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Introduction: With the rapid advancement of industrialization and urbanization in
the Yellow River Basin, the number of resource-based cities is constantly
increasing, leading to an imbalance in land use structure and the gradual
worsening of adverse effects such as damage to the ecological environment.
Hence, improving the efficiency of green land use in resource-based cities has
extremely crucial ecological and practical meaning for sustainable development.

Methods: This study comprehensively considers interdisciplinary theories such as
ecology and management, and combines the actual situation of resource-based
cities in the Yellow River Basin to construct a new type of urban field green
utilization efficiency assessment index system. To promote the coordinated
development of different dimensions, the corresponding spatiotemporal
evolution process and related influencing factors were also analyzed.

Results and discussion: The research results indicate that the overall spatial
evolution of the Yellow River Basin has active correlation. During the period from
2006 to 2022, the number of high value agglomeration cities in upstream
resource-based cities increased by nearly 25%; Nearly 3% of resourcecities
exhibit low-value heterogeneity, while the number of resource cities with low
value agglomeration has decreased to 0. In addition, population density and
scientific education expenditure level are key factors affecting the ratio of green
land use in resource-based cities, while the impact of economic indicators is
gradually decreasing. In summary, the assessment indicator system for urban land
green utilization ratio proposed in the study is more comprehensive, and the
spatial distribution results of influencing factors can provide a solid data
foundation for decision-makers.

sustainable development, the yellow river basin, resource oriented cities, land green
utilization efficiency, spatiotemporal evolution
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1 Introduction

For the past few years, sustainable development strategy and
green development have become the primary topics in China.
However, the ecological protection function of resource-based
cities (ReB-C) in the upper and middle reaches of the Yellow
River Basin (YRB) has been disrupted, leading to ecological
problems such as soil erosion in midstream. Excessive sediment
in the downstream areas can easily form suspended rivers, leading to
floods (Zheng H et al., 2021; Jia L et al., 2022; Zhang et al., 2022). The
YRB itself belongs to an ecologically fragile area, and the rapid
advancement of industrialization and urbanization has formed a
development model of high-intensity development and extensive
management. This has caused serious obstacles to the ecological
environment and land use, and further led to issues such as
imbalanced land resource structure, low land use efficiency, and
resource waste (Fan et al., 2022; Ning et al., 2022). Therefore, how to
coordinate the relationship between different dimensions is the top
priority in promoting green land use (GLU) in ReB-C in the YRB. To
achieve the above goals, this study is guided by sustainable
development and green development, and designs an evaluation
index system (EIS) for GLU efficiency (GLU-E) of ReB-C in YRB
through multidisciplinary theory and field conditions. The study
also explored its space evolution process, related influencing
elements, and ranking of influence. This project aims to give a
reasonable suggestion for decision-makers to formulate plans,
alleviate the pressure of land use and ecological environment,
and promote to develop for long and high-quality of various
ReB-C in the YRB.

The research targets to solve the problems that hinder the
development and improvement of ReB-C in YRB. Guided by the
introduction of GLU, the ecological protection concept and
sustainable development concept are further applied to the land
spatial planning system of the YRB. It hopes to strengthen the
ecological security of urban land and stimulate to develop the long-
term healthy social economy. There are two main innovative points
in the research. The first point is to use multiple disciplines such as
ecology, economics, and management to comprehensively design an
EIS for GLU rate of ReB-C in the YRB. The second point is to use
factor detection to analyze the impact range and spatial distribution
differences of relevant influencing factors on the GLU rate of ReB-C.
The structure of the study is mainly segmented into four sections.
The first part is a review of relevant research results; The second part
is to study the natural environment status and existing problems of
ReB-C in the YRB, and design corresponding EISs for GLU ratio;
The third part is the analysis of the results of the proposed research
methods, including spatiotemporal evolution (SE) analysis and
influencing factor analysis; The final part is a summary of
the research.

2 Related work

Land, as the spatial carrier of all human social activities, is the
material guarantee for human development and continuity, and land
use efficiency can reflect the scale of human investment in land to
obtain output that meets the needs of survival and development.
Therefore, many scholars have conducted in-depth discussions on
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the relevant content of land use efficiency. B. Hung et al. conducted
an evaluation of land use efficiency in Danping Township, Dakdoa
District, Jialai Province, Vietnam, in order to achieve reasonable and
effective land use and make important contributions to the country
and local areas. After field research, the following results have been
obtained: there are six common types of land use in this area. Among
them, the economic benefits of LUT for chili pepper cultivation are
the highest, the social benefits of LUT for coffee are the highest, and
the overall benefits of LUT for bergamot are the highest. This also
provides important scientific basis for achieving effective and
sustainable land use efficiency (Hung et al, 2020). Y. Q. Duan
et al. constructed an evaluation index for the coordination between
rail-transit station operation efficiency and land use to alleviate the
contradiction between rail-transit operation and surrounding
The key indicators affecting the coupled
development of the two were identified, including land use ratio,

ground use.

plot ratio, land use combination, and parking facility control. The
sound control of indicators has promoted the land use efficiency
around Xi’an Rail Transit Station (Duan et al., 2020). Silvio et al., to
deal with the situation of insufficient nutrient supply of new
vegetation in the process of vegetation restoration in the mining
area, chose the long stemmed sheep’s hoof beetle and trees from the
Amazon rainforest for research. The results showed that the long-
stemmed sheep hoof beetle has practical significance for plant
restoration in mining areas, and can effectively improve the land
use efficiency of mining areas (Ramos et al,, 2020). To make the most
of water resources, land use efficiency and crop productivity are
adopted to improve land technology for surface drip irrigation
under arid conditions in India. S. S. Rathore et al. conducted
field experiments on Indian mustard and found that Indian
mustard also had better growth and yield characteristics in flat
planting land configurations of 60/30 and 30/60 cm (Rathore et al,
2020). N. A. Alekseeva evaluated the resource potential and land use
efficiency of agricultural production cooperatives, taking the
Republic of Udmurt as an example, to promote changes in
agricultural land transfer legislation. Finally, the study concluded
that the factors underlying the connection between the level of
legitimate land registration and land use efficiency are reasonable
(Alekseeva, 2020).

The GLU ratio is obtained through the optimization of
traditional land utilization efficiency development. Guided by
green and sustainable development strategies, it emphasizes the
moderate use of land resources to avoid ineffective utilization of land
resources. F. Liu et al. found that the green utilization efficiency
(GUE) of regional land is an important indicator of ecosystem
health. Their research estimate the land-quality of Xinjiang
Production and Construction Corps and other regions through
the InVEST model, further analyzing the resemblances and
distinctions in their space distribution. During 1990-2018, the
degree of habitat degradation in Xinjiang decreased first
following increased, and the quality of habitat gradually
decreased; During 2018-2035, the area of arable and construction
area in agricultural and non-agricultural areas will gradually
increase, while forest and grassland will decrease. It may cause a
gradual decline (Liu F and Xu, 2020). F. Qian et al. used land GUE to
study spatial distribution features and balance collaborative spatial
patterns in order to scientifically allocate multi-functional arable
land. It showed that the multi-function of cultivated land could

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1406460

Li et al.

exhibit a synergistic trend in time, also it exhibited heterogeneity and
volatility, giving instructions for new models of cultivated land
development or management (Qian F et al., 2020). K. Song et al.
found that water blooms threaten water quality and the eco-health of
aquatic communities. China is experiencing high-speed economic
growth and significant land-use changes in the past few decades. By
analyzing the efficiency of land green utilization, it is found that
human factors have exceeded the impact of climate elements of
absolute atmospheric concentration in China’s soil and water
conservation areas. This can provide information for resource
management decision-making (Song et al, 2021). Y. Wu et al.
discussed that analyzing the efficiency of GLU is greatly
meaningful for balancing economic development and ensuring
food security. Therefore, they applied the SBM to calculate the
land GUE of 126 prefecture level cities in the Yangtze-River
Economic-Belt from 2008 to 2017, and revealed their SE
characteristics. From the perspective of factor input, the future
direction of improving farmland utilization efficiency has been
proposed (Wu et al., 2022). Y. U. Chugqiao et al. studied the land
use change, landscape pattern, and habitat quality changes in
Yunnan Province from 1980 to 2020. The purpose was to explore
the SE characteristics of habitat quality in inland ecosystems, using
landscape pattern analysis and InVEST habitat quality model. The
conclusion is that the habitat quality in Yunnan Province shows a
high low high distribution from northwest to southeast, and the
overall habitat quality is higher than the average level. It is necessary
to develop optimization strategies to improve regional ecological
benefits (Chugqiao et al., 2022).

In summary, many studies on land use efficiency and SE analysis
are existed, but there has been very little research on the GUE of
ReB-C in the YRB. To expand the related surveys about the content
mentioned above in the YRB, this article takes 53 ReB-C in the YRB
as the research objects. The EIS and influencing factors of land GUE
were designed to explore and analyze the degree of influence of
different influencing factors.

3 Construction of an EIS and affecting
elements for GLU-E of ReB-C in
the YRB

This chapter introduces the current situation of the natural

environment, socio-economic development, and ecological
environment pollution in the study area to analyze the actual
situation of ReB-C in YRB. Furthermore, it aims to lay a solid
foundation for the design of the EIS and related influencing factors

for the GUE of ReB-C in YRB.

3.1 The current situation of natural
environment in ReB-C in YRB

The YRB is the geographical and ecological area affected by
the Yellow River system from its source to the sea (Kouassi et al.,
2020; Jian et al., 2022). The mean altitude of the western Heyuan
region is over 4000 m, consisting of plenty of high-mountains,
with year-round snow covering; The altitude of the central region
is loess landform, with serious soil erosion; The east is mainly
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composed of the Yellow River alluvial plain (Hai-Kun et al., 20205
WangHuang et al., 2021; Zhu et al., 2022). At the symposium on
ecological protection in the YRB, General Secretary clarified the
extremely important position of the YRB in China’s ecological
security. He deeply elucidated the significant significance and
made significant deployments to strengthen the governance and
protection of the YRB. However, for a long time, there have been
problems such as water shortage and soil erosion in the YRB,
which would hinder to develop ReB-C. This also determines that
there is a significant imbalance in the development level,
economic development level, residential environment quality,
and ecological environment carrying capacity of ReB-C in the
upstream, midstream, and downstream. Thus, 52 resource-based
prefecture level cities with fewer missing values and easy data
collection were selected as the research objects from 67 prefecture
level cities on both sides of the Yellow River. Taking into account
regional factors such as macro management, Inner Mongolia
Autonomous Region is divided into upstream regions and
Henan Province into downstream regions. Figure 1 is the
actual division of the YRB.

The resources collected in this study in YRB are all sourced
from the China’s Statistical Yearbook of the provinces where each
city is located. Based on these data, the land use status of ReB-C in
the YRB is analyzed. Firstly, the evaluation variables of land use
structure are determined according to the Urban Land
Classification and Planning Construction Land Standard (GB
50137-2011). There are significant differences in terrain,
climate, and natural resource distribution among resource cities
in the upstream, midstream, and downstream of the Yellow River
Basin, which have a significant impact on the land use of resource
cities in the Yellow River Basin. Therefore, this study analyzes the
land use structure of resource cities in the Yellow River Basin from
the upstream, midstream, and downstream perspectives. To ensure
the scientific comparison of land use in ReB-C, the study only
compared the land use structure of the YRB ReB-C maps from
2016 to 2022 (Table 1).

In Table 1, from the perspective of land-use changes in
upstream, midstream, and downstream ReB-C, the changes in
the top three areas from large to small are: LR, FS, and IL; GS, LR,
and RL; RL, IL, and GS, respectively. Among them, the area of all
downstream land use types has increased. In 2016, the proportion
of different types of land use areas in the three sections of the river
ranged from high to low: RL, IL, LR, GS, LP, LC, LL, and LF; RL,
LP,IL, GS, LR, LC, LL, and LF; RL, IL, LR, LP, GS, LC, LL, and LF.
The proportion rankings for 2022 are: RL, LR, GS, IL, LP, LC, LL,
and LF; RL, GS, LR, IL, LP, LC, LL, and LF; RL, IL, LR, GS, LP, LC,
LL, and LF. From this, upstream cities care more about the
construction and expansion of road traffic facilities and green
spaces, while the proportion of IL area is relatively high, which will
cause significant pressure on the ecological environment.
Midstream ReB-C pay more attention to the planning of land
space greening and road transportation facilities, but seriously
neglect the construction of public service facilities. Compared with
ReB-C in the upstream and midstream, the area proportion of RL is
higher in the downstream. This indicates that downstream ReB-C
are urban agglomeration areas in the YRB, and different types of
land use areas are increasing, leading to increased pressure
on land use.
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FIGURE 1
Actual division map of the research area.
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3.2 The social development and ecological
environment pollution of ReB-C in the YRB

Resource oriented cities gather the population of the YRB
region. As kinds of activities continue to expand, the necessity
for land also increases, which in turn puts significant pressure on
land use in the YRB. Table 2 shows the land use status of resource
cities in the YRB.

From Table 2, the construction land area and the added value
area of the 2nd and 3rd industries in ReB-C in the YRB are both
showing an increasing trend year by year, and the added value area
of the 2nd and tertiary industries is higher than the area of urban
construction land. This indicates that the economic benefits of the
land in the region are extremely significant, with the economic
activity intensity of the land ranging from strong to weak in
upstream, midstream, and downstream ReB-C. The supply of
construction land in upstream ReB-C is relatively small, so
The
utilization of land in mid stream ReB-C can still be improved;

there are fewer related resources available for use;

The expansion speed of downstream ReB-C is very fast, but it
cannot effectively drive social and economy growth. In addition,
the excessive proportion of traditional industries in various
resource cities in the YRB will have adverse effects on energy
use and ecological environment. Moreover, it also hinders the
progress of GLU in cities, but the high-quality development of
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industries in the region needs to be rapidly promoted. Among the
ReB-C in the YRB, the economy has maintained a sustained
growth trend, reaching a growth rate of 13% in 2022, with per
capita GDP significantly lower than the national level and a poor
economic foundation. Previously, the economic growth of the YRB
fluctuated greatly, which was affected by natural disasters such as
floods and droughts, as well as ecological degradation such as river
water interruption and water resource shortage. Therefore, in
recent years, the progress of related ecological restoration
projects has gradually accelerated, and the economic vigour
around the YRB has been restored, ensuring a stable growth
trend. In addition, the population of cities around the YRB is
relatively dense, and the generation of a large amount of household
waste can cause pressure on the ecological environment.
Therefore, this project analyzes the pollution situation of the
ecological environment of ReB-C in the YRB from the
perspectives of production and life. In terms of production, the
study observed the growth rate of industrial waste emissions, as
listed in Figure 2.

In Figure 2, the fluctuation characteristics of industrial waste
emissions in the Yellow River Basin show a continuous downward
trend, with negative growth rates in many years. This indicates that
the policies and implementation of pollutant control and ecological
environment protection in the Yellow River Basin have achieved
excellent results. At the same time, the growth rate of emissions of
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TABLE 1 Land use structure of regional ReB-C.

Region
Upstream Middle reaches Downstream
Time Area/ Proportion/ Time Area/ Proportion/ Time Area/ Proportion/
square % square % square %
kilometer kilometer kilometer
Residential 2016 477.00 33.80 2016 443.50 2991 2016 683.64 30.33
land (RL)
2022 490.71 28.70 2022 582.04 28.09 2022 939.27 30.01
Variation 13.71 — Variation 138.54 — Variation 255.54 —
Industrial 2016 199.50 13.72 2016 22532 14.86 2016 427.66 18.80
land (IL)
2022 228.36 13.05 2022 226.36 10.63 2022 596.24 18.94
Variation 28.86 — Variation 1.04 — Variation 168.58 —
Land for 2016 62.41 3.80 2016 57.34 3.37 2016 73.05 2.81
logistics and
warehousing 2022 68.15 348 2022 71.08 3.00 2022 82.36 2.67
(LL)
Variation 5.74 — Variation 13.74 — Variation 19.31 —
Land for road 2016 196.32 13.49 2016 154.67 9.98 2016 335.04 14.63
traffic
facilities (LR) 2022 302.54 17.48 2022 371.73 17.76 2022 479.56 15.17
Variation 106.22 — Variation 217.06 — Variation 144.52 —
Green space and 2016 167.17 12.82 2016 147.92 10.89 2016 238.57 11.18
square land (GS)
2022 267.15 16.55 2022 368.74 18.59 2022 386.27 12.79
Variation 99.98 — Variation 220.82 — Variation 147.70 —
Land for Public 2016 136.23 10.58 2016 214.08 15.46 2016 268.88 12.55
Management
and Public 2022 162.25 10.29 2022 190.81 9.85 2022 359.13 11.91
Service
Facilities (LP) Variation 26.02 — Variation -23.27 — Variation 90.25 —
Land for 2016 75.29 6.17 2016 113.81 8.54 2016 132.86 6.42
commercial and
service 2022 103.88 6.80 2022 135.64 7.15 2022 169.14 5.78
facilities (LC)
Variation 28.59 — Variation 21.83 — Variation 36.28 —
Land for public 2016 67.82 5.63 2016 92.80 7.09 2016 62.20 324
facilities (LF)
2022 50.84 3.63 2022 90.45 4.93 2022 75.15 2.74
Variation -16.98 — Variation -2.35 — Variation 12.95 —

the three pollutants tends to be consistent, which may be due to the
neglect of the impact of industrial development on ecological
security in the Yellow River Basin, resulting in excessive
discharge of industrial waste. From this, there is still a
contradiction in the YRB. But with the implementation of
relevant policies and work, this contradiction is gradually being
improved (Radovanovic et al.,, 2019; Barma and Modibbo, 2022;
Khan et al,, 2022). In terms of daily life, the study uses the treatment
of pollutants in ReB-C in the YRB to represent the quality of urban
ecological environment pollution control, as displayed in Table 3.

As the years increase in Figure 6, ReB-C in the YRB have
significantly improved their treatment of sewage and household
waste, thereby significantly reducing the adverse impact of urban
sewage and household waste on the ecological environment. In
urban sewage treatment, the minimum treatment rate was 4.37% in

Frontiers in Environmental Science

2006 and 85.96% in 2022, an increase of 94.92%. In the harmless
treatment of urban household waste, the minimum was 4.81% in
2006 and 80.13% in 2022, an increase of 94.00%. Their maximum
processing rates are all 100%. Although the treatment level of
domestic pollutants has been significantly improved, there are
significant differences in the treatment capacity among different
ReB-C in the YRB, and excellent treatment plans can be learned
through exchange.

3.3 Design of EIS and affecting factors for
GUE of ReB-C in the YRB

This study analyzes the actual situation of ReB-C in the YRB and
obtains the internal logic between the construction and development
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TABLE 2 Land use status of resource city construction in the YRB.

Region
Upstream Middle reaches Downstream
Urban Value added of Urban Value added of Urban Value added of
construction the 2,4 and 3,4 construction the 2,4 and 3,4 construction the 2,4 and 3,4
land/square industries/ land/square industries/ land/square industries/
kilometer square kilometer square kilometer square
kilometer kilometer kilometer
2006 1,290 2,125 1,098 2,524 2,506 7,841
2012 1,534 6,297 1,581 6,010 3,590 19,589
2016 2,195 13,769 1806 12,406 4,419 35,708
2022 2,368 16,116 2271 19,596 6,006 57,702
Average 423 13.92 5.10 14.04 5.89 13.49
annual
growth
rate/%
80
—@— Wastewater discharge amount
60 I
—ll— Sulfur Dioxide Emissions
40  —4#— Smoke and dust emissions
w 20
=
E
0
e
O
-20
-40
60 ] ] ] ] ] ] ] ]

2006 2008 2010 2012 2014 2016 2018 2020 2022
Time

FIGURE 2
The growth rate of industrial waste emissions from ReB-C in the YRB.

TABLE 3 Treatment of pollutants in ReB-C in the YRB.

Sewage treatment rate Minimum value/% 4.97 31.09 31.64 85.96
Maximum value/% 100.00 99.90 99.42 100.00

Harmless treatment of household waste Minimum value/% 4.81 12.00 22.18 80.13
Maximum value/% 100.00 100.00 100.00 100.00

of ReB-C and the efficiency of GLU, that is, changing the extensive  requirement for ecological civilization construction and a guarantee
use of urban land. Realizing the green utilization of urban land is ~ for improving social welfare. High quality cities and ecological
necessary for developing high-quality ReB-C, as well as an inherent  civilization will also have an inactive impact on improving GLU,
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FIGURE 3
EIS for GLU-E of ReB-C in the YRB

Dimension

Index

FIGURE 4
Specific content of factors affecting the efficiency of GLU in ReB-C in the YRB.

Dimension

Index

Indicator
Description

thereby achieving sustainable use of land resources. The research is
guided by sustainable development and green utilization, so a land
GUE EIS for ReB-C in the YRB has been designed. The content is
displayed in Figure 3.

In Figure 3, due to the increasing impact of energy on the
ecological environment and social economy, the energy
consumption dimension has been added to the input indicators
based on the traditional dimension; Furthermore, because the fact
that ReB-C not only generate benefits in land use, but also cause
losses to the ecological environment due to household waste and
pollutants, two output indicators have been designed: expected
output and unexpected output. To study the GUE of ReB-C in
YRB and analyze the corresponding SE, the study first constructs
the Unexpected Output Exceeding Efficiency SBM (UOEES). The
UOEES model can not only avoid deviations caused by radial and
angular measurements, but also consider the impact of
unexpected output factors in the production process.

Frontiers in Environmental Science

Assuming each city is a decision-making unit, the decision-
making unit numbers in the production system are k, and the
input variable numbers are m. The quantities of non or expected
output variables are b;, and b,,4, and the corresponding vectors
are u € R, v € Ry, and v € Ry, ,. Eq. | is the UOEES model
expression.

1ym [z

1 bae 7 bug Vg
baetbyq <25=lgi’k + Zq:l v;k)

min (§) =

(1)

In Eq. 1, § is the measurement result, while z, v”, and ¢
respectively represent the relaxation variables of the positive and
negative effects of land investment and land use in ReB-C. ¥, and
Vg are the s-th expected output and g-th non-expected output of k
decision units, respectively. Eq. 2 is the constraint condition for the
UOEES model.
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X; in Eq. 2 represents the design constraint. Secondly, the
measurement of industrial agglomeration in ReB-C in the YRB is
calculated. The most commonly used method at present is the
Location Quotient (LQ) index, which is used to measure the
importance of a specific industry in a region. It can evaluate its
competitiveness by calculating the entropy value of population,
economic and other factors. The expression of LQ is Eq. 3.

Lab / Z Lub
a

SR 3)
zuﬁzz%
b a b

LQgu =

In Eq. 3, LQyp represents the LQ of a region where a industries
specialize and gather. LQ,, represents the total number of

employment in industry b in the region. ZLab and ZZLab
a a b

represent all industries in region a and the total employment of
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the country, respectively. z Lgp is the sum of employed people in the
b

national b industry. When the LQ value is greater than 1, it indicates
that the employment proportion is higher. The study only selected
the maximum LQ value in the industrial industry to represent the
industrial specialization aggregation index in the region. The
measurement method for industrial diversification aggregation
adopts the reciprocal representation of the
Herfindahl-Hirschman Index (HHI). It can better measure the
degree of industrial diversification the
perspective of market share in different industries, as shown in
Eq. 4.

mainstream

aggregation from

HHIy = — (4)

gl (Lan/ L)’

The larger the value of HHI,, in Eq. 4, the higher the level of
industrial diversification and aggregation in the region. Then, Kernel
Density Estimation (KDE) is used to describe the characteristics, which
can estimate the probability density function through sample data, thus
providing more information. The calculation of KDE is Eq. 5.

fw = =3 k(M) ©
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FIGURE 6
Local agglomeration types of land GUE in ReB-C of the YRB in different years. (A) 2006, (B) 2012, (C) 2016 and (D) 2022.

TABLE 4 Global moran index values of land GUE in ReB-C in the YRB.

i
0 150 300 km
L1

—— The main stream of the Yellow River

B 1H
] L
[ ]t
B L

Time 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Global Moran index value 0.137* 0.169* 0.211# 0.171* 0.182* 0.289# 0.291# 0.301# 0.312# 0.325#
p-value 0.031 0.010 0.001 0.010 0.010 0.001 0.001 0.001 0.001 0.001
7 value 1.989 2.721 2.841 2.573 2.497 3.799 3.803 3.816 3.833 3.967
Spatial correlation + + + + + + + + + +

Note: * and # are significant at the 5% and 1% levels, while + represents a significant active spatial correlation.

In Eq. 5, N and H respectively represent the number and
bandwidth of ReB-C. u; represents the observed value of land
GUE in ReB-C. K is the kernel function, which is commonly
used to select the Gaussian kernel function for land use
efficiency. Finally, the Spatial Autocorrelation Analysis (SAA)
method was adopted to represent the space
characteristics of GLU-E in ReB-C. The global autocorrelation

test verifies the degree of spatial correlation between the same

evolution

attribute values. The calculation of the global autocorrelation
coefficient is Eq. 6.

Y2 Gy (di—d)(d; - d)
o0 (di - d)’

SAAps = (6)

In Eq. 6, n represents the ReB-C amounts, and SAA represents
the Moran index. d; and d; are the GUE values in samples i and j,
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respectively. (;; represents the spatial-weight matrix, and ¢?
The
autocorrelation test is to verify whether a specific attribute

represents the observed variance. local  spatial

value in a certain region has geographical spatial clustering, and
its calculation is Eq. 7.

n(di - )Y} 4;(d; - d)
Z:‘:l (di - a)2

In global autocorrelation analysis, SAApg > 0 represents spatial

SAAps = (7)

positive correlation; SAApg = 0 is spatially uncorrelated; SAAps < 0
is a spatial negative correlation. The local spatial clustering
characteristics can be separated into high value clustering (HC),
high value heterogeneity (HH), low value clustering (LC), and low
value heterogeneity (LH). After the design of the EIS for land GUE in
ReB-Cin the YRB is completed, further qualitative analysis is needed
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TABLE 5 Test results of multicollinearity among different variables.

Variable LnAl LnA2 LnB1 LnB2 LnC1 LnC2 LnD LnEl LnE2 LnF1 LnF2  Mean VIF

VIF 9.76 8.45 2.59 2.56 2.41 2.31 1.85 1.80 1.54 1.53 1.25 3.29
1/VIF ‘ 0.102459 | 0.118343 ‘ 0.386100 | 0.390625 | 0.414937 ‘ 0.432900 = 0.540541 | 0.555556 = 0.649351 = 0.653595 | 0.800000 —
TABLE 6 Test results of models under different tests. G R.o?2
Zc:l Cac
Inspection items Statistic p-Value o
LM-spatial lag 57286 0.000 In Eq. 10, G is the classification of the dependent variable. R. and

R represent the unit amounts in class-c and the entire region. o2

LM-spatial error 20882 0.000 represents the variance of the dependent variable in ¢, while ¢?
Robust LM-spatial lag 7.374 0.006 represents the variance of the entire region. The larger the FD
Robust LM-spatial error 0969 0325 value, the more consistent the distribution in a certain area.

Hausman 46.03 0.002
LR spatial lag 1 0000 4 Analysis of the results of GLU-E in
ReB-C in the YRB under the

LR-spatial error 90.63 0.000 baCk rou nd Of SUStalna ble

Wald-spatial lag 57.27 0.000 deve Opment

Wald-spatial error 91.96 0.000

The study aims to explore the SE of land GUE in ReB-C in the

YRB under the background of sustainable development. This

to study the factors that may affect land GUE. Indicators are selected chapter first analyzes the evolution results of ReB-C in the YRB
from six dimensions: economy, society, ecology, policy, population, iy terms of time and space, and then qualitatively analyzes the

and urban scale, as exhibited in Figure 4. relevant influencing factors that may affect the GLU ratio of ReB-C
In Figure 4, a total of 11 indicators were selected from six dimensions  pyilt on  this. Finally, targeted improvement strategies

to verify the influencing factors of land green use efficiency in ReB-Cin  yere proposed.
the YRB. Firstly, in order to incorporate the spatial effects of variables
into the regression equation, it is necessary to establish a spatial weight
matrix through certain standards during the actual model construction

4.1 Analysis of SE of land GUE in ReB-C in
the YRB

process, while also reducing errors and ensuring the scientificity of the
results. Therefore, it is necessary to study the use of adjacency space

matrix weights for analysis. Secondly, the existence of spatial
The SE characteristics of land GUE in ReB-C in the YRB need to

be obtained. The study first used software Eviews to acquire the
kernel density curves of relevant data for 2006, 2012, 2016, and 2022.
The temporal evolution of land GUE in ReB-C as a whole, upstream,

dependencies in data is a prerequisite for determining the use of
spatial econometric models, and the use of Moran’s index to
determine the degree of spatial correlation is studied. Finally,
construct the required spatial demand panel regression model, which
includes Spatial Lag Model (SLM), Spatial Error Model (SEM), and midstream, and downstream can be expressed.

Spatial Durbin Model (SDM). The expression of the SDM model is Eq. 8. Figure 5 shows the temporal evolution of land GUE in ReB-C in
the YRB. Figure 5A shows the overall temporal evolution of the Yellow

vir = PUir + V/Zjimi v+ /\Zil nivir + &+ 9+ 6; (8)  River Basin, which shows the rapid increase to slow climb of the green

land use efficiency of cities in the Yellow River Basin. At the same

In Eq. 8, j and U;r respectively represent the functional values of ~ time, the shape of the main peak of the curve can reflect the
region i and j in year T and the observed values of independent  proportion of high-value areas and low value areas. Among them,
variables. 3 is the estimated parameter vector. ¥ is the spatial  the difference in land green use efficiency in the Yellow River Basin at
autoregressive coefficient, and A is the spatial regression different periods is very obvious, and the polarization feature is more
coefficient. 9; and ¢ are the temporal and spatial effects, 6;  obvious. The proportion of high-value areas shows a slow increasing
represents the random perturbation term, and follows an  dynamic evolution feature. Figure 5B-D show the temporal evolution
independent identically distributed distribution. The SAR and  curves of land green use efficiency of resource-based cities in the

SEM need to meet the following conditions, as shown in Eq. 9. upstream, midstream, and downstream Yellow River Basin,
1 =0,y #0,SAR respectively. The upstream resource-based cities show a trend of
{ A+ yB=0,SEM O first decreasing, then increasing, and then decreasing, the

midstream cities show a trend of first increasing and then

To explain the spatial heterogeneity among ReB-C in the YRB,  decreasing, and the downstream cities show a trend of first
the factor detector that can analyze the spatial stratification  increasing, then decreasing, and then height increasing. In
consistency is selected for testing. The expression is Formula (10).  addition, the number and shape changes of the peaks in its
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TABLE 7 Test results of GLU-E in ReB-C in the YRB under different test models.

10.3389/fenvs.2024.1406460

Variable SLM SEM SDM (0] B
LnAl ~0.120%(~1.99) ~0.119 (~1.76) ~0.173#((=3.67) ~0.152*(~2.03)
LnA2 0.012%(2.05) 0.015%(2.38) 0.016#(2.69) 0.036#(4.88)
LnB1 ~0.139*((~1.98) ~0.098#(~4.64) ~0.209%#(~3.57) ~0.124#(~4.16)
LnB2 0.031 (0.26) 0.014 (0.52) 0.021 (0.73) 0.097 (0.60)
LnCl 0.094#(3.63) 0.091#(3.39) 0.096#(4.21) 0.095#(6.79)
LnC2 0.050%(2.50) 0.044#(2.74) 0.059#(3.89) 0.058 (1.89)
LnD 0.138*(2.46) 0.168#(3.87) 0.185#(3.09) 0.177#(2.78)
LnE1 ~0.391#(-4.50) ~0.405#(3.81) ~0.524#(-3.75) ~0.487#(~2.80)
LnE2 ~0.379 (~1.67) ~0.320*(~2.00) ~0.422#(4.46) ~0.359#(~4.85)
LnF1 ~0.232*(~1.97) ~0.246 (~1.86) ~0.268 (~1.64) ~0.203*(~2.12)
LnF2 ~0.007 (~0.95) ~0.006 (~0.51) ~0.003 (~0.94) ~0.002 (-0.71)

WLnAl — — ~0.251#(~3.27) —
WLnA2 — — ~0.026 (~1.93) —
WLnB1 — — 1.407#(3.32) —
WLnB2 — — 0.068 (0.66) —
WLnCl1 — — 0.078%(2.42) —
WLnC2 — — 0.153%(2.32) —
WLnD — — ~0.233*(-0.215) —
WnEl — — 0.214#(4.36) —
WLnE2 — — 0.120%((2.03) —
WLnF1 — — ~0.247#(-2.83) —
WLnF2 — — ~0.067 (~0.093) —
Cons ~1.807157 ~2.697523 — ~1.218178
R-squared 0.079 0.049 0210 0.297
LogL 300.6899 295.4301 518.3216 —

Note: , *, and # respectively pass the inspection under 10%, 5%, and 1% conditions; The t-value or z-value is enclosed in parentheses to the right of the regression coefficient.

TABLE 8 KMO value and Bartlett sphericity test results.

KMO value

Bartlett sphericity test P 0.000

variation curve are consistent with the overall trend of the YRB. In
summary, the time period and location characteristics jointly
determine the temporal characteristics of GLU-E in ReB-C in
different regions of the YRB.

To explore the SE characteristics of land GUE in ReB-C in the
YRB, the software GeoDa was used for analysis. The global Moran
index (GMI) numerical results are exhibited in Table 4. It shows a
significant positive correlation in spatial distribution among different
years. It indicates that in terms of spatial characteristics of land green
use efficiency, adjacent cities in the geographical location of ReB-C in
the YRB will interact with each other. The GMI can only verify the
spatial-correlation of land GUE in ReB-C in the YRB from a
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holistic perspective, but cannot identify the spatial clustering of
local spaces. Therefore, the study utilizes ArcGIS software to
conduct local spatial auto-correlation testing in the YRB.

Figure 6 shows the local agglomeration type results of land GUE
in ReB-C in the YRB under different years. Figure 6A-D show the
local agglomeration types of land green use efficiency in resource-
based cities in the Yellow River Basin in 2006, 2012, 2016, and 2022,
respectively. From Figure 6A, D, it can be seen that the HH type was
mainly distributed in resource-based cities in the upper and lower
reaches of the Yellow River in 2006, and in 2022, it was mainly
distributed in resource-based cities in the upper and middle reaches.
According to Figure 6A-D, it can be seen that the HL type is located
in upstream resource-based cities in different years, and a small
amount is also relatively stable in resource-based cities in the middle
reaches of Shanxi Province, with a slow increase in the number of
distribution in downstream areas. The LL type is mainly distributed
in resource-based cities in the middle reaches, and its quantity
continues to increase with the growth of the year. LH type is mainly
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TABLE 9 Principal component load matrix.

Influence Principal Principal Principal Principal Principal Principal
factor component 1 component 2 component 3 component 4 component 5 component 6
Al 0.986 0.359 -0.023 ~0.001 0.236 0274
A2 0.994 -0.015 -0.068 -0.215 0.125 0.196
Bl 0.286 ~0.857 -0213 ~0.068 0.136 0.025
C1 0.198 -0.182 -0.424 -0.264 -0.011 -0.048
c2 0.346 -0.015 ~0.628 ~0.175 -0.013 -0.126
D 0.360 -0.132 -0.138 ~0.424 -0.025 ~0.246
El 0.265 ~0.067 ~0.226 0.132 -0518 0.067
E2 0.135 -0.012 -0.175 0.159 -0.479 0.053
Fl1 -0.239 ~0.063 ~0.023 0.173 0.126 ~0.652

TABLE 10 The weight and sensitivity ranking results of different influencing  djstributed in resource-based cities in the upstream and midstream,
factors. . . . .
and is relatively stable. Overall, the green land use efficiency of cities

Influence factor Weight Sort in Inner Mongolia Autonomous Region and Gansu Province in the
Al o145 R upper reflches. of tbe Ye.110w River shows tV?IO types: HH tyPe and HL
type, while Ningxia Hui Autonomous Region and Qinghai show LH
A2 0.1200 1 type, midstream cities show LL type, and downstream cities mainly
B1 01161 ) show LL type and HL type.
c1 0.1030 5
&) 01123 4 4.2 Analysis of the factors influencing the
GLU-E in ReB-C in the YRB
D 0.1071 6
El 0.1101 9 To test the affecting factors of GLU-E of ReB-C in the YRB, it is
B 0.1066 7 necessary to exclude the influence of collinearity among variables on
the regression results. Firstly, it is important to make sure the
H 01103 s connection between variables based on the VIF.
10 -
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FIGURE 7
Ranking of the overall impact of GLU-E in ReB-C in the YRB from different years.
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FIGURE 8

Ranking of the effects of different geographical positions on land GUE of ReB-C in the YRB. (A) Upstream resource-based cities, (B) Mid stream

resource-based cities and (C) Downstream resource-based cities.

Table 5 shows the test results of multicollinearity among
different variables, and the max VIF value in the variables is
9.76, which is less than 10, indicating that the variables are
relatively independent from each other and there is no serious
collinearity relationship. Therefore, subsequent factor tests can be
conducted. The GLU-E of ReB-C in the YRB and their SE owns an
active correlation. Hence, the model chosen in the study is suitable
for testing the influencing factors of land green use efficiency in ReB-
C in the YRB, but a suitable model needs to be selected.

Above is the test details. From Table 6, only Robust LM spatial lag
did not pass the LM test, while the rest were significant at the 1% level.
Therefore, SLM is more suitable than SEM. then, based on the
Hausman test results, it is more appropriate to choose a time and
space dual fixed effect model. Finally, according to the test results of
LR and Wald, both are at the 1% level, indicating that SDE cannot
degenerate into SLM or SEM.

To increase the reliability of the test results, the OLS was
introduced for comparison (Table 7). From Table 7, the sign of
the variable is close to the value of the regression coefficient, indicating
the credible regression result. SDM is the best through the natural
logarithm function value and R2 value. Through the regression
analysis of the SDM, Al and A2 economic dimensions show a
negative and positive correlation with the GLU-E of ReB-C in the
YRB, respectively; A2 is inactively correlated with the efficiency of
GLU in surrounding cities. B in the social dimension and E1 and
E2 in the population dimension are negatively correlated with the
GLU-E of ReB-C in the YRB, and positively correlated with the GLU-
E of surrounding cities. B2 is not related to the GLU-E of ReB-C in the
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YRB. In the ecological dimension, both C1 and C2 are positively
correlated with the land GUE of ReB-C and surrounding cities in the
YRB. The indicators in the policy dimension are positively correlated
with the GLU-E of ReB-C in the YRB, and inactively correlated with
the GLU-E of surrounding cities. In the dimension of urban scale,
there is a negative correlation between F1 and the GLU-E of ReB-C in
the YRB and surrounding cities, while F2 has no significant
relationship with ReB-C in the YRB. To further investigate the
sensitivity of the 9 influencing factors mentioned above, the study
first used KMO values and Bartlett sphericity tests.

The KMO value and Bartlett’s sphericity test results are shown in
Table 8. It can be seen that the KMO value is 0.842, indicating that
the selected influencing factors are very suitable for analysis. The
Bartlett’s sphericity test result is 0.000, indicating that the
9 influencing factors meet the requirements for subsequent
sensitivity analysis and can be used for principal component
analysis. In principal component extraction, all components with
eigenvalues exceeding 1 are first used as principal components, and
then the correlation between factors and principal components is
determined through principal load coefficients.

The results of the principal component load matrix are shown in
Table 9. From this, it can be seen that Principal Component 1 basically
reflects the information of Al and A2, so it can be regarded as a
comprehensive indicator of the economy of resource-based cities.
Principal Component 2 basically reflects the information of Bl, so it
can be regarded as a comprehensive indicator of the society of resource-
based cities. Principal Component 3 reflects the information of C1 and
C2, which can be regarded as a comprehensive indicator of the ecology
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of resource-based cities. Principal Components 4, 5, and 6 respectively
reflect the information of D, El, E2, and F1, so they can be regarded as
comprehensive indicators corresponding to the policy, population, and
urban size of resource-based cities, respectively. By using a linear
combination coefficient matrix, the relationship between principal
components and influencing factors can be constructed, and
principal component scores can be obtained. Finally, the weights
and sensitivity ranking of different influencing factors can be obtained.

The weight and sensitivity ranking results of different
influencing factors are shown in Table 10. It can be seen that the
main factors affecting the green land use efficiency of resource-based
cities are A2, B1, and A1, with sensitivity ranking from 1st to 3rd,
and corresponding weights of 0.1200, 0.1161, and 0.1145,
respectively. The weights of other influencing factors are as
follows: C2, CI, D, E2, Fl, and El are 0.1123, 0.1030, 0.1071,
0.1066, 0.1103, and 0.1101, respectively, with sensitivity ranking
corresponding to 4th to 9th.

To further explore the differences and changes on the GLU-E
of ReB-C in different regions of the YRB, nine significant
influencing factors Al, A2, B1, ClI, C2, D, El, E2, and
F1 through ArcGIS. After
processing, the overall ranking of the impact on GLU-E of
ReB-C in the YRB in different years is available (Figure 7).
As shown in Figure 7, with the growth of years, the land GUE of

were selected discretization

ReB-C in the YRB is not only limited to the degree of economic
development, but also determined by population factors and
scientific education level. And the urbanization rate impact on
the GLU-E of ReB-C varies at different time periods. During the
period from 2006 to 2012, the urban population increased
significantly, providing sufficient labor while also exceeding
the threshold of land carrying capacity, with negative effects
dominating. From 2016 to 2022, relevant decision-makers
alleviated the pressure brought by urbanization level through
targeted governance, and industrial spatial planning gradually
improved. However, problems such as resource-wasting and
environmental pollution have adverse effects on the efficiency
of GLU in ReB-C.

Figure 8 shows the ranking results. Figure 8A shows the
changes in the impact of green land use efficiency in resource-
based cities in the upper reaches of the Yellow River Basin. In
2022, the FD values of E2, F1, E1, and B1 were 0.598, 0.552, 0.393,
and 0.337, respectively, indicating that the above four factors will
have a significant impact; Al, A2, and C2 will have a certain
degree of impact; C1 and D are relatively weak factors. Therefore,
it can be concluded that the influencing factors of land green
utilization efficiency in resource-based cities in the upper reaches
of the Yellow River Basin have shifted from being mainly
ecological and policy oriented to being mainly economic,
urban scale, population, and other dimensions. The influence
of Al in the economic dimension shows a fluctuating state.
Figure 8B shows the changes in the impact of green land use
efficiency in midstream resource-based cities. In 2022, the FD
values of E1, F1, BI, and C1 were 0.598, 0.553, 0.393, and 0.339,
respectively, indicating that the above factors have a significant
impact; Al, A2, and D will have a certain degree of impact;
C2 and D are relatively weak factors. Therefore, it can be
concluded that the influencing factors of land green utilization
efficiency in resource-based cities in the middle reaches of the
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Yellow River Basin have shifted from policy oriented
to economic, urban scale, population, and other dimensions.
The influence of economic dimension Al and urban scale
dimension shows significant fluctuations. Figure 8C shows the
changes in the impact of downstream resource-based cities on
land green utilization efficiency. In 2022, the FD values of B1, E2,
and A1 were 0.482, 0.441, and 0.318, respectively, indicating that
these three factors have a significant impact; E1, CI, A2, and
El will have a certain degree of impact; C2 and D are relatively
weak factors. In summary, the factors that affect the overall,
upstream, midstream, and downstream land GUE of ReB-C in the

YRB vary at different time periods.

5 Conclusion

With the application of sustainable development strategies
and green life concepts, the GLU-E in ReB-C has a promoting
effect on the sustainable use of land in the YRB. It can also
ensure the overall development and eco-protection in ReB-C.
Based on a multidisciplinary approach and considering the
actual situation of ReB-C in the YRB, a land GUE EIS was
designed for ReB-C. The purpose is to improve the GLU-E in
ReB-C in the YRB and promote developing that different
dimension of the YRB. From the aspect of spatial pattern
evolution, the YRB in general is positive. During the period
from 2006 to 2022, the number of HH type ReB-C in the
upstream increased by nearly 25%, with LH type ReB-C
accounting for nearly 3%, and LL type ReB-C decreasing to
0. The midstream ReB-C are mainly scattered among LL type,
while downstream ReB-C have evolved from HH type to HL type
and LL type. In the DM model testing, factors such as D and
El are key factors affecting the GLU-E of ReB-C in the YRB,
while the impact of economic indicators gradually decreases. In
summary, the interdisciplinary research method proposed in
the study can promote the sustainable development of the
Yellow River Basin, maintain local ecological security, and
which  has
implications for improving regional coordination and green

improve quality development, significant
development. However, the research still has limitations,
mainly in the following two aspects. On the one hand, during
the data collection process, due to missing data, using data
processing methods to complete may inevitably lead to potential
biases; Simultaneously studying voluntary cities in the Yellow
River Basin may limit their applicability to other regions. On the
other hand, the study only analyzes the significant differences
that affect the GUE of land in ReB-C, and the selected
influencing factor indicators may lack representativeness.
Thus, in future research, more objective methods can be
found to optimize the indicator system and expand the
selection of relevant influencing factors.
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