -0.900 0.013  0.013 C,, 0.894 0.894 0.141 0.141
Cios 0.902 0902 0244 0244 C,,, 0.849 03849 0.138  0.138
Cio6 0.902 0902 0244 0244 C,; -0.868 -0.868 0.010  0.010
Cyoo 0.900 0900 0.199 0199 C,, -0.782 -0.782 0.016  0.016
Com 0.900 0900 0.199 0199 C,,; -0.809 -0.809 0.014  0.014
Cyos 0.872  0.872 0.196 0.196 C,, 0.838 0338 0.137 0.137
Cou -0.863 -0.863 0.014 0014 C,, 0812 0812 0.135 0.135
Cyos 0.860 0.860 0.195 0.195 C,,, 0740 0740 0.130  0.130
Coo6 0879 0879 0.197 0.197 C,, 0699 0.699  0.127  0.127
Cyo1 0.902 0902 0.167 0.167 C,, -0560 -0.560 0.033  0.033
Con 0.898 0.898 0.167 0.167 C,, -0560 -0.560 0.033  0.033
Cyos 0901 0901 0167 0.167 C,, 0160 0.160 0.086  0.086

Table 5: Sustainable development level of subsystems.
Resource system  Economic system Environmental Social system

Time system

Chengmai Baisha Chengmai Baisha Chengmai Baisha Chengmai Baisha
2011 2.071 2.078 0.469 1.468
2012 2.018 1.346 1.312 1.417
2013 1.927 0.518 1.618 0.905 1.937 0.251 1.971 0.268
2014 1.874 0.716 1.930 0.490 2473 0.450 2.171 0.779
2015 1.978 0.945 2.309 0.673 2.814 0.599 2.364 0.888
2016  2.133 1.163 2.718 0.924 2.996 0.985 2.609 1.123
2017 1.375 1.334 1.669 1.259
2018 1.284 1.675 2.045 1.684

Table 6: Coordination degree.
Region 2011 2012 2013 2014 2015 2016 2017 2018
Chengmai 0.531 0.812 0.908 0.857 0.839 0.842

Baisha

0.650 0.837

0.851

0913 0.895 0.841
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3.2.3 Development trend analysis

According to Table 5, the coordination degrees for both Chengmai County and Baisha County
rise significantly from 0.531 in 2011 to 0.908 in 2013 and from 0.650 in 2013 to 0.841 in
2018, respectively, after the planned construction is completed. The state of coordinated
development tends to be stable, and the coordination between the subsystems has been effec-
tively improved, as shown in Fig. 2.

Coordination degree of CNSCs
1.000 +
0.900 -
0.800
0.700 -
0.600 -
0.500
0.400 -
0.300
0.200
0.100
0.000 T T T T T T T ]
2011 2012 2013 2014 2015 2016 2017 2018
=¢—Chengmai Baisha
Resource-economy subsystem cocrdination degree onment subsy cocrdination degree
1.200 1.200
1.000 1.000
0.800 M 0.800
0.600 0.600 -
0.400 0.400
0.200 0.200
0.000 0.000
2012 2013 2014 2015 2016 2017 2018 2011 2012 2013 2014 2015 2016 2017 2018
Resource-social subsystem cocrdination degree E y ) degree
1.200 1.200
1.000 1.000
. m .
0.600 - 0.600 |
0.400 0.400
0.200 0.200
0.000 T 0.000 T ]
2011 2012 2013 2014 2015 2016 2017 2018 2011 2012 2013 2014 2015 2016 2017 2018
Economy-social subsystem cocrdination degree E ial coc| degree
1.200 1.200
1.000 1.000 |
0.800 M 0.800 |
0.600 0.600 |
0.400 0.400
0.200 0.200
0.000 -+ 0.000 T
2011 2012 2013 2014 2015 2016 2017 2018 2011 2012 2013 2014 2015 2016 2017 2018

Figure 2: 2011-2018 cooperation level of National Sustainable Communities in Hainan
Province.
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4 CONCLUSIONS
In the 1980s, China started its environmental protection policies and sustainable development
strategy. CNSCs, as the primary national program for comprehensive demonstration of sus-
tainable development, achieved an increasingly significant progress since 1986 and lack of a
set of appropriate evaluation methodology.

In this article, the concept of coordination degree for CNSCs was proposed, an evaluation
index system for coordination degrees of CNSCs was set up and a hierarchy for coordination
degrees to evaluate sustainable development levels was presented (e.g. see Tables 1 and 2).
Besides, the evaluation index system for coordination degrees of CNSCs is based on the
resource, environment, economic and social subsystems, which can identify the main factors
that affect coordinated development of CNSCs and can also weaken the influences caused by
the differences in economic and social levels between different regions from the results of
evaluation and comparison. The evaluation model for coordination degree of CNSCs has
good comparability and operability and can provide decision support for evaluation of coor-
dinated development ability, improvement of management level and promotion of construction
experiences of CNSCs.

CNSCs have already developed into an enormous network platform for sustainable com-
munities (e.g. see Fig. 1), which distribute in different regions and include various development
types. To achieve coordinate development among resources, economy, environment and soci-
ety is the objective for CNSCs in the future. At last, some policy implication for CNSCs was
presented: (1) stimulate sustainable technology innovation and application in CNSCs; (2)
encourage CNSCs to explore environmental governance innovation mechanism; (3) attach
great importance to the undeveloped and resources-rich region; (4) promote social participa-
tion in the planning and construction of CNSCs.
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