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Abstract: The aim of investigating the coordination of the complex system constituted by resources,
environment, ecology, economy and society subsystems (CSR3ES), is to achieve sustainable
development by: (1) describing the complicated relationships of the inner-subsystems and
inter-systems; (2) designing the calculation method of the coordination degree for CSR3ES;
(3) analyzing its developing trends from a macro point of view through comprehensive coordination
degree; and (4) to determine the direction of system restoration from a micro point of view
based on the inner-subsystem and inter-subsystem coordination degree, and to develop specific
improvement strategies. By setting a province-level administrative region as a decision-making unit
(DMU), the nationwide coordination of CSR3ES was studied. The main conclusions are: (1) The
coordination degree between the subsystems is directly influenced by interactions between the
elements. (2) Within the provinces and autonomous regions (PARs) in China, the levels of coordinated
development of inter-subsystems are high, while the coordinated development between the elements
within a single subsystem level are low. Furthermore, a positive coherent effect is exerted on the
comprehensive coordination degree of CSR3ES by the inter-system synergistic effects. (3) In terms
of spatial correlation, five comprehensive coordinated development modes of CSR3ES are formed:
the northeast regional coordination mode group; the northwest regional uncoordinated mode group;
the southeast regional coordination mode group; the central regional random mode group; and the
Beijing-Tianjin-Hebei polarization mode.

Keywords: complex system; sustainable development; index system; coordination degree;
coordination management

1. Introduction

Currently, many complicated issues face the world’s population. These issues include resource
problems (over-exploitation of resources, waste of resources, etc.), environmental issues (air pollution,
water contamination, etc.), ecological problems (loss of biodiversity, ecology damage, etc.), economic
issues (imbalance of economic development, etc.) and social issues (uneven distribution of social
resources, etc.). All of these issues are caused, to a large extent, by serious incoordination of the complex
system constituted by resources, environment, ecology, economy, and society subsystems (CSR3ES).
When the connection and coordination of one or more subsystems occurs, subsystem independence
prevails, which leads to the abnormal operation of the entire complex system [1]. The complicated
issues that affect national development can only be successfully solved through the cross-synthesis of
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subjects. This will therefore enable the traditional disciplinary boundaries to be broken; it will improve
the awareness and understanding of CSR3ES; it will regulate the internal relationships between the
subsystems; it will achieve coordinated inter-subsystem operations; and it will restore the entire system
into a highly ordered state where “unity” occupies a dominant position.

Sustainable development is an ideological innovation, as well as being a rational development
mode proposed after rethinking the uncoordinated development phenomena of the resources,
environment, ecology, economy and society (REEES) [2,3]. The coordinated development of a complex
system is a process through which the system, or the elements of the system, evolves from simplicity
to complexity, from a low to a high level, and from disorder to order on the basis of the coordination,
collaboration and virtuous cycle [4]. In order to attain the target of sustainable development,
the coordinated development of REEES has to be initially achieved. Coordinated development
is a precondition and necessary guarantee of sustainable development, and only a coordinated
development can be a sustainable development [5,6]. Therefore, coordination is essential for sustainable
development, any actions that are detrimental to achieving coordinated development should be
adjusted and controlled in order to reasonably exploit and sustainably utilize natural resources; to
effectively improve and protect the environment; and to achieve a balanced ecosystem, a healthy and
orderly economic development, and a society with harmony, stability, fairness and justice (Figure 1).
The coordinated development of REEES has become the optimal model for attaining sustainable
development in the future.
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Figure 1. The relationship between coordinated development and sustainable development.

The coordination of a complex system is an important characteristic that reflects the relationships
between the various subsystems, and among the internal indexes of these subsystems. The coordination
degree of a complex system is a quantitative index that measures the harmony and consistency of
the system, or among the elements of the system, during its development. A higher coordination
degree indicates a higher consistency of development of the system, or among its elements. On the
contrary, a lower coordination degree demonstrates the uncoordinated development of the system,
or among its elements, and it identifies the necessity to adopt appropriate measures and strategies to
improve and regulate the internal relationships between the subsystems. Coordination has transitioned
from initial theoretical discussion to being applied in current research on sustainable development,
accompanied by the successive establishment of large index systems and evaluation methods and
models. The coordination degree evaluation model can be currently divided into three categories:
distance type, change type and integrated type (Table 1). Although some achievements [7–20] have
been made in studying the coordination degree of the complex systems, a few issues still need to
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be clarified: Firstly, many terms have emerged, for example resource environment, environmental
resources, ecological environment and social economy. Although these terms have been widely
debated, no consensus has yet been reached with regard to their definitions. Moreover, there are no
corresponding terms in any international environment, ecology, economic or sociology dictionaries [21].
Secondly, current investigations [7–20] largely focus on the coordination of binary or ternary component
complex systems, and they rarely focus on the comprehensive analysis and research of REEES,
which are closely related to sustainable development. Thirdly, the comprehensive coordination
analysis and measurement of a complex system only considers either the internal coordination of
the inner-subsystems or the coordination among them. Due to the integrity of complex systems, this
consideration is one-sided and unreasonable.

Table 1. The comparison between kinds of the coordination degree evaluation models.

Category Feature Common Method

Distance type Long-term, macroeconomic,
static, whole, complex

Deviation coefficient method, membership
function method, gene coefficient method, set pair

analysis, data envelopment analysis and so on

Change type Transient, dynamic,
local, complex

Grey system model, differential
coefficient method and so on

Integrated type Long-term, static,
whole, simple

Geometric mean method, coupling
degree method and so on

It is important, therefore, to explore the mechanism of coordination, and to evaluate the
coordination degree of CSR3ES in the context of sustainable development. In this paper, statistical
and spatial analysis of the coordination of CSR3ES in 31 provinces and autonomous regions (PARs) in
China were performed using data relevant to resources, environment, ecology, economy and society
from the latest Statistical Yearbooks. The aim of this analysis is to identify the characteristics of the five
subsystems, which are independent in concepts and correlated in development. Through analyzing the
coordination of the inner-subsystem and inter-system, as well as the comprehensive coordination of
CSR3ES, the weak links in the sustainable development of REEES in PARs were identified. Measures for
improving the direction of development, and to provide a scientific basis for sustainable development
are proposed.

2. CSR3ES

CSR3ES is an open, complicated and dynamic general system with a specific structure and certain
functions. Figure 2 illustrates the subsystems of CSR3ES and their interactions. CSR3ES can be
quantitatively described as:

CSREEES Ď tS1, S2, S3, S4, S5, Ra, Tu
Si Ď tIi, Ci, Fiu , i “ 1, 2, ¨ ¨ ¨ , 5

(1)

where S1, S2, S3, S4 and S5 represent resources, environment, ecology, economy and society
subsystem, respectively; Ra is the relation system, i.e., a correction set in CSR3ES which includes
various inter-subsystem correlations and inter-index correlations within the single subsystems.
These complicated correlations are formed through direct inter-subsystem multi-correlations of
the structures, or by relevant factors. They are characteristic of multi-directional effects and they
have the basic attributes of diversity, interaction, hierarchy, dynamics, etc. [22–26]; T is time which
embodies the time sequence of CSR3ES; Ii, i “ 1, 2, ¨ ¨ ¨ , 5 are the indices of various subsystems
(dynamic order parameters of complex systems); Ci, i “ 1, 2, ¨ ¨ ¨ , 5 are the structures of various
subsystems, respectively; and Fi, i “ 1, 2, ¨ ¨ ¨ , 5 are the index calculating functions or methods of
various subsystems, respectively.
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Figure 2. Subsystems of the complex system constituted by resources, environment, ecology, economy,
and society subsystems (CSR3ES) and their interactions.

Research on CSR3ES aims to identify intrinsic links among its elements (subsystems). It is
understood that, within a complex system, coordination is relative while incoordination is absolute,
thus the ultimate objective of a complex system is overall optimization. The aim of investigating the
coordination of CSR3ES is to strive to make coordinated relationships between resources, environment,
ecology, economy and society; this will realize the objectives of CSR3ES and achieve the sustainable
development of human society. This can be achieved by considering the inter-system interrelation
and complicated coupling characteristics and, according to the idea of systematic coordination, by
optimizing the overall design and achieving mutual coordination and collaboration between the
subsystems [27–29].

3. Data Preparation

3.1. Region Scale and Experimental Data

In this study, by setting a province-level administrative region as a decision making unit (DMU),
the experimental analysis on the coordination of CSR3ES was undertaken on a nationwide scale to
master and control the macro coordination states of the REEES of various PARs. The index data for
31 PARs of China in 2013 were calculated using data derived from different sources. These included
China Statistical Yearbook (2014) [30], China Statistical Yearbook on Environment (2014) [31], China
Land and Resources Statistical Yearbook (2014) [32], China Water Conservancy Yearbook (2014) [33],
Statistical Yearbooks (2014) of the PARs (excluding Hong Kong and Macao special administrative
regions, and Taiwan Province), and other related survey data. All calculations were normalized and
analyzed for the coordination of REEES.

3.2. Index System Establishment

Establishing the coordination analysis index system of CSR3ES is to define the dynamic order
parameters Ii, i “ 1, 2, ¨ ¨ ¨ , 5 of the complex system, which are quantitatively expressed in CSR3ES.
Its main task, themed by the pursuit of the coordinated development of REEES, is to construct a set
of operational and quantifiable evaluation methods to comprehensively reflect and quantitatively
measure the coordinated development state and coordination degree in PARs across China.

Currently, there is no universal index selection criterion, and the index selection criteria and
accuracy also vary with the specific monitoring and evaluation target, regional scale, etc. The index
selection of CSR3ES, based on current research achievements on index selection, follows the traditional
selection principles, such as operability, relative independence, instructive principles, comparability, etc.
The index selection, due to the abstract concept and broad contents of CSR3ES, should also satisfy the
following requirements according to the research scale and data collection of the present paper:
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(1) The selected indices should cover broad rather than detailed contents, and they should be
able to describe and embody the status and changing trends of all related aspects (resources,
environment, ecology, society, economy, etc.).

(2) The selected indices should be of high interest and popularity, easy to understand by decision
makers, and easy to communicate to the public.

(3) The data used for index calculation should be reliable and accessible.
(4) It should be feasible to obtain important data for index calculation from collected data

and documents.
(5) The comprehensive indices should be able to be employed to evaluate existing and emerging

problems, diagnose factors causing the damages, and guide the formulation and implementation
of policies and measures.

The hierarchical structure can not only easily describe the function dependency relationship
between the subsystems, but also provide a convenient way to break down a complex system.
Most importantly, it matches people’s ideas in dealing with complicated affairs. Therefore, the
subsystem structures Ci, i “ 1, 2, ¨ ¨ ¨ , 5 in CSR3ES were all defined as hierarchical systems in
the present paper. In reality, three to ten typical and representative indices are required for each
hierarchical element.

Under the premise of the above requirements, the coordination analysis index system of CSR3ES
was established by relying on five aspects: (1) analyzing the current resource utilization with the
resource elements consisting of water, land and forest resources; (2) performing environmental carrying
capacity analysis with the environmental elements constituted by environmental protection and
environmental quality; (3) investigating basic status and restoration of the ecosystems with the
ecological elements; (4) studying overall regional economic development and transportation network
development, as well as potential developments, with the economic elements; and (5) studying social
conditions and phenomena, and analyzing social development levels with the social elements.

The goal-criteria-index three-hierarchy index system of CSR3ES was established using the analytic
hierarchy process (AHP) method (Figure 3). This reflects the interactions and mutual effects of
the inter-elements within a subsystem and inter-subsystems of REEES, and it is convenient for the
coordination evaluation of CSR3ES.
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3.3. Data Normalization

Since the effectiveness of selected indices for system coordination is not always unidirectional
(indices that have positive effectiveness are called positive indices, and vice versa), some indices may
go through a conversion of positive and negative effectiveness, especially with the variation of indices
and the development of the complex system. The effectiveness of selected indices is positive when the
index value approaches a specific value, and negative when they approach other specific values such
as the consumer price index (CPI). These indices are called appropriate indices [7]. Before performing
coordination analysis, therefore, the impact of dimension and magnitude differences of the index data
must be eliminated by separately normalizing the positive, negative and moderate indices to achieve
the communalities of evaluation indices.

Index data matrix of each subsystem (Si), composed of n samples and mi indices (indices selected
from subsystem Si), is developed and expressed as Xi “

´

xjk

¯

nˆmi
. The positive, negative and

moderate indices can be obtained using Equation (2):

Positive index : x1jk “
xjk´minxjk

maxxjk´minxjk

Negative index : x1jk “
maxxjk´xjk

maxxjk´minxjk

Appropriate index : x1jk “ 1´ |xjk´x0k|

max|xjk´x0k|

(2)

where xjk is the kth index value of the jth sample of subsystem Si; and the maxxjk, minxjk and x0k are
the maximum, minimum and appropriate values of the kth index of subsystem Si, respectively.

4. Research Methods

To design the coordination degree calculation method of CSR3ES is to define the function
Fi, i “ 1, 2, ¨ ¨ ¨ , 5 of the quantitative expression model of CSR3ES. There are three types of coordination
degree of CSR3ES: the coordination degree between the elements within a subsystem (termed the
inner-subsystem coordination degree); those between the subsystems (termed the inter-subsystem
coordination degree); and the comprehensive coordination degree, which is calculated from the
previous two.

4.1. Inner-Subsystem Coordination Degree

Definition 1. Subsystem ideal coordination state. All the index values of a subsystem are the maximum values
of a normalized data sample, and they are expressed by the vector: X`i “

`

maxxj1, maxxj2, ¨ ¨ ¨ , maxxjmi

˘

.

Definition 2. Subsystem worst coordination state. All the index values of a subsystem are the minimum values
of a normalized data sample, and they are expressed by the vector: X´i “

`

minxj1, minxj2, ¨ ¨ ¨ , minxjmi

˘

.

The inner-subsystem coordination degree, reflecting the coordination state of the indices in
a subsystem, reflects the proximity of the subsystem to its ideal state as measured by distance or
similarity [34,35]. The calculation steps of the inner-subsystem coordination degree are:

Step 1: Calculate the distances from sample subsystem i to its optimal and worst coordination
states, respectively. Adopt the Euclidean distances, i.e., d`i and d´i between samples and vectors
X`i and X´i to express them, respectively (Equation (3)).

d`i “

g

f

f

e

mi
ÿ

j“1

´

x1jk ´ x1`jk
¯2

; d´i “

g

f

f

e

mi
ÿ

j“1

´

x1jk ´ x1´jk
¯2

(3)
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Step 2: Calculate the proximity of sample subsystem i to its ideal coordination state, i.e., the
coordination degree of sample subsystem cdi (Equation (4)).

cdi “
d´i

d`i ` d´i
(4)

where cdi P r0, 1s. When the mean values of all the indices within subsystem i are at the maximum,
d`i “ 0 and d´i “ 1, thus cdi “ 1, this is the maximum value. This suggests that the sample subsystem
is in the ideal state of coordination. When the mean values of all the indices within subsystem i are
at the minimum, d`i “ 1 and d´i “ 0, thus cdi “ 0, this is the minimum value. This suggests that the
sample subsystem is in its most uncoordinated state.

4.2. Inter-System Coordination Degree

Calculating the inter-system coordination degree is, in essence, calculating a multi-factor
(subsystem indices) correlation analysis. In this paper, the DEA method was used to analyze
inter-subsystem coordination from a macro point of view. In this method the subsystems, having
balanced relationships, were regarded as the input and output of one another, and the 31 PARs were set
as evaluated units and denoted by DMUn pn “ 1, 2, ¨ ¨ ¨ , 31q [8]. The inter-system coordination degree
of CSR3ES is calculated by the following (Figure 4).
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Step 1: Selecting any two subsystems i and j which are the input and output of one another,
and calculating the mutual input remainder and output deficit, scale benefits, and DEA effectiveness
values, µi and µj, using the CCR model of DEA.

Step 2: Establishing a coordination degree calculating function (Equation (5)):

cdij “ cdji “ min
 

µi, µj
(

{max
 

µi, µj
(

(5)

The values of µi and µj are, the greater the value of cdij becomes. This indicates a high coordination
degree between the selected subsystems. When µi “ µj the two subsystems are in an ideal state of
coordination. Conversely, if the values of µi and µj are vastly different, there will be a small value of
cdij. The coordination degree therefore between the selected subsystems will be low.

4.3. Comprehensive Coordination Degree of CSR3ES

Integrity is an important principle of system theory. The overall effect, coupled by the interaction
and interrelation between the subsystems of a complex system, is far beyond the summed function of
individual elements.
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Defining Ei as the effect of subsystem i and TE as the total effect of the complex system will
result in TE “

ř

Ei ` ∆E, where ∆E is the coherent effect of inter-systems. ∆E ą 0 suggests that a
positive coherent effect will be exerted on the comprehensive coordination degree of the complex
system through the inter-system synergistic effects, and vice versa [23].

Definition 3. Subsystem comprehensive coordination degree. This refers to the integrated coordination degree
resulting from the interactions of various subsystems Si, i.e., the summed effect of various subsystems of CSR3ES.

Definition 4. Inter-subsystems comprehensive coordination degree. This is introduced to measure the coherent
effect of inter-systems, i.e., the summed coordination effect of inter-systems.

Definition 5. Comprehensive coordination degree of CSR3ES. This is a comprehensive index describing the
overall state of the system coordination. Assuming that the state space and random state of CSR3ES are X and x,
respectively, where x P X, then, according to the definition, the coordination is actually a type of scalar function
which describes the system state with the corresponding state, x, as:

CDx “ f pxq (6)

where CDx is the system coordination degree under state x, i.e., the comprehensive coordination of
CSR3ES CCS; and f is a real function defined on X.

During this investigation, CSR3ES is always regarded as an organic integrity. The integrated
function is not equal to a simple sum of the functions of different parts, but equal to that of every
subsystem function plus the structural functions coming from subsystem interactions. In the principle
of integrity, and assuming that the subsystem and inter-subsystem comprehensive coordinated
development of REEES have equal effects on the integrated development of the complex system,
the designed approach for coordination computation can be defined as:

CD “
a

CD1 ˆ CD2 (7)

where CD1 is the subsystem comprehensive coordination degree; and CD2 is the inter-system
comprehensive coordination degree. The calculation method for CD1 is as follows (Figure 5):Sustainability 2016, 8, 582 9 of 24 
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Step 1: Draw a circle O with a radius of 1 and a regular pentagon ABCDE by setting resources,
environment, ecology, economy and society as its vertices.

Step 2: Set the central point of circle O as a starting point, and, based on the coordination degree
level of subsystems, measure a corresponding length on lines OA, OB, OC, OD and OE, respectively.
Draw a new pentagon A1B1C1D1E1 with the intersections A1 B1 C1 D1 and E1 as the vertices.

Step 3: The computing equation for the subsystem comprehensive coordination degree is:

CD1 “
a

SA1B1C1D1E1{SABCDE (8)
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where SABCDE and SA1B1C1D1E1 are the areas of pentagons ABCDE and A1B1C1D1E1, respectively;
CD1 P r0, 1s. When SA1B1C1D1E1 “ SABCDE, that is, the coordination degrees of all subsystems are
equal to 1, the subsystem comprehensive coordination degree CD1 “ 1, and all the subsystems are in
an ideal state of coordination.

Similarly, the inter-system comprehensive coordination degree (CD2) is calculated by establishing
a regular decagon via pair-wise combinations of resources, environment, ecology, economy and
society. This is followed by the construction of a corresponding decagon based on the inter-system
coordination degrees of all the subsystems. The square root of the areas ratio of these two decagons is
the inter-system comprehensive coordination degree.

4.4. Coordination Management of CSR3ES

Definition 6. Coordination management of CSR3ES. Assuming that the current and expected states of
coordination of CSR3ES are denoted by x0 and xt, respectively, the state transition process ( x0 Ñ xt ), which is
achieved through control, adjustment and optimization, will be referred to as coordination management.

The methods and strategies for specific control, adjustment and optimization will be judged and
determined by the calculated coordination degrees. According to the timing characteristics of CSR3ES,
the inner-subsystem and inter-subsystem coordination degrees and comprehensive coordination
degree at different stages were determined and analyzed to guide the restoration and improvement
of the subsequent coordinated development of CSR3ES, as well as the decision-making process [36]
(Figure 6).
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5. Result Analyses

5.1. Analyzing Subsystem Coordination Degree of PARs

Based on the normalized data and the designed calculation methods in this paper, the
inner-subsystem coordination degree and subsystem comprehensive coordination degree for 31 PARs
in China in 2013 are determined and shown in Table 2. The larger values in Table 2 reflect higher levels
of coordination, and vice versa. By using Excel and ArcGIS 10.2 (Esri, California, CA, USA), Radar
charts of the inner-subsystem coordination degree (Figure 7) and spatial distribution grade map of
comprehensive coordination degree (Figure 8) are presented. As shown in Figure 8, the darker the
region color, the higher the coordination degree.
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Table 2. Inner-subsystem coordination degree and subsystem comprehensive coordination degree
(CCD) of 31 PARs in China, 2013.

PARs Res Env Ecol Econ Soc CCD

Beijing 0.4699 0.6815 0.4403 0.5831 0.6858 0.5655
Tianjin 0.4043 0.6015 0.3148 0.6743 0.6283 0.5143
Hebei 0.3963 0.5086 0.1840 0.5974 0.5764 0.4423
Shanxi 0.3203 0.6975 0.3536 0.5688 0.5400 0.4799

Inner Mongolia 0.3796 0.7745 0.3332 0.6250 0.6237 0.5267
Liaoning 0.4266 0.5909 0.4776 0.6468 0.6578 0.5566

Jilin 0.4635 0.4816 0.3961 0.5964 0.6424 0.5159
Heilongjiang 0.4531 0.5172 0.4860 0.6177 0.6647 0.5473

Shanghai 0.4437 0.5985 0.5683 0.5847 0.5731 0.5527
Jiangsu 0.4104 0.6457 0.3126 0.7715 0.5939 0.5310

Zhejiang 0.6242 0.6231 0.6138 0.7070 0.5702 0.6268
Anhui 0.4284 0.7782 0.2886 0.5946 0.5051 0.4993
Fujian 0.6206 0.6756 0.4916 0.5691 0.4920 0.5686
Jiangxi 0.5456 0.6576 0.5303 0.5458 0.5254 0.5604

Shandong 0.4332 0.5975 0.1983 0.7384 0.655 0.5081
Henan 0.3937 0.5499 0.2006 0.5060 0.4849 0.4158
Hubei 0.4631 0.5714 0.3725 0.5438 0.5188 0.4904
Hunan 0.5210 0.6051 0.4573 0.5594 0.4468 0.5158

Guangdong 0.5436 0.5696 0.4497 0.5939 0.458 0.5204
Guangxi 0.5271 0.6686 0.2998 0.5670 0.2992 0.4583
Hainan 0.5225 0.6324 0.5037 0.4868 0.5124 0.5313

Chongqing 0.5263 0.6618 0.5653 0.4827 0.5062 0.5488
Sichuan 0.5030 0.5721 0.4592 0.4569 0.5256 0.5029
Guizhou 0.4190 0.6635 0.4132 0.4621 0.202 0.4292
Yunnan 0.5228 0.6797 0.5519 0.4044 0.2853 0.4937

Tibet 0.4527 0.5428 0.4905 0.2120 0.2793 0.4004
Shaanxi 0.4791 0.5914 0.4959 0.5391 0.4189 0.5041
Gansu 0.2300 0.5394 0.4535 0.4454 0.3856 0.4077

Qinghai 0.2127 0.5585 0.4838 0.4142 0.4183 0.4127
Ningxia 0.3702 0.7826 0.3448 0.5752 0.4762 0.4915
Xinjiang 0.0938 0.7235 0.2389 0.4391 0.3933 0.3333

Res represents Resource, Env represents Environment, Ecol represents Ecology, Econ represents Economy, and
Soc represents Society, similarly hereinafter.
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(1) The top and bottom ten PARs of the inner-subsystem coordination of REEES in China in 2013
are shown in Table 3. The inner-subsystem coordination degree of resources and ecology are ranked
first in Zhejiang, which verify the remarkable achievements in forming the space pattern, industrial
structure, mode of production, life of saving resources and protecting the ecology in Zhejiang. From the
initiation of Centurial Trip of Chinese Environmental Protection In Ningxia in 2005 till now, It has
played a very good role in promoting supervision for Ningxia’s environmental protection; Jiangsu's
comprehensive economic strength has been in the forefront of China. The inner-subsystem coordination
degree of society is ranked first in Beijing. As the measures of steady growth, promoting reform,
structural adjustment and benefit of people’s livelihood are implemented, social harmony, stability
and healthy development are promoted. Although Xinjiang is rich in land resources, there are serious
problems in land use and forest coverage, which leads to a large amount of waste of resources. Most of
the bottom ten PARs of the inner-subsystem coordination of economy and society subsystems are
the same, which fully shows that the main factors that affect harmonious social stability in China are
mainly derived from economic development. The disparity between the rich and the poor caused by
too fast or too slow growth has aggravated social instability.

Table 3. The top and bottom ten PARs of the inner-subsystem coordination of REEES of China, 2013.

Subsystem Top Ten Bottom Ten

Resources
Zhejiang, Fujian, Jiangxi, Guangdong,

Guangxi, Chongqing, Yunnan,
Hainan, Hunan, Sichuan

Jiangsu, Tianjin, Hebei, Henan,
Inner Mongolia, Ningxia, Shanxi,

Gansu, Qinghai, Xinjiang

Environment
Ningxia, Anhui, Inner Mongolia,
Xinjiang, Shanxi, Beijing, Yunnan,

Fujian, Guangxi, Guizhou

Sichuan, Hubei, Guangdong, Qinghai,
Henan, Tibet, Gansu,

Heilongjiang, Hebei, Jilin

Ecology
Zhejiang, Shanghai, Chongqing,

Yunnan, Jiangxi, Hainan, Shaanxi,
Fujian, Tibet, Heilongjiang

Ningxia, Inner Mongolia, Tianjin,
Jiangsu, Guangxi, Anhui, Xinjiang,

Henan, Shandong, Hebei

Economy
Jiangsu, Shandong, Zhejiang, Tianjin,

Liaoning, Inner Mongolia, Heilongjiang,
Hebei, Jilin, Anhui

Henan, Hainan, Chongqing, Guizhou,
Sichuan, Gansu, Xinjiang, Qinghai,

Yunnan, Tibet

Society
Beijing, Heilongjiang, Liaoning,

Shandong, Jilin, Tianjin, Inner Mongolia,
Jiangsu, Hebei, Shanghai

Guangdong, Hunan, Shaanxi, Qinghai,
Xinjiang, Gansu, Guangxi, Yunnan,

Tibet, Guizhou

(2) To sum up the state of coordination of PARs, the coordinated development of the ecology
subsystem is the worst in China, followed by resources and society subsystems. The inner-subsystem
coordination of environment and economy is in an ideal state. The economic development in China
has gradually stabilized and coordinated, and the environment has recently significantly improved
due to the enhancement of environmental awareness, an emphasis on environmental protection, and
increasing inputs in environmental control. In the future, focus should gradually shift to the recovery
and adjustment of the ecological subsystem, to efficient resource utilization, as well as fair, just and
coordinated social development.

(3) The inner-subsystem coordinated development of ecology and resources is in a relatively
poor state in most PARs, such as in Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning,
Jiangsu, Anhui, Shandong, Henan, Hubei and Ningxia. The regions that show a relatively balanced
subsystem development include Shanghai, Zhejiang, Jiangxi, Hainan, Chongqing and Sichuan, and
those indicating an imbalanced subsystem development include Hebei, Henan, Guangxi, Guizhou,
Tibet, Gansu, Qinghai and Xinjiang.

(4) The subsystem comprehensive coordination degree of PARs in China is generally relatively low.
The PARs areas with a relatively coordinated development includes Zhejiang, Fujian, Beijing, Jiangxi,
Liaoning, Shanghai, Chongqing and Heilongjiang, and PARs areas with an uncoordinated development
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include Hebei, Guizhou, Henan, Qinghai, Gansu, Tibet and Xinjiang. The coordinated development
regions present a half-circle pattern, which is characterized by the coastal PARs encircling from the
north, east and south (the regions within the red lines in Figure 8). The central and western regions
belong to the PARs areas that have regions with a relatively low-level of coordinated development.
Although Chongqing and Hunan have the potential to increase their level of development, no obvious
core–peripheral spatial structure mode has taken shape.

(5) Based on similarities in the inter-subsystem coordinated development patterns (Figure 7), the
PARs can be divided into eight groups: Group 1: Tianjin, Hebei, Shanxi, Inner Mongolia, Jiangsu,
Anhui, Shandong, Henan and Ningxia; Group 2: Beijing, Liaoning, Jilin and Heilongjiang; Group 3:
Zhejiang, Fujian, Hubei, Hunan, Guangdong and Jiangxi; Group 4: Shanghai, Hainan, Chongqing,
Sichuan and Shaanxi; Group 5: Guangxi and Guizhou; Group6: Yunnan and Tibet; Group 7: Gansu
and Qinghai; and Group 8: Xinjiang, which is separated from other PARs in view of its specific
coordinated development pattern. It can be seen from the spatial distribution grade map (Figure 9)
that the distribution of PARs with similar development patterns is not random, their distribution is
characteristic of a strong spatial dependence; that is, PARs with similar patterns tend to be adjacent to
each other. It explains the region correlation of the coordinated development.
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development patterns.

5.2. Analysis of Inter-Subsystem Coordination Degrees of PARs

Similarly, based on the normalized data and the designed calculation methods in this paper,
the inter-subsystem coordination degrees and the inter-subsystem comprehensive coordination
degrees of PARs in China in 2013 are shown in Table 4. The larger the values in the table, the
higher the coordination levels, and vice versa. By using Excel and ArcGIS 10.2, Radar charts
of the inter-subsystem coordination degrees (Figure 10) and a spatial distribution grade map of
comprehensive coordination degrees (Figure 11) are shown. As seen in Figure 11, the darker the color,
the higher the coordination degree.
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Table 4. Inter-subsystem coordination degree and the inter-subsystem comprehensive coordination degree (CCD) for 31 PARs in China, 2013.

PARs Res-Env Res-Ecol Res-Econ Res-Soc Env-Ecol Env-Econ Env-Soc Ecol-Econ Ecol-Soc Econ-Soc CCD

Beijing 0.9134 0.5977 1.0000 0.5656 0.9256 1.0000 0.6379 1.0000 0.7176 0.8659 0.8102
Tianjin 0.9199 1.0000 0.8176 0.8501 0.8683 0.8429 0.9099 0.4057 0.5010 1.0000 0.8163
Hebei 0.9923 0.8566 0.6826 0.5179 1.0000 0.7446 0.5385 0.3721 0.2832 0.7938 0.6907
Shanxi 0.6038 0.9509 0.6220 0.4581 0.7190 0.9093 0.8798 0.6464 0.5967 1.0000 0.7341

Inner Mongolia 0.8701 0.6983 0.7304 0.4463 0.9053 0.7761 0.5795 0.5229 0.3798 0.8238 0.6731
Liaoning 0.8808 0.4808 0.6902 0.5383 0.4652 0.7034 0.5907 0.7414 0.8901 0.8544 0.6878

Jilin 0.6332 0.7779 0.9941 0.6774 0.7655 0.7194 0.5574 0.9937 0.7097 0.8107 0.7587
Heilongjiang 0.5452 0.5034 0.7237 0.5315 0.5605 0.7121 0.5605 0.6048 0.9700 0.8141 0.6541

Shanghai 1.0000 0.7246 1.0000 1.0000 0.7242 1.0000 1.0000 0.8239 0.6494 1.0000 0.8892
Jiangsu 0.7692 0.9292 0.5552 0.6035 0.7366 0.5943 0.8812 0.2801 0.7183 0.9962 0.7001

Zhejiang 0.6526 0.8469 0.7453 0.7288 0.4161 0.6651 0.9000 0.7071 0.5997 1.0000 0.7224
Anhui 0.8119 0.7693 0.6914 0.6634 0.4607 0.8460 0.9508 0.4975 0.5423 0.9166 0.7141
Fujian 0.6867 1.0000 0.6496 0.5884 0.9218 0.9782 0.9258 0.8426 1.0000 1.0000 0.8590
Jiangxi 0.6225 0.6448 0.7484 0.9684 0.5174 0.9452 0.5571 0.4171 0.6387 0.8072 0.6813

Shandong 0.9090 0.5966 0.5072 0.6012 0.8005 0.6223 0.4833 0.1768 0.1907 0.9350 0.5981
Henan 1.0000 1.0000 0.9775 0.8620 0.5528 0.9352 0.9762 0.4531 0.4188 1.0000 0.8232
Hubei 0.8172 0.6072 0.9461 0.8932 0.8851 0.9976 0.8723 0.7853 0.6718 1.0000 0.8462
Hunan 0.6974 0.7079 0.8866 0.5727 0.6877 0.8802 0.8937 0.6494 0.5302 0.9708 0.7437

Guangdong 0.6328 0.9696 0.8007 0.7411 0.8519 0.7985 0.9493 0.8823 1.0000 0.9661 0.8573
Guangxi 0.7079 0.5646 0.9485 0.4215 0.6960 0.8335 0.5771 0.5679 1.0000 0.8746 0.7127
Hainan 0.7142 0.9187 0.6889 0.9602 0.9417 1.0000 0.7694 0.9729 0.9837 1.0000 0.8927

Chongqing 0.7887 0.6089 0.6021 0.8829 0.5167 0.6800 1.0000 0.5222 0.7602 1.0000 0.7303
Sichuan 0.5900 0.5976 0.5580 0.7429 0.4708 0.8396 0.7446 0.3742 0.7164 0.7756 0.6349
Guizhou 0.8096 1.0000 1.0000 1.0000 0.6311 0.7685 0.4782 1.0000 1.0000 1.0000 0.8707
Yunnan 0.8076 0.9865 0.4677 0.3345 0.7465 0.5460 0.5663 0.4228 0.5060 0.8193 0.6254

Tibet 1.0000 1.0000 1.0000 1.0000 0.7549 1.0000 1.0000 0.1591 0.2494 1.0000 0.8341
Shaanxi 0.8919 1.0000 0.7875 0.8317 1.0000 0.9141 0.9408 0.8855 0.9118 0.9989 0.9155
Gansu 1.0000 0.3420 0.5120 0.4253 0.6264 0.9513 1.0000 0.3904 1.0000 0.9592 0.7244

Qinghai 0.5088 0.3091 1.0000 0.5413 0.5683 1.0000 0.9532 0.4253 0.7620 1.0000 0.6955
Ningxia 0.7327 1.0000 0.8467 0.5931 0.7224 0.9192 1.0000 0.6509 0.8159 1.0000 0.8261
Xinjiang 0.3136 0.4555 1.0000 0.4347 0.5875 0.8234 0.7111 0.8833 0.4989 1.0000 0.6511

Res-Env represents Resource–Environment, Res-Ecol represents Resource–Ecology, Res-Econ represents Resource–Economy, Res-Soc represents Resource–Society, Env-Ecol
represents Environment–Ecology, Env-Econ represents Environment–Economy, Env-Soc represents Environment–Society, Ecol-Econ represents Ecology–Economy, Ecol-Soc represents
Ecology–Society, Econ-Soc represents Economy–Society, similarly hereinafter.
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Resource-Environment 
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Fujian, Zhejiang, Jilin, Guangdong, 

Jiangxi, Shanxi, Sichuan, Heilongjiang, 
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Resource-Ecology 

Tianjin, Fujian, Henan, Guizhou, Tibet, 

Shaanxi, Ningxia, Yunnan, Guangdong, 

Shanxi 

Hubei, Beijing, Sichuan, Shandong, 

Guangxi, Heilongjiang, Liaoning, 

Xinjiang, Gansu, Qinghai 

Resource-Economy 

Beijing, Shanghai, Guizhou, Tibet, 

Qinghai, Xinjiang, Jilin, Henan, Guangxi, 

Hubei 

Hainan, Hebei, Fujian, Shanxi, 

Chongqing, Sichuan, Jiangsu, Gansu, 

Shandong, Yunnan 

Resource-Society 

Shanghai, Guizhou, Tibet, Jiangxi, 

Hainan, Hubei, Chongqing, Henan, 

Tianjin, Shaanxi 

Qinghai, Liaoning, Heilongjiang, Hebei, 

Shanxi, Inner Mongolia, Xinjiang, Gansu, 

Guangxi, Yunnan 
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Figure 11. A spatial distribution grade map of the inter-subsystem comprehensive coordination degree
for 31 PARs in China, 2013.

(1) The top and bottom ten PARs of the inter-subsystem coordination of REEES in China during
2013 are shown in Table 5.

Table 5. The top and bottom ten PARs of inter-subsystem coordination of REEES for China, 2013.

Inter-Subsystem Top Ten Bottom Ten

Resource-Environment
Shanghai, Henan, Tibet, Gansu, Hebei,

Tianjin, Beijing, Shandong,
Shaanxi, Liaoning

Fujian, Zhejiang, Jilin, Guangdong,
Jiangxi, Shanxi, Sichuan, Heilongjiang,

Qinghai, Xinjiang

Resource-Ecology
Tianjin, Fujian, Henan, Guizhou, Tibet,

Shaanxi, Ningxia, Yunnan,
Guangdong, Shanxi

Hubei, Beijing, Sichuan, Shandong,
Guangxi, Heilongjiang, Liaoning,

Xinjiang, Gansu, Qinghai

Resource-Economy
Beijing, Shanghai, Guizhou, Tibet,

Qinghai, Xinjiang, Jilin, Henan,
Guangxi, Hubei

Hainan, Hebei, Fujian, Shanxi,
Chongqing, Sichuan, Jiangsu, Gansu,

Shandong, Yunnan

Resource-Society
Shanghai, Guizhou, Tibet, Jiangxi,

Hainan, Hubei, Chongqing, Henan,
Tianjin, Shaanxi

Qinghai, Liaoning, Heilongjiang, Hebei,
Shanxi, Inner Mongolia, Xinjiang,

Gansu, Guangxi, Yunnan

Environment-Ecology
Hebei, Shaanxi, Hainan, Beijing, Fujian,

Inner Mongolia, Hubei, Tianjin,
Guangdong, Shandong

Xinjiang, Qinghai, Heilongjiang, Henan,
Jiangxi, Chongqing, Sichuan, Liaoning,

Anhui, Zhejiang

Environment-Economy
Beijing, Shanghai, Hainan, Tibet,
Qinghai, Hubei, Fujian, Gansu,

Jiangxi, Henan

Guizhou, Hebei, Jilin, Heilongjiang,
Liaoning, Chongqing, Zhejiang,

Shandong, Jiangsu, Yunnan

Environment-Society
Shanghai, Chongqing, Tibet, Gansu,

Ningxia, Henan, Qinghai, Anhui,
Guangdong, Shaanxi

Liaoning, Inner Mongolia, Guangxi,
Yunnan, Heilongjiang, Jilin, Jiangxi,

Hebei, Shandong, Guizhou

Ecology-Economy
Beijing, Guizhou, Jilin, Hainan, Shaanxi,

Xinjiang, Guangdong, Fujian,
Shanghai, Hubei

Qinghai, Yunnan, Jiangxi, Tianjin,
Gansu, Sichuan, Hebei, Jiangsu,

Shandong, Tibet

Ecology-Society
Fujian, Guangdong, Guangxi, Guizhou,
Gansu, Hainan, Heilongjiang, Shaanxi,

Liaoning, Ningxia

Anhui, Hunan, Yunnan, Tianjin,
Xinjiang, Henan, Inner Mongolia, Hebei,

Tibet, Shandong

Economy-Society
Tianjin, Shanxi, Shanghai, Zhejiang,

Fujian, Henan, Hubei, Hainan,
Chongqing, Guizhou

Guangxi, Beijing, Liaoning, Inner
Mongolia, Yunnan, Heilongjiang, Jilin,

Jiangxi, Hebei, Sichuan
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(2) In summary, for the inter-subsystem state of coordination, the coordinated development
of ecology–economy, ecology–society and resource–society is not ideal; the environment–ecology
subsystem is optimal. Shanghai, Fujian, Hubei, Guangdong, Hainan and Shaanxi are regions where
the development of the inter–subsystems is relatively balanced, and Jiangxi, Shandong, Sichuan,
Yunnan, Gansu, Qinghai and Xinjiang are regions where the development of the inter–subsystems is
imbalanced. Areas with similar inter–system coordinated development patterns are located in Hebei,
Inner Mongolia, Anhui, Henan and Tibet.

(3) The inter-subsystem coordinated development of PARs in China is significantly better
than the comprehensive coordinated development of individual subsystems. The inter-subsystem
comprehensive coordinated development is in a relatively good state for Shaanxi, Hainan, Shanghai,
Guizhou, Fujian and Guangdong; it is in a relatively poor state for Inner Mongolia, Heilongjiang,
Xinjiang, Sichuan, Yunnan and Shandong. An inter-subsystem coordinated development circle is
formed by Shaanxi, Guizhou, Guangdong and Fujian, and this gradually spreads outwards (depicted
by the red circle and arrow in Figure 11).

5.3. Analyzing Comprehensive Coordination Degree of CSR3ES

By substituting the obtained inner-system and inter-subsystem coordination degrees into
Equation (7), the comprehensive coordination degrees of CSR3ES are shown in Table 6. The larger the
values in the table, the higher the coordination levels, and vice versa. By using Excel and ArcGIS 10.2,
a Radar chart (Figure 12) and a spatial distribution grade map (Figure 13) of the comprehensive
coordination degrees is presented. As shown in Figure 13, the darker the color, the higher the
coordination degree.

(1) The comprehensive coordination degrees of CSR3ES in China are not ideal, and their
development is uneven in different regions (thus the many sharp corners in red dyed areas in Figure 12).
The regions with a relatively comprehensively coordinated development include Shanghai, Fujian,
Hainan, Shaanxi, Beijing, Zhejiang and Guangdong, and those with a comprehensively uncoordinated
development include Yunnan, Hebei, Shandong, Gansu, Qinghai and Xinjiang. A positive coherent
effect (∆E ą 0) has been exerted on the comprehensive coordination degrees of CSR3ES by the
inter-system synergistic effects of PARs (Table 6).

Table 6. Comprehensive coordination degree of CSR3ES (CCD) and coherent effects of CSR3ES for
31 PARs in China, 2013.

PARs CCD ∆E 1 PARs CCD ∆E 1 PARs CCD ∆E 1

Beijing 0.6769 >0 Anhui 0.5971 >0 Sichuan 0.5651 >0
Tianjin 0.6479 >0 Fujian 0.6989 >0 Guizhou 0.6113 >0
Hebei 0.5527 >0 Jiangxi 0.6179 >0 Yunnan 0.5557 >0
Shanxi 0.5935 >0 Shandong 0.5513 >0 Tibet 0.5779 >0

Inner Mongolia 0.5954 >0 Henan 0.5851 >0 Shaanxi 0.6794 >0
Liaoning 0.6187 >0 Hubei 0.6442 >0 Gansu 0.5435 >0

Jilin 0.6257 >0 Hunan 0.6194 >0 Qinghai 0.5357 >0
Heilongjiang 0.5983 >0 Guangdong 0.6679 >0 Ningxia 0.6372 >0

Shanghai 0.7010 >0 Guangxi 0.5715 >0 Xinjiang 0.4658 >0
Jiangsu 0.6097 >0 Hainan 0.6887 >0

Zhejiang 0.6729 >0 Chongqing 0.6331 >0
1 ∆E indicates the positive and negative of the difference between the comprehensive coordination degree of
CSR3ES (CCD in Table 6) and subsystem comprehensive coordination degree (CCD in Table 2).

(2) In terms of spatial correlation, five spatial districts with different comprehensive coordination
modes are formed within the 31 PARs of China. The northeastern regional group consists of Inner
Mongolia, Heilongjiang, Jilin and Liaoning; the southeast regional group includes Hunan, Jiangxi,
Zhejiang, Fujian and Guangdong; the central regional random mode region includes Shaanxi, Ningxia,
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Shanxi, Henan, Hubei, Chongqing, Sichuan and Gansu; the northwest regional group uncoordinated
mode consists of Xinjiang, Qinghai and Gansu; and the Beijing-Tianjin-Hebei polarization mode
is composed of Beijing, Tianjin, Hebei and Shandong. By definition, the group coordination or
incoordination modes mean that the development of regions within a group is either coordinated or
uncoordinated. Random group mode indicates that adjacent to the coordinated development regions
there are both coordinated and uncoordinated developments that do not create any clustering effects.
The polarization coordination mode means that the coordinated development of the central region
inhibits the surrounding regions rather than enhancing them (Figure 13).Sustainability 2016, 8, x 19 of 24 
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5.4. Improvement and Measures for the Regional Coordinated Development of PARs

According to the coordination management framework of CSR3ES, and based on the analytical
results of the calculated inner-subsystem, inter-subsystem and comprehensive coordination of REEES
subsystems of PARs, the improvement directions and corresponding measures are established, as
shown in Table 7.
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Table 7. Improvement directions and corresponding measures for regional coordinated development.

PARs
Improvement
Directions for

Inner-Subsystem

Improvement
Directions for

Inter-Subsystems
Improvement Measures

Beijing Ecology Resources–Society
Improve ecology and resources subsystems

to achieve coordinated development
between resources and society subsystems.

Tianjin Ecology Ecology–Economy
Improve ecology subsystem to achieve

coordinated development between ecology
and economy subsystems.

Hebei Ecology Ecology–Society
Improve ecology subsystem to achieve

coordinated development between ecology
and society subsystems.

Shanxi Resources Resources–Society
Improve resources subsystem to achieve

coordinated development between
resources and society subsystems.

Inner
Mongolia Ecology Ecology–Society

Improve ecology subsystem to achieve
coordinated development between ecology

and society subsystems.

Liaoning Resources Environment–Ecology
Improve environment and ecology

subsystems to achieve their
coordinated development.

Jilin Ecology Environment–Society

Improve environment and society
subsystems to achieve coordinated

development between environment and
society subsystems.

Heilongjiang Resources Resources–Ecology Improve resources and ecology subsystems
to achieve their coordinated development.

Shanghai Resources Ecology–Society
Improve resources subsystem to achieve

coordinated development between ecology
and society subsystems.

Jiangsu Ecology Ecology–Economy
Improve ecology subsystem to achieve

coordinated development between ecology
and economy subsystems.

Zhejiang Social Environment–Ecology
Improve society subsystem to achieve

coordinated development between
environment and ecology subsystems.

Anhui Ecology Environment–Ecology
Improve ecology subsystem to achieve

coordinated development between
environment and ecology subsystems.

Fujian Ecology Resources–Society
Improve ecology and society subsystems to
achieve coordinated development between

resources and society subsystems.

Jiangxi Social Ecology–Economy
Improve to society subsystem to achieve
their coordinated development between

ecology and economy subsystems.

Shandong Ecology Ecology–Economy
Improve ecology subsystem to achieve

coordinated development between ecology
and economy subsystems.

Henan Ecology Ecology–Society
Improve ecology subsystem to achieve

coordinated development between ecology
and society. subsystems

Hubei Ecology Resources–Ecology Improve ecology and resources subsystems
to achieve their coordinated development.

Hunan Society Ecology–Society Improve ecology and society subsystems to
achieve their coordinated development.
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Table 7. Cont.

PARs
Improvement
Directions for

Inner-Subsystem

Improvement
Directions for

Inter-Subsystems
Improvement Measures

Guangdong Ecology Resources–Environment
Improve ecology subsystem to achieve

coordinated development between
resources and environment subsystems.

Guangxi Society Resources–Society
Improve society subsystem to achieve

coordinated development between
resources and society subsystems.

Hainan Economy Resources–Economy
Improve economy subsystem to achieve

coordinated development between
resources and economy subsystems.

Chongqing Economy Environment–ecology
Improve economy subsystem to achieve

coordinated development between
environment and ecology subsystems.

Sichuan Economy Ecology–Economy Improve economy and ecology subsystems
to achieve their coordinated development.

Guizhou Society Environment–Society
Improve society subsystem to achieve

coordinated development between
environment and society subsystems.

Yunnan Society Resources–Society
Improve society subsystem to achieve

coordinated development between society
and resources subsystems.

Tibet Economy Ecology–Economy
Improve economy subsystem to achieve

coordinated development between ecology
and economy subsystems.

Shaanxi Society Resources–Economy
Improve society subsystem to achieve

coordinated development between
resources and economy subsystems.

Gansu Resources Resources–Ecology
Improve resources subsystem to achieve

coordinated development between
resources and ecology subsystems.

Qinghai Resources Resources–Ecology
Improve resources subsystem to achieve

coordinated development between
resources and ecology subsystems.

Ningxia Ecology Resources–Society
Improve resources subsystem to achieve

coordinated development between
resources and society subsystems.

Xinjiang Resources Resources–Environment
Improve resources subsystem to achieve

coordinated development between
resources and environment subsystems.

6. Discussion and Conclusions

(1) Understanding the relationships of interdependence, mutual penetration, mutual influence
and mutual restraint, as well as the differences between resources, environment, ecology, economy
and society, is important from a scientific perspective. Adhering to strict scientific terminology will
help to clarify the study contents of each concept body, distinguish research boundaries, and guide
the establishment of the coordination analysis index system of CSR3ES as well as the design of the
coordination degree measurement.

(2) When conducting the coordination analysis of CSR3ES, a set of evaluating index systems
of a suitable design and high operability is urgently needed. This would enable the abstract and
complicated CSR3ES to be understandable, measureable and evaluable, and therefore improve its
public awareness. Additionally, this will assist decision-making departments to understand the
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developmental status and trends of the REEES subsystems, and provide data support for coordinated
subsystem development and scientific decision-making. In the coordination analysis index system
of CSR3ES, the indices of the elements in different hierarchies are represented and the methods are
simple and easy to operate. Furthermore, the majority of information can be obtained from census and
statistical data. The comprehensive indices (inner-subsystem coordination degree, inter-subsystem
coordination degree and the comprehensive coordination degree of the CSR3ES) can not only evaluate
the coordination degree between the various elements, but also diagnose the causes of incoordination
so that appropriate improvement strategies can be incorporated. The comprehensive index system
of CSR3ES satisfies the forecasting and decision-making analysis requirements, and it can be easily
understood by policy makers and accepted by the public.

(3) At present, the inner-subsystem coordinated development of China is at a relatively low level.
This results in a prominent incoordination of ecology and resource subsystems. By comparing the
coordination of the inner-subsystem with that of the inter-subsystem, it is evident that the coordinated
development of the inner-subsystem will directly impact that of the corresponding inter-subsystems.
A positive effect will be exerted on the comprehensive coordination degree of CSR3ES by the
inter-system synergistic effects of PARs. The regions with similar coordinated development patterns
should be considered as a whole by decision-making departments when formulating relevant policies
and measures to avoid wasting resources.

(4) An integrated coupling effect can be formed through the interaction and correlation of
subsystems in the complex system; thus, the compressive coordination of CSR3ES solely, not a
superposed coordination of individual subsystems, but rather one that considers the coherent
effect on the integrated coordination by synergistic effects between the subsystems on the basis of
inner-subsystem coordination. According to the integrity principle of a complex system, a measuring
method for the comprehensive coordination that covers the inner-subsystem and inter-subsystem
coordination was developed. Although the inter-subsystem coordination of most PARs is in an
ideal state, the comprehensive coordination degrees of CSR3ES is low due to the overall low-level of
subsystem comprehensive coordination degrees.

(5) The inner-subsystem comprehensive coordinated development of PARs presents a half-circle
pattern, which is constituted by the coastal PARs encircling from the north, east and south.
The central and western regions belong to the relatively low-level coordinated development regions.
The inter-subsystem coordinated development circle is formed by Shaanxi, Guizhou, Guangdong and
Fujian, and it extends to the adjacent region. In terms of spatial correlation, five comprehensive
coordinated development modes of the CSR3ES are formed. These are the northeast regional
coordination mode, northwest regional uncoordinated mode, southeast regional coordination mode,
central regional random mode and Beijing-Tianjin-Hebei polarization mode.

(6) In this paper, the inner-subsystem coordination, inter-subsystem coordination and
comprehensive coordination of the REEES subsystems in different regions were analyzed with regard
to a given time or period, and they therefore cannot reveal the vertical and horizontal coordination
development trends. Since the coordination itself is constantly developing, and it is subject to mutual
adjustment, subsequent research to further analyze the dynamic coordination of various subsystems
should focus on T in the Formula CSREEES Ď tS1, S2, S3, S4, S5, Ra, Tu.
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