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Abstract: The coordinated development of rural infrastructure and ecological environment is an
effective way to improve agricultural productivity. The primary focus of the current research is how
the two can work together to promote regional economic development in rural areas and in related
fields. This study takes the western region as the research object, constructs an evaluation index
system for rural infrastructure and ecological environment, and uses the Min-max Scaling method,
coupling coordination model, gray GM (1, 1) model, and standard deviation elliptical model for
evaluation. The trends and driving factors for the coordinated development of rural infrastructure
and ecological coupling in the region from 2012 to 2021 are analyzed. The main results are as
follows: (1) Except for Tibet, Qinghai, and Ningxia, the coupling degree of rural infrastructure and
the ecological environment in western China reached the maximum level during the research period,
also the coordination degree showed a gradual upward trend. (2) A prediction for the development
and evolution of rural infrastructure and the ecological environment in western China indicates a
trend of agglomerative development in the southern region. (3) By strengthening the construction of
reservoirs, improving sanitary conditions, improving cultivated land use area and forest coverage,
and controlling soil erosion, the coordinated development of the two can be effectively promoted.
The purpose of this study is to promote the sustainable and coordinated development of rural
infrastructure and ecological environment, and to provide a reference for policy formulation in the
relevant sectors and other countries and regions with similar situations.

Keywords: rural infrastructure; ecological environment; western China; coupling coordination; trend
forecasting; driving factor; sustainable development

1. Introduction

Currently, the construction of rural infrastructure and the challenges of the rural
eco-environment exhibit complex and diverse characteristics globally. Compared with
developed countries, the construction of rural infrastructure lags behind in developing
countries. This is principally due to the level of national scientific and economic devel-
opment, as well as the degree of resource supply and other factors. For example, rural
infrastructure in the United States and developed European countries is more advanced
than in underdeveloped regions such as China, India, and Africa, and this has had a major
impact on local economic development. In developed countries, ecological environmental
protection has also received sufficient attention from the government and society, resulting
in the adoption of more advanced technologies and the achievement of better sustainable
development results. However, this has not produced a significant impact on developing
countries and economically underdeveloped areas, and some countries are still facing
serious problems of ecological environment in rural areas. For instance, the poor or even
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lacking agricultural infrastructure in some provinces and cities in western China, and the
excessive use of pesticides, fertilizers, and agricultural film in agricultural production, has
resulted in a certain degree of pollution, affecting the local agricultural and rural sustainable
development and ecological environment protection.

In recent years, while maintaining the steady development of the urban economy,
China has paid more attention to the development of its rural economy, especially in the
underdeveloped areas of western China, and has formulated a series of strategies for the
large-scale development of the western region, rural revitalization, and the construction
of beautiful rural areas. China’s construction of rural infrastructure and development
of ecological environment protection are the necessary conditions for rural revitalization.
Issues related to accelerating the construction of rural infrastructure, increasing the protec-
tion of the ecological environment, and achieving coordinated development have become
the focus of current discussions among all sectors of society and hot topics in research
in related fields. With the continuous advancement of the strategy to revitalize the coun-
tryside, a wide variety of results have been achieved in the coordinated development of
rural infrastructure construction and the ecological environment. Although China has
made significant progress in the level of rural infrastructure construction and ecological
environmental protection, in some areas, rural infrastructure development and ecological
environment governance are still regarded as independent systems, and each has its own
promotion plan, which ignores the interaction between the two. In fact, the construction of
rural infrastructure is closely related to the protection of the ecological environment, and
the coordinated development of the two can achieve the effective use of resources and the
sustainable development of the environment through reasonable planning.

Compared to the research of previous scholars, the research object and scope of the
study chosen in the paper are different. Through the study of rural infrastructure and
ecological environment in western China, this paper has made a certain contribution to
the progress of knowledge and practical application development in this field. There-
fore, the scope of this paper is 12 economically underdeveloped provinces in western
China. The research object is the coordinated development of rural infrastructure and
ecological environment. The theoretical basis is the theory of coupling coordination, the
theory of sustainable development and the theory of systems. The coupling coordination
degree model, the gray GM (1, 1) model, the standard deviation ellipse model and the
obstacle degree model were adopted. This paper analyzes the coupling and coordina-
tion of rural infrastructure and ecological environment, the spatiotemporal evolution, the
prediction of development trend and the driving factors in the western region. The full
application of theoretical knowledge to practice is conducive to promoting rural economic
development while protecting the ecological environment and can provide reference for
relevant departments.

The paper is structured into eight parts, the first part is the introduction. The second
part is the literature review. The third part is the research methods and data sources. The
fourth part is the analysis of coupling and coordinated development. The fifth part is the
analysis of spatiotemporal evolution and trend prediction. The sixth part is the analysis of
driving factors. The seventh part is the discussion, and the eighth part is the conclusion.

2. Literature Review

Current studies have explored the coordinated and internally coupled development
of infrastructure from various perspectives. Firstly, Wang, Li, and others have analyzed
the coupling and coordination of integrated infrastructure by combining transportation
infrastructure and informatization [1], green rainwater infrastructure [2], and the overall
infrastructure elasticity [3]. These studies reveal that the positive, coordinated development
of integrated infrastructure can bolster local economic growth, that green rainwater infras-
tructure significantly impacts urban development and hydrological sustainability, and that
resilient infrastructure contributes to enhanced disaster resilience within infrastructure
systems. Secondly, research has delved into the coupled and coordinated relationships
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between infrastructure and population [4], as well as infrastructure and living standards [5].
Lu and colleagues determined that understanding the coordinated relationship between
infrastructure and population is crucial for the healthy development of urban areas. Lastly,
discussions have focused on the coupled and coordinated development between the econ-
omy and infrastructure construction [6,7]. The findings indicate that the coordinated
development of multiple systems can create synergistic effects, providing benefits to the
sustainable development of the local economy.

The efficiency of ecological environment governance is crucial in advancing the mod-
ernization of the national environmental governance system and capabilities [8]. Current
research primarily focuses on several key aspects. Firstly, there is a focus on tourism
and the ecological environment [9,10]. Understanding the delicate relationship between
these two elements is crucial for the sustainable development of cities; for the sustain-
able development of rural areas, Gajić et al., through a study of rural service quality [11]
and tourist decision making [12], found two studies to improve the development of ru-
ral tourism to a certain extent. Secondly, some researchers have established a coupled
coordination model to validate the interconnected development of urbanization and the
ecological environment [13,14]. Their work underscores the importance of studying this
coordination for the realization of sustainable urban development [15]. Fang also posits that
the coupled and coordinated development of urbanization and ecosystems will be a future
research hotspot and frontier in sustainable development science [16]. The third aspect
centers on the relationship between the social economy and the ecological environment.
Li et al. utilized a coupled coordination model to analyze the interplay between the social
economy and the ecological environment, emphasizing its extreme importance for the
sustainable development of cities [17–20]. Lastly, Zhang et al. engaged in a comprehensive
discussion of three connected areas: tourism, urbanization, and the ecological environment.
Their research constitutes a multidimensional reference for the coupled and coordinated
development of the ecological environment [21].

Research on the coordinated development of infrastructure and the ecological envi-
ronment encompasses two key aspects. On one hand, the analysis of the coupling and
coordination relationship between the rural economy and the agricultural, ecological en-
vironment reveals that continuous improvement in agricultural infrastructure is pivotal
to promoting high-quality development in the agricultural and rural economy [22]. Con-
versely, the construction of a coupled coordination model delves into the environmental
benefits of urban infrastructure [23], the quality of infrastructure and ecological environ-
ment [24], and the multifaceted economic, social, and environmental benefits of urban
infrastructure [25]. It also explores the coupling coordination relationship between eco-
nomic, social, infrastructural, and ecological resilience [26], providing a comprehensive
understanding of the current coordinated development status of urban infrastructure. Si-
multaneously, related surveys using infrastructure construction as a control to measure
ecological footprint demonstrate that infrastructure plays a crucial role in the promotion
of the sustainable development of the ecological environment. The above has laid the
foundation for the research on the coordinated development of infrastructure and the
ecological environment.

Scholars have conducted research in a variety of fields, involving infrastructure, the
ecological environment, and their coupled and coordinated development, covering the
interplay between infrastructure and economic development, population growth, and the
improvement of living standards. Additionally, there has been an interest in the coupled
development of tourism and the ecological environment, urbanization and the ecological
environment, and other related fields. This body of work offers valuable insights for
relevant departments in formulating policies. However, there remains insufficient research
on the coupling and coordination of the spatiotemporal evolution of rural infrastructure and
ecological environment, as well as the trend prediction of future sustainable development.
Further exploration is needed, particularly in two areas. (1) There is limited literature
focusing on rural areas as the primary research object or examining the coupling and
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coordination relationship between rural infrastructure and the ecological environment.
(2) Research to predict the coordinated development trend between rural infrastructure
and ecology in western China is lacking.

Accordingly, this article proposes the following innovations: (1) With the goal of
promoting the sustainable development of the rural economy and taking rural infrastructure
and ecological environment as the main research objects, four models were established:
coupling degree model, coordination degree model, gray GM (1, 1), and the obstacle degree
model to analyze the sustainable and coordinated development of rural infrastructure and
ecological environment. (2) Taking the economically underdeveloped areas in the western
region as the research area, a new method is proposed. This paper analyzes the coupling
and coordinated development level and spatiotemporal evolution characteristics of rural
infrastructure and ecological environment. This paper studies the coordinated development
trend, spatiotemporal evolution law, and driving factors of the rural infrastructure and
ecological environment in this region. The findings and recommendations are intended to
inform and guide decision making.

3. Materials and Methods
3.1. Construction of Indicator System

In order to effectively evaluate the coordinated development of rural infrastructure
and ecological environment in western China, on the basis of the existing research, this
paper constructs an evaluation index system of rural infrastructure and ecological en-
vironment that is more suitable for the current rural economic development in western
China [27–30]. This paper studies the coupling and coordination level, dynamic evolution
law, development trend prediction and driving factors of rural infrastructure and ecological
environment. Also, this paper evaluates the development level of rural infrastructure using
three categories: productive, living, and social infrastructure. Specifically, four indicators
are selected to measure productive infrastructure, while two indicators each are used for
evaluating living and social infrastructure. Concurrently, the development level of the
ecological environment is evaluated on the basis of three aspects: ecological environment
pressure, status, and response. Four indicators assess ecological environment pressure, two
evaluate its status, and another two gauge the response to the ecological environment. The
selection of data indicators prioritizes rationality, operability, and accessibility. The details
of the indicator system are presented in Table 1.

Table 1. Rural infrastructure and ecological environment evaluation indicator system.

Criterion Layer Indicator Layer Unit Indicator
Properties

Productive
infrastructure

Total power of agricultural machinery
(A1) Ten thousand kilowatts +

Reservoir capacity (A2) Billion cubic meters +
Irrigated area of cultivated land (A3) Thousand hectares +
The number of reservoir seats (A4) Seat +

Living
infrastructure

Rural electricity consumption (A5) Billion kilowatt hours +
Solar water heaters (A6) Million square meters +

Social
infrastructure

Health center beds (A7) Sheet +
Township Health Centers (A8) Piece +

Ecological
environment pressure

Agricultural fertilizer use (B1) Ten thousand tons −
Pesticide use (B2) Ton −

The amount of agricultural film used (B3) Ton −
Agricultural diesel usage (B4) Ten thousand tons −
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Table 1. Cont.

Criterion Layer Indicator Layer Unit Indicator
Properties

Ecological
environment

status

Forest coverage (B5) % +

Cultivated land use area (B6) Thousand hectares +

Ecological
environment

response

Total area of afforestation (B7) Hectare +
The area under water and soil erosion

control (B8) Thousand hectares +

Note: ‘+’ denotes positive indicators, and ‘−’ denotes negative indicators. ‘+’ Positive indicators denotes that
the larger the value, the better the outcome, whereas ‘−’ negative indicators denotes that the larger the value,
the worse.

3.2. Methods
3.2.1. Research Methods

In this study, the Min-max Scaling method, the entropy value method, the coupling
degree model, the coupling coordination degree model, the gray GM (1, 1) model and the
obstacle degree model were used to analyze the coupling coordination, spatiotemporal
evolution, development trend prediction, and driving factors of rural infrastructure and
ecological environment. The Min-max Scaling method is a preprocessing method that is
used to eliminate the influence of dimensions between different indicators. In order to
avoid the different units of indicator data, the extreme value standardization method is
required to preprocess the data. The entropy method is an objective weighting method,
which is not affected by subjective factors and the results obtained are more objective. The
coupling degree model reflects whether there is a correlation between the two systems,
while the coupling coordination degree model reflects the level of coordinated development
of the two systems at a certain stage. The gray GM (1, 1) model is a predictive model, which
is suitable for small sample data and predicting short-term data. The obstacle degree model
is designed to explore the driving factors and influencing factors of rural infrastructure and
ecological environment. Firstly, the Min-max Scaling method was used to preprocess the
data, and the entropy method was used to weight the data. Secondly, the coupling degree
model and the coupling coordination degree model are used to analyze the coupling and
coordinated development level of rural infrastructure and ecological environment, and
the gray GM (1, 1) model is used to predict the coordinated development trend of western
China in the next decade. Finally, the obstacle degree model is used to detect the driving
factors and influencing factors of rural infrastructure and ecological environment.

3.2.2. Standardization Processing

The diversity of units across different indicators can impact the calculation results in a
study. To address this issue, the Min-max Scaling method is employed to process original
data. The specific steps for this method are outlined as follows:

Positive indicators:

Yij =
yij − minyij

maxyij − minyij
(1)

Negative indicators:

Yij =
maxyij − yij

maxyij − minyij
(2)

where Yij represents the standardized value; yij is the original data of the j indicator in
i year in the system; max yij and min yij are, respectively, the maximum and minimum
values in the original data of the j indicator in i year in the system. In the data operation,
there will be a case of 0. As such, when calculating the data, all data are non-negatively
shifted and 0.00001 is added to all values.
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3.2.3. Determine the Weight

In this study the entropy method was used to calculate the weights of the processed
data, and the specific steps are as follows:

(1) For the j indicator, calculate the proportion (Pij) of the i sample:

Pij =
Yij

n
∑

i=1
Yij

(3)

(2) Calculate the entropy value of each indicator (mj):

mj = − 1
ln n

n

∑
i=1

Pij ln(Pij) (4)

(3) Calculate the difference coefficient of the indicator (Xj):

Xj = 1 − mj (5)

(4) Calculate indicator weight (Wj):

Wj =
Xj

m
∑

i=1
Xj

(6)

(5) Calculate the comprehensive evaluation index U1 and U2 of rural infrastructure
and the ecological environment:

U1 =
m

∑
j=1

WjYij (7)

U2 =
m

∑
j=1

WjYij (8)

where j = 1, 2, 3, . . ., m refers to the number of indicators, U1 and U2 represent the compre-
hensive evaluation index of rural infrastructure and ecological environment, respectively,
Wj represents the weights of rural infrastructure and ecological environment indicators,
and Yij represents for standardization data.

Through the above formulas (Equations (3)–(6)), the index weights of rural infras-
tructure and ecological environment are obtained, and the specific weights are detailed in
Table 2.

Table 2. Rural infrastructure and ecological environment indicator weight.

Criterion
Layer Productive Infrastructure Living Infrastructure Social Infrastructure

Indicator layer A1 A2 A3 A4 A5 A6 A7 A8
Weights 0.090 0.135 0.129 0.198 0.097 0.103 0.139 0.109

Criterion layer Ecological Environment
pressure

Ecological environment
status

Ecological environment
response

Indicator layer B1 B2 B3 B4 B5 B6 B7 B8
Weights 0.178 0.057 0.050 0.113 0.174 0.143 0.130 0.155

3.2.4. Model Building

(1) Coupling degree (C) model

The term ‘coupling relationship’ refers to the mutual influence of and interdependence
between two or more systems. The strength of this relationship is measured on the basis of
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the degree of coupling. Referring to previous research [31,32], a coupling degree model
between rural infrastructure and the ecological environment is constructed. The specific
equation is as follows:

C =
2
√

U1U2
U1 + U2

(9)

where U1 and U2 are the comprehensive evaluation indexes of rural infrastructure and the
ecological environment, respectively, and C is the coupling degree of rural infrastructure
and ecological environment, and its range is [0, 1]. The larger the coupling degree (C), the
stronger the correlation and higher the coupling degree between the two; conversely, the
smaller the coupling degree (C), the weaker the correlation and the higher the coupling
degree between the two. For low scores, when the coupling degree (C) is 0, there is no
correlation between the two.

(2) Coupling coordination degree (D) model

The degree of coupling is used to explain whether two or more systems are related,
while the degree of coupling coordination is used to explain the degree of mutual develop-
ment between said systems. This study introduces the coupling coordination degree model
to measure the level of mutual development between rural infrastructure and the ecological
environment in western China. Based on the coupling degree model, a coupling coordina-
tion degree model of rural infrastructure and the ecological environment is constructed.
The specific equation is as follows:

D =
√

C × T (10)

T = aU1 + bU2 (11)

where D represents the degree of coordination between rural infrastructure and the eco-
logical environment; C represents the coupling degree between rural infrastructure and
ecological environment; and T represents the coordinated development index of rural
infrastructure and the ecological environment. In this study, a and b are the contribution
coefficients, a + b = 1. Referring to the previous study [33], rural infrastructure and eco-
logical environment are equally important, i.e., a = b = 0.5. In the process of coupling and
coordinated development of rural infrastructure and ecological environment, the larger
the coupling coordination degree (D), the more mutually reinforcing the two. The lower
the coupling coordination degree (D), the more the two influence each other. The coupling
coordination between rural infrastructure and ecological environment can be taken in the
range of [0, 1]. Based on previous research [34,35], ten classes (levels, layers) of coupling
and coordination degrees are distinguished (Table 3).

Table 3. Coupling and coordination degree classification of rural infrastructure and ecologi-
cal environment.

Coupling Degree (C) Interval Division Coupling Coordination
Degree (D)

Minimum coupling [0.00, 0.09) Extreme Imbalance
Low-level coupling [0.10, 0.19) Severe Imbalance
Low-level coupling [0.20, 0.29) Moderate Imbalance

Antagonistic coupling [0.30, 0.39) Mild Imbalance
Antagonistic coupling [0.40, 0.49) Borderline Imbalance
Running-in coupling [0.50, 0.59) Barely Coordination
Running-in coupling [0.60, 0.69) Primary Coordination
Running-in coupling [0.70, 0.79) Intermediate Coordination
High-level coupling [0.80, 0.89) Good Coordination
Maximum Coupling [0.90, 1.00] Optimal coordination
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Table 3 shows that when the coupling degree between rural infrastructure and the
ecological environment is at a stage of extreme imbalance, there will be minimum coupling
[0.00, 0.09). Equally, severe and moderate imbalance both result in low-level coupling
[0.10, 0.29). This indicates that the degree of interaction between the rural infrastructure
and the ecological environment is small, and that they are in the stage of independent
development. When the two are in the mild imbalance and borderline imbalance stages of
antagonistic coupling [0.30, 0.49), the degree of development between the two are different
and the expectations of mutual enhancement and coordinated development have not
been achieved. When both are in the reluctant coordination, primary coordination, or
intermediate coordination stages of being barely coordinated [0.50, 0.79), this means that
both have begun to enter a healthy development state. When both are in the stage of good
coordination with high coupling [0.80, 0.89) and optimal coordination with maximum
coupling [0.90, 1.00], both interact and develop in a coordinated manner to a large extent,
promoting mutual development.

(3) Obstacle degree model

In order to identify the factors that affect the coordinated development of rural in-
frastructure and the ecological environment in western China, this paper introduces the
obstacle degree model to analyze the main driving factors that affect the coordinated devel-
opment of rural infrastructure and ecological environment. This article refers to previous
research results [36,37] in order to construct an obstacle degree model. The specific equation
is as follows:

Gj =
XijWj

n
∑

j=1
XijWj

(12)

where Gj is the j index obstacle degree; Xij is the index deviation degree, calculated with
Xij = 1 − Yij, Yij is the standardized value; and Wj is the index weight, which is often used
to express factor contribution.

3.3. Regional Overview

China is a large agricultural country, and the coordinated development of infrastruc-
ture in rural areas and the ecological environment is of great significance to the country’s
economic and social development. China is divided into three major regions according
to geographical location and economic development, namely, the eastern region, the cen-
tral region and the western region. The western region includes the following provinces:
Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu,
Qinghai, Ningxia, and Xinjiang. The specific partition diagram is shown in Figure 1.

The eastern region is the most economically and technologically developed area in
China, with relatively mature rural infrastructure and ecological environment. Regarding
rural infrastructure, the government has played a significant role by encouraging modern
agricultural development, increasing investment in agricultural science and technology,
and enhancing agricultural production’s efficiency and quality. Additionally, the govern-
ment has actively promoted the construction of rural social affair service systems, thereby
improving public services in rural areas. In terms of the ecological environment, the gov-
ernment’s guidance has induced farmers to use modern science and technology to develop
ecological agriculture. This includes adopting ecological planting and breeding methods to
protect ecological environments. The technological leadership and unique geographical
location of the eastern region have facilitated the coordinated development of its rural
infrastructure and ecological environment, establishing it as a leading demonstration area
for rural development in China.
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In recent years, central China has made significant strides in advancing rural infra-
structure and enhancing the ecological environment, two goals aligned with the national
strategy of building a moderately prosperous society. These improvements include the
continuous construction and enhancement of rural roads, water supply and power sup-
ply infrastructure, and communication networks, leading to markedly improved living
conditions for rural residents. Additionally, the region has actively engaged in ecological
environment protection, implementing initiatives such as ecological civilization construc-
tion, rural garbage classification, and sewage treatment. These efforts have collectively
contributed to a substantial improvement in the ecological environment.

However, compared to the central and eastern regions, the western region of China
faces unique challenges due to its fragile ecological environment, characterized by high
altitudes, numerous deserts, and multiple basins. These geographical conditions complicate
construction efforts. Furthermore, the region struggles with insufficient policy support,
delayed technological advancement, and lower education levels. These challenges, com-
pounded by a general lack of environmental awareness, have resulted in a significant gap
in rural infrastructure development compared to the more developed central and eastern
regions. The western region continues to grapple with issues including outdated infras-
tructure and inadequate ecological protection. In the first 30 years, China focused on the
development of the eastern and central regions, while the development of the western re-
gion was relatively slow. In terms of population density, the population density is relatively
high in the eastern and central regions, and the population density in the western region is
relatively low. In terms of the speed of economic development, the economic development
speed of the eastern and central regions is relatively fast, while the economic development
of the western region is lagging behind. In terms of the geographical location, the eastern
and central regions are mostly plains, and the western regions are mostly plateaus. In order
to narrow the development gap, the Chinese government has launched strategies such as
the large-scale development of the western region and rural revitalization. Strategies such
as the large-scale development of the western region have provided strong support for
the coordinated development of rural infrastructure and the ecological environment in the
western region.

Therefore, an urgent question that arises is how to promote the sustainable develop-
ment of rural infrastructure while simultaneously safe guarding the ecological environment.
This paper compares the differences in economic development, population density, and
geographical characteristics between western China and central and eastern China in order
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to tap their potential for coordinated and sustainable development. In order to compre-
hensively assess the coordinated development of rural infrastructure and the ecological
environment in western China, this study focuses on 12 provinces, autonomous regions,
and municipalities, including Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou,
Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. Considering the scientific
rigor, accuracy, accessibility, and operability of the data, this research specifically selected
data from these 12 regions for a period spanning from 2012 to 2021. The data utilized in this
study were sourced from the “China Rural Statistical Yearbook” and the “China Statistical
Yearbook”, as shown in Tables S1 and S2.

4. Coupling and Coordination Analysis of Rural Infrastructure and
Ecological Environment
4.1. Coupling Degree Analysis

This study employs the coupling degree (C) model (Equation (9)) to analyze the
interaction between rural infrastructure and the ecological environment across 12 provinces,
autonomous regions, and municipalities in western China, spanning a period from 2012 to
2021. This approach facilitated the assessment of the interconnection of these two aspects
in the region. The resulting trends depicting this coupling and its changes over the period
are illustrated in Figure 2.

Buildings 2024, 14, x FOR PEER REVIEW 10 of 21 
 

region is relatively low. In terms of the speed of economic development, the economic 

development speed of the eastern and central regions is relatively fast, while the economic 

development of the western region is lagging behind. In terms of the geographical loca-

tion, the eastern and central regions are mostly plains, and the western regions are mostly 

plateaus. In order to narrow the development gap, the Chinese government has launched 

strategies such as the large-scale development of the western region and rural revitaliza-

tion. Strategies such as the large-scale development of the western region have provided 

strong support for the coordinated development of rural infrastructure and the ecological 

environment in the western region. 

Therefore, an urgent question that arises is how to promote the sustainable develop-

ment of rural infrastructure while simultaneously safe guarding the ecological environ-

ment. This paper compares the differences in economic development, population density, 

and geographical characteristics between western China and central and eastern China in 

order to tap their potential for coordinated and sustainable development. In order to com-

prehensively assess the coordinated development of rural infrastructure and the ecologi-

cal environment in western China, this study focuses on 12 provinces, autonomous re-

gions, and municipalities, including Inner Mongolia, Guangxi, Chongqing, Sichuan, Gui-

zhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. Considering the 

scientific rigor, accuracy, accessibility, and operability of the data, this research specifi-

cally selected data from these 12 regions for a period spanning from 2012 to 2021. The data 

utilized in this study were sourced from the “China Rural Statistical Yearbook” and the 

“China Statistical Yearbook”, as shown in Tables S1 and S2. 

4. Coupling and Coordination Analysis of Rural Infrastructure and Ecological  

Environment 

4.1. Coupling Degree Analysis 

This study employs the coupling degree (C) model (Equation (9)) to analyze the in-

teraction between rural infrastructure and the ecological environment across 12 provinces, 

autonomous regions, and municipalities in western China, spanning a period from 2012 

to 2021. This approach facilitated the assessment of the interconnection of these two as-

pects in the region. The resulting trends depicting this coupling and its changes over the 

period are illustrated in Figure 2. 

 

Figure 2. Trend chart of coupling degree between rural infrastructure and ecological environment 

in western China. 

From 2012 to 2021, the coupling degree between rural infrastructure and the ecolog-

ical environment reached its maximum in the interval of [0.903, 1.00] in Inner Mongolia, 

2012 2014 2016 2018 2020 2022
0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

C
o
u

p
li

n
g
 D

eg
re

e

Year

 Inner Mongolia

 Guangxi

 Chongqing

 Sichuan

 Guizhou

 Yunnan

 Tibet

 Shaanxi

 Gansu

 Qinghai

 Ningxia

 Xinjiang

Figure 2. Trend chart of coupling degree between rural infrastructure and ecological environment in
western China.

From 2012 to 2021, the coupling degree between rural infrastructure and the ecolog-
ical environment reached its maximum in the interval of [0.903, 1.00] in Inner Mongolia,
Guangxi, Chongqing and the other nine provinces, autonomous regions and municipalities.
This indicates a strong correlation between rural infrastructure and the ecological environ-
ment in these nine regions. Conversely, in Tibet, Qinghai, and Ningxia, the coupling degree
settled at [0.544, 0.682], signifying a running-in coupling stage. This suggests a lower corre-
lation between rural infrastructure construction and the ecological environment, impacting
the coordinated development of the two. Overall, most areas in western China experienced
maximum coupling during this period, demonstrating significant correlations. However,
some regions remained in the running-in stage of coupling. Understanding these coupling
correlations is crucial for improving the coordination between rural infrastructure and the
ecological environment, ultimately leading to sustainable collaborative development.
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4.2. Coordination Analysis

Based on the coupled coordination degree (D) model, this paper calculates the coor-
dination degree between rural infrastructure and the ecological environment in western
China. The three-dimensional line chart below, dubbed Figure 3, reflects the trend of
coordinated development between rural infrastructure and the ecological environment in
western China from 2012 to 2021.
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Figure 3. Trend chart of Coordination between rural infrastructure and ecological environment in
western China.

According to Figure 3, the coordinated development of rural infrastructure and the
ecological environment in various provinces, autonomous regions, and municipalities in
western China shows a positive growth trend. This article lists the coordination degree
data and coordination classification types for the four years of 2012, 2015, 2018, and 2021;
the years for which we analyzed the coordinated development level of rural infrastructure
and ecological environment in various western regions. The details are shown in Table 4.

From 2012 to 2021, there was a notable evolution in the coordination between rural
infrastructure and the ecological environment across various regions. In Inner Mongolia,
Guangxi, and Guizhou, the development progressed from a barely coordination stage
to a primary coordination stage. In contrast, Chongqing, Shaanxi, and Gansu remained
consistently in the barely coordination stage during this period. Meanwhile, the Sichuan
and Yunnan regions advanced from the primary coordination stage to the intermediate
coordination stage. However, Tibet persisted in the mild imbalance stage, while Qinghai
and Ningxia changed from mild imbalance to borderline imbalance. Notably, the Xinjiang
region improved, moving from the near-imbalance stage to the stage of barely coordina-
tion. Table 4 illustrates that by 2021, most regions in the western area showed a gradual
improvement in the synergy between rural infrastructure and the ecological environment.
However, Tibet, Qinghai, and Ningxia continued to face challenges, remaining in stages
of mild and borderline imbalance. This lag in coordinated development was attributed to
several factors: the inadequate promotion and implementation of local policies; limited and
low investments in productive, daily, and social infrastructure; and the minimal impact
from factors like ecological protection awareness, environmental pressure, and response in
the local areas.
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Table 4. Classification table of coordination degree and coordination type of rural infrastructure and
ecological environment in western China.

District
2012 2015 2018 2021

Coordination
Degree Type Coordination

Degree Type Coordination
Degree Type Coordination

Degree Type

Inner
Mongolia 0.596

Barely
Coordina-

tion
0.600

Primary
Coordina-

tion
0.608

Primary
Coordina-

tion
0.616 Primary

Coordination

Guangxi 0.590 Barely
Coordination 0.622

Primary
Coordina-

tion
0.653

Primary
Coordina-

tion
0.671

Primary
Coordina-

tion

Chongqing 0.544
Barely

Coordina-
tion

0.566
Barely

Coordina-
tion

0.580
Barely

Coordina-
tion

0.577
Barely

Coordina-
tion

Sichuan 0.685
Primary

Coordina-
tion

0.748
Intermediate

Coordina-
tion

0.780
Intermediate

Coordina-
tion

0.782
Intermediate

Coordina-
tion

Guizhou 0.584
Barely

Coordina-
tion

0.630 Primary
Coordination 0.651

Primary
Coordina-

tion
0.663

Primary
Coordina-

tion

Yunnan 0.649
Primary

Coordina-
tion

0.701
Intermediate

Coordina-
tion

0.744
Intermediate

Coordina-
tion

0.774
Intermediate

Coordina-
tion

Tibet 0.357 Mild
Imbalance 0.384 Mild

Imbalance 0.386 Mild
Imbalance 0.395 Mild

Imbalance

Shaanxi 0.561
Barely

Coordina-
tion

0.566
Barely

Coordina-
tion

0.573
Barely

Coordina-
tion

0.583
Barely

Coordina-
tion

Gansu 0.509
Barely

Coordina-
tion

0.526
Barely

Coordina-
tion

0.548
Barely

Coordina-
tion

0.567
Barely

Coordina-
tion

Qinghai 0.377 Mild
Imbalance 0.381 Mild

Imbalance 0.389 Mild
Imbalance 0.406 Borderline

Imbalance

Ningxia 0.340 Mild
Imbalance 0.363 Mild

Imbalance 0.392 Mild
Imbalance 0.408 Borderline

Imbalance

Xinjiang 0.487 Borderline
Imbalance 0.477 Borderline

Imbalance 0.474 Borderline
Imbalance 0.525

Barely
Coordina-

tion

5. Spatiotemporal Characteristics and Trend Prediction Analysis of Rural Infrastructure
and Ecological Environment
5.1. Time Series Analysis

This study uses panel data relating to rural infrastructure and the ecological environ-
ment in western China from 2012 to 2021 for analysis, utilizing the coupling coordination
model to calculate the coordination degree between rural infrastructure and the ecological
environment in western China. This research explores the coordinated development of
rural infrastructure and the ecological environment in the western region from 2012 to 2021,
as shown in Figure 4. The coupling coordination and time have a linear relationship, and
the R2 = 0.9886.

Figure 4 shows that the coordinated development level of rural infrastructure and
ecological environment in western China exhibits a slow growth trend. Although the overall
coordination degree of rural infrastructure and ecological environment in western China
was in a barely coordination state from 2012 to 2021, from the data point of view, it increased
from 0.523 (2012) to 0.581 (2021), and the level of coordinated development improved (and
continues to improve) annually. This can be accounted for in the following manner. Due to
the influence of rural infrastructure construction and ecological environment protection
in western China, ranging from independent to coordinated development, the level of
coupled and coordinated development between both increased year by year. Based on
the above analysis, this article believes that the coupled and coordinated development of
rural infrastructure and ecological environment in western China will continue to rise in
the future.
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Figure 4. Time series change map of coordination between rural infrastructure and ecological
environment in western China.

5.2. Spatial Analysis

This study calculates the coupled and coordinated development of rural infrastructure
and ecological environment in western China based on the coupling coordination degree
model, utilizing ArcGIS10.8 software to map the rural areas in western China for the years
2012, 2015, 2018, and 2021. The spatial characteristic distribution map of the coordination
degree between infrastructure and ecological environment is shown in Figure 5.

This research documents the distribution of rural infrastructure and the ecological
environment across various provinces, autonomous regions, and municipalities in western
China for the years 2012, 2015, 2018, and 2021, as presented in Table 5. It can be intu-
itively seen that the coordinated development of rural infrastructure and the ecological
environment in western China has changed over the past ten years. Overall, the study
period reveals a positive trend in the coordinated development of rural infrastructure and
the ecological environment in this region. Specifically, Sichuan, Yunnan, Inner Mongolia,
Guangxi, Guizhou, and Xinjiang all exhibited significant improvements. However, Tibet
consistently showed a mild imbalance. To address this, we recommend that investments in
rural infrastructure and the ecological environment in Tibet be increased to expedite the
region’s coordinated development. The progression in Sichuan and Yunnan is noteworthy;
these regions moved from the primary coordination stage in 2015 to the intermediate
coordination stage by 2021. Based on current trends, it is expected that Sichuan and Yunnan
will continue to advance towards a state of benign and coordinated development.

Table 5. Spatial distribution of coordinated types of rural infrastructure and ecological environment
in western China.

Type 2012 2015 2018 2021

Mild
Imbalance

Tibet;
Qinghai;
Ningxia.

Tibet;
Qinghai;
Ningxia.

Tibet;
Qinghai;
Ningxia.

Tibet

Borderline
Imbalance Xinjiang Xinjiang Xinjiang Qinghai;

Ningxia.
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Table 5. Cont.

Type 2012 2015 2018 2021

Barely
Coordination

Inner Mongolia;
Guangxi;

Chongqing;
Shaanxi;
Guizhou;
Gansu.

Chongqing;
Shaanxi;
Gansu.

Chongqing;
Shaanxi;
Gansu.

Chongqing;
Shaanxi;

Xinjiang; Gansu.

Primary
Coordination

Sichuan;
Yunnan.

Inner Mongolia;
Guangxi;
Guizhou.

Inner Mongolia;
Guangxi;
Guizhou.

Inner
Mongolia;
Guangxi;
Guizhou.

Intermediate
Coordination

Sichuan;
Yunnan.

Sichuan;
Yunnan.

Sichuan;
Yunnan.
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5.3. Trend Prediction

Utilizing the gray GM (1, 1) model and employing SPSSAU24.0 software, we predicted
these aspects for the years 2025, 2028, and 2031. The focus was to analyze the trend of coor-
dinated development between these provinces, autonomous regions, and municipalities in
western China over the next decade. To ensure the accuracy of our predictions, we applied
residual testing and posterior difference test methods. The results confirmed that the
model’s accuracy was generally satisfactory, indicating the reliability of the prediction data
for subsequent analysis. Based on this foundation, we determined the standard deviation
ellipse parameters for the predicted values of the years 2025, 2028, and 2031. These are
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shown in Figure 6, where the darker the color in the diagram is, the better the coordination
will be.
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It is predicted that the overall development of rural infrastructure and ecological
environment in 12 provinces in the western region will show a trend of agglomeration to
the south in the future. The focus on the coupling and coordination of rural infrastructure
and ecological environment in the western region will shift significantly from the northwest
(2021) and southeast (2025) to the south (2025–2031). This shift suggests that the southern
region will become increasingly influential in shaping the rural infrastructure and the
ecological environment in the future, particularly in the core area of the coupled and
coordinated spatial distribution pattern. Regarding spatial distribution changes, the area of
the standard deviation ellipse is projected to decrease from 305.189 km in 2022 to 297.04 km
in 2031. Simultaneously, the ellipse’s long axis and short axis dimensions will fall from
11.126 km and 8.732 km in 2022 to 10.846 km and 8.718 km in 2031, respectively. These
figures indicate that, over the next decade, there will be a concentrated development of
rural infrastructure and the ecological environment in southern China. This development
highlights the significance of regions like Sichuan and Yunnan, which exhibit intermediate
coordination, and Guangxi and Guizhou, which display primary coordination, as key
areas for promoting the sustainable and coordinated development in western China. Their
progress can serve as a model and have a radiating and demonstrative effect on other areas.

Firstly, the development level and spatial–temporal evolution of rural infrastructure
and ecological environment in western China from 2012 to 2021 were analyzed using a
coupling coordination degree model. Secondly, according to the characteristics of the gray
GM (1, 1) model, which can be applied to trend forecasting, the model is used to predict
the coordinated development trend of the western region in the next ten years. Finally, the
results show that: (1) In the past decade, the coordination degree of rural infrastructure and
ecological environment in western China has been in the stage of poor coordination, but
its coordination degree has a slow upward trend. (2) In the next decade, the coordinated
development of rural infrastructure and ecological environment will show a trend of spatial
distribution and agglomeration, and the center of gravity will move to the south.
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6. Analysis on Driving Factors of Coordinated Development of Rural Infrastructure and
Ecological Environment
6.1. Analysis of Driving Factors at Rural Infrastructure Indicator Layer

Based on the Obstacle Degree (G) model (Equation (11)), the driving factors at the
rural infrastructure indicator layer in western China were calculated, and finally the main
driving factors affecting the coordinated development of rural infrastructure in western
China from 2012 to 2021 were obtained. Due to the large number of indicators, the study
only listed the top three factors in 2012, 2015, 2018, and 2021 for analysis, as shown in
Table 6.

Table 6. Table of major driving factors to the coordinated development of rural infrastructure in the
western region from 2012 to 2021.

Western China 2012 2015 2018 2021

Inner
Mongolia A4; A7; A2 A4; A2; A7 A4; A2; A7 A4; A7; A2

Guangxi A4; A6; A7 A4; A2; A6 A4; A2; A6 A4; A6; A7
Chongqing A6; A5; A2 A6; A8; A5 A6; A8; A7 A6; A8; A4

Sichuan A6; A2; A7 A2; A6; A7 A2; A6; A8 A6; A2; A8
Guizhou A2; A6; A5 A2; A6; A5 A2; A6; A5 A6; A2; A8
Yunnan A6; A4; A7 A6; A2; A4 A6; A4; A7 A6; A4; A7

Tibet A6; A4; A7 A7; A8; A5 A8; A7; A5 A8; A7; A3
Shaanxi A4; A7; A2 A4; A2; A7 A4; A2; A7 A4; A7; A2
Gansu A4; A2; A7 A2; A4; A7 A2; A4; A7 A4; A2; A7

Qinghai A4; A2; A6 A4; A2; A7 A4; A2; A7 A4; A2; A7
Ningxia A4; A6; A7 A4; A7; A6 A4; A6; A7 A4; A6; A7
Xinjiang A4; A7; A2 A2; A4; A7 A4; A2; A7 A4; A7; A2

Table 6 reveals various factors for the coordinated development of rural infrastructure
in western China. Specifically, in 2012 and 2021, the number of reservoir seats (A4) and
the number of health center beds (A7) were identified as the most significant factors, both
tied for the top position. This suggests that these years saw A4 and A7 as drivers in the
development of rural infrastructure. In 2015, the primary factor was reservoir capacity (A2),
indicating its critical role in influencing the coordinated development during that year. The
scenario shifted by 2018, with health center beds (A7) emerging as the predominant factors.

A comprehensive review of the driver factors frequency in Table 6 over the four years
reveals that the number of reservoir seats (A4) and health center beds (A7) are the most
recurrent issues, both appearing 34 times and sharing the first rank. Following closely is
reservoir capacity (A2), occurring 32 times. These findings highlight that the number of
reservoir seats (A4), health center beds (A7), and reservoir capacity (A2) are the principal
factors to the coordinated development of rural infrastructure in western China. Notably,
two of these drivers pertain to productive infrastructure (A4 and A2), while one (A7) is
associated with social infrastructure. This analysis underscores that the drivers within rural
water conservancy-related productive infrastructure and rural health and medical social
infrastructure are pivotal in nudging the coordinated and sustainable development of rural
infrastructure in a region.

6.2. Analysis of Driving Factors of Ecological Environment Index Layer

Equation (12) was used to calculate the factors that drive the coupled and coordinated
development of rural infrastructure and the ecological environment in western China, and
the indicators of the ecological environment indicator layer in western China from 2012 to
2021 were obtained. The details of our analysis are shown in Table 7.
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Table 7. Table of major driving factors to the coordinated development of ecological environment in
the western region from 2012 to 2021.

Western China 2012 2015 2018 2021

Inner
Mongolia B1; B5; B4 B1; B5; B4 B1; B5; B4 B1; B5; B4

Guangxi B1; B8; B7 B1; B8; B7 B1; B8; B7 B1; B8; B6
Chongqing B8; B6; B7 B8; B6; B7 B8; B6; B7 B6; B8; B7

Sichuan B1; B7; B8 B1; B5; B8 B1; B5; B7 B1; B7; B6
Guizhou B8; B7; B6 B8; B6; B5 B6; B8; B7 B7; B6; B8
Yunnan B1; B8; B4 B1; B4; B8 B1; B7; B6 B1; B7; B6

Tibet B8; B5; B6 B8; B5; B6 B8; B5; B6 B5; B8; B6
Shaanxi B1; B4; B6 B1; B4; B6 B1; B4; B6 B1; B6; B4
Gansu B5; B7; B6 B5; B7; B8 B5; B6; B7 B5; B7; B6

Qinghai B5; B8; B6 B5; B8; B6 B5; B8; B6 B5; B6; B8
Ningxia B5; B8; B6 B5; B8; B6 B5; B8; B6 B5; B6; B8
Xinjiang B5; B8; B1 B5; B1; B8 B1; B5; B8 B5; B1; B8

Table 7 highlights various factors for the coordinated development of the ecological
environment in western China. In 2012 and 2015, the area under water and soil erosion
control (B8) was the most significant factor, ranking first among the influencing factors.
This indicates that B8 was the primary factor during this period, significantly affecting
the coordinated development of the region’s ecological environment. Moving to 2018 and
2021, the number of occurrences of the cultivated land utilization area (B6) took the lead,
signifying its impact on the coordinated development during these years.

A detailed analysis of the frequency of these factors over the four years shows that
the area under water and soil erosion control (B8) appears most frequently, with a total
of 33 occurrences. This is followed by the cultivated land utilization area (B6), appearing
31 times, and then forest coverage (B5), noted some 27 times. These three factors—the
area under water and soil erosion control (B8), cultivated land utilization area (B6), and
forest coverage (B5)—emerge as the primary drivers to the coordinated development
of the ecological environment in western China. Among them, two factors (namely, B8
and B5) relate to the ecological environment status, while one factor (B6) pertains to the
ecological environment response. This analysis underscores that controlling soil erosion,
managing cultivated land utilization, and maintaining forest coverage are key to achieving
a coordinated and sustainable development of the ecological environment in the region.

7. Discussion

Compared with previous scholars’ research, the research object of this paper is different.
Scholars have conducted a lot of research on the coordinated development of infrastructure
and the economy [38,39] and the ecological environment and tourism [40]. There are few
studies on the coordinated development of rural infrastructure and ecological environment.
On the other hand, the research areas of this paper are different. In the past, scholars
have focused on the sustainable development of the urban economy, but there were few
studies on rural, economically underdeveloped areas. So, take the less-developed rural
areas in the west as an example. With the goal of promoting rural economic development,
research on the coordinated development of rural infrastructure and ecological environment
should be carried out. While strengthening the construction of rural infrastructure, it is of
great practical significance to protect the sustainable and coordinated development of the
ecological environment.

The analysis indicates that from 2022 to 2031, there will be a trend towards the
coordinated development of rural infrastructure and the ecological environment in the
western region of China, with greater concentration arising in the south. In order to
foster sustainable and coordinated development in this region, it will be necessary to
consider a tiered approach to construction and promotion. The first tier should include
Yunnan, Sichuan, Guangxi, Guizhou, and Inner Mongolia. These areas, displaying relatively
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strong coordinated development, are all at or above the primary coordinated level, and
show better development compared to other regions. They should be prioritized for
rapid enhancement in coordinated development. Relevant departments should increase
investments in scientific and technological innovation and construction in these areas,
create brand influence, and serve as models for other regions.

The second tier comprises Chongqing, Shaanxi, Gansu, and Xinjiang, where develop-
ment has barely reached a coordinated stage. In these regions, government departments
should conduct detailed analyses of rural productive, daily, and social infrastructure, as
well as identifying obstacles such as soil erosion and pollution sources that harm the ecolog-
ical environment. Policies and regulations should be optimized to promote sustainable and
coordinated development, alongside continued infrastructure construction and ecological
protection measures.

The third tier includes Tibet, Qinghai, and Ningxia, which are either experiencing
mild disorder or are on the verge of it. Challenges in these areas, such as lagging rural
infrastructure and severe ecological environmental issues, hinder coordinated develop-
ment. Government departments should focus on alleviating these problems, increasing
investment in infrastructure like water conservancy, hydropower, and healthcare, and
enhancing the management of resources and environmental issues like water loss, forests,
and cultivated land.

Overall, with initiatives like the Western Development and Rural Revitalization project,
China’s western region has made significant progress in building rural infrastructure and
enhancing the ecological environment. However, there remains a considerable gap com-
pared to the central and eastern regions, necessitating further investment and construction
efforts. It is recommended that regional departments formulate policies tailored to their
specific coordination status. This will assist in strengthening rural infrastructure, partic-
ularly in areas like water conservancy and healthcare. Additionally, there should be a
concerted effort to protect the ecological environment, leveraging technologies such as
smart agriculture to increase forest coverage, prevent soil erosion, and enhance cultivated
land utilization for sustainable development.

8. Conclusions

This article focuses on the coordinated development of rural infrastructure and the
ecological environment. We construct an evaluation index system encompassing six as-
pects: productive infrastructure, living infrastructure, social infrastructure, pressure on
the ecological environment, its current status, and response mechanisms. Utilizing panel
data from 12 provinces, autonomous regions, and municipalities in western China for
a period spanning from 2012 to 2021, we employ methods such as the entropy method,
coupled coordination model, and standard deviation elliptical model. These are used to
analyze the level and spatiotemporal evolution characteristics of coupled and coordinated
development, trend predictions, and driving factors concerning the rural infrastructure
and the ecological environment in western China. This study reaches several conclusions:

(1) From 2012 to 2021, the coupling degree of rural infrastructure and ecological environ-
ment in Tibet, Qinghai, and Ningxia was in the running-in coupling stage, while other
regions were in the maximum coupling stage. This disparity highlights the differences
in the correlation between both across different regions.

(2) The overall coordination between rural infrastructure and ecological environment in
western China is gradually improving. However, in Tibet, the coordination remains
at a mild imbalance stage, and it is on the verge of imbalance in Qinghai and Ningxia.

(3) Analyzing the standard elliptical distribution and the movement path of the center
of gravity, we observed a clustering trend in the coordination degree between rural
infrastructure and ecological environment in western China. Based on the standard
ellipse predictions, the coordinated development in the next few years is expected to
show spatial agglomeration, with the center of gravity moving southwards.
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(4) The coordinated development level of rural infrastructure and ecological environment
in western China is influenced by multiple factors. From 2012 to 2021, six primary
drivers were identified. Within the rural infrastructure, three major drivers were noted,
two related to productive infrastructure and one to social infrastructure. Likewise, in
the ecological environment, three main driving factors were identified, two related to
ecological environment status and one to ecological environment response.

Through the study of the coupling and coordinated development of rural infrastructure
and ecological environment, this paper provides theoretical support for the sustainable
development of rural economy. At the same time, it can formulate effective measures for
relevant departments to promote the coordinated development of a rural economy and can
also provide a reference for countries and regions in similar situations. In the future, we
will consider comparing the coupling and coordinated development of rural infrastructure
and ecological environment in other regions and the western region, to help narrow the
gap between the western region and other regions.
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