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Abstract: The ecological niche of a complex regional ecosystem reflects the fit of various human
activities and the advantages and disadvantages of the environment in the region. This study
examined China’s comprehensive niches of the compound social-economic—-natural ecological
system during the “11th Five-Year” and “12th Five-Year” periods using a Full Permutation
Polygon Synthetic Indicator method. The results showed that before the 11th Five-Year period,
the levels of comprehensive niches in the country were generally low, and, by the end of the
11th Five-Year period, the comprehensive niche levels in Beijing, Tianjin, and the eastern coastal
regions each exceeded 0.40. During the 12th Five-Year period, after the ecological civilization
construction plans were implemented, the average national comprehensive ecological level reached
0.57, the comprehensive ecological niche levels in eastern coastal areas reached more than 0.84,
those in southern regions and some developed middle and western regions were greater than 0.72,
and, in central regions, the levels were between 0.50-0.70. This shows that the concept of compound
sustainable natural-societal-economic ecosystem development was incorporated into planning and
used to guide local policies and assessment criteria for regional development. This paper compares
the advantages and disadvantages of regional development plans through time, and can be used to
promote coordinated and sustainable regional development.

Keywords: compound ecosystem; niche; ecological civilization; sustainable development

1. Introduction

While providing material wealth and comfortable living conditions for people, rapid urbanization
in China also brings environmental problems, including pollution, resource shortages, energy
consumption, and so on [1-3]. Therefore, sustainable development is urgently needed for China’s
urbanization [4]. The niche of a regional compound ecosystem refers to the overall collection of various
ecological factors and relationships that are provided for and can be used by people [5]. It reflects
the fit of various human activities and the advantages and disadvantages of a region in terms of its
resources and environment. In addition, it determines the attractiveness of a region for different types
of economic activities and people [6]. Therefore, studies of niches in complex ecosystems can help
guide human activities and promote the sustainable development of a region.

Human society is essentially a population-resource-environment complex ecosystem with human
behavior as the dominant factor, the natural environment as a supporting factor, resource flow as a
lifeline, and the social system as the meridian [5,7]. Analysis of an ecological niche involves many
elements such as resources, environment, economy, and society [8-10]. To better evaluate the ecological
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niche of a complex regional ecosystem, it is necessary to establish a suitable index system and adopt an
appropriate evaluation method. Thus, we propose two categories to evaluate the ecological niche of a
compound ecosystem. The first category focuses on evaluation index systems for sustainable urban
development, and the second category concentrates on evaluation methods.

To date, many studies have focused on developing evaluation index systems for sustainable
urban development at home and abroad. Early index systems pay most attention to
constructing theoretical frameworks for sustainable development, as seen in the “Driving
Force-State-Response” model proposed by The United Nations Commission on Sustainable
Development [11], the “Society-Economy-Environment” framework developed by United Nations
Environment Program [12], and the “Pressure-State-Response” model employed by the Organization
for Economic Cooperation and Development [13]. These frameworks have been used as references
for many countries and communities to develop their own systems to meet actual demands at
different scales (national, regional, urban, or local), including for European Union countries [14-18],
Singapore [19], the United States (US) [20], Iran [21], Caribbean nations [22], and so on. Based on
China’s specific conditions and goals, different agencies in China also built index systems with Chinese
characteristics [23-25]. At the same time, many scholars began to study sustainable development in
China [26-38]. As an important development mode, the growth of urban agglomerations and regions
have also garnered attention from researchers [39-42]. Previous studies that evaluated ecological
civilization construction in China, a developing country, have mainly focused on static research based
on cross-sectional data, single sample dynamic research based on time series data, and single index
variable research based on panel data. Few studies have been based on multi-sample, multi-time span,
and multi-index variables in China. The study would be a good supplement to the existing literature.

In recent years, even though various methods have been proposed, an appropriate evaluation
method has still not been established [43]. For example, Cai and Shang used a principal component
analysis to evaluate the urban sustainable development of Harbin city in China [44]; Wu et al. put
forward a super-efficiency Data Envelopment Analysis window analytical method to dynamically
evaluate the circular economy efficiency of 30 regions in China from 2005 to 2010 [45]; and Li et al.
used a super-efficiency slacks-based measure model with undesirable outputs to measure regional
environmental efficiency in China [46]. However, all of these methods are greatly influenced by sample
size and structure. In addition, there are other evaluation methods that should be considered, such as
the analytic hierarchy process, ecological footprint analysis, Delphi method, and the Technique for
Order Performance by Similarity to Idea Solution method [47-49]. Most of these evaluation methods
start from a single viewpoint and lack a time dimension; therefore, the resulting evaluation indexes do
not reflect dynamic changes. Moreover, the results obtained using these methods depend on weighting,
leading to the lack of an objective scientific basis for the evaluation and results that do not reflect
the actual situation. To overcome the above deficiencies, our study adopted a comprehensive “Full
Permutation Polygon Synthetic Indicator” method [50]. This approach combines a large number of
individual indicators into a single sustainability index that allows both static analysis (comparisons
within a single year) and dynamic analysis (trends over time). The method offers both simplicity
(these data are usually readily available) and comprehensiveness (the method combines many factors).
This method not only can be presented in a geometric intuitionistic diagram, it also has algebraic
analytical value. In addition, it reduces subjective randomness relative to that in the traditional simple
weighting method.

The goal of this study was to compare the advantages and disadvantages of regional development
through time. Therefore, a three-level social-economic-natural compound niche evaluation index
system that includes target, sub-target, and indicator layers was established to evaluate provincial
resources, as well as environmental, economic, and societal subsystem niches and the comprehensive
niches of compound ecological systems during the 11th Five-Year and 12th Five-Year periods.
The findings of this study can be used to promote coordinated and sustainable regional development.
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This paper is organized as follows: Section 2 introduces the materials and methods, including the
study area and data sources, the construction of an index system, and the Full Permutation Polygon
Synthetic Indicator method. Section 3 presents the results of the spatio-temporal dynamic analysis
of each subsystem’s niche and the comprehensive niche. The discussion is elaborated in Section 4.
Finally, conclusions, a discussion of study limitations, and proposed future work are presented in
Section 5.

2. Materials and Methods

2.1. Study Area and Data Sources

This study included 31 provinces, municipalities, and autonomous regions in mainland China
(excluding Hong Kong, Macao, and Taiwan) (Figure 1) for an analysis of the regional spatial-temporal
evolution and driving forces of resource, environmental, economic, and social niches, as well as the
natural-economic-social complex niche, during the 11th Five-Year (2006-2010) and 12th Five-Year
periods (2011-2015). To ensure the availability, authority, consistency, and sustainability of the research
data, these data were obtained mainly from the Chinese Statistical Yearbook, the China Environmental
Statistics Yearbook, the Chinese Urban Statistical Yearbook, the China Energy Statistics Yearbook,
and other official statistics yearbooks. We ranked the individual indicator values of different provinces
in China in 2005-2015 from large to small, using 5%, 50% (the median), and 95%, in turn, as the upper,
critical, and lower thresholds of the corresponding indicator. Using 5% and 95% as the upper and
lower limit values, respectively, can eliminate the influence of extreme values [51].
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Figure 1. Study area.

2.2. Construction of An Index System

Human society is essentially a population-resource-environment complex ecosystem with human
behavior as the dominant factor, the natural environment as a supporting factor, resource flow as a
lifeline, and the social system as the meridian [5,7]. Analysis of an ecological niche involves many
elements such as resources, environment, economy, and society [8-10]. This study incorporated
domestic and foreign indicators that have been used to evaluate sustainable cities and ecological
cities, following the principles of science, feasibility, independence, completeness, simplicity, hierarchy,
acceptability, and stability [52,53]. A three-level social-economic-natural compound niche evaluation
index comprised of target, sub-target, and indicator layers and representing the resources, environment,
economy, and society was then constructed. The target layer is the comprehensive niche of the
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compound ecosystem, the sub-target layer includes the niches of the resources, environment, economy,
and society, and the indicator layer comprises the individual indicators for the corresponding niches.
The resource niche includes nine indicators that reflect the advantages and disadvantages of the
region in terms of resource endowments and utilization, and mainly includes improving resource use
efficiency, promoting energy revolution, and facilitating resource recycling. The environmental niche
includes 11 indicators that reflect the advantages and disadvantages of the region in terms of natural
ecosystem protection and restoration, as well as environmental governance and protection, and mainly
includes ecology protection, pollutant emission reduction, and pollution control. The economic
niche includes 10 indicators that indicate the advantages and disadvantages of the region in terms
of new economic developments such as technological innovation, economic structural adjustment
and optimization, and an open economy. The social niche mainly includes 12 indicators that reflect
the advantages and disadvantages of a region regarding education, medical service, health, social
security, quality of life, urban and rural living facilities, and green travel. The indicators are divided
into two types: positive indicators and negative indicators. For a positive indicator, the larger the
value, the better the niche; for a negative indicator, the smaller, the better (Table 1).

Table 1. Social-economic-natural compound niche evaluation index system.

Target Layer Sub-Target Layer Indicator Layer Properties
Per capita arable land area (hm?/person) Positive
Per capita water sources (m>/person) Positive

Energy consumption per unit of gross domestic product

(GDP) (t standard coal/10,000 yuan) Negative
Resource niche Water consumption per unit of GDP (m? /10,000 yuan) Negative
Unit land output value (100 million yuan/ km?) Positive
Clean energy use proportion (%) Positive
Biogas production in rural area Positive
Industrial water reuse rate (%) Positive
Comprehensive utilization of industrial solid waste (%) Positive
Forest reserve (m3/ person) Positive
Wetland coverage (%) Positive
Natural reserves as a percentage of area (%) Positive
Investment in prevention and control of geological disasters Positive
as a percentage of GDP (%)
Comprehensive Environmental niche Sulfur dioxide emission intensity per unit of GDP (t/ten Negative
ecological niche of thousand yuan) . i .
a complex Chemical oxygen demand emission intensity per unit of GDP Negative
ecosystem (t/ten thousand yuan)
Regional ambient noise quality (dB) Negative
Pesticide use per unit of cultivated land area (t/ hm?) Negative
Sewage centralized treatment rate (%) Positive
Innocuous treatment rate of domestic waste (%) Positive
Proportion of investment in environmental pollution control Positive
of GDP (%)
Per capita GDP (Million yuan/person) Positive
Proportion of fiscal expenditure on science and technology of Positi
ositive
GDP (%)
Patents authorized per 10000 person (item /10,000 person) Positive
. . Tertiary industry added value of GDP (%) Positive
Economical niche High and new technology industry output of GDP (%) Positive
Agricultural mechanization level (10,000 kW /10,000 ha) Positive
Dual contrast coefficient Positive
Final consumption rate (%) Positive

Capital formation rate (%) Positive
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Table 1. Cont.

Target Layer Sub-Target Layer Indicator Layer Properties
Total value of import and export trade per capita Positive
(dollar/person)
Educational investment of GDP (%) Positive
Health technician per 1000 persons (person) Positive
Average life expectancy (year) Positive
Proportion of social security and employment expenditure of Positi
. . . ositive
total government financial expenditure (%)
L Urban-rural resident income ratio Negative
Social niche Per capita housing area of rural residents (m?/person) Positive
Green space rate of urban built-up region (%) Positive
Urban gas usage rate (%) Positive
Urban water usage rate (%) Positive
Cumulative benefit rate of rural water diversion (%) Positive
Usage rate of sanitary latrines in rural areas (%) Positive
Public transport use (vehicles per 10,000 persons) Positive

2.3. A Full Permutation Polygon Synthetic Indicator Method

The definition of the Full Permutation Polygon Synthetic Indicator method is as follows. There are
a total of n indicators (normalized values) that form a central n-sided polygon with the upper limit of
these indicators as its radius. The line of each indicator forms an irregular n-sided polygon, and its
vertex is a head-to-tail full arrangement of n indicators. The n indicators can collectively constitute
(n—1)!/2 different irregular n-sided polygons. The composite index is defined as the ratio of the mean
of all irregular polygonal areas to the area of the central polygon [26,50,54,55].

Index values were standardized as follows:

x+b
= >
F(x) ax+c,a7é0,x_0 (1)
F (x) satisfies:
F(x) |x=L =-1, F(x) ‘sz =0, F(x) |x=ll =1 (2)

In the formula, L, T, and U are the lower limit, critical value, and upper limit, respectively, of X.
In accordance with the three conditions above, it is possible to use the normalization function F(x),
shown in the calculation below, to map the index value of the interval [L, U] to the [—1, 1] interval to
change the growth rate of the index:

) (U L)(x—T)
FO) = s amr+ur £ T —aur’

x € [L, U] 3)

When the index value is below the critical value, the growth rate of the standardized index
gradually decreases. When the index is above the threshold, the growth rate of the standardized index
gradually increases.

For the i-th indicator, the normalized calculation formula is as follows:

(Ui — Li)(xi — Ty)

S. = 4
! (ui+L1~ —ZTZ')XZ'—FUZ'E—FL{TZ'—ZUI'LI' @)

Using n indicators, we can construct a central positive n-sided polygon. The n vertices of the
polygon are the values when Si = 1, the central point is the value when Si = —1, and the line segment
from the center point to the vertex is in the interval [-1, +1] of the normalized value of each indicator.
The polygon is the critical region of the index when Si = 0. When the value of the internal area of the
critical region is negative, the standardized value of each indicator is below the critical value; when the
value of the external region is positive, the standardized value of each indicator is above the critical
value (Figure 2).
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Figure 2. A schematic diagram of a Full Permutation Polygon Synthetic Indicator method.

The formula for calculating the composite index of the full permutation polygon is as follows:

; (S: +1)(S; +1)
_ 7
5= 2n(n—1) ©®)

In the formula, S; and S]- are the index values of the i-th and j-th sub-index values, respectively,
and S is the comprehensive index value. According to the principle of the Full Permutation Polygon
Synthetic Indicator method, the value of S is between [0—1], and the larger the S value, the better.

To qualitatively characterize the ecological niche level, the composite indicator values were
divided into the four levels shown in Table 2 [50].

Table 2. Classification of niche level.

Level Range of Values Niche Level
I >0.75 Excellent
1I 0.5—-0.75 Better
I 0.25-0.5 General
v <0.25 Poor

3. Results

The study covers the 11th Five-Year and 12th Five-Year periods, which were important historical
stages when the “ecological civilization” concepts were proposed and sublimated, respectively.
We considered 2005 to be the base year of ecological civilization construction during the 11th Five-Year
period, 2010 to be the achievement year of the 11th Five-Year period and the base year of the 12th
Five-Year ecological civilization construction, and 2015 to be the achievement year of the 12th Five-Year
period of ecological civilization construction. In addition, combined with national and local five-year
development plans, the policy drivers and concrete reasons for the evolution of niches were analyzed
to provide a basis for decisions in regional coordination and sustainable development for ecological
civilization construction.

3.1. Spatio-Temporal Dynamic Analysis of Each Subsystem’s Niche

3.1.1. Resource Niche

In the base year of the 11th Five-Year period (2005), the country’s resource niche indexes
were generally low, and the regions with high resource niche indexes were mainly concentrated
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in Beijing, Tianjin, Shandong, Jiangsu, Zhejiang, and Fujian (Figure 3a). By the end of the 11th
Five-Year period (2010), after the National Environmental Protection Plan and the National Economic
and Social Development Plan both reevaluated resource utilization efficiency and environmental
protection to change economic growth, the resource niche index of the eastern coastal region had
reached 0.30 or more for the first time. With the adjustment in resource utilization and industrial
transformation, the resource niches in the central and western regions showed obvious improvements
and enhancements (Figure 3b). The 18th National Congress of the Communist Party of China named
ecological civilization construction as the foundation for social progress and economic development.
By the end of the 12th Five-Year period (2015), the country’s regional resource niches had improved
significantly. Specifically, the resource niche indexes of coastal provinces such as Shandong, Jiangsu,
Zhejiang, Fujian, Guangdong, and Guangxi, and developed inland regions such as Shaanxi and
Chonggqing, surpassed 0.40 for the first time. In addition, the ecological niche indexes of the central
regions such as Hunan, Hubei, and Jiangxi also improved significantly. They were nearly double that
of the base year of the 12th Five-Year period (2010) (Figure 3c).
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Figure 3. Regional resource niche evolution of China in 2005-2015.

3.1.2. Environmental Niche

In the base year of the 11th Five-Year period (2005), the levels of regional environmental niche
indexes in the country were generally low, and there were about 20 provinces and cities with
environmental niche indexes that were less than the average of 0.15. Tibet, Beijing, Tianjin, and
Qinghai were the few regions with overall environmental niche indexes greater than 0.23 (Figure 4a).
During the 11th Five-Year period, the country’s regional environment niche was fully upgraded,
with outstanding performance in ecological environment restoration and environmental pollution
control. The national average environmental niche level reached 0.27, which was twice the level in
the base year of the 11th Five-Year period; the environmental niche index of Tibet exceeded 0.45;
and environmental niche indexes of Inner Mongolia and Yunnan exceeded 0.40. These were the highest
regional environmental niche levels in the country. At the same time, the ecological niche levels in
central regions such as Henan, Anhui, Hubei, Hunan, and Ningxia were all below 0.20, representing
the lowest regional environmental niche levels in the country (Figure 4b). During the 12th Five-Year
period, which showed an overall advance in ecological civilization construction, the country issued
major ecological engineering policies, and the average level of regional environmental niches reached
0.35. The regional niche levels in Tibet, Inner Mongolia, Shaanxi, Qinghai, Sichuan, and Chongging all
exceeded 0.40, and only Henan had a niche level below 0.25 (Figure 4c).
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Figure 4. Regional environment niche evolution of China in 2005-2015.

3.1.3. Economic Niche

In the base year of the 11th Five-Year period (2005), the national level of regional economic
niches was generally low, and the average level of economic niches was only 0.15. Beijing was the
only region that had an economic niche level higher than 0.50. The levels of economic niches in the
northern region and central-western regions were generally lower than 0.10 (Figure 5a). During the
11th Five-Year period, the country made great efforts to transform its economic development mode
and structure. It markedly increased the demand for domestic products, continued improvements in
industry structure, significantly increased the level of urbanization, enhanced coordination for regional
development, and significantly improved the levels of regional economic niches across the country.
By the end of the 11th Five-Year period, the average level of national economic niches reached 0.26,
with the levels of economic niches in Beijing and Tianjin reaching 0.54 or more, and economic niches in
the eastern coastal regions generally reached 0.40 or more (Figure 5b). During the 12th Five-Year period,
some major economic development measures were implemented, including upgrading industrial
core competitiveness through transformation and upgrading, optimizing coordinated development
between regions, and promoting healthy urbanization. Further, the basic concept of inclusive
development was established. As a result, the national regional economic niche level greatly increased
to approximately 0.42. The economic niche levels in Beijing, Tianjin, and eastern coastal regions
were all higher than the national average of 0.40, and the economic niche level in Jiangsu, Tianjin,
and Zhejiang were all higher than 0.60. Regional differences in the levels of economic niches across the
country were significantly reduced, reflecting the concept of coordinated economic development in
urban agglomerations and economic belts (Figure 5c).

Y 36} Economic niche
7

7 Economic niche

Economic niche I 076946 - 100000
[ 043957 - 100000 [ 100001 - 200000 , N 193526 - 200000 ’
[ 100001 - 200000 ! I 200001 - 300000 ‘ | 200001 - 300000
|1 200001 - 300000 N 300001 - 400000 e 300001 - .400000 N oz \
300001 - 400000 [ 400001 - 500000 400001 - 500000
[ 200001 - 500000 ) i 500001 - 600000 ) J /500001 - .600000
500001 - 600000 LB 600001 - 700000 R-rey 600001 - 700000 .
PR R e o
0 500 1,000 2,000 | . 0 500 1,000 2,000 | . 0 500 1,000 2,000 \ .
— — T I — T — —
E = =
(a) (b) ()

Figure 5. Regional economic niche evolution of China in 2005-2015.
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3.1.4. Social Niche

In the base year of the 11th Five-Year period, social niche levels were generally low across
the country; the average level was only 0.15. The social niches in Shanghai, Beijing, and Tianjin
ranked highest, with social niche levels of 0.60, 0.56, and 0.40, respectively. The levels of social
niches in the central and western regions were generally lower than the national average level of
0.15 (Figure 6a). During the 11th Five-Year period, the state made important advances by expanding
employment, upgrading the social security system, improving the skills and quality of workers,
increasing government investments and policy support, implementing major engineering projects and
institutional reform, strengthening labor security system capacity, and improving the social niche level
of the whole country. By the end of the 11th Five-Year period, the national average social niche level
reached 0.26. The social niche levels in Beijing, Shanghai, and Tianjin were the highest in the country,
at 0.73, 0.61, and 0.49, respectively. However, the social niche levels in some regions in the northwest
were still below 0.1. There were obvious regional differences in regional social niche levels in the
country (Figure 6b). During the 12th Five-Year period, the state vigorously promoted the construction
of the social security system, accelerated overall urban and rural social security planning, expanded
the scope of social security coverage, gradually increased the level of security standards, and greatly
improved national social niche levels. At the end of the 12th Five-Year period, the levels of regional
social niches in the country averaged approximately 0.43, with the levels in the eastern coastal areas
higher than the national average. In addition, the level in Beijing reaching 0.77, and the levels in the
central regions also greatly improved (Figure 6¢).
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Figure 6. Regional social niche evolution of China in 2005-2015.

3.2. Spatio-Temporal Dynamics of the Comprehensive Niche

3.2.1. Regional Comprehensive Niche Evolution

In the base year of the 11th Five-Year period, the levels of comprehensive regional ecological
niches in the country were generally low, with the average comprehensive niche level at 0.07, and only
the comprehensive niche level of Beijing higher than 0.49. The comprehensive niche levels of more
than 20 other provinces were less than 0.10, whereas those of some coastal provinces and cities ranged
from 0.10 to 0.49 (Figure 7a).

During the 11th Five-Year period, the State Council’s decision on implementing the “Scientific
Outlook on Development” to strengthen environmental protection and social development established
the need to protect the ecological environment, speeding up the construction of a resource-saving
and environment-friendly society, and promoting the coordination of economic development through
interventions on the population, resources, and environment. By the end of the 11th Five-Year period,
the level of comprehensive ecological niches in the country had significantly increased, and the national
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average ecological level was 0.28. The overall ecological niche levels in Beijing, Tianjin, and the eastern
coastal regions were more than 0.40, and the comprehensive niche levels in the central region were
generally above 0.10; however, the comprehensive niche levels in most western regions were still
below 0.10, indicating large regional differences (Figure 7b).

During the 12th Five-Year period, when the foundation of ecological civilization construction
was established and various regional ecological civilization construction plans were implemented,
the average levels of comprehensive ecological niches in the country reached 0.57, which was twice that
in the late 11th Five-Year period. The levels of comprehensive niches in coastal areas such as Shandong,
Jiangsu, and Zhejiang reached more than 0.84, and the comprehensive niche levels in southern regions
such as Fujian and Guangdong and in central and western developed regions such as Chongqing,
Sichuan, and Shaanxi reached more than 0.72. The levels of comprehensive niches in the central region,
including Hubei, Hunan, and Jiangxi, reached more than 0.50, and the comprehensive niche levels in
the northwest region, including Qinghai, Gansu, Xinjiang, and Tibet, were generally higher than 0.30.
The regionalized nature of comprehensive niches in the country was obvious (Figure 7c).
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Figure 7. Regional comprehensive niche evolution of China in 2005-2015.

3.2.2. Coordinated Development of the Natural-Social-Economic System

In the base year of the 11th Five-Year period (2005), except for levels in Beijing, Shanghai,
and Tianjin, the levels of niches and comprehensive niches in various regions of the country were
relatively low, and regional imbalances were prominent. In addition, comprehensive ecological niche
levels were generally lower than the levels of individual niches, suggesting that no comprehensive
effects had emerged for various types of ecological subsystems in the early 11th Five-Year period
(Figure 8).

During the 11th Five-Year period, with the optimization and upgrading of industrial structures,
implementation of a basic strategy to promote regional coordinated development, and construction
of a resource-conserving and environmentally friendly society, the levels of subsystem ecological
niches and comprehensive ecological niches greatly increased. The comprehensive niche levels
in Tianjin, Shandong, Zhejiang, and Guangdong surpassed the niche levels of each subsystem,
indicating the integration and development of various subsystems, as well as their synergy, in the
above-mentioned regions. However, the levels of comprehensive niches in Henan, Hunan, Guizhou,
Gansu, Xinjiang, and other regions were still lower than the niche levels of various subsystems,
indicating that sustainable development with integrated natural, social, and economic development
was not established in these regions (Figure 9).

During the 12th Five-Year period, with the establishment of ecological civilization construction as
a founding principle, ecological protection was strengthened by optimizing spatial patterns, guiding
coordinated economic development and ecological protections, and building ecological supervision
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capacity. In the process, natural-social-economic development capacities in all of the regions of
the country were augmented. In the end of the 12th Five-Year period (2015), the comprehensive
ecological niches of coastal cities such as Tianjin, Jiangsu, and Zhejiang exceeded 0.80, and the
comprehensive ecological niches in the middle and western regions such as Chongqing and Shaanxi
were between 0.70-0.80. The comprehensive niche level of each region in the country was generally
higher than the niche level of each subsystem, indicating that the concept of coordinated development
was implemented regionally. However, in some central and western regions such as Henan, Tibet,
Xinjiang, Ningxia, and Qinghai, the levels of comprehensive ecological niches did not exceed the
ecological niche levels of various subsystems, indicating that, in these regions, natural-social-economic
compound ecosystems were still not well understood, sustainable natural-social-economic coordinated
development needed to be implemented, and green development and ecological civilization
construction required promotion (Figure 10).
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4. Discussion

4.1. Global Spatial Autocorrelation of Regional Comprehensive Niche Indexes

In our study, we found a correlation between the comprehensive ecological niche indexes of
various regions in China. To further explore the spatial distribution and evolving characteristics
of China’s provincial comprehensive niches, a spatial autocorrelation analysis method was used to
determine the global autocorrelation of the comprehensive niches in China’s provinces during the
study period.

Using GeoDa and rook first-order adjacency matrices, a global spatial autocorrelation analysis of
the comprehensive niche levels in 31 provinces (Hainan, Guangdong, and Guangxi were treated as
neighbors) was conducted, and the overall Moran index of comprehensive niche levels was obtained
at each stage. These values were tested for significance (Table 3).

As can be seen in the table, the overall Moran index of the comprehensive niche levels in China’s
provinces was significantly positive, indicating a spatial correlation in the comprehensive niche
levels of China’s provinces. The areas with similar levels of comprehensive niche indexes were
spatially agglomerated, showing regional geographical development advantages and linkages in the
development of urban agglomerations.

During the 12th Five-Year period, the spatial agglomeration effect was basically flat, followed by
a downward trend, indicating that regional differences in the levels of comprehensive niches were
shrinking, and that balanced regional development was emerging. These patterns are inseparable from
the overall optimization of industry; the promotion of regional coordinated development, healthy
urbanization, and green development; and the construction of a resource-saving and environmentally
friendly society; as well as other means of promoting the construction of a comprehensive ecological
civilization. In the process of studying rural economic development in the eastern coastal region of
China from 1978 to 2012, Wang et al. also found [56] a significant positive spatial autocorrelation with
a trend toward an increase for the regional economy, and that the neighbor effect of regional economic
growth was found to be strengthened by certain policies.
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Table 3. Global Moran indexes of comprehensive ecological niches in China.

Year 2005 2010 2015
Moran’s Index 0.459 0.456 0.406
Z Score 4931 4178 3.721

P Value 0.001 0.001 0.002

4.2. Local Spatial Autocorrelation of Regional Comprehensive Niche Indexes

To further explore the spatial relationships between provinces and cities in China, GeoDa was
used to obtain Moran scatter plots at each stage (Figure 11), and each province and city was divided
into four types of agglomerations based on scatter plots.

In the base year of the 11th Five-Year period (2005), High-High type(HH) agglomeration areas
were mainly found in Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian, and other eastern coastal
provinces. Most of the provinces in central and western regions were located in the Low-Low type (LL)
agglomeration area. This indicated the regional location, economic development, technology, politics,
and talents of these provinces. This finding was consistent with those of some previous studies [27,57].

During the 11th Five-Year period, a series of important measures such as the national main
functional zone strategy and overall regional development strategy were successively promulgated.
The comprehensive niche level of each region in the country gradually increased, and the radiation
diffusion effect of the eastern region also led to the development of the central region. Ding et al. [27]
also found a strong promoting influence of core cities in the eastern coastal region of the surrounding
cities. As a result, the number of regions in the LL agglomeration area continued to decrease, and the
number in the HH agglomeration area continued to increase. Therefore, the gap between the regions
in the country gradually narrowed.

During the 12th Five-Year Plan period, with the promotion of the concept of "ecological civilization
construction," some regions in the LL gathering district moved to the Low-High type (LH) gathering
district, and some have continued on from the LH agglomeration area to the HH and even the
High-Low type (HL) areas. For regions in the LH agglomeration area, the radiation and diffusion
effects of neighboring provinces should be used to improve their niche levels. For provinces and cities
in the HL agglomeration area, ecological civilization was effectively constructed. In the future, we
should strengthen cooperation with surrounding areas to promote their coordinated development.

As a whole, during the 11th Five-Year and 12th Five-Year periods, the spatial radiation and driving
effects of regional development increased. The comprehensive ecological niche index of the country
also increased, and the geographical advantage began to narrow. The construction of the ecological
civilization and implementation of sustainable development have moved economic development and
social progress indicators, and increasing recognition of the value of ecological and environmental
welfare has changed the comprehensive ecological niche patterns of the whole country.
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Figure 11. Moran I scatter plot of comprehensive niche indexes at each stage in the study area.
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5. Conclusions

Based on an analysis of the spatio-temporal dynamics of the four subsystems of resources,
environment, economy, and society in the provinces of China during the 11th Five-Year and 12th
Five-Year Plan period, we conclude the following. (1) The spatio-temporal differences in resource,
environmental, economic, and social niches in each region increased greatly during this period.
The levels of niches in most of the provinces and cities in the central and western regions rose from
poor to average or above. (2) In terms of the spatial and temporal evolution of comprehensive niches,
the comprehensive niche levels of each region in the country increased significantly during this period.
At the beginning of the period (2005), only comprehensive niche levels in Beijing and Tianjin were
at the average level, whereas by the end of the period (2015), the comprehensive niche levels in
all of the provinces and cities were higher than the average. (3) In terms of changes in subsystem
and comprehensive niches, in the base year of the 11th Five-Year period, the subsystem niche levels
and comprehensive niche levels were both relatively low, and the comprehensive niche levels were
generally lower than those of the subsystems, indicating that coordination of the various subsystems
had not yet been established. By the end of the 12th Five-Year period, the comprehensive niche levels
of all of the regions in the country were generally higher than those of each subsystem, indicating that
the concept of coordinated development of compound ecosystems had been implemented in regional
development. However, the comprehensive niche levels in Henan, Tibet, Xinjiang, Ningxia, Qinghai,
and other parts of the midwest still did not exceed the maximum niche levels of each subsystem.
In the future, it will be necessary to strengthen our understanding of the natural-social-economic
compound ecosystem in order to improve the coordinated sustainable development of nature, society,
and the economy.

In short, with the overall advancement of ecological civilization construction, the region will
no longer continue its gross domestic product (GDP)-only development mode. Ecological welfare,
social welfare, and sustainable development have become the new metrics for regional development.
The concept of coordinated and sustainable natural-social-economic development is now accepted.
The regional ecological niches of compound ecosystems can better reflect the suitability of a region
for various human activities, as well as the advantages and disadvantages of a population, resources,
environment, economy, and society, and provide more accurate and comprehensive information for
regional ecological civilization construction and sustainable development.

Although some insights have been gathered from this exploratory study, there are some
limitations and room for further investigation. Ecological civilization is a complex term rooted
in the economy, society, politics, culture, and the ecological environment that determines the diversity
and systematization of ecological civilization construction. Correspondingly, the construction of an
ecological civilization should include economic, social, political, cultural, resource, and environmental
aspects. The evaluation indicators that are used to measure levels of political and cultural construction
often involve institutional and conceptual dimensions, are difficult to quantify, and lack the support of
authoritative statistical data at the national level. Thus, we did not incorporate these aspects into our
index system for provincial compound niche evaluation. The level of ecological political and cultural
construction can be reflected to some extent in the economy, society, resources, and environment;
however, the existing evaluation suggests that ecological civilization construction may not play a
leading role in strengthening ecological political and cultural construction. Therefore, in future research,
if we can supplement the statistical data with statistical methods, national statistical departments can
establish indicators that are directly related to ecological politics and culture and incorporate them into
the evaluation system to achieve a more comprehensive evaluation of the level of ecological civilization
construction and further promote the construction of ecological politics and culture.
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Appendix

7 ” o

The following are detailed descriptions of “resource niche,” “environmental niche,” “economic
niche,” and “social niche,” as used in the paper.

Resource niche: A resource niche reflects the advantages and disadvantages of a region in
resource endowments and utilization. This study evaluated the following aspects of this niche.
(1) Resource endowments. The indicators per capita arable land area and per capita water resources
were mainly used to indicate the relative abundance of resources in the area. Per capita arable land
area indicates the situation of land resources, and per capita water resources indicates water resource
conditions. (2) Resource utilization. Resources conservation is China’s basic national policy. To save
and intensify the use of resources, it is necessary to improve resource use efficiency, promote energy
revolution, and facilitate resource recycling. The indicators energy consumption per unit of GDP, water
consumption per unit of GDP, and output per unit of land were used to represent the intensity of
energy, water, and land resource consumption for the improvement of resource use efficiency. The clean
energy use ratio and rural biogas production rate were used to represent the promotion of new energy
development. The indicators industrial water reuse rate and industrial solid waste comprehensive
utilization rate included the amount of resource recycling.

Environmental niche: The environmental niche reflects the advantages and disadvantages of the
region in terms of natural ecosystem protection and restoration, as well as environmental governance
and protection. This study mainly analyzed the following two aspects. (1) Ecology protection. A good
ecological environment is the foundation for the sustainable development of people and society.
It is essential to prioritize conservation and natural resource restoration, strengthen the protection
and management of key ecological function areas, implement major ecological restoration projects,
enhance conservation of water resources, maintain water and soil, prevent wind and sand, and protect
forest vegetation, rivers, lakes, wetlands, and biodiversity. At the same time, it is necessary to
build a comprehensive disaster prevention and reduction system to develop resilience to natural
disasters. To this end, the four indicators forest stock volume, wetland coverage, proportion of natural
reserves in jurisdiction, and proportion of investments in geological disaster prevention and control
of GDP were used to represent ecological protection. The last of these indicates the ability of the
ecological environment to withstand and resist disasters. (2) Environmental governance and protection.
This aspect can be divided into two sub-aspects. The first of these is pollutant emission reduction.
The sulfur dioxide emission intensity per unit of GDP, chemical oxygen demand emission intensity per
unit of GDP, regional environmental noise quality, and amount of pesticides per unit of cultivated land
were indicators chosen to reflect the regional emission of pollutants in the atmosphere, water, sound,
soil, and other components of an ecosystem. The second of these is pollution control. The centralized
sewage treatment rate, harmless consumer waste treatment rate, and proportion of investments in
environmental pollution control of GDP all represent pollution control. Of these, the first two indicators
were used to show the level of wastewater and waste residue treatment in the region, and the last
indicator was used to show the strength of economic feedback and environmental governance.

Economic niche: The economic niche indicates the advantages and disadvantages of the region
in terms of new economic developments such as technological innovation, economic structural
adjustment and optimization, and an open economy. This study reviewed the following aspects.
(1) Economic level. Per capita GDP is an important indicator representing regional economic
development; therefore, it was selected for this purpose. (2) Technological innovation. Technological
innovation is the ultimate decisive force for the development and progress of human society. It is
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also the main driving force for the transformation of economies. Here, the fiscal expenditure on
science and technology as a proportion of GDP and patents authorized per 10,000 persons were
chosen to reflect regional innovation capacity. (3) Economic structural adjustment and optimization.
This is the main means of accelerating economic development. It includes three aspects: industrial
structure, urban-rural structure, and demand structure. Adjusting and optimizing the industrial
structure, accelerating transformation and upgrading of traditional industries, and improving the
modern industrial system are needed for development. The ratio of the tertiary industry added value
and high and new technology industry output value both represent the degree of regional economic
development. Therefore, these two indicators were selected to indicate the optimization of industrial
structure in a region. In terms of urban-rural structure, increasing overall development of urban
and rural areas and the vitality of rural development, modernizing agriculture, and promoting the
integration of urban and rural development are needed. Here, agricultural mechanization level and
dual contrast coefficient were selected to characterize adjustment and optimization of the urban-rural
structure. The agricultural mechanization level refers to the comprehensive status of various power
machines used in agriculture, forestry, livestock, and fishery, and reflects the level of industrialization
and modernization of rural areas. The dual contrast coefficient is an important index to measure the
urban-rural dual economic structure. It is also reflects the integration of urban and rural development
in the region, as well as urban-rural economic coordination. In terms of the demand structure, it is
important to firmly grasp the strategic basis of expanding domestic demand. We used the two
indicators of final consumption rate and capital formation rate to represent this. (4) Open economy.
To adapt to new economic globalization, a more proactive and open strategy must be implemented.
Total import and export trade per capita were used here to reflect the degree of foreign economic
openness of a region.

Social niche: social niche reflects the advantages and disadvantages of a region regarding public
service, social security, and green life. This article analyzes the following aspects of social niches.
(1) Education. The proportion of educational investment in GDP reflects the educational development
of a region. (2) Medical service. Health technicians per 1000 persons was selected to indicate the
development of health and medical services in the region. (3) Health. Average life expectancy was
used to reflect residents” health levels. (4) Social security. The proportion of spending on social security
and employment of total government financial expenditure was used to indicate social security, social
insurance availability, and employment security. (5) Quality of life. The urban-rural resident income
ratio was used to reflect the income distribution in a region, and the per capita housing area of rural
residents and green space rate in urban built-up areas were used to reflect the living conditions and
environments of residents; (6) Urban and rural living facilities. The rate of urban gas usage and urban
water usage, cumulative rural water diversion, and rate of rural sanitary toilet usage were included to
reflect the status of residential living facilities in a region. (7) Green travel. Public transport vehicles
per 10,000 people was the indicator used to reflect the level of green traffic in an area.
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