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Abstract: The harmonious development of human settlement environments (HSEs) and resident
demands (RD) contributes to the sustainable development of areas. However, few studies have
focused on development-level evaluations and analyses of coupling coordination between the two.
This study used a comprehensive evaluation index model and a coupling coordination degree model
to measure the development level, coupling coordination degrees, and spatial characteristics of
HSE and RD in 31 regions of China. The results display the following: (1) The developing degree
of HSE and RD continued to improve, with spatial heterogeneity, whereas the development level
of RD and the regional economy was positively correlated; (2) the degree of coupling between
the two was relatively high, with high-level coupling areas accounting for 77%, and the coupling
coordination level included a medium level and primary levels; (3) in the coupling and coordination
relationship between subsystems, living needs > security requirements > respected needs > social
needs > self-realization needs, and environmental safety > ecological environment. This study offered
a new research perspective for the sustainable development of areas and put forward suggestions for
promoting development.

Keywords: human settlement environments; resident demand; coupling coordination

1. Introduction

Human settlement environments have an extremely powerful impact on people’s
quality of life and health. Human settlement environments (HSE) refers to the environment
in which humans live, produce, and work, as well as the surface space related to human
survival activities [1]. A good living environment can affect a person’s physical health
and emotions and can also promote social and economic development. In September 2015,
the United Nations proposed to make cities resilient, inclusive, safe, and diverse by 2030,
including the goal of accelerating sustainable economic, social, and environmental devel-
opment, ensuring that everyone has a safe space [2]. During the last decade, China has
continuously increased efforts to improve urban human settlements. At the Urban Work
Meeting, Chairman Jinping Xi proposed that “city administration should take creating
a good living ambient as the final purpose”. In 2022, China issued the latest version of
the “Management Measures for the Application and Selection of the China Habitat Envi-
ronment Award”, aiming to comprehensively promote the improvement of the quality of
China’s living environment. The demand of the world, and China, for the improvement of
human settlements continues to drive research on the same.

HSE research in European and American countries began in the 16th to 18th cen-
turies [3]. The British scholar Howard proposed the concept of the “garden city”, believ-
ing that cities should be combined with landscaping to improve HSEs [4]. In the 1950s,
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Dosayadis proposed the definition of a “human settlement”, initiating a systematic study
of HSEs [5]. In the latter part of the 20th century, HSE science began to develop and
gradually grew into a global research field, with human–environment relations becoming
the focus of research [6]. On 17 December 1985, the United Nations adopted a resolution
at the 40th United Nations General Assembly to establish World Habitat Day, proposing
to accelerate the continuous development of HSE, aiming to raise people’s awareness of
HSE issues and promote HSE research. The disciplines involved in HSE research include
environmental science and ecology, science and technology, green sustainability and tech-
nology, and urban research. China’s HSE research originated in the 1950s and increased in
the 1990s. Chinese scholars’ research on HSE has involved the intersection and integration
of multiple disciplines, including architecture, planning, geography, etc. [7]. The research
content has included overviews [5], indicator systems [8], theories [9], etc. The research
methods have included questionnaires and surveys [10], analytic hierarchy processes [11],
ArcGIS spatial analyses, etc. [12]. International HSE research originated from human settle-
ments, primarily focusing on physical geography at the micro level. In comparison, China’s
HSE research originated from architecture, primarily focusing on regional differences and
relationships with cities from a macro perspective. HSE is related to many sectors, such as
nature, ecology, and economics [13]. As interdisciplinary research targets, these continue to
integrate and develop along with geography, psychology, and other fields.

There is a close relationship between HSE and RD. RD determines the direction and
focus of HSE development, and HSE improvement can also meet and promote RD. RD is
the demand of residents for their environment, public facilities, and services. International
scholars have conducted research on residents’ needs, including research on residents’
satisfaction and hierarchical research on RD. For example, Bisbas et al. conducted research
on overall residential satisfaction in social research from 1961 to 2020 [14]. Gharagozlou et al.
conducted complex research exploring the impact of factors such as the living environment,
housing quality, and community facilities on residents’ satisfaction [15]. Maslow’s demand
hierarchy theory is currently considered the most comprehensive interpretation of RD,
reflecting the hierarchy and system of human needs, including physiological, security,
social, respect, and self-realization needs. Research on RD in China has primarily included
research on RD in different fields, research on the influencing factors of RD, and research
on the relationships between RD and other factors, such as elderly care needs [16], leisure
needs [17], and sports or public service needs [18]. Zhong proposed, through research,
that the influencing factors of RD included the economic level, educational level, social
status, etc. [19]. Wang systematically analyzed the connection between RD and city layout
and proposed relevant theories and practices [20]. Liu et al. investigated the relationship
between RD and public service and proposed differentiated public service supplies based
on RD [21].

From the existing literature, research on HSE and RD has been consistently enriched,
but few people have focused on HSE and RD at the same time. Coordinated development of
HSE and RD could reduce environmental pollution, improve the qualitative city ecological
environments, and achieve sustainable development of cities. Therefore, research on the
problem of coupling and coordination of these two should be deeply explored. In sum-
mary, this article attempted to address the following issues: (1) Establish a comprehensive
evaluation index system for the development level of HSE and RD; (2) analyze the coupling
and coordination relationship between HSE and RD; and (3) provide suggestions for the
coordinated development of HSE and RD.

To facilitate these goals, the study established an indicator system for the development
level of HSE and RD and measured the spatial and temporal variations of the development
level, Coupling Degree (CD), and Coupling Coordination Degree (CCD) using data from
four time periods in 31 regions of China (from the years 2005 to 2020) as samples. The contri-
butions of this article were as follows: (1) Based on Maslow’s demand hierarchy theory, the
development-level assessment system of RD was established, and the development-level
evaluation indices system of HSE was constructed from the perspective of the ecologi-
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cal environment and environmental safety. (2) The paper measured and evaluated the
development degree of HSE and RD in 31 regions of China, as well as their coupling
and coordination relationships and their spatiotemporal variation characteristics, offering
empirical evidence for the harmonious development of HSE and RD. (3) The interactive
coupling and coordination relation between the RD subsystem and the HSE subsystem was
analyzed, and countermeasures and advice for accelerating the harmonious development
of the two subsystems were offered.

2. Materials and Methods
2.1. Study Area

This study area chose 31 regions in China, excluding Hong Kong, Macao, and Taiwan.
China has a total area of 9.6 million square kilometers, spanning two geographical regions:
East Asia and Central Asia. According to physical and geographical characteristics, these
were subdivided divided into the Northeastern region, Northwestern region, Eastern
region, Northern region, Central region, Southwestern region, and Southern region, as
Figure 1 shows.
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Figure 1. Map of 31 regions and their geographical distribution in China.

2.2. Data Sources and Indicators

The research data involved in this paper included data taken from the China Statistical
Yearbook (2011–2021), China Environmental Statistical Yearbook, and China Tourism
Statistical Yearbook. The research sample period was selected from four time periods
between 2005 and 2020: 2005, 2010, 2015, and 2020.

The ecological environment and environmental safety are two important aspects of
HSE; both are directly related to people’s health and quality of life. Preserving the eco-
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environment and strengthening environmental safety are basic requirements for sustainable
development. Thus, choosing these two aspects as evaluation indicators for HSE is benefi-
cial to promoting a city’s sustainable development. Specifically, HSE includes 2 first-grade
indicators and 11 secondary indicators. The selection of secondary indicators for the eco-
logical environment comprehensively considers both the overall level and the per capita
level, while environmental safety comprehensively considers both environmental pressure
and the environmental response and combines previous research results. Among these,
ecological environmental indicators include forest coverage [22], per capita water resources,
green coverage in built-up areas [23], per capita park green space area [24], and natural
reserve area [25]. Environmental safety indicators include the treatment rate of urban
sewage, the harmless treatment rate of domestic garbage, the treatment rate of industrial
solid waste [26], the total amount of industrial wastewater discharge, the total amount of
industrial exhaust gas discharge, and the amount of industrial solid waste generated [27].

Based on Maslow’s demand hierarchy theory, this study constructed the development-
level evaluation index system for RD. Maslow’s demand hierarchy theory has the advan-
tages of comprehensiveness and scientificity, including living needs, security requirements,
social needs, respected needs, and self-realization needs. These five aspects are Maslow’s
scientific judgments, made through actual case studies and data validation, comprehen-
sively summarizing various human needs. In addition, Maslow’s five demand levels have
a progressive relationship. This study did not use the progressive relationship but rather
used the entropy method to scientifically quantify the weight of the index. Specifically, the
RD indicator system included 5 primary indicators and 18 secondary indicators. Living
needs indicators included per capita household disposable income [28], Engel’s coeffi-
cient [29], the prevalence rate of urban water consumption [30], the prevalence rate of
urban gas, and public transportation vehicles. Security requirements included the number
of medical institutions, the number of beds in those medical institutions [31], environmental
pollution, damage or accidents, and natural disaster losses. Social needs included the total
number of domestic tourist attractions receiving tourists, the operating revenue of tourist
attractions [32], the number of museum visitors, and the number of audience members at
art performance venues [33]. Respected needs included the proportion of people receiving
higher education and the divorce rate [34]. Self-realization needs included the number
of research and experimental development (R&D) projects, research and experimental
development (R&D) funding expenditures [35], total wages of urban unit employees, and
the urban registered unemployment rate [36]. This study used the entropy method to
calculate indicator weights, as Table 1 shows.

Table 1. The development level evaluation index system of HSE level and RD.

Type Level I Indicators Secondary Indicators Indicator Attribute Weight

Human settlements
environments

Ecological environment

Forest coverage (%) Positive 0.0727
The per capita water resources

(m3/person) Positive 0.4367

Green coverage in built up areas (%) Positive 0.0133
The per capita park green space area (m2) Positive 0.0184

Natural reserve area (10,000 hectares) Positive 0.2832

Environmental safety

Sewage treatment rate (%) Positive 0.0084
Domestic waste treatment rate (%) Positive 0.0201

The treatment rate of industrial solid
waste (%) Positive 0.1127

The total amount of industrial wastewater
discharge (10,000 ton) Negative 0.0109

The total amount of industrial exhaust gas
discharge (100 million cubic meters) Negative 0.0097

The amount of industrial solid waste
generated (10,000 ton) Negative 0.0139
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Table 1. Cont.

Type Level I Indicators Secondary Indicators Indicator Attribute Weight

Resident demand

Living needs

The per capita household disposable
income (CNY/year) Positive 0.0611

Engel’s coefficient (%) Negative 0.0103
The prevalence rate of urban water

consumption (%) Positive 0.0052

The prevalence rate of urban gas (%) Positive 0.0117
Public transportation vehicles

(unit/10,000 people) Positive 0.0243

Security requirements

The number of medical institutions
(number) Positive 0.0622

The number of beds in those medical
institutions (number/1000 people) Positive 0.0309

Environmental pollution, damage or
accidents (number) Negative 0.0047

Natural disaster losses (hectare) Negative 0.0122

Social needs

The total number of domestic tourist
attractions receiving tourists (10,000

person times)
Positive 0.0563

The operating revenue of tourist
attractions (100 million CNY) Positive 0.1102

The number of museum visitors (10,000
person times) Positive 0.0568

The number of audience members at art
performance venues (10,000 person times) Positive 0.1449

Respected needs
The proportion of people receiving higher

education (person/100,000 person) Positive 0.0357

The divorce rate (%) Negative 0.0170

Self-realization needs

The number of research and experimental
development (R&D) projects (100 million

CNY)
Positive 0.1385

Research and experimental development
(R&D) funding expenditures Positive 0.1205

The total wages of urban unit employees
(100 million CNY) Positive 0.0876

Urban registered unemployment rate (%) Negative 0.0099

2.3. Research Methods
2.3.1. Entropy Method

This study used the entropy method to compute the weight of indicators. This method
can comprehensively and objectively reflex the significance of indicators and has the ad-
vantages of simple calculation and easy implementation, as shown in Formulas (1) and (2).
Qij represents the proportion of the index Xij, Ri represents the entropy value of the index,
and λij represents the weight of the index.

The first step is to standardize the data.
The second step is to calculate indicator weights.

Qij = Xij/
n

∑
j=1

Xij, Ri = ln
1
n

n

∑
j=1

[(
Qij

)
ln
(

Qij

)]
(1)

λij = (1− Ri)/
m

∑
i=1

(1− Ri) (2)
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2.3.2. Calculation of Comprehensive Evaluation Index

This research adopted the comprehensive evaluation index method to evaluate the
development level of the HSE system and the RD system, as shown in Formula (3). k1 rep-
resents the comprehensive evaluation index of HSE, and k2 represents the comprehensive
evaluation index of RD. The comprehensive evaluation index method is an integrated index
system evaluation approach based on multiple factors and wide applications in ecological
environment governance evaluation.

k1 =
m

∑
i=1

λijXij, k2 =
m

∑
i=1

λijYij,
m

∑
i=1

λij = 1 (3)

2.3.3. Coupling Coordination Model

This study used the CD calculation Formula (4) and the CCD calculation Formula (5).
Among them, C represents the coupling degree, T represents the coordination index, and D
represents coupling co scheduling. The coupling coordination model can reflex the degree
of interaction between an HSE system and an RD system and is an effective evaluation
tool that reflects the coordinated development level among multiple systems. It has been
widely used to analyze economic, social, and environmental issues considering different
scales and regions [37].

C =
√
(k1 × k2)/(k1 + k2), T(k1, k2) = ak1 + bk2 (4)

D =
√

CT (5)

3. Results
3.1. Analysis of the Development Level of HSE and RD
3.1.1. HSE Development Level Index

Index evaluation can objectively reflect the development level and direction of research
objects. As shown in Figure 2, the development level index of HSE in 31 regions of China
continued to improve. Among these regions, Xizang had the highest development level of
HSE, followed by Qinghai, Xinjiang, and Neimenggu. Xizang’s HSE level always led the
country, with a 2020 HSE index of 0.70—higher than Qinghai’s (0.26), which ranked second.
Xizang is rich in natural resources such as water resources, mineral resources, and grass-
land resources, and has excellent air quality due to its high altitude and low atmospheric
pressure. As displayed in the 2021 Xizang Autonomous Region Ecological Environment
Status Bulletin, monitoring showed that the overall ecological and environmental quality
of Xizang remained stable, and it ranked among regions with the best ecological and envi-
ronmental quality in the world. In 2020, the areas with a low level of HSE system in human
settlements included Tianjin (0.07), Shanghai (0.07), and Jiangsu (0.08). Tianjin and Jiangsu,
at the time of this work, had a permanent resident population of over 10 million, and their
economic development level was at the forefront of China. However, HSE and economic
development were poor due to insufficient environmental infrastructure, difficulties re-
ducing pollution, and unstable environmental improvement results. In comparing HSE
indexes across four time periods (2005, 2010, 2015, and 2020), it was noted that the levels of
HSE in all 31 regions improved. These improvements cannot be separated from continuous
policy promotion. The 16th National Congress of China established the goal of sustainable
development. The 18th National Congress of China incorporated the construction of an
eco-civilization into the general layout of Chinese characteristic socialism. Thus, ecological
civilization construction was upgraded to a national strategic goal. Since that time, various
environmental protection policies have been continuously improved, including regional
environmental policies [38], air pollution control policies [39], and environmental policies
at specific government levels [40]. The number of environmental policies has also shown
an upward trend. In 2005, there were 15 active environmental policies. After 2010, the
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number of policies increased significantly, reaching a peak of 62 environmental policies in
2016 [41].
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3.1.2. RD Development Level Index

As shown in Figure 3, a time series analysis of the development level index of RD
in 31 regions in China in 2005, 2010, 2015, and 2020 showed that the development level
indexes of RD in all 31 regions significantly increased in 2020. In 2020, the region with
the highest RD index was Shanghai (0.95), with a growth rate of 73% compared to 2005,
followed by Beijing (0.89) with a growth rate of 66%, Zhejiang (0.68) with a growth rate of
43%, and Jiangsu (0.56) with a growth rate of 32%. In 2020, the RD indexes of Xizang (0.23),
Gansu (0.25), Guizhou (0.27), Yunnan (0.29), Qinghai (0.29), and Xinjiang (0.29) increased
by 10% and 16%, respectively. China made significant progress in various aspects and
RD indicators from 2005 to 2020. During that time, China’s total GDP increased from
18.2 trillion RMB to 101.6 trillion RMB, with an annual increase rate of 7.9%. Urban per
capita disposable income increased from 10,493 RMB to 43,834 RMB. The urbanization
rate increased from 43.9% to 63.9%. The penetration rate of internet access and digital
technology increased from 10.5% to 67.1%. Infrastructure aspects, such as high-speed
railways, highways, and bridges, were continuously strengthened, and the medical/ health
system, education system, and physical fitness reform all continuously improved. Therefore,
the development level indexes of RD in 31 regions all improved to varying degrees. By
comparing Figures 2 and 3, it can be found that the increase in RD is significantly greater
than that of HSE, indicating that the growth of RD can promote the growth of HSE. Based
on the analysis of HSE and RD index systems, it is found that the higher the RD level, the
higher people’s living standards, and the more attention will be paid to the improvement
of the HSE level. Meanwhile, compared with the RD level, the HSE level needs to be
greatly increased.
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3.1.3. Spatial Distribution Characteristics of Development Level for HSE and RD

For the purpose of studying the spatial distribution feature of the development level for
HSE and RD, the level indexes of the two were classified based on the average, maximum,
minimum, and regional distribution of the level indexes. The development level index of
HSE was divided into three levels. High-level areas (1.0–0.7), medium-level areas (0.7–0.1),
and low-level areas (0.1–0). The RD level was also divided into three levels: High-level
areas (1.0–0.4), medium-level areas (0.4–0.3), and low-level areas (0.3–0). As shown in
Figure 4, HSE and RD exhibited spatial heterogeneity. In 2020, the RD levels were high in
Shanghai, Beijing, Zhejiang, Jiangsu, Tianjin, Guangdong, Fujian, Shandong, and Liaoning,
while the HSE levels were either low or medium. Xizang, which had a high HSE level,
has a relatively low RD level and was only located in low-level areas. Based on analyses
of practical factors, it was determined that the economic development level had a certain
negative influence on HSE. Areas with high RD levels were concentrated in the coastal
areas of China, where the level of economic development was relatively high. However,
these same areas caused pollution and damage to the environment to varying degrees. In
the meantime, the distribution of natural resources and human resources differed. Xizang,
a region with a high level of HSE, was rich in natural resources, had a relatively small
population, and had low levels of human resources and economic development. This
resulted in a good ecological and environmental foundation, a high level of environmental
safety, and a low level of economic activity that inhibited the improvement of residents’
demand. Therefore, areas with high HSE levels appeared in pairs with areas with low RD
levels, and areas with low HSE levels appeared in pairs with areas with high RD levels.
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3.1.4. The Relationship between RD Level and Economic Development

The RD level was closely related to economic development. For further analysis, the
RD index and per capita gross national product (GNP) aggregation and combination charts
were drawn, as shown in Figures 5 and 6. There was a remarkable positively correlated
between RD levels and per capita GNP. In 2020, in Beijing (164,900 RMB/person), Shanghai
(155,800 RMB/person), Jiangsu (121,200 RMB/person), Tianjin (101,600 RMB/person),
Zhejiang (100,600 RMB/person), and Guangdong (88,200 RMB/person), where per capita
GNP values were relatively high, the RD level indexes were, respectively, 0.89 for Bei-
jing and 0.95 for Shanghai. At the same time, in Gansu (36,000 RMB/person), Guizhou
(46,300 RMB/person), Heilongjiang (42,600 RMB/person), and other regions with rela-
tively low per capita GNP, the RD levels were also relatively low (Gansu 0.25), Guizhou
(0.27), and Heilongjiang (0.30). This indicated that the level of RD could not be separated
from the increase in the district economy development level. With the development of the
economy, people’s income levels improved, and the demand for material and cultural life
increased, thereby promoting the growth of RD levels. At the same time, improvements in
RD levels could stimulate economic development, stimulate market demand, and promote
industrial upgrading and technological innovation. Therefore, RD levels and economic
development levels have a mutually beneficial relationship.
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3.2. Spatiotemporal Analysis of CD and CCD
3.2.1. Coupling Degree Analysis of HSE and RD

This study measured the CD of HSE and RD based on cross-sectional data from
31 regions in China in 2005, 2010, 2015, and 2020. For the purpose of demonstrating the
spatial distribution feature of CD between the two, a hierarchical classification of CD was
conducted. Because the coupling degree is always high, trisection is not used. This study
divides the index of 0 to 1 into a 2:4:4 ratio. CD values lower than 0.4 were referred to as low-
level coupling, CD values between 0.4 and 0.8 were referred to as medium-level coupling,
and CD values above or equal to 0.8 were referred to as high-level coupling. As shown in
Figure 7, based on spatial analysis, the CD of HSE and RD showed a significant increase
over time, with a gradual increase in high-level coupling regions from 19 in 2005 to 24 in
2020, accounting for 77%. Moreover, high-level coupling areas were concentrated in the
northeastern, northwestern, central, southern, and some southwest areas, while Shandong,
Jiangsu, Shanghai, Zhejiang, and Beijing in the northern region and Tianjin in the eastern
region were reduced from high-level coupling areas to medium-level coupling areas. While
the overall level of coupling in China significantly increased, there were decreases in CD
in areas such as Beijing, Tianjin, Shandong, Jiangsu, and Zhejiang, which decreased from
high-level to medium-level coupling areas. Improvements in the economic level promoted
the diversity of RD and enhanced residents’ adaptability to HSEs. Additionally, those
improvements added to innovations of HSEs, thus alleviating the contradiction between
HSE and RD to a certain extent. Therefore, the CD decreases in some regions with high
levels of economic development.
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3.2.2. Coupling Coordination Degree Analysis of HSE and RD

To demonstrate the spatio-temporal change of CCD, this study classified the CCD
values of HSE and RD into four levels: Low-level coordination (<0.3), primary-level
coordination (0.3–0.5), medium-level coordination (0.5–0.7), and high-level coordination
(>0.7). As shown in Figure 8, the CCD values in 31 regions showed growth over time
and certain regional differences in space. The number of medium-level coordination
regions grew from 0 in 2005 to 14 in 2020, primarily distributed in Heilongjiang, Jilin, and
Neimenggu in the northeastern, Xinjiang and Qinghai in the northwestern, Xizang and
Sichuan in the southwestern area, Zhejiang, Jiangxi, and Fujian in the eastern area, Hunan
in the middle area, and Guangzhou and Hainan in the southern area. The remaining
17 regions were primary-level coupling coordination regions in 2020. The quantity of
low-level coupling coordination areas decreased from 24 in 2005 to 0 in 2020, while the
number of high-level coupling coordination areas was always 0. High-level coupling
and coordination areas did not emerge in the periods under study, indicating the need
for further improvement in the following aspects: (1) The humanization levels of urban
planning and construction in various regions, (2) residents’ satisfaction with the urban
environment, and (3) the attractiveness of the city image. To do so would further improve
the coupling and coordination of HSE and RD and accelerate the continuous development
of the region. At the same time, the balance between HSE and RD must be closely watched
in practical applications to avoid the overconsumption of sources and costs.



Sustainability 2023, 15, 8341 13 of 20

Sustainability 2023, 15, x FOR PEER REVIEW 14 of 22 
 

and coordination of HSE and RD and accelerate the continuous development of the re-
gion. At the same time, the balance between HSE and RD must be closely watched in prac-
tical applications to avoid the overconsumption of sources and costs. 

 
Figure 8. The spatiotemporal evolution of the CCD between HSE and RD: (a) 2005; (b) 2010; (c) 2015; 
(d) 2020. 

3.2.3. Coupling Coordination Relation between HSE and RD Subsystem 
For further analysis of the interactive coupling coordination relationship between the 

HSE and RD subsystems, the CCD values of the HSE and RD subsystems were calculated 
using 2020 as a sample period, as shown in Table 2 and Figure 9. Overall, the living needs 
subsystem (LN) (0.534) > security requirements subsystem (SR) (0.530) > respected needs 
subsystem (RN) (0.495) > social needs subsystem (SN) (0.425) > self-realization needs sub-
system (SRN) (0.386). From the CCD of the HSE and living needs subsystem, only Xizang 
was high level. Meanwhile, 20 regions, including Beijing and Qinghai, were medium level, 
and 10 regions, including Guizhou and Hebei, were primary level. According to the CCD 
of the HSE and security requirements subsystem, 24 regions, including Xizang and Si-
chuan, were medium level, while the remaining 7 regions were primary level. According 
to the CCD of the HSE and social needs subsystem, five regions, including Jiangxi and 
Sichuan, were medium-level, while 23 cities, including Henan, Anhui, and Hubei, were 
primary-level. Shanghai, Tianjin, and Ningxia were low-level. According to the CCD of 
the HSE and respected needs subsystem, Xizang was at a high level, while 16 regions, 

Figure 8. The spatiotemporal evolution of the CCD between HSE and RD: (a) 2005; (b) 2010; (c) 2015;
(d) 2020.

3.2.3. Coupling Coordination Relation between HSE and RD Subsystem

For further analysis of the interactive coupling coordination relationship between the
HSE and RD subsystems, the CCD values of the HSE and RD subsystems were calculated
using 2020 as a sample period, as shown in Table 2 and Figure 9. Overall, the living needs
subsystem (LN) (0.534) > security requirements subsystem (SR) (0.530) > respected needs
subsystem (RN) (0.495) > social needs subsystem (SN) (0.425) > self-realization needs
subsystem (SRN) (0.386). From the CCD of the HSE and living needs subsystem, only
Xizang was high level. Meanwhile, 20 regions, including Beijing and Qinghai, were medium
level, and 10 regions, including Guizhou and Hebei, were primary level. According to the
CCD of the HSE and security requirements subsystem, 24 regions, including Xizang and
Sichuan, were medium level, while the remaining 7 regions were primary level. According
to the CCD of the HSE and social needs subsystem, five regions, including Jiangxi and
Sichuan, were medium-level, while 23 cities, including Henan, Anhui, and Hubei, were
primary-level. Shanghai, Tianjin, and Ningxia were low-level. According to the CCD of the
HSE and respected needs subsystem, Xizang was at a high level, while 16 regions, including
Beijing, Jiangxi, and Guangdong, were medium level, and 14 cities, including Heilongjiang,
Neimenggu, and Qinghai, were primary level. From the perspective of the CCD of the HSE
and self-realization needs subsystem, Guangdong and Zhejiang were medium-level, while
26 regions, including Jiangsu, Fujian, and Sichuan, were primary-level, and Hainan and
Tianjin were low-level. The primary and medium levels were the main coordination types.
From the level distribution of CCD, we observed that, in most regions, the CCD values
of the HSE and living needs subsystem and the security requirements subsystem were
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relatively high, and the coupling and coordination relationships with the self-realization
needs subsystem were the lowest. The self-realization needs subsystem became the main
factor restricting the CCD of HSE and RD.
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Table 2. Coupling coordination relation between subsystems.

HSE–LN HSE–SR HSE–SN HSE–RN HSE–SRN RD–EE RD–ES
Xizang 0.707 Xizang 0.699 Jiangxi 0.578 Xizang 0.73 Guangdong 0.639 Beijing 1 Jilin 1
Beijing 0.635 Sichuan 0.678 Sichuan 0.576 Beijing 0.577 Zhejiang 0.573 Tianjin 0.99 Hainan 1

Qinghai 0.617 Hunan 0.595 Zhejiang 0.564 Jiangxi 0.552 Jiangsu 0.488 Hebei 0.96 Xizang 0.999
Zhejiang 0.594 Qinghai 0.577 Hunan 0.516 Guangdong 0.541 Fujian 0.468 Shanxi 0.941 Xinjiang 0.999

Fujian 0.592 Hebei 0.575 Shandong 0.513 Hainan 0.541 Sichuan 0.464 Neimenggu 0.938 Yunnan 0.998
Neimenggu 0.591 Xinjiang 0.573 Henan 0.499 Shaanxi 0.539 Shandong 0.451 Liaoning 0.931 Shaanxi 0.998

Xinjiang 0.582 Guangdong 0.567 Anhui 0.49 Fujian 0.538 Beijing 0.44 Jilin 0.924 Guizhou 0.997
Heilongjiang 0.565 Jiangxi 0.565 Hubei 0.478 Guangxi 0.538 Hunan 0.442 Heilongjiang 0.922 Heilongjiang 0.996
Guangdong 0.564 Guangxi 0.56 Fujian 0.477 Xinjiang 0.527 Jiangxi 0.425 Shanghai 0.909 Ningxia 0.996

Sichuan 0.556 Yunnan 0.553 Guangdong 0.476 Yunnan 0.512 Hubei 0.421 Jiangsu 0.904 Gansu 0.995
Hainan 0.554 Neimenggu 0.552 Shaanxi 0.461 Zhejiang 0.509 Anhui 0.406 Zhejiang 0.901 Shanxi 0.994
Hunan 0.55 Fujian 0.546 Yunnan 0.452 Jilin 0.508 Henan 0.399 Anhui 0.875 Guangxi 0.991
Jiangxi 0.542 Shaanxi 0.545 Jiangsu 0.439 Liaoning 0.507 Chongqing 0.383 Fujian 0.828 Hubei 0.982

Liaoning 0.539 Heilongjiang 0.542 Guangxi 0.434 Hubei 0.507 Xizang 0.383 Jiangxi 0.826 Neimenggu 0.977
Yunnan 0.535 Liaoning 0.541 Chongqing 0.434 Gansu 0.507 Hebei 0.379 Shandong 0.826 Chongqing 0.977
Shaanxi 0.53 Henan 0.54 Beijing 0.428 Hunan 0.505 Liaoning 0.378 Henan 0.822 Fujian 0.973
Guangxi 0.529 Guizhou 0.539 Gansu 0.415 Sichuan 0.504 Shaanxi 0.369 Hubei 0.814 Qinghai 0.973

Jilin 0.517 Gansu 0.534 Guizhou 0.414 Heilongjiang 0.488 Yunnan 0.361 Hunan 0.807 Henan 0.968
Chongqing 0.516 Zhejiang 0.533 Heilongjiang 0.412 Neimenggu 0.476 Guangxi 0.355 Guangdong 0.795 Hebei 0.967

Gansu 0.512 Jilin 0.531 Shanxi 0.404 Qinghai 0.476 Xinjiang 0.352 Guangxi 0.783 Anhui 0.965
Hubei 0.511 Shandong 0.531 Hebei 0.389 Shanxi 0.467 Neimenggu 0.35 Hainan 0.755 Jiangxi 0.961

Guizhou 0.499 Hubei 0.527 Neimenggu 0.385 Chongqing 0.467 Shanghai 0.347 Chongqing 0.726 Sichuan 0.961
Hebei 0.493 Chongqing 0.522 Xinjiang 0.385 Henan 0.447 Heilongjiang 0.34 Sichuan 0.719 Hunan 0.957
Anhui 0.483 Shanxi 0.504 Xizang 0.377 Hebei 0.444 Guizhou 0.327 Guizhou 0.708 Liaoning 0.954
Shanxi 0.479 Hainan 0.493 Liaoning 0.37 Shandong 0.443 Shanxi 0.317 Yunnan 0.698 Beijing 0.904
Jiangsu 0.473 Beijing 0.48 Hainan 0.347 Ningxia 0.437 Qinghai 0.317 Xizang 0.695 Tianjin 0.887

Shanghai 0.472 Anhui 0.479 Qinghai 0.345 Guizhou 0.43 Jilin 0.308 Shaanxi 0.628 Shandong 0.855
Shandong 0.472 Jiangsu 0.446 Jilin 0.303 Jiangsu 0.428 Gansu 0.3 Gansu 0.577 Guangdong 0.852
Ningxia 0.469 Ningxia 0.406 Shanghai 0.294 Anhui 0.417 Hainan 0.284 Qinghai 0.537 Jiangsu 0.84
Henan 0.461 Shanghai 0.36 Tianjin 0.259 Shanghai 0.413 Tianjin 0.273 Ningxia 0.429 Zhejiang 0.806
Tianjin 0.423 Tianjin 0.33 Ningxia 0.247 Tianjin 0.382 Ningxia 0.236 Xinjiang 0.34 Shanghai 0.763

High level Medium level Primary
level Low level
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Upon further analysis of the interactive coupling coordination relationship between
RD and HSE subsystems, taking 2020 as the sample period, the CCD of RD and HSE
subsystems was calculated, as shown in Table 2 and Figure 10. Overall, the environmental
safety subsystem (ES) (0.951) was greater than the ecological environment subsystem (EE)
(0.791). The CCD between RD and the environmental safety subsystem was significantly
higher than that between RD and the ecological environment subsystem. According to
the CCD of RD and the ecological environment subsystem, 24 regions, including Beijing,
Tianjin, and Hebei were high-level, while 5 regions, including Yunnan and Xizang, were
medium-level. Ningxia and Xinjiang were primary-level. According to the CCD of RD
and the environmental safety subsystem, all 31 regions were high-level. This indicated
that, compared to the environmental safety subsystem, it would be necessary to further
strengthen the coupling and coordinated development of RD and the ecological environ-
ment subsystem. The high CCD of RD and the environmental safety subsystem indicated
that China’s environmental safety construction achieved certain results. In order to promote
environmental safety construction, China revised and implemented a new version of the
Environmental Protection Law in 2014. China’s environmental safety construction experi-
enced an exploration period (1978–1988), a development period (1989–2002), a deepening
period (2003–2012) [42], and an improvement period (2013–2020). Driven by continuous
policy tools, environmental safety protection efforts have been continuously strengthened.
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4. Discussion
4.1. Research Contributions and Research Comparisons

The main contribution of this study was the construction of an RD evaluation in-
dicator system on the basis of Maslow’s demand hierarchy theory, which comprehen-
sively covered various levels of RD elements, providing support for the exploration of the
coupling-coordinated development of HSE and RD. In addition, this study proposed a new
perspective for studies on the continuous development of people and the environment.
HSE and RD are two mutually reinforcing and interdependent systems. The coordinated
development of the two could promote social harmony and regional sustainable devel-
opment. This sustainable development would be based on the current situation of the
ecological environment and environmental safety, combined with the theory of human
demand hierarchy, and ultimately conducive to promoting the harmonious coexistence of
humans and the environment.

In comparison with similar types of research, this research drew on the coupling
coordination model of coordinated development of multi-systems, which is a relatively
mature and extensively used method. For example, Luo et al. used CCD models to
explore the coupling and coordination between low-carbon development and the ecological
environment in their research on sustainable development approaches [34]. Feng et al.
applied the CCD model to measure the coupling and coordination scheduling of urbanism
and ecological elements’ total energy efficiency [43]. Liang et al. investigated the coupling
and coordination relation between the social economy and the ecological environment
using the CCD model [44]. In the choice of research methods, based on the research
methods of these scholars, this paper added the interaction coupling coordination analysis
of subsystems in order to analyze the critical factors influencing the CCD of the two.

4.2. Recommendations

(1) As can be observed from the HSE- and RD-level evaluation and coupling coordination
analysis, policy tools have been the main driving factor behind the promotion of the
coupling-coordinated development of HSE and RD in China. In order to take that
drive further, it will be necessary to formulate and implement cross-border environ-
mental protection policies, including joint policies between different departments,
and regional environmental protection policies with urban agglomerations, such as
the Yangtze River Delta, the Guangdong–Hong Kong–Macao Greater Bay Area, and
the Beijing–Tianjin–Hebei region.

(2) From the distribution of the coupling coordination level of subsystems, the self-
realization requirements subsystem and the ecological environment subsystem were
key factors. They constrained the development level of coupling coordinated. Our
specific analysis found that R&D investment and urban income level were the limiting
factors in the secondary indicators. The insufficient investment in Government R&D
funds has constrained the development of technology, reducing the employment and
income levels of related industries. Therefore, social forces should be introduced to
take an active role in the development of ecological products, industrial development,
technological innovation, and technical services, and encourage social capital to enter
the pollutant treatment market, participate in ecological environment construction,
and expand the scale of the environmental protection industry and the production of
renewable and clean energy.

4.3. Future Research Directions

Due to article length limitations, this study had some shortcomings and should be
expanded in future research. First, because of the restriction of data consistency and
usability, the selection of RD indicators in this study was insufficient. In the future, relevant
data will be obtained through questionnaires, interviews, and other forms to strengthen
the scientific nature of indicator construction. Second, the driving system for the coupling-
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coordinated development of HSE and RD was not deeply explored. Future research will
address these shortcomings.

5. Conclusions

The paper established an HSE index system based on the ecological environment and
environmental safety, and an RD indicator system based on Maslow’s demand hierarchy
theory. Using a comprehensive evaluation model and CCD model, it measured the de-
velopment degree of HSE and RD in China, as well as CCD, and its interactive coupling
coordination relationship. The research conclusions were as follows:

(1) The levels of HSE and RD in China continue to grow, with significant spatial distribu-
tion characteristics. RD levels decreased from coastal areas to inland areas, while HSE
levels decreased from inland areas to coastal areas. The RD and per capita regional
GDP exhibited the characteristic of mutual agglomeration at the same level.

(2) There was a significant coupling relationship between HSE and RD, with a high CD.
The level of CCD was concentrated at the medium and primary levels, and high-level
CCD areas have not appeared.

(3) Through the CCD analysis of HSE and RD subsystems, it is found that living needs
> security requirements > respected needs > social needs > self-realization needs.
Through the CCD analysis of RD and HSE subsystems, it was found that the environ-
mental safety subsystem > ecological environment subsystem.
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