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Coupling driving factors of
eco-environmental protection
and high-quality development in
the yellow river basin

Yun Xin* and Xiaoyu Liu

College of Statistics, Jiangxi University of Finance and Economics, Nanchang, China

Most cities in the Yellow River Basin are located in the central and western regions
of China. Restricted by historical evolution, natural environment, resource
endowments and other conditions, the economic and social development
model of the Yellow River Basin region is outdated, and the level of economic
and social development is relatively lagging, which hinders its coordinated
development of ecology and economy. This paper uses the coupling
coordination degree model, GIS spatial analysis method, NAR neural network
model, spatial autoregression, and geographically weighted regression model to
investigate the coupling coordination level, spatial differentiation characteristics,
future development trend, and coupling driving factors of eco-environmental
protection and high-quality development in the Yellow River Basin. The results
show that From 2003 to 2018, the level of eco-environmental protection and high-
quality development in most areas of the Yellow River Basin gradually improved,
presenting a spatial imbalance characteristic of “high in the east and low in the west.
The coupling coordination degree of eco-environmental protection and high-
quality development in various regions of the Yellow River Basin increased year by
year during the survey period. In 2018, most cities had been transformed into
intermediate coordinated development areas, and most cities in Inner Mongolia
and the middle and lower reaches south of the Yellow River have been upgraded to
a well-coordinated development stage. The coupled and coordinated
development relationship between eco-environmental protection and high-
quality development in the Yelow River Basin has significant spatial
agglomeration characteristics, and the local spatial positive correlation gradually
increases. From 2019 to 2023, the average level of coupling coordination between
eco-environmental protection and high-quality development in the Yellow River
Basin during the forecast period is 0.802, 0.807, 0.809, 0.813, and 0.816,
respectively, all of which have entered a stage of well-coordinated
development. The coupled driving factors of ecological protection and high-
quality development in the Yellow River Basin are ranked from strong to weak:
energy utilization, urbanization, water resources development, and
industrialization. Among them, the degree of energy utilization is the root of the
differentiation of coupling coordination between eco-environmental protection
and high-quality development in 74 regions of the Yellow River Basin. This study
puts forward two strategic suggestions based on the optimal utilization strategy of
energy and water resources and the coordinated promotion strategy of
industrialization and urbanization, which has great practical and scientific

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2022.951218/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951218/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951218/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951218/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.951218&domain=pdf&date_stamp=2022-08-05
mailto:xyjxufe@163.com
https://doi.org/10.3389/fenvs.2022.951218
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.951218

Xin and Liu

significance for

KEYWORDS

10.3389/fenvs.2022.951218

promoting the coordinated development of ecological
environment protection and high-quality development in the Yellow River Basin.

yellow river basin, eco-environmental protection, high-quality development, coupled
and coordinated development, driving factors

1 Introduction

The party and the government have highly valued the
ecological protection and economic development of the
Yellow River Basin. The establishment and implementation
of the significant national strategy of ecological protection and
high-quality development in the Yellow River Basin have
effectively promoted the region’s sustainable development.
Research issues related to eco-environmental protection and
high-quality development in the Yellow River Basin have also
become a hot topic and focus of academic attention. The
ecological environment problem of the Yellow River Basin is a
problem left over from history, and it is also one of the critical
factors that affect the economic development of the Yellow
River Basin (Chen J. D. et al,, 2020). The ecological and
environmental pollution problem caused by economic
development is an objective existence. High-intensity
industrial development has prompted rapid economic and
social progress. The development achievements obtained are
undeniable, but at the same time, it has also caused permanent
damage to the ecological environment. Exploring the
coordination of ecological and economic development in
the Yellow River Basin is significant for improving its
ecological environment and high-quality development.

The Yellow River Basin plays a pivotal role in China’s
economic and social development and ecological security and
is an important ecological barrier and economic zone in
China. The eco-environmental protection issues in the
Yellow River Basin have been closely concerned by the
Central Committee of the Communist Party of China. The
Yellow River Basin has many problems, such as soil erosion,
severe land desertification, frequent surface mining collapse
accidents, water shortages, and precipitation in the lower
reaches of the Yellow River. Ecological and water resource
problems have always been a significant concern in China. At
the same time, the overall economic development of the basin
is lagging, and there are many economic and social

development problems, such as significant regional
differences, low-end industrial structure, low level of
scientific ~ and  technological  innovation,  sluggish

development of high-tech industries, and extensive, large
and deep poverty areas (Liu et al, 2020; Li et al, 2021).
The ecological environment and economic development
situation in the Yellow River Basin is grim. The existing
research shows that the ecological security problems of the
Yellow River Basin are prominently manifested in industrial
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structural risks, cross-regional pattern risks, and system
2020). With the
prominent contradiction between ecology and social and

imbalance risks (Deng, increasingly
economic development, the government and enterprises
should pay more attention to improving the ecological
environment quality of the Yellow River Basin while
avoiding these risks, which are directly related to the
evolution trend of the country’s medium and long-term
ecological security and environmental quality (Wang C. Y.,
2020). In the final analysis, the essence of the ecological
environment problem in the Yellow River Basin is the
problem of economic development and social management,
and its fundamental solution still needs to be traced back to
the transformation of economic and social development (Guo,
2020). In order to thoroughly study the relationship between
the ecological environment and economic development,
conducted extensive discussions.
that
economic development can achieve a win-win situation.
The

protection and economic development to enhance eco-

scholars have Wang

pointed out eco-environmental protection and

critical point is to balance eco-environmental

environmental protection while promoting high-quality

economic development (Wang, 2019). Pure scholars
generally believe that adhering to the principle of ecological
priority, strengthening regional division of labor,
strengthening regional connections, and promoting

industrial upgrading can realize the synergy of eco-
environmental protection and high-quality development in
the Yellow River Basin (Chen and Jin, 2019; An and Li, 2020;
Wang W., 2020). Through empirical research, some scholars
show that rational allocation of water resources, coordinated
industrial development, and rationalization of mineral
resources exploitation can provide a practical path for the
coordinated development of eco-environmental protection
and high-quality development in the Yellow River Basin
(Jin et al, 2020; Ma et al., 2020; Xing et al, 2020). In
addition, other scholars respectively studied the coupling
and  coordination  relationship  between  ecological
environment and economic development in China’s Silk
Road Economic Belt, China’s tropical and subtropical
regions, and Northeast China and provided effective
development paths for different regional characteristics
(Yang and Hu, 2019; Gao, 2020; Shi et al., 2020).

By sorting out the literature on the ecological environment
and high-quality development of the Yellow River Basin at

home and abroad, the author believes that there is still room
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for further improvement in the existing research. First, in the
process of measuring the ecological environment protection
and high-quality development level of the Yellow River Basin,
most studies use a single weighting method such as the
subjective weighting method or the objective weighting
method, and the measurement method needs to be further
improved. Second, most of the related studies on the coupling
coordination between the ecological environment and high-
quality development in the Yellow River Basin directly
measure the coupling coordination degree between the
ecological environment protection and high-quality
development in the Yellow River Basin, but do not deeply
explore the coupling mechanism between the two. In addition,
most of the studies selected provinces and regions as the
research objects, and a few studies selected a small number
of prefecture-level cities as the research objects, with a small
amount of data and lack of representativeness. Third, when
the

characteristics

analyzing temporal and differentiation

of the
relationship between ecological environmental protection

spatial
coupling and coordination
and high-quality development in the Yellow River Basin,
most studies only use GIS spatial analysis methods to
describe the temporal and spatial evolution characteristics
of the coupling and coordination between ecological
environmental protection and high-quality development in
the Yellow River Basin (Zhao et al., 20205 Liu et al., 2022;
Zhang and Shi, 2022). However, it did not further analyze its
global and local spatial laws and further study the future
development trend of the coupling and coordination
relationship between ecological environmental protection
and high-quality development in the Yellow River Basin.
Fourth, the research on the driving factors of the coupling
and coordination of ecological environmental protection and
high-quality development in the Yellow River Basin is
currently less involved and needs further in-depth research.

In view of this, this paper makes related improvements in
these four aspects. First, this paper combines subjective and
objective weight methods organically. It uses the combined
weight method to measure the level of eco-environmental
protection and high-quality development in the Yellow River
Basin to get closer to the real level to get a more accurate coupling
coordination degree. Secondly, 74 prefecture-level cities in the
Yellow River Basin were selected as the research objects to
explore the coupling mechanism between eco-environmental
protection and high-quality development in the Yellow River
Basin and then evaluate the coupling coordination, which not
only expands the data sample size but also deepens the theoretical
research in this field. The research results have more practical
implications. Thirdly, the exploratory spatial data analysis
method explores the global and local spatial rules of the
coupling coordination between eco-environmental protection
and high-quality development in the Yellow River Basin. The
future development trend is explored by using NAR neural

Frontiers in Environmental Science

03

10.3389/fenvs.2022.951218

network model. Fourth, the study of the Yellow River basin
eco-environmental protection and high-quality development
mechanism of the effects of coupling, using the spatial
autoregressive model and geographically weighted regression
model analysis of the Yellow River basin eco-environmental
protection and development of high-quality coupling driving
force of the global and local laws, and further determine its global
influence factors and local factors, in order to make up the blank
in the research of this field.

The remainder of this paper is coordinated as follows.
Section 2 analyzes the coupling mechanism of eco-
environmental protection and high-quality development
and the influence mechanism of coupling driving factors,
Section 3 briefly describes the research area, constructs the
index system of ecological environmental protection, high-
quality development, and their coupling driving factors,
explains the data sources and processing methods, and
shows the methodology models and algorithms, Section 4
the
relationship between ecological environment protection and

introduces current coupling and coordination
high-quality development in the Yellow River Basin, predicts
its future development trend, and probes into the coupling
driving force of ecological environment protection and high-
quality development in the Yellow River Basin from both

global and local aspects. Section 5 sums up the conclusions
and policy advocacy.

2 Theoretical analysis

2.1 Study on coupling mechanism of eco-
environmental protection and high-
quality development

2.1.1 The role of eco-environmental protection
in high-quality development

High-quality environmental protection is a prerequisite
for high-quality development (Shi, 2020). In essence, eco-
environmental protection and high-quality development go
hand in hand. To protect the ecological environment is to
promote high-quality development. The role of eco-
environmental protection in high-quality development can
be understood from both sides of supply and demand. Level
from the supply side, an excellent ecological environment is
an important capital of regional economic development. An
excellent eco-environmental protection advantage can be
into  various and economic

converted ecological

advantages, such as ecological agriculture, ecological
industry, and ecological tourism (Zhang et al., 2019; Elahi
et al, 2021a; Elahi et al., 2022). These advantages can
improve the regional ecological product value, speed up
the

structure upgrade, and enhance the region’s level of green

regional industrial transformation and product
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economy development. At the same time, it can attract many
enterprises and investors to invest and even cooperate with
foreign businessmen so as to improve the opening level of the
region and promote the high-quality development of the
region (Yong, 2016; Ren and Wen, 2018). From the demand
side, a high-quality ecological environment is the essential
condition of human survival and the foundation of human
development (Ren and Zhang, 2019). Production noise
pollution, radiofrequency electromagnetic radiation,
excessive discharge of radioactive wastes and wastewater,
waste gas, and waste residue containing various organic
chemicals in human production activities will enter the
human body through a variety of ways and means,
causing harm to human health. In the high-quality stage
of development, local governments not only focus on the
level of economic growth but pay more attention to the
balance of the whole social welfare distribution level, with
a particular focus on the difference between urban and rural
income and consumption levels. Local governments not only
pay attention to the level of economic growth but also pay
more attention to the balanced level of social welfare
distribution, especially the income and consumption gap
between urban and rural areas. They want to improve the
income and welfare level of urban and rural low-income
groups and narrow the gap between urban and rural rich and
poor. When the income and welfare level of the vast majority
of people are significantly improved, it not only increases
people’s demand for goods and services, but also greatly
enhances the demand for ecological environment.

2.1.2 The role of high-quality development in
eco-environmental protection

At the same time, the impact of high-quality development
on eco-environmental protection has both positive and
On the hand,
development can promote eco-environmental protection. In

negative  aspects. one high-quality
the high-quality development stage, to improve the ecological
environment for the survival of humans, countries, and
further

environmental protection, promote a series of pollution

regions  will increase investment in eco-
control and resource conservation, ecological restoration
for the construction of major projects. This can not only
improve the quality of the ecological environment on the
whole but also react to economic development, drive
economic growth, and bring significant economic and
social benefits and health benefits. On the other hand,
high-quality development has a restrictive effect on eco-
environmental protection. In the process of pursuing
economic development, it is inevitable to consume a certain
amount of natural resources and discharge a large amount of
waste gas, wastewater, and waste residue, which greatly
reduces the coverage of land and vegetation, causes damage

to the ecological environment and greatly restricts the
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development process of eco-environmental protection.
Therefore, eco-environmental protection and high-quality
development are mutually reinforcing. High-level quality
eco-environmental protection is the essential prerequisite
for  high-quality and

development, high-quality

development is the fundamental guarantee for eco-
environmental protection and restoration. High-quality
development promotes the construction of the ecological
environment while restricting the development process of
There is

relationship  between

eco-environmental protection. an apparent

interaction and coupling eco-

environmental protection and high-quality development.

2.2 Study on the influencing mechanism of
coupling driving factors between eco-
environmental protection and high-
quality development

In 2018, energy consumption per unit of industrial added
value and per capita in the Yellow River Basin was about

1.38 times and 1.55 times China’s overall energy
consumption. In the past, China blindly pursued the
economic growth mode relying on high energy

consumption, which led to the continuous deterioration of
the ecological environment and other problems. Overall, the
excessive use of energy consumption from fossil fuels caused
several problem climate changes (Elahi et al., 2021b). If
China continues to rely on this manner of economic
growth and continues to develop over-used energy, land,
water resources, etc., it will not only cause environmental
pollution and ecological damage but also lead to a
continuous increase in China’s demand for imported
energy and excessive dependence on imported energy,
which  will make China’s
unsustainable. In 2018,
resources in the Yellow River basin reached 75 percent,

economic development

the utilization rate of water

far exceeding the internationally recognized warning line
of 40 percent (Wang, 2014). Human activities and climate
change in the Yellow River basin water resources continue to
reduce (Xu et al., 2020), coupled with the extensive economic
growth mode caused by the unreasonable demand, causing
problems such as water resources allocation is not reasonable
if it continues to maintain a high water resources
of
groundwater, can lead to ground subsidence threat to

exploitation and utilization, over-exploitation
society and people’s safety. This will not only aggravate
the pollution of the ecological environment but also affect
the high-quality development level of the Yellow River basin.

Industrialization is still a vital driving force for economic
growth in the Yellow River basin, especially in the central and
western regions (Yang and Hu, 2019). Under the vision of

development in the new era, we are pursuing a new type of
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FIGURE 1

Influence mechanisms of coupling drivers.

——The Yellow River Basin [ Gansu [ Qinghai [0 Shaarxi [0 Inner Mongolia
[CINon-research area [1Henan [ |Ningxia []Shammi []Shandong

FIGURE 2
Location map of cities (states and leagues) in the Yellow River Basin.

high-quality industrialization that is green, low-carbon, the ecological environment. On the one hand, the high level of
intensive, efficient, and innovation-driven. It has become industrialization can improve the high-quality development
an irresistible trend to accelerate the transformation of level of the Yellow River Basin. On the other hand, it will bring
industrialization and stimulate the innovation driving force severe eco-environmental pollution, resulting in the risk of
of enterprises. At the same time, the higher level of imbalance between the eco-environmental protection and
industrialization ~will bring more serious industrial high-quality development of the Yellow River Basin. In
pollution, and eco-environmental protection measures are 2018, the urbanization rate of permanent residents in the
not in place in time, which will lead to serious damage to Yellow River Basin was 56.82%. In the future, urbanization in
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TABLE 1 Eco-environmental protection index system.

10.3389/fenvs.2022.951218

System layer Object layer Unit

Comprehensive pollution control capacity Comprehensive utilization rate of industrial solid waste %
Sewage treatment rate %
Harmless treatment rate of household garbage %

Sustainability of water resources

Water resources per capita

the Yellow River Basin still has perfect space for development,
and the realization of high-quality development will inevitably
put forward higher requirements for urbanization. The
promotion of new-type urbanization will also lead to the
pollution and waste of land and water resources, the
increase of urban environmental load, the reduction of
biodiversity, and other ecological and environmental
problems, which will have a negative impact on the
coupling and coordination relationship between eco-
environmental protection and high-quality development.
Based on this, this paper further draws the influencing
mechanism diagram of the driving factors for the coupling
of

protection and high-quality development in the Yellow

and coordinated development eco-environmental

River Basin, as shown in Figure 1.

3 Study area and materials

3.1 Study area

Seventy-seven prefecture-level cities (prefectures and
leagues) in eight provinces and autonomous regions,
including Shanxi, Shandong, Henan, Shaanxi, Gansu,
Qinghai, Inner Mongolia, and Ningxia, are taken as the

research scope of the Yellow River Basin region
(Figure 2). Since it is difficult to obtain relevant index
data for Hainan Tibetan Autonomous Prefecture,

Huangnan Tibetan Autonomous Prefecture, and Guoluo
Tibetan Autonomous Prefecture in Qinghai Province,
these three autonomous prefectures are excluded from the
research area of this paper, namely 74 prefecture-level cities.
By 2017, the Yellow River basin had 95 sections of grade III
and below water quality, accounting for 69.34 percent of the
total. The total water consumption for eco-environmental
protection was 36.11 billion cubic meters, accounting for
97.44 percent of the total water intake. The Yellow River
Basin has severe water pollution, poor water pollution
control ability, insufficient eco-environmental protection,
a low recycling utilization rate of water resources, and a
problem with water resources guarantee. It not only faces the
threat of water resources shortage but also has the dangerous
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Cubic meters
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situation of an “overhanging river” (Teng et al., 2021), which
also blocks the high-quality economic development of the
Yellow River Basin. Therefore, it is crucial to explore the
coupling and coordination relationship between eco-
environmental protection and high-quality development in
the Yellow River Basin and its driving factors for
determining the future development direction of the
Yellow River Basin and formulating relevant development
strategies.

3.2 The construction of index system

3.2.1 Construction of eco-environmental
protection index system

The ecological environment pollution and water resource
shortage in the Yellow River Basin are the most crucial work of
eco-environmental protection. Based on this, this paper
constructed an eco-environmental protection evaluation
index system consisting of comprehensive pollution control
ability and water resource sustainability ability, as shown in
Table 1.

3.2.2 Construction of high-quality development
index system

Given the problems faced by high-quality economic
development in the Yellow River Basin, such as slowing
economic growth rate, uneven internal development,
outdated
momentum, serious ecological damage, and the apparent

industrial structure, insufficient innovation
gap between urban and rural areas, as well as the
phenomenon of people’s hope for a better life, this paper
to the classification

refers standard of high-quality

development by Li et al. (2019). From the economic
vitality, innovation drive, green development, people’s life,
and social coordination, five big ideas considering the index
system, economic growth, industrial structure, opening to
the outside world, investment in science and technology,
environmental pollution, resource utilization, the social
harmony and fundamental public service level and so on
to establish evaluation index system of high-quality
development, as shown in Table 2.
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TABLE 2 High quality economic development indicator system.

10.3389/fenvs.2022.951218

System layer Object layer Unit

Economic vitality The GDP growth rate %
The proportion of output value of tertiary industry in GDP %
Foreign trade dependence %
The proportion of actually utilized foreign capital in GDP %

Innovation driven The science and technology spending as a share of GDP %

Green development The ratio of good air quality
The green coverage in built-up areas

Environmental Pollution Index

Energy consumption per unit of GDP

Construction land area per unit of GDP

People’s life Basic Living Development Index
Infrastructure construction index
Social Security index

Social unrest index

Educational Development Index

Medical Development Index

Social coordination Gini coefficient

%
%
Tons of standard coal/10 thousand yuan

Square kilometers/100 million yuan

Urban and rural consumption expenditure ratio -

Engel coefficient ratio between urban and rural areas -

Urban-rural income ratio

TABLE 3 Coupling driving factor index system.

System layer Indicator layer

Degree of energy utilization

Electricity consumption per unit industrial added value (X,)

Utilization of water resources

Water consumption per unit of industrial added value (X,)

Energy consumption per unit of industrial added value (X;)

Utilization ratio of water resources (X3)

Unit

Tons of standard coal/10 thousand yuan
kW-h/yuan
%

Tons/10 thousand yuan

Industrialization level Proportion of output value of secondary industry in GDP (Xs) %
Proportion of employed persons in secondary industry (Xs) %
Urbanization level Proportion of built-up area of urban land area (X;) %

Urbanization rate (Xg)

3.2.3 Construction of coupled driving factor
index system

According to the theoretical analysis, the degree of energy
utilization, water resources development, industrialization,
and urbanization are the critical factors affecting the
coupling and coordinated development of eco-
environmental protection and high-quality development in
the Yellow River Basin. Based on this, this paper established
the driving factor index system of the coupling and
coordinated development of eco-environmental protection
and high-quality development in the Yellow River Basin, as

shown in Table 3.

Frontiers in Environmental Science

%

3.3 Data sources and processing

The study period was from 2003 to 2018. The statistical
data in this study were obtained from China statistical
yearbook, China city statistical yearbook, China’s urban
China’s
yearbook, China statistical yearbook, China’s water

construction, regional economic  statistical
resources yearbook, China city life and price yearbook
database, China’s urban and rural construction, EPS
database, statistical yearbook, the provincial people’s
government of provinces and cities, the bureau of statistics,

the ecological environment agency’s website. This paper uses
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TABLE 4 The discriminant standard and classification type of coupling coordination degree.

Coupling coordination degree
D value

0.00 ~0.09
0.10~0.19
0.20~0.29
0.30~0.39
0.40~0.49
0.50~0.59
0.60~0.69
0.70~0.79
0.80~0.89
0.90~1.00

the linear fitting method to estimate the missing data and uses
the extreme value method to standardize the data. At the same
time, this paper further adopts the efficacy coefficient method
to modify it to ensure that each data value is not zero.

3.4 Research methods

3.4.1 Coupling coordination evaluation model
Referring to the concept of “capacity coupling” in physics
(Chen et al., 2020; Dong et al., 2021), this paper measures the
interactive coupling strength between eco-environmental
protection (A;) and high-quality development (A,) in the
coupling coordinated evaluation index system of eco-
environmental protection and high-quality development in the
Yellow River Basin. For a binary system A;, A,, the deviation

coefficient of the two can be expressed as (Lu et al., 2016):

4 ZiZ:l (Ai_A)z
2

o
Ch===—"+——" 1
" 3 )
Where, A = %, further simplified as:
(A - Ay Nigers)
L= \—5=V1-C 2
(A + A2)2 @
_ _4AlA
Where, C = (A1+A22)2.

Coupling degree C can only describe the influence

intensity of coordinated development between eco-

environmental protection systems and high-quality
development systems but cannot accurately reflect the
comprehensive, coordinated development level between
the systems. Therefore, this paper further introduces the
development degree T of eco-environmental protection and
high-quality development, comprehensively evaluating the

level of eco-environmental protection and high-quality
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Level

Extreme dissonance recession

Severe dissonance recession

Moderate dissonance recession

Mild dissonance recession

On the verge of a dissonance recession
Barely coordinated development
Primary coordinated development
Intermediate coordinated development
Well-coordinated development

High-quality coordinated development

development in this region. The coupling coordination
degree D of eco-environmental protection and high-
quality development is constructed by the geometric
average of development degree T and coupling degree C.
The coupling coordination degree D can truly reflect the
coordinated

coupled and

environmental protection and high-quality development in

relationship between eco-

a specific region.
T= G.Al + ﬁAZ
D=vCxT

3)
4

Where, T is the development degree of eco-environmental
protection and high-quality development, & and f are the
weights of eco-environmental protection and high-quality
development, respectively, and their specific values can be
determined according to the relative importance of the two
systems. The author holds that eco-environmental protection
and high-quality development are equally important, that is, a =
B =

environmental protection and high-quality development, Al

1, D is the coupling coordination degree of eco-

and A2 are the comprehensive evaluation value of eco-
environmental protection and high-quality development in the
Yellow River Basin respectively.

Refer to the classification standards of other scholars
(Chen Y et al. 2020). This paper divides the coupling
coordination degree D between eco-environmental
protection and high-quality development into ten types,

and the corresponding grade types are shown in Table 4.

3.4.2 Nonlinear autoregressive neural network
model

The nonlinear autoregressive (NAR) neural network
model is suitable for solving nonlinear fitting problems
and is widely used in hydrological, biological information,
and ecological security (Cheng et al., 2019). In this study, we
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FIGURE 3
Spatial evolution diagram of coupling coordination degree.

applied NAR neural network model to predict the coupling
coordination degree between eco-environmental protection
and high-quality development in each region of the Yellow
River Basin in the next five years and explored the future
trend of the coordination

development coupling

relationship.

3.4.3 Spatial regression model

The spatial regression model mainly solves the problems
related to spatial dependence in linear regression analysis
(Xiao, 2008). This study applies a spatial regression model
to describe and visualize the global law of the coupling driving
force between eco-environmental protection and high-quality
development in the Yellow River Basin.

3.4.4 Geographically weighted regression model

The geographically weighted regression model is used to
reflect the influence of observation points at different
locations on the regression parameters by embedding the
spatial location of the data into the regression parameters
(Kan et al, 2019). This study applies a geographically
weighted regression model to describe and visualize the
local laws of the coupling driving force of ecological
protection and high-quality development in the Yellow
River Basin.
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4 Empirical analysis

4.1 Analysis on the coupling coordination
relationship between eco-environmental
protection and high-quality development

4.1.1 The coupling and coordination relationship
between eco-environmental protection and
high-quality development

The coupling coordination evaluation model was used to
calculate the coupling coordination degree of eco-environmental
protection and high-quality development in the Yellow River
Basin from 2003 to 2018, and the spatial evolution map was
drawn by selecting the coupling coordination degree of eco-
environmental protection and high-quality development in
74 regions of the Yellow River Basin in 2003, 2008, 2013, and
2018, as shown in Figure 3.

From 2003 to 2018, the coupling coordination degree of eco-
environmental protection and high-quality development in all
regions of the Yellow River Basin increased year by year. The
coupling coordination degree of eco-environmental protection
and high-quality development in the Lower Reaches of the
Yellow River Basin was always higher than that in the upper
and middle reaches of the Yellow River Basin. In 2018, the
coupling coordination degree of eco-environmental protection
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FIGURE 4

Future development trend chart of coupled coordination values in the Yellow River Basin.

and high-quality development in the lower reaches of the Yellow
River Basin was upgraded to a well-coordinated development
level. In 2003, the distribution of the coupling and coordinated
development between eco-environmental protection and high-
quality development in the Yellow River Basin was loose, and
there were four levels of coupling and coordinated development,
which were barely coordinated development level, primary
coordinated development level, intermediate coordinated
development level, and well-coordinated development level.
Among them, there are many areas

of
protection and high-quality development, and the areas in the

in the primary
coordinated  development level eco-environmental
well-coordinated development stage are mainly concentrated in
the Shandong Peninsula in the lower reaches of the Yellow River
Basin. Regions with an intermediate level of coordinated
development are primarily concentrated in Inner Mongolia,
Shandong, Ningxia, Henan, and Shaanxi. Shizuishan and
Shangluo are only in barely coordinated development.
Compared with 2003, the coupling coordination degree of
eco-environmental protection and high-quality development
in 2008
significantly, from the primary coordinated development level

in the Yellow River Basin region improved
to the intermediate coordinated development level of the large
area. Shizuishan and Shangluo areas with the lowest coupling
coordination degree also improved to the primary coordinated
development level, and Zhengzhou also from the intermediate
level of coordinated development to a good level of coordinated
development. In 2013, the Yellow River basin area of the eco-
environmental protection and development of high-quality
coupling coordination development level up to intermediate
coordinated development level comprehensively, coupling
coordination level in the well-coordinated development phase
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of the area is still mainly concentrated in the lower reaches of the
Yellow River in Shandong district, as well as the capital city of
Shanxi, Shaanxi, Henan, Taiyuan, Zhengzhou and Xi’an. In 2018,
have produced a batch of the Yellow River basin area of eco-
environmental protection and high-quality development of
coupling coordination degree in well-coordinated development
level area, mainly with Henan region of Inner Mongolia, at this
point, the eco-environmental protection and development of
high-quality coupling coordination level in well-coordinated
development level of the region are mainly concentrated in
the Yellow River upstream and downstream of the Yellow
River basin, region, in the middle reaches of the Yellow River
basin, the level of coupling and coordinated development
eco-environmental and high-quality

between protection

development is weak.

4.1.2 Prediction of coupling coordination
between eco-environmental protection and
high-quality development

In order to further understand the changing trend of the
coupling coordination degree between eco-environmental
protection and high-quality development in the Yellow
River Basin in the future, NAR neural network model was
further used to predict the coupling coordination degree
between eco-environmental protection and high-quality
development in the Yellow River Basin in the next five
years, as shown in Figure 4.

The results show that the average level of coupling
coordination between eco-environmental protection and
high-quality development in the Yellow River Basin will
gradually increase in the next fiveyears, and realize the
transition from an intermediate coordinated development
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TABLE 5 Estimation results of spatial autocorrelation model.

10.3389/fenvs.2022.951218

Variable OLS model SLM model SEM model

Coefficient t-value Coefficient z-value Coefficient z-value
Constant 0.7771%* 79.6873 04863+ 6.0376 0.7693+* 84.9079
X, ~0.0038*** ~4.2199 ~0.0030%* ~3.8591 ~0.0025%** ~3.0583
X, 0.0119 1.0189 0.0056 0.5598 ~0.0007 -0.0719
X5 0.0002 1.2565 0.0001 0.9567 5.16E-05 0.4296
Xy 0.0002 1.0499 0.0004** 2.4248 0.0005*+* 2.9066
Xs ~0.0005*** ~2.6553 ~0.0004** ~2.3566 ~0.0002 -1.5838
X 0.0002 1.6629 0.0001 L11 ~0.0001 -0.759
X, 0.0002 1.1707 0.0002 1.4865 4.19E-05 0.3637
Xy 0.0006** 3.8032 0.0006** 43073 0.0008*** 4.3867
Rho - - 0.6214* 6.4627 0.3614*+% 3.5898
R 0.5852 0.6903 0.6501
Log likelihood 234.807 241.1935 239.806
AIC —451.614 ~464.387 -459.613
SC -430.878 ~443.65 ~436.572

e, ** and * are significant at the significance level of 1, 5 and 10% respectively.

stage to a well-coordinated development stage, but there is still
a significant gap from high-quality, coordinated development
level. From 2019 to 2023, the coupling coordination degree of
eco-environmental protection and high-quality development
in most Yellow River Basin areas shows a wave change trend.
Compared with 2018, the coupling coordination degree of
eco-environmental protection and high-quality development
in most areas of the Yellow River Basin shows an increasing
trend in 2023. The overall coordinated development of eco-
environmental protection and high-quality development in
the Yellow River Basin is optimistic, but the severe challenges
we face cannot be ignored. Qingdao, Wuhai, and Zhengzhou,
which have a high degree of coupling coordination between
eco-environmental protection and high-quality development,
have a slow growth rate of 0.032, 0.058, and 0.177%,
respectively, due to their lack of growth momentum, which
makes it difficult to improve to the level of high-quality
coordinating development. The coupling coordination
degree between eco-environmental protection and high-
quality development in Dezhou, Yantai, Weihai, and
Xuchang fluctuated greatly, and the change law was not
apparent. As a result, the coupling coordination degree
between eco-environmental protection and high-quality
development predicted by Dezhou, Yantai, Weihai, and
Xuchang fluctuated wildly, but the overall trend also
increased. From 2019 to 2023, Jining, Pingdingshan,
Anyang, Xinyang, Baiyin, Tianshui, Wuwei, Dingxi, and
Shizuishan  changed from intermediate coordinated
development levels to well-coordinated development levels.

Frontiers in Environmental Science

4.2 Coupling driving force analysis of eco-
environmental protection and high-
quality development

4.2.1 Global law analysis of coupling driving
force between eco-environmental protection
and high-quality development

This paper selects indicators with correlation coefficients
more significant than 80% from the principal components
with cumulative contribution rates of more than 85%. Finally,
eight indicators, including energy consumption per unit of
industrial added value, electricity consumption per unit of
industrial added value, and the utilization ratio of water
resources, are determined as independent variables of the
regression model through multicollinearity diagnosis. This
paper further studied the coupling driving factors of eco-
environmental protection and high-quality development in the
Yellow River Basin in 2018 and constructed the OLS model, SLM
model, and SEM model. The estimation results showed that the
SLM model had the best fitting effect than the OLS and SEM
models (Table 5).

SLM model estimation results show that spatial
disturbance correlation significantly impacts the coupling
coordination degree of eco-environmental protection and
high-quality development in the Yellow River Basin.
Globally, energy consumption per unit of industrial added
value, water consumption per unit of industrial added value,
the proportion of output value of the secondary industry in
GDP, and urbanization rate are significant indicators of the
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coupling coordination degree between eco-environmental
protection and high-quality development in the Yellow
River Basin, which are all significant at the level of 1%.
The of
development, industrialization, and urbanization are the

degree energy utilization, water resources

main driving factors of the coupling coordination degree
of
development in

eco-environmental
the
consumption per unit of industrial added value and the

protection and  high-quality

Yellow River Basin. Energy
proportion of output value of the secondary industry in
GDP have a significant negative impact on the coupling
coordination degree between eco-environmental protection
and high-quality development in the Yellow River Basin. Low
energy use efficiency is one of the critical factors leading to
the

protection and high-quality development in the Yellow

coupling imbalance between eco-environmental
River Basin. Since the city has not successfully transformed
into new industrialization, the high industrialization level will
lead to substantial industrial pollution. Today’s eco-
environmental protection facilities and measures cannot
solve the problem of such severe ecological pollution,
causing severe eco-environmental pollution, thus affecting
the coupling coordination level of the Yellow River basin eco-
environmental protection and high-quality development. The
water consumption per unit of industrial added value and
the

coordination degree of eco-environmental protection and

urbanization rate significantly impact coupling
high-quality development in the Yellow River Basin. While
reducing the water consumption per unit of industrial added
value, industrial enterprises increase the content of cadmium,
nickel, mercury, and other heavy metals in the unit of
which the

environmental pollution and reduces the level of eco-

industrial ~ production, aggravates eco-
environmental protection, thus weakening the coupling
coordination between eco-environmental protection and
high-quality development in the Yellow River Basin. The
urbanization rate is an important index to measure the
urbanization level of a country or region. Obviously, the
high the

coupling eco-environmental

level of wurbanization positively influences
of

protection and high-quality development in the Yellow

coordination  degree
River Basin. The Yellow River Basin should focus on
promoting the construction of basic projects such as water
resource pollution prevention and water conservation,

promoting the construction of new urbanization,
stimulating the innovation-driven consciousness of
enterprises, establishing and improving the incentive

mechanism of enterprise water pollution assessment,
further improving the urbanization level of the Yellow
River Basin, and improving the efficiency of energy and
water resources utilization. Through a series of measures
to enhance the level of eco-environmental protection and

high-quality development of the Yellow River Basin, promote
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the of
protection and high-quality development of the Yellow

coordinated development eco-environmental

River Basin.

4.2.2 Local law analysis of coupling driving force
between eco-environmental protection and
high-quality development

This paper uses the geographically weighted regression
model to analyze the coupling coordination degree between
eco-environmental protection and high-quality development
and the spatial stability of each influencing factor in the
Yellow River Basin in 2018.

The regression results of the GWR model indicate that
energy consumption per unit of industrial added value and
electricity consumption per unit of industrial added value has
strong spatial heterogeneity. The regression coefficient values
show that energy consumption per unit of industrial added value
and electricity consumption per unit of industrial added value
have significant negative and positive impacts on the coupling
coordination degree of eco-environmental protection and high-
quality development in 74 regions of the Yellow River Basin,
respectively. Meanwhile, the effect of electricity consumption per
unit of industrial added value on the coupling coordination
degree of eco-environmental protection and high-quality
development in 74 regions of the Yellow River Basin is much
greater than that of energy consumption per unit of industrial
added value. Therefore, the degree of energy utilization is the
main factor that leads to the change in the coupling coordination
between eco-environmental protection and high-quality
development in 74 regions of the Yellow River Basin. The
increase in electricity consumption has increased the use of
advanced energy, significantly reduced the burning of wood,
straw, straw, coal, and other low-level energy significantly
improved the level of urban ecological environment, improved
the living environment of urban residents, and realized the
coordinated development of eco-environmental protection and
high-quality development. The effect of electricity consumption
per unit of industrial added value on the coupling coordination
between eco-environmental protection and high-quality
development is positively correlated. The spatial distribution
of the estimated coefficient shows that the impact of energy
consumption per unit of industrial added value on the coupling
coordination degree of eco-environmental protection and high-
quality development in 74 regions of the Yellow River Basin
gradually weakens from east to west. The influence of electricity
consumption per unit of industrial added value on the coupling
coordination degree of eco-environmental protection and high-
quality development in 74 regions of the Yellow River Basin
gradually increases from southeast to northwest (Figure 5).

Six indicators, such as water resource utilization rate, water
consumption per unit industrial added value, and the proportion
of output value of the secondary industry in GDP, have different

impacts on the coupling coordination degree of eco-
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FIGURE 5
Spatial distribution of energy use degree estimation coefficients.
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FIGURE 6

Spatial distribution of estimated coefficients of water resources utilization, industrialization and urbanization.

environmental protection and high-quality development in high-quality development in 74 regions of the Yellow River
74 regions of the Yellow River Basin (Figure 6). The spatial Basin is similar to the energy consumption per unit industrial
distribution diagram of the GWR model estimated coefficients added value, which is gradually decreasing from east to west. The
shows that the spatial distribution of the impacts of water spatial distribution of the impacts of water consumption per unit
resources exploitation and utilization ratio and the proportion of industrial added value, the built-up area in urban land area,
of output value of the secondary industry in GDP on the coupling and urbanization rate on the coupling coordination degree of
coordination degree of eco-environmental protection and eco-environmental protection and high-quality development in
Frontiers in Environmental Science 13
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74 regions of the Yellow River Basin are, on the contrary, showing
that it gradually weakens from west to east. The spatial
distribution of the influence of the proportion of employed
in the the

coordination degree is the
consumption per unit of industrial added value, which shows

persons secondary industry on coupling

also contrary to power
that the proportion of employed persons in the secondary
industry gradually increases from the northwest to the
southeast. The 74 regions in the Yellow River Basin should
cooperate by region and take effective measures to ensure the
coordinated development of eco-environmental protection and
high-quality development in the light of their own regional
development characteristics, aiming at the shortcomings of
energy, water resources, industry, and urban development, to
promote the coordinated development of eco-environmental
protection and high-quality development in the Yellow River
Basin.

5 Conclusion and implications
5.1 Conclusion

Starting from the current situation of eco-environmental
protection and high-quality development in the Yellow River
Basin, this paper constructs the coupling coordination index
system of eco-environmental protection and high-quality
development in the Yellow River Basin. This paper uses the
coupling coordination evaluation model, GIS analysis method,
and NAR neural network model to measure the coupling
coordination  relationship ~ between  eco-environmental
protection and high-quality development in 74 regions of the
Yellow River Basin from 2003 to 2018, analyzing the Spatio-
temporal differentiation and predict the future trend. Finally, the
spatial autoregressive and geographically weighted regression
models were used to explore the global and local laws of the
coupling driving forces of eco-environmental protection and
high-quality development in the Yellow River Basin. The main

conclusions are as follows:

1) From the perspective of the coupling coordination degree
between eco-environmental protection and high-quality
development in the Yellow River Basin, the coupling
coordination overall shows an upward trend, but the
regional differences are apparent. The regions with well-
coordinated development between eco-environmental

protection and high-quality development are mainly

concentrated in Henan, Inner Mongolia, and the Shandong

Peninsula. In contrast, the regions with low-level coordinated

development are Longnan in Gansu province, Luliang in

Shanxi Province, and Yulin in Shaanxi Province. In terms

of spatial distribution, the initial loose distribution has been

transformed into the current tight distribution, and the spatial
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agglomeration characteristics have been significantly

enhanced. According to this development trend, the

coupling  coordination  between  eco-environmental
protection and high-quality development in the Yellow
River Basin will gradually improve in the next five years.
The overall transformation from an intermediate coordinated
development stage to a well-coordinated development stage
will be realized.

2) From the perspective of the future development trend of eco-
environmental protection and high-quality development in
the Yellow River Basin, the coupling coordination degree of
eco-environmental protection and high-quality development
in the Yellow River Basin will show wave changes in the future
overall development will show an increasing trend. The
average coupling coordination degree between eco-

environmental protection and high-quality development in

the Yellow River Basin will change from an intermediate
coordinated development stage to a well-coordinated
development stage. Although the overall coordinated
development of eco-environmental protection and high-
in the

optimistic, the severe challenges cannot be ignored.

quality development Yellow River Basin is

3

=

From the perspective of the coupling driving force of eco-
environmental protection and high-quality development in
the Yellow River Basin, the level of energy utilization, water
resource utilization, industrialization level, and urbanization
level are all critical driving factors for the coupling
coordination of eco-environmental protection and high-
quality development in the Yellow River Basin. The degree
of power consumption, development and utilization of water
resources, urban water use efficiency, employment structure,
land use, and population structure have positive and
significant effects on coupling coordination. In contrast,
the degree of energy consumption and output value
structure has adverse and significant effects. Locally, the
the of the
differentiation of the coupling coordination between eco-

degree of energy utilization is root
environmental protection and high-quality development in
the Yellow River Basin. In space, the impact of energy
consumption on the coupling coordination between eco-
environmental protection and high-quality development is
negative, gradually weakening from east to west. In contrast,
the effect of electricity consumption is positive, increasing

progressively from southeast to northwest.

5.2 Implications

Due to the interaction of resource endowment, historical
conditions, spatial structure, social and economic development
foundation, direction, and policy, the coupling coordination
degree of eco-environmental protection and high-quality
development in different regions of the Yellow River Basin is
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quite different. The author believes that the policy
recommendations for realizing the coupled and coordinated
development of eco-environmental protection and high-
quality development in the Yellow River Basin can include the

following:

1) Based on the optimal utilization strategy of energy and water
resources. Firstly, the government should first strengthen control
over energy and resources, urge enterprises to use coal, oil, fossil
fuels, and other non-renewable resources scientifically and
rationally, and carry out in-depth work related to energy
conservation and consumption reduction. Secondly, the
government should strengthen energy recycling, reduce the
total energy consumption from the source, and ensure
sufficient energy resource reserves. Last but not least, the
government should increase our capacity for independent
innovation, actively seek new energy sources that can replace
non-renewable energy sources, and adopt clean energy sources
that can be recycled.

2) Based on the coordinated industrialization-urbanization
strategy. First of all, local governments should make full
use of the natural resource endowment of the region,
strengthen the government’s macro-control, promote
the optimal allocation of resources, optimize foreign

the

upgrading of industrial structure, and improve the

trade structure, promote optimization and
modern industrial system. Second, Each region should
strengthen the work of collaboration between regions,
strive to build several creative elements, fully equipped
with system science industry cluster, coordinate labor
elements and industry configuration, build a good
employment  environment, improve employment
entrepreneurship support policies, adjust the structure
of employment, strengthen the employment quality,
create industry employment double drive mode. Finally,
Each region also should optimize urban spatial layout,
adjust urban and rural population structure, improve
urban public

land planning policies, strengthen

infrastructure construction, improve relevant social

welfare  security  policies, and promote new

industrialization and new urbanization.

Constrained by the availability of data and the structure of
space, this paper only selects the environmental pollution control
ability and the water resources sustainability index with the
characteristics of water resource scarcity in the Yellow River
Basin for research in evaluating the level of eco-environmental
protection. In future research, the level of eco-environmental
protection can be extended to the ecological protection level,
which includes the eco-environmental protection level and the
ecological species protection level. Ecological species protection
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indexes include the genetic diversity index, species diversity
index, and ecosystem diversity index. If the ecological species
protection index can be obtained, the study on the coupling
coordination between ecological protection and high-quality
development in the Yellow River Basin can be improved.
Future research will focus on the ecological footprint of the
Yellow River basin decoupling effect of the development of high-
quality research, objective cognitive state of sustainable
development of the ecosystem of the Yellow River basin area
of land, further deepening the development of the Yellow River
basin area a series of studies, such as economic and social
the
environment policy and industrial policy and decoupling

development path, industrial adjustment, ecological
effect, etc. In addition, future research will be devoted to
making scientific planning and suggestions on the survival
and social and economic development of people in the Yellow
River Basin to expand to other regions as far as possible and

benefit all humankind.
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