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Against the backdrop of accelerating environmental pollution driven by rapid
urbanisation, understanding the spatial evolution patterns of environmental
quality in typical lake basins is crucial for regional sustainable development.
This study focuses on the Chaohu region of China (comprising 1 city, 1
district, and 3 counties). Based on the Pressure-State-Response (PSR) model,
a multi-dimensional indicator system incorporating both natural and human
factors was established. Combining the Entropy Weight-TOPSIS method with
ArcGIS, we assessed the spatial environmental quality from 2019 to 2023.
The results indicate: 1) During the study period, the spatial environmental
quality of the basin showed a fluctuating upward trend, with the relative
proximity of spatial environmental quality in the Chaohu region increasing
to 0.536, exhibiting significant phased fluctuations. 2) Environmental quality
exhibits a spatially differentiated pattern with higher quality in the northwestern
region and lower quality in the southeastern region. Among these, Baohe
District has the best environmental quality, Feixi County and Feidong County
have relatively good environmental quality, while Chaohu City and Lujiang
County have relatively poor environmental quality; 3) Comparing the weight
coefficients of various indicators, among the 19 indicators in the PSR framework,
the five indicators with the highest weight coefficients were annual average
sulphur dioxide concentration (P3), per capita disposable income of urban
households (S2), added value of the tertiary industry (R2), fiscal expenditure on
energy conservation and environmental protection (R4), and gross domestic
product (R6). The Chaohu River Basin requires differentiated governance
strategies to balance urbanisation and ecological protection—urban areas with
dense populations should strengthen pollution control and invest in green
infrastructure, while ecologically sensitive areas must strictly adhere to resource
consumption red lines. The ‘zonal governance’ strategy proposed in this study
provides a reference framework for the governance of similar lake basins.

KEYWORDS

presure-state-response (PSR) model, Chaohu prefecture, Anhui, the spatial
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1 Introduction

In the process of rapid urbanisation, how to achieve a balanced
development link environmental quality and economic and social
progress amidst rapid urbanization has gained international
attention as a hot topic (Shu et al., 2023). According to the United
Nations Environment Programme (UNEP), the utilization of the
Earth’s resources has more than tripled over the past 50 years and
continues to grow at an average rate of more than 2.3 per cent
per year. As one of the countries with the fastest urbanisation
rates in the world, China’s GDP has jumped from 91.93 trillion
yuan in 2018 to 134.91 trillion yuan in 2024 since the reform
and opening up. While the urbanisation rate has increased to
67%, China also faces problems such as compressed ecological
space, worsening environmental pollution, and excessive resource
consumption (Zhao et al., 2022; Liu et al., 2018). In lake basin
areas, complex environmental issues such as water eutrophication,
habitat fragmentation, and exceeding environmental carrying
capacity have become key issues constraining high-quality regional
development (Huang et al., 2013). Urban development should
not come at the expense of environmental quality; protecting
the environment is essential for sustainable urban development.
As an important ecological barrier for the Yangtze River Delta
urban agglomeration (Ouyang et al., 2014), the evolution of
the spatial environmental quality of the Chaohu Lake basin
is not only related to the survival and wellbeing of 8 million
residents, but also of considerable importance for the economic
advancement of the entire Anhui Province and the edifice ofmodern
cities (Wu et al., 2022).

The spatial environment, as a composite system composed of
ecological environment and habitat, It serves as both the material
foundation for human life and development (Wang and Zhao, 2016),
and a crucial metric for assessing regional sustainable development
capacity. The region’s sustainability, stemming from the interplay
between the natural surroundings and human endeavours, not
only illustrates the dynamic connection between the two but
also significantly influences the region’s ecological security and its
capacity for high-quality development (Jiang et al., 2021; Fa et al.,
2020). The influencing factors of spatial environmental quality
include biological and human-induced influences. Natural elements
encompass vegetation area (Xu et al., 2020), climate alteration
(Song et al., 2020) and so on. Anthropogenic factors mainly include
urbanisation (Yi et al., 2018), resource use (Hua et al., 2017) and
ecological restoration (Zhang et al., 2018). Any single environmental
element cannot scientifically and objectively reflect the caliber of the
surroundings (Cai et al., 2021; Shi et al., 2020; Zhao et al., 2021;
Fang et al., 2021; Zhao et al., 2020; Ahmad andZhao, 2018; Zhu et al.,
2022; Qian et al., 2022).The correlation between urban development
and spatial environment has been extensively studied by scholars
in various countries (Willis, 2015; Kline et al., 2001; Wang et al.,
2019). Yang Yan and his team examined the connection between
ecology and society in Meixian County, India. Their findings will
help us understand which factors impact environmental quality
(Yang Y. et al., 2021). Dong Li and his team are conducting an
in-depth investigation into the relationship urbanisation plays in
the surrounding regional. Their aim is to highlight the crucial
influence factors that stimulate the development of the local
environment (Ding et al., 2015).

Currently, research on spatial environmental quality primarily
focuses on two aspects. On the one hand, it emphasises the analysis
of single environmental factors, such as Robert Owen’s ‘garden
city’ theory (Lei et al., 2021) and the environmental Kuznets curve
(Caviglia-Harris et al., 2009) theories. On the other hand, it conducts
multi-factor research (Berger and Hodge, 1998; Wang et al., 2021;
Psomiadis et al., 2020; Zhang et al., 2017; Qureshi et al., 2020;
Zhang et al., 2021; Bi et al., 2021; Shan et al., 2019), employing
remote sensing technology, the AHP hierarchical analysis method,
entropy weight-TOPSIS analysis method, and subjective evaluation
methods. Yang Xiuping et al. assessed the ecological security level
of 16 cities in Hubei Province (Yang X. et al., 2021) by developing
an indicator system using the PSR model. The entropy method was
employed to impartially allocate weights to the indicator system
in order to examine the temporal and spatial evolution trajectory
of regional urban tourist ecological security. Yan Yuxiang et al.
analysed the ecological changes in Shanghai using remote sensing
(Yan et al., 2021). In terms of constructing a spatial environmental
quality indicator system, the academic community has established
a mature methodological framework based on the integration of
multiple models, primarily employing the PSR model, the multi-
system coupling coordination model, and the factor interaction
analysis model based on geographic detectors. These models each
have distinct focuses depending on the evaluation objectives, data
characteristics, and spatial scales. Among them, the PSR model is
frequently applied to the assessment of environmental quality in
lake basins and urban agglomerations, facilitating the identification
of the driving mechanisms behind environmental changes. Liu
Yan et al. constructed a PSR model framework to examine the
interconnected collaborating among the travel sector and the
ecological system in Nagasaki Prefecture, Japan (Wang et al., 2019).
Wu Changxue and colleagues developed a thorough assessment
index system using the PSR framework. They used this system
to evaluate ecological wellbeing of 11 administrative areas in
the Weihe River Basin in Northwest China in the years 1980,
2000, and 2020 (Wu et al., 2024).

Despite the significant advancements achieved by researchers
domestically and internationally in the evaluation of urban
environmental quality, there are still several limitations in the
present studies: the case studies are mostly concentrated on
developed urban agglomerations, and insufficient attention is paid
to ecologically sensitive areas such as lake watersheds. In particular,
there has been little research on lake-ringed areas, and the issues
that arise in these regions vary due to factors such as geographical
location, industrial structure, and ecological carrying capacity.
These shortcomings lead to the difficulty of existing theories
to effectively guide the precise environmental management of
typical areas such as Chaohu Lake. Currently, research on lake
regions primarily focuses on individual environmental factors,
such as water quality or spatial environmental quality, and lacks
comprehensive evaluations of the overall spatial and surrounding
urban environmental quality. After reviewing relevant literature,
Quan Han et al. assessed changes in water levels and their impact
on water quality in Baiyangdian Lake, China, based on climate
factors and water level parameters (Han et al., 2022). Panpan Yao
et al.took the Qinghai Lake basin as the study object, analysed the
spatiotemporal change characteristics of the Qinghai Lake basin
from 1986 to 2022, and explored the spatial distribution and
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driving factors of ecological indices (Yao et al., 2025). This study
selected the PSR model to construct indicators, avoiding the one-
sidedness of a single indicator system and more comprehensively
reflecting the comprehensive impact of human activities on the
natural environment, thereby enhancing the targeted and practical
nature of the research. The entropy weight-TOPSIS method
combines the objectivity of the entropy weight method with the
comprehensiveness of the TOPSIS method, enabling more precise
assessment of environmental quality levels acrossdifferent regions
in the Lake Chaohu area and identifying differentiated influencing
factors. Finally, ArcGIS is used to visually present the analysis results
in map form, providing a clearer understanding of the distribution
and spatial differences in environmental quality across regionsin the
Lake Chaohu area. In summary, how to improve regional spatial
environmental qualityand propose applicable methods is the key
issue that needs to be addressed at preset.

Against the backdrop of rapid urbanisation, the Chaohu region
faces multiple environmental challenges, including water pollution,
loss of land resources, and difficulties in solid waste disposal.
After long-term governance, the water quality of Chaohu Lake
and its main tributarieshas continued to improve in recent years,
and Chaohu governance has achieved certain results. Affected
by the size of cities, industries, and population in the Chaohu
basin, the water environment carrying capacity of Chaohu Lake
is limited, and Chaohu governance is a long-term and systematic
project. Therefore, this study selected the area around Lake Chaohu
(including 1 city, 1 district, and 3 counties) as the research area
due to its typical characteristics. Based on the above circumstances,
this study mainly analyses the following points: 1) This study
combines the actual situation of the Chaohu Lake area, takes 1 city,
1 district and 3 counties in the Chaohu Lake area as the research
object; 2) By reviewing the Hefei StatisticalYearbook and relevant
record platforms, the evaluation index system is established upon
the theoretical foundation of the ‘PSR’ model; 3) Using SPASS
AU, evaluation and analysis were conducted using the entropy
weight-TOPSIS method, and ArcMap 10.7 was used for spatial
visualisation of the information; 4) Analyse changes in the spatial
environment of the region. Existing problems in the Chaohu area are
found, corresponding suggestions are given, and targeted measures
are proposed. The purpose is to obtain relatively reasonable and
complete evaluation results, and to furnish a scientific foundation
for the preservation of the surroundings and superior quality
economic advancement of the Chaohu Lake area. At the same
time, it provides theoretical support and practical reference for the
sustainable development ofsimilar regions.

2 Study area and methodology

2.1 Study area

Chaohu Lake ranks among the five biggest freshwater lakes in
China. The basin area is 13,486 square kilometres, with 35 rivers
(Zhang et al., 2015). It is one of the national grain and oil production
bases, with abundant water resources, which can promote the urban
construction and economic development of Hefei. The region has a
subtropical climate with a humid monsoon pattern, characterized
by mild temperatures and high precipitation levels (Wei et al.,

2022). Chaohu Lake is dominated by hilly terrain and is rich in
water resources. The hilly terrain is conducive to buildingdiverse
landscapes, cultivating agriculture, improving the environment,
increasing space for activities and enhancing the standard of living.
However rapid economic development and accelerated urbanisation
have damaged the local spatial environment.

In 2024, the hydrological integrity of the whole Chaohu Lake
remained stable in class IV, and the comprehensive nutrient status
index of the whole lake decreased by 1.9 years-on-year, the best in
10 years. The number of cyanobacterial blooms in the whole year
of 2024 decreased by 21 years-on-year, and cyanobacteria around
the shores of the lake did not gather for 4 years without any obvious
odour. Biodiversity has also been gradually enriched, with 826 plant
species around Chaohu Lake, 59 species of fish recorded, and an
increase of 84 species of birds over the past 10 years to 311 species.
In August 2020, General Secretary Xi Jinping visited Anhui Province
and clearly pointed out the importance of treating Chaohu Lake,
making it the best business card of Hefei. In addition, during his
speech, General Secretary Xi Jinping highlighted the value and
significance of Chaohu Lake, explaining the relationship between
cities and lakes, people and water. He pointed out the direction of
spatial environmental management in the Chaohu Lake region to
enhance the environmental condition of the Chaohu Lake region.

The study area is the region surrounding Lake Chaohu
(as shown in Figure 1), including Baohe District, Chaohu City,
Feixi County, Feidong County, and Lujiang County. The selectionof
these five regions as research subjects is based on the following
reasons: 1) Geographic distribution. These regions are distributed
around Chaohu Lake, covering mountainous, plain, and urban
areas surrounding the lake. Studying these regions helps to
gain a more comprehensive understanding of the environmental
characteristics of the lake and its surrounding areas. 2) Economic
and industrial structure. These five regions each have unique
economic and industrial structures. Feixi County is primarily
focused on manufacturing and agriculture; Feidong County is
primarily focused on industry and agriculture; Lujiang County is
dominated by agriculture and resource-based industries; Chaohu
City, as the core area around Chaohu Lake, is primarily focused on
aquaculture and tourism; and Baohe District, as part of the main
urban area, is centred on services and emerging industries. Due to
the differing development models across these regions, researchers
should adopt a tailored approach to gain a deeper understanding of
the relevant ecological, environmental, and socio-economic factors.
Selecting these five regions facilitates a more in-depth analysis of
issues, enabling the formulation of moretargeted recommendations
to provide crucial support for regional spatial quality protection
andsustainable development.

2.2 Methodological process

This paper presents a comprehensive framework for an indicator
system founded on the PSRmodel. The environmental quality of
the Chaohu region is analyzed using the entropy weight-TOPSIS
method. The precise procedural flowchart is as follows (Figure 2):
First, drawing on existing studies, the indicator system of three
dimensions is formulated according to the PSR model. Second,
data collection and processing. The research data pertaining
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FIGURE 1
Study area around Chaohu Lake.

to the Chaohu Lake are derived from the Hefei Statistical
Yearbook (2019–2023), the statistical yearbooksof cities (counties)
(2019–2023), and the statistical report on the economy and societal
advancement of the nation (2019–2023) are collected and processed.
Thirdly, the thorough assessment of the Chaohu Lake region was
conducted by entropy weight-TOPSIS. Analyse the comprehensive
analysis between 1 city, 1 district and 3 counties in the circum-Chao
Lake region over a 5-year period.

2.3 Research methods

The singular purpose of this investigation isto set up “P-
S-R″ indicators utilizing the model, and to comprehensively
assess the Chaohu area through entropy weighting method and
TOPSIS. Because evaluation indicators include both positive
and negative indicators, the SPASSAUsoftware was used to
convert negative indicators into positive ones by using reverse
indicatornormalisation. The normalisation method was used to
quantify and normalise all the evaluation indicators, and to analyse
the degree of proximity between the spatial environmental quality
and the optimal scenario between the areas around Chaohu Lake.

2.3.1 Pressure-State-Response (PSR) modelling
The PSR model illustrates the connection between humans and

the environment and is essential for evaluating enviroment quality.
It was initially proposed by a Canadian statistician (Li et al., 2022).
The model creates a framework for responding to existing problems
based on the pressures and state of the spatial environment as a
result of human activities. It can strengthen the correlation between

indicators and make the indicator system have a solid theoretical
foundation.The text provides amore detailed account of howhuman
activities affect the ecosystem, improves the state of environmental
quality, and responds to the environment (Wang et al., 2018).

2.3.2 Entropy weighting method to determine
weights

The entropy weight TOPSIS model is an extremely potent
methodology that expertly fuses entropy and TOPSIS methods
(Shengde and Zhonghua, 2022). The entropy value method
determines indicator weights objectively, reflecting their importance
in evaluation.TheTOPSISmethod calculates the difference between
the best and worst solutions, and finally the evaluation program
determines the ranking of various programs by assessing their
closeness to the optimal outcome (Shen and Ren, 2022).

Determining weights using the entropy weighting method is a
crucial factor, it can effectively solve the error brought about by
subjective factors. To successfully calculate, it is important to follow
these steps precisely (Equations 1–5):

Step 1: Possible correlations, both positive and negative, could
exist among environmental indicators. Consequently, after the
process of collecting raw data is over, it is necessary to reverse the
negative indicators.

Xij =
XMax−Xij

XMax −XMin
, (1)

Xij displayes shows the value of indicator “i” within the designated
area,“j” after the normalisation process, Xij corresponds to the initial
value of the i indicator for district j, XMin corresponds to the
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FIGURE 2
Research method process.

minimum worth of the indicator, XMax corresponds to the highest
worth of the index.

rij =
xij−mini

maxi −mini
, (2)

rij where is the standardised value for each indicator, rij ∈[ 0、1 ]; Xij
is an evaluation index for various cities over different years.

Step 3: Work out the entropy figure.

pij =
rij

∑N
i=1

rij
 (i = 1,2...,N; j = 1,2...,T), (3)

ei = −
T

∑
j=1

pij ×
lnpij
lnT
 (i = 1,2...,N; j = 1,2...,T), (4)

Formulas: ei is the entropy value; pij reflects the weight of i in
city j over multiple years; the letter T represents the total number
of objects being evaluated and aggregated; the assessment indicators
are comprehensively represented by the letter N.

Step 4: Calculate indicator weights:

wi =
(1− ei)

∑N
i=1
(1− ei)
 (i = 1,2...,N), (5)

2.3.3 Construction of the TOPSIS model
The main steps in applying the TOPSIS method are as follows

Equations 6–11: Step 5: Create a standardized decision matrix
labeled as V:

V = (vij)N×T,vij = wirij (i = 1,2...,N; j = 1,2...,T), (6)

Step 6: Determine both the positive and negative ideal solution.

V+I =max
j
(vij, j = 1,2, ...,T), (7)

V−i =min
j
(vij, j = 1,2, ...,T), (8)

Step 7: Determine the interval among the positive and negative
solution options for every city in various years and compute the
distances between them.

D+j = √∑
N
i=1
(vij −V

+
i )

2, (9)

D−j = √∑
N
i=1
(vij −V−i )

2, (10)

The deviation from the forward optimal solution is represented
by D+j , while the deviation from the reverse direction optimal
solution is represented by D−j .

Step 8: Calculate the total evaluation score:

Cj =
D−j
(D+j +D

−
j )
, (11)

Cj represents how close the target object being evaluated is to the
optimal solution; the nearer the target object is relative to the ideal
value, the higher the value, and vice versa.

2.3.4 Application of Arc GIS system
ArcMap 10.7 is a powerful geographic information system

(GIS) software widely used for spatial data analysis, map creation,
and visualization. When studying the spatial environmental
quality and influencing factors of the region, ArcMap 10.7 can
serve the following purposes:By combining the relative proximity
data of various regions around Lake Chaohu calculated using
the Entropy Weight-TOPSIS model with the administrative
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division data of the Lake Chaohu region, it can more clearly
illustrate the evolution trends and potential issues of the spatial
structure. Assisting researchers in intuitively understanding the
differences in environmental quality across regions and their spatial
distribution characteristics, providing a foundation for subsequent
spatial analysis.

3 Data and indicators

3.1 Data sources

The indicator set constructed in this research includes 19
indicators covering the period 2019–2023. The PSR model was
combined with scientific principles to improve data feasibility
and reduce errors. The primary sources of information for this
research are: (1) The Hefei City Statistical Yearbook, statistical
yearbooks of cities and counties, and Statistical bulletin provide the
statistics, meteorology, water resources, and socio-economic factors
(Hefei, 2024; Chaohu, 2024; Feidong, 2024; Feixi, 2024; Lujiang,
2024). (2) Ecological environment data come from the bulletin
of ecological environment quality status in each region. All
information manipulations were carried out in SPASS AU and
ArcGIS software. To improve the promptness, reliability, and
precision of the data. This study analyses the state of the
surroundings and its determinants of the Chaohu region in the last
5 years (2019, 2020, 2021, 2022 and 2023).

3.2 Indicator establishment

The PSR model is a collaborative framework system designed
by the OECD and the UNEP to investigate environmental
concerns. It illustrates the interaction between the surroundings
and people through the “PSR” framework and has been
extensively utilized by numerous scholars both domestically and
internationally (Kan et al., 2022).

This research builds an indicator system based on the PSR
framework, considering the present condition of the examined
region (Table 1). The PSR model takes into consider multiple
influencing elements, including social, economic, environmental,
resource, and ecological issues. A total of nineteen evaluation
indicators were chosen from three different perspectives to create
an indicator system consisting of three tiers: Objective level,
standard level, and metric level (Table 2). Pressure (P) is typically
quantified by the impact factor resulting from human activities.
State (S) denotes the state of ecological and socio-environmental
changes in the region produced by pressure. Response (R) a set
of countermeasures forced upon humans as a result of threats to
environmental quality.

3.2.1 Selecting pressure indicators
“Pressure” (P) mainly refers to the impact of human activities

on the ecological environment. The six selected indicators have
clear pressure attributes: total industrial water withdrawal (P1),
the number of household population growth (P2), sulfur dioxide
concentration (P3), average annual concentration of PM2.5 (P4),
average annual concentration of PM10 (P5), and the growth rate of

value-added of the secondary industry (P6), respectively. P1 refers
to the total amount of water resources that are consumed by the
regional industry during production in acertain period of time, and
the over-withdrawal of water will affect the aquatic ecosystem and
change the conditions of the water environment. The higher P2
represents the higher population density and the higher degree of
spatial environmental damage caused by the behavior of human
activities. P3, P4, P5 these are typical air pollution indicators, they
reflect the pressure of air pollution, and the higher the intensity of
the regional waste emission has a significant impact on the pressure
of air pollution. P6 represents the comprehensive environmental
pressure caused by economic activities. The secondary industry is
usually the main sector of resource consumption and pollutant
emission, and the increase of its growth rate may lead to greater
resource extraction pressure and pollutant emission pressure.

The selection of these indicators covers three types of stressors,
namely, resource consumption, pollutant emission and economic
drivers, effectively reflecting the main sources of pressure on the
environment in the Chaohu region.

3.2.2 Selecting status indicators
“State” (S) refers mainly to measuring the measurability of

environmental problems caused by pressure dimensions. Based
on existing studies, six indicators were established to reflect the
current state of the region at the current stage. They are: average
annual temperature (S1), per capita household disposable income
(S2), general public budget income (S3), per capita GDP (S4),
total resident population (S5), and air quality attainment rate (S6).
S1 is an important factor affecting the environmental conditions
of the region. Changes in temperature affect the temperature of
water bodies, evaporation rates and ecosystem distribution, and
are therefore important indicators of environmental conditions.
S2 reflects socio-economic carrying capacity and interacts with
environmental quality. S3 and S4 can measure the economic base
of the region and support the ability to manage the environment.
S5 is an important indicator of a place’s comprehensive strength and
level of development. The larger the population and thericher the
labor force, the larger the market. S6 directly reflects the quality of
the atmospheric environment, reflecting the state caused by pressure
(pollutant emissions).

These indicators integrate natural ecological and socio-
economic conditions, reflecting the comprehensive impact of spatial
environmental quality and avoiding the limitations of a purely
natural perspective.

3.2.3 Selection of response indicators
“Response” (R) is a series of measures taken by human beings

to improve the environment. Based on existing research, seven
indicators have been established to show the measures taken
by regions to make changes to existing problems. They are:
comprehensive utilization rate of industrial solid waste (R1), added
value of tertiary industry (R2), energy consumption rate per unit
of GDP (R3), financial expenditures on energy conservation and
environmental protection (R4), centralized treatment rate of urban
sewage (R5), gross domestic product (R6), and greening coverage
rate of built-up areas (R7). R1 is a key indicator for assessing the
level of industrial pollution control and resource recovery, and is
an important indicator of circular economy response measures.
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TABLE 1 PSR model framework.

R2 is because the tertiary industry is usually ‘greener’ than the
secondary industry, and the increase in its value-added can be
regarded as an economic response to the adjustment of industrial
structure and the alleviation of environmental pressures. R3 reflects
the efficiency of energy utilisation, which is an important response
indicator for energy conservation and emission reduction. R4 is
the direct financial investment of the government in energy saving
and environmental protection projects, representing clear response
measures. R5 is a key infrastructure indicator for water pollution
control, directly reflecting the improvement of the city’s water
environment management capacity, and representing important
response actions. R6 is the macro-level ‘development response’,
a fundamental reference for balancing economic growth with
environmental considerations. It also represents the combined
response of social systems to various types of pressures and
changes in state. R7 constitutes a direct response measure in
urban ecological construction. Increasing greening is animportant
means to improve urban microclimate, purify air and enhance
ecological quality.The four categories of responsemeasures, namely,
quality, economic transformation, policy investment, and ecological
restoration, clearly reflect the specific actions and investments taken
by society to improve the environment or address environmental
challenges, forming a multi-level indicator system.

In summary, the indicator system scientifically and
systematically selects 19 specific indicators under the PSR
framework. It provides a relatively comprehensive quantitative tool
for assessing the spatial environmental quality and its influencing
factors in the Chaohu Lake area, reflecting a comprehensive research
perspective.

4 Result

After applying the entropy weight method to determine the
weights of the collected data, theTOPSIS method is used to analyse
and evaluate the relative proximity of the evaluation object to the
ideal solution. The optimal ideal solution represents a decision
scheme where all attribute values reach their maximum values,
while the negative ideal solution represents a decision scheme
where all attribute values reach their minimum values. Based on
the standardised attribute values, the optimal and worst values for

each attribute can be determined, and the optimal ideal solution
and negative ideal solution can be constructed. By comprehensively
considering the weights and relative proximity of each indicator
across the five regions, it is possible to provide targeted opinions and
strategies for subsequent decision-making.

4.1 Indicator weight analysis

The calculation of indicator weights was performed under the
TOPSIS model based on the entropy weight method. The original
data were standardised by constructing a standardised evaluation
matrix, and then standardised to obtain the standardised matrix.
The entropy weight method was used to calculate the weights of
each detailed indicator.The calculation results of the weights of each
detailed indicator in the spatial environmental quality evaluation
indicator system of the Huaihu Lake region are shown in Table 3.

From the perspective of indicator weights, the five factors
with the greatest influence on the spatial environmental quality
of the Huaihu Lake region are annual average sulphur dioxide
concentration (P3), per capita disposable income of household
residents (S2), added value of the tertiary industry (R2), fiscal
expenditure on energy conservation and environmental protection
(R4), and gross domestic product (R6), accounting for 0.0798,
0.0772, 0.0839, 0.0902, and 0.0723, respectively. This indicates that
environmental pressures, population and economic pressures, and
environmental management responses significantly influence the
regional spatial environmental quality. These pressure and response
factors intertwine to jointly shape the current environmental
conditions, indicating that pressure factors remain a core challenge
that cannot be avoided in improving regional environmental quality.

Specifically, the annual average concentration of sulphur dioxide
(P3) has a high weighting, highlighting that air pollution prevention
and control, particularly the air environmental pressure caused by
industrial and energy structure, is one of the key issues facing the
Lake Chaohu region. Per capita disposable income of household
residents (S2) and gross domestic product (R6) have relatively
high weightings, reflecting that the living pollution pressure caused
by population growth and improved living standards, as well as
the impact of economic development models on the environment,
cannot be ignored. The high weighting of tertiary industry

Frontiers in Earth Science 07 frontiersin.org

https://doi.org/10.3389/feart.2025.1621392
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Zhang et al. 10.3389/feart.2025.1621392

TABLE 2 Indicator system for the lake Chaohu region.

Target layer Standardised layer Indicator layer
(characteristic)

Unit References Weight

A:Research on Spatial
Environmental Quality and
Driving Forces in Chaohu
Region Based on PSR
Modelling

P:Pressure

P1: Total industrial water
withdrawals (−)

Million cubic metres

Yongqiang et al. (2021)

0.0583

P2: Number of household
population growth (−)

People 0.0641

P3: Yearly sulphur dioxide
average (−)

Microgram/Cubic metre 0.0322

P4:Yearly average of PM2.5
(−)

Microgram/Cubic metre 0.0268

P5:Yearly average of PM10
(−)

Microgram/Cubic metre 0.0462

P6: Growth rate of value
added in the secondary
sector (−)

% 0.0288

S:State

S1:Annual average
temperature (+)

Celsius

Boori et al. (2021)

0.0445

S2:Per capita disposable
income (+)

Yuan 0.0764

S3:General public budget
income (+)

Ten thousand yuan 0.0475

S4:Per capita GDP (+) Ten thousand yuan/Person 0.0401

S5:Total resident population
(+)

Ten thousand people 0.0433

S6:Air quality compliance
rate (+)

% 0.0617

R:Response

R1: Comprehensive
utilisation rate of industrial
solid waste (+)

%

(Neri et al., 2016)

0.0452

R2: Tertiary value added (+) Billions 0.0853

R3: Energy use per (−) % 0.0465

R4: Financial expenditure on
energy conservation and
environmental protection (+)

Ten thousand yuan 0.1147

R5: Centralised treatment
rate of urban wastewater
treatment plants (+)

% 0.0461

R6: Gross domestic
production (GDP) (+)

Ten thousand yuan 0.0627

R7: Greening coverage in
built-up areas (+)

% 0.0296

aData from various statistical reports for the Chaohu region in 2023.

added value (R2) suggests the significant potential and necessity
of industrial structure adjustment for improving environmental
quality. The high weighting of fiscal expenditure on energy

conservation and environmental protection (R4) indicates that the
responsive role of environmental governance investments is crucial
for enhancing spatial environmental quality.
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TABLE 3 Weighting table for indicators in the spatial environmental quality evaluation system for the lake Chaohu region.

Indicator Information entropy value e Information utility value d Weighting coefficient w

P1 0.7703 0.2297 0.0460

P2 0.7788 0.2212 0.0447

P3 0.6021 0.3979 0.0798

P4 0.8551 0.1449 0.0291

P5 0.7635 0.2365 0.0474

P6 0.8689 0.1311 0.0263

S1 0.7391 0.2609 0.0523

S2 0.6151 0.3849 0.0772

S3 0.7131 0.2869 0.0576

S4 0.7909 0.2091 0.0420

S5 0.8095 0.1905 0.0382

S6 0.8482 0.1518 0.0305

R1 0.6402 0.3598 0.0722

R2 0.5819 0.4181 0.0839

R3 0.8106 0.1894 0.0380

R4 0.5501 0.4499 0.0902

R5 0.7779 0.2221 0.0446

R6 0.6396 0.3604 0.0723

R7 0.5896 0.1404 0.0282

4.2 Relative proximity analysis

Based on the calculation results in the table, the TOPSIS model
was used to construct an evaluation matrix and calculate the relative
proximity values for each year from 2019 to 2023. The results
are shown in Table 4.

The changes in the relative proximity of the Chaohu
Lake region are shown in Table 4: From 2019 to 2023, the
relative proximity of the Chaohu Lake region increased from
0.420 to 0.536. The specific values of relative proximity
were 0.420, 0.318, 0.458, 0.509, and 0.536, respectively. This
indicates that in recent years, due to the implementation of
relevant policies, industrial restructuring, and other socio-
economic environmental factors, the spatial environmental
quality of the Chaohu Lake region has been affected to
some extent (Anhui Province Chaohu Lake Administration Bureau,
2025). To analyse the trend more intuitively, we extracted data
from key years.

The data shows that, over time, the overall spatial environmental
quality of the Chaohu Lakeregion has exhibited a fluctuating
upward trend. However, a significant downward trend emerged

in 2020, with the value dropping from 0.420 in 2019 to 0.318 in
2020, which may be related to the outbreak of COVID-19. During
the pandemic, some environmental protection projects, such as
Chaohu Lake wetland restoration and corporate rectification, may
have been suspended due to labour shortages or supply chain
issues, hindering the progress of ecological improvement. The
temporary reduction in transportation and industrial activities
during the pandemic may have led to short-term improvements in
some environmental indicators. However,as the pandemic subsided
and industrial production activities resumed, the rebound effect
gradually increased. Starting from 2021, the relative proximity index
showed an annual upward trend, rising from 0.458 to 0.536. This
indicates that after 2021, as economic activities resumed, there was
a greater emphasis on green and low-carbon development, such
as promoting new energy and restricting high-energy-consuming
industries, thereby avoiding the environmental impact of the
economic rebound in 2020. The sustained growth in the added
value of the tertiary industry (R2) indicates that the economic
structure is shifting toward low-energy consumption and high-
value-added sectors, thereby reducing resource consumption
intensity. Meanwhile, the steady increase in environmental
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TABLE 4 Relative proximity of the Chaohu region from 2019 to 2023.

Year Positive ideal solution
distance D+

Negative ideal solution
distance D-

Positive ideal solution
distance D+

Ranking

2023 0.155 0.179 0.536 1

2022 0.159 0.165 0.509 2

2021 0.164 0.138 0.458 3

2020 0.196 0.091 0.318 5

2019 0.170 0.123 0.420 4

TABLE 5 Relative proximity of various regions around Lake Chaohu over 5 years.

Year Positive ideal
solution distance D+

Negative ideal
solution distance D-

Relative proximity C Sorting results

Baohe District 0.140 0.190 0.576 1

Chaohu City 0.196 0.098 0.332 4

Fengdong County 0.169 0.135 0.445 3

Fei Xi County 0.158 0.132 0.456 2

Lujiang County 0.224 0.080 0.263 5

protection fiscal expenditures (R4) has provided financial
support for ecological governance, enhancing environmental
carrying capacity (Hefei Municipal Government, 2024).

This trend demonstrates that through systematic, long-term
policy implementation and technological innovation, the Chaohu
Lake region has successfully achieved synergistic improvementsin
environmental quality and economic development, providing a
sustainable development model for other regions.

4.3 Regional differences analysis

This study used the entropy-weighted TOPSIS method to
calculate the relative proximity values of each city over the 5-
year period (Table 5), ranked from highest to lowest as Baohe
District (0.576), Feixi County (0.456), Feidong County (0.445),
Chaohu City (0.332), and Lujiang County (0.263).

According to Table 5, the ArcGIS natural breakpoint
classification method was used to visualise the spatial differences
among five cities in the Chaohu Lake region over the 5-year
period from 2019 to 2023. As shown in Figure 3, the overall
pattern exhibits a ‘higher core area with decreasing values
in surrounding areas’ characteristic. The formation of such
differences is closely related to various factors, including the natural
environmental conditions, landuse changes, population density,
economic development models, and policy orientations of each city
and county (Anhui Provincial People’s Government, 2025).

Baohe District, as the central urban area of Hefei City, has the
highest relative proximity value in the comprehensive evaluation

of spatial environmental quality. This is primarily attributed to
industrial structure transformation, ecological space optimisation,
high green space coverage, well-developed urban infrastructure,
and strong pollution control capabilities. Feixi County follows
closely behind with a relative proximity value of 0.456. This
indicates that its economic development model is relatively green,
environmental support measures are effective, and the coordination
level of spatial environmental quality is high. Feidong County’s
relative proximity value is 0.445, slightly lower than Feixi County.
This indicates that industrial structure adjustment needs to be
strengthened, and environmental pressure factors have a more
significant impact on its spatial environmental quality. Chaohu
City’s relative proximity value is0.332, at a medium-to-low level.
This indicates that environmental pressure factors, particularly non-
point source pollution, remain significant, and the coordination
between environmental support and economic development and
social progress needs to be strengthened. Lujiang County has the
lowest relative proximity value for spatial environmental quality,
at only 0.263. This reflects that its economic development model
has a more noticeable impact on the ecological environment
space, with relatively weak resource and environmental foundations,
environmental pressure factors dominating, and the lowest level of
coordination in spatial environmental quality.

4.4 Spatio-temporal difference analysis

Based on the results obtained from the entropy weight-TOPSIS
model, the relative proximity of each region around Lake Chaohu
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FIGURE 3
Five-year comprehensive relative proximity of the Lake Chaohu region.

was calculated. Using ArcGIS software, the relative proximity
index of the spatial environmental quality was divided into five
levels, and a map showing the distribution of these levels across
the various regions of Lake Chaohu during the study period
was created (Figure 4).

As shown in Figure 4, Baohe District has exhibited a
steady upward trend, with its relative proximity to spatial
environmental quality improving from 0.486 in 2019, through
minor fluctuations to 0.476 in 2020 and 0.460 in 2021,
and then continuing to rise to 0.515 in 2022, ultimately
reaching 0.579 in 2023. This indicates that Baohe District has
effectively balanced development and protection, consistently
investing in environmental protection and pollution control,
thereby maintaining a stable and improving trend in spatial
environmental quality.

Feidong County, however, exhibits a fluctuating upward trend.
Its relative proximity index rose significantly from 0.446 in
2019 to 0.575 in 2020, but then dropped sharply to 0.341 in
2021 before gradually recovering to 0.507 and 0.515 in 2022
and 2023, respectively. This fluctuating upward trend indicates
that the improvement process of spatial environmental quality
in Feidong County has not been smooth sailing, influenced
by factors such as industrial structure adjustments and changes
in pollution control investments. Overall, it is still moving in
the direction of improvement, but the process involves setbacks
and challenges.

The spatial environmental quality in Feixi County has shown
a fluctuating downward trend. Its relative proximity index started
at 0.404 in 2019, plummeted to 0.306 in 2020, then rebounded
sharply to 0.613 in 2021, but fell again to 0.382 in 2022, and
finally dropped to 0.371in 2023. This significant fluctuating decline,
particularly the sustained decline in the latter 2 years, reflects the
demands placed on environmental carrying capacity by the rapid
development of emerging industries such as new energy vehicles.
Meanwhile, pollution control efforts have failed to keep pace with
development, leading to increased environmental pressure and a
deterioration in spatial environmental quality.

The spatial environmental quality of Chaohu City shows a trend
of initial decline followed by a slight increase in the later period.
Its relative proximity index began to decline from 0.412 in 2019,
reaching a low of 0.263 in 2020, then slightly rebounded to 0.306
in 2021, but dropped again to 0.270 in 2022, and although it rose
slightly in 2023, it only reached 0.283.This ‘first decline, then gradual
increase’ pattern is related to its role as a direct recipient of lake-
based pollution, facing significant pressures from agricultural non-
point source pollution and domestic wastewater in the early stages.
Although some measures were taken to address these issues in the
later stages, the effects were slow tomaterialise, or the environmental
pressures caused by urban expansion continued to exist, resulting in
limited overall improvement.

In contrast, the spatial environmental quality in Lujiang County
has shown relatively minor fluctuations. However, its overall relative
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FIGURE 4
Relative proximity of the Lake Chaohu region from 2019 to 2023.

proximity has exhibited a trend of gradual decline followed by a
slight recovery, dropping from 0.266 in 2019 to 0.229 in 2021, then
further declining to a low of 0.207 in 2022, before rebounding
to 0.339 in 2023. Although the fluctuations are not significant,

the overall improvement is limited, indicating that the spatial
environmental quality is significantly influenced by structural
factors such as a high proportion of industrial land and constrained
ecological space, making improvements relatively challenging.
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FIGURE 5
Trends in relative proximity in the Lake Chaohu region from 2019 to 2023.

Future improvements may benefit from targeted environmental
governance measures.

As such, the spatial environmental quality of cities and counties
in the Lake Chaohu region did not exhibit a consistent upward trend
between 2019 and 2023, but rather showed significant fluctuations
or even declines, particularly in certain periods in Feixi County
and Chaohu City (Figure 5). This volatility reflects, to some extent,
that certain regions failed to effectively address the increased
pollutant emissions and intensified resource consumption resulting
from economic development or industrial restructuring, thereby
hindering improvements in urban spatial environmental quality.

5 Discussion

5.1 Comprehensive analysis

From the above analysis, it can be concluded that the
spatial environmental quality in the Chaohu region exhibits
significant spatial variations. This may be attributed to the
combined influence of factors such as geographical location,
population distribution, industrial structure, level of economic
development, and environmental policies (Hefei Municipal People’ s
Government, 2025).

BaoheDistrict (0.576) has relatively better spatial environmental
quality. This is primarily due to its higher level of economic
development. As a regional centre, it is able to attract more resources
and has stronger investment attraction capabilities. Additionally, its
relatively ample fiscal capacity enables it to allocate more funds to
address sustainability challenges, including pollution control and
environmental infrastructure development.

Feidong County (0.456) and Feixi County (0.456) have similar
overall conditions, with both being dominated by the secondary
industry. Such regions typically face significant environmental
pressures while developing their industries, with relatively moderate

spatial environmentalquality. They possess a certain industrial
foundation and labour resources, but compared to economic
centres, there is still room for improvement in terms of capital
accumulation, technological innovation, and refined environmental
management.This industrial-dominatedmodel may also impact the
improvement of resource and environmental carrying capacity to
some extent if environmental management is not prioritised.

Chaohu City (0.332) and Lujiang County (0.263) are regions
with relatively abundant ecological and environmental resources.
Chaohu City leverages the natural resources and port advantages
of Chaohu Lake for rapid economic development but also bears the
responsibility of protecting important ecological functional zones.
Lujiang County, although blessed with good natural resources, is
constrained by its relatively weak county-level economic strength,
resulting in limited environmental protection investments and
consequently lower spatial environmental quality. In such regions,
over-reliance on traditional industries or neglect of environmental
protection investments may prevent resource advantages from
being effectively converted intocarrying capacity advantages, and
may even lead to reduced carrying capacity due to resource
extraction or environmental degradation. In summary, regional
development strategies must strike a balance between utilising
ecological resources and protecting the ecological environment.

5.2 Research comparison

The quality of the spatial environment is a fundamental
prerequisite for the existence and advancement of human
civilization and is intricately linked to the degree of socio-economic
advancement. It is affected by many factors, including the ecological
milieu and anthropogenic actions. Scholars in various countries
assess the spatial environmental excellence of the research region
by obtaining factors such as water resources, land resources, socio-
economic development conditions, and ecological environment
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(Liang and Yang, 2019; Liang et al., 2019; Koomen et al., 2023).
Through the assessment of ecological integrity, it is possible to
predict its prospective developmental trajectory and understand the
influencing factors that influence the progression of environmental
quality. At the same time, reasonable protection measures and
suggestions can be put forward to provide reference to relevant
departments.

For example, Liang et al. used a geographic convergence cross-
mapping method to infer the relationship between ecological
environment quality and influencing factors (Liang et al., 2024); Liu
et al. took the city centre of Xi’an, China, as an example to analyse the
impact of 19 factors on changes in urban ecological quality (Liu et al.,
2023). The conclusions of this study are consistent with those of the
aforementioned studies, namely, that spatial environmental quality
is a fundamental condition influencing human social survival and
development, and its evaluation must comprehensively consider
multiple factors.

However, this study also exhibits uniqueness in its specific
methods and findings. First, in terms of theoretical framework, this
study explicitly adopted the PSRmodel.The advantage of this model
lies in its ability to systematically reveal the interaction mechanisms
between natural ecosystems and socio-economic systems. This
differs from the analytical perspectives of Liang et al. and Liu et al.,
who focusedmore on the spatial differentiation characteristics at the
macro level. The PSR model offers a more structured perspective
for understanding the pathways through which human activities
impact the environment. Second, in terms of evaluation methods,
this study combines the entropy weight method with the TOPSIS
model for comprehensive evaluation. The core of this method lies in
calculating the degree of proximity between each evaluation unit and
the ideal optimal solution, thereby enabling a relative quantitative
comparison of spatial environmental quality across different regions
within the Lake Chaohu area.

Based on the analysis results, among the various factors
influencing spatial environmental quality, specific indicators within
the two major criteria layers Pressure (P) and Response (R)
and out particularly prominently. Regarding the Pressure layer
(P), the annual average concentration of sulphur dioxide (P3)
emerges as the primary factor hindering improvements in spatial
environmental quality. This reflects the significant pressure exerted
by atmospheric pollutantemissions, particularly sulphur dioxide
generated by traditional energy activities such as industrial
processes, on regional air quality. This indicates that pollution
emissions are one of the key contradictions between the mode
of economic development and environmental carrying capacity.
Secondly, per capita disposable income of household residents
(S2), as a social pressure indicator, also has a relatively high
weighting. This suggests that the balance between improvements
in residents’ living standards and resource consumption and
environmental demandshas not yet been fully achieved. This means
that in some regions, the pressure on the environment caused by
residents’ unreasonable lifestyles during the process of economic
development cannot be ignored. Furthermore, gross domestic
product (R6), as an economic pressure indicator, indicates that
the region’s rapid economic growth model is accompanied by
significant resource consumption and environmental costs, and
has not yet fully transitioned to a green, low-carbon sustainable
development path.

In the environmental response layer (R), the weighting of
fiscal expenditures on energy conservation and environmental
protection (R4) and the added value of the tertiary industry (R2)
is also relatively high. The high weighting of fiscal expenditures on
energy conservation andenvironmental protection (R4) indicates
that although environmental protection investments areincreasing,
their growth rate and scale may still be insufficient to effectively
offset the environmental pressures caused by rapid economic
development and population growth, and the input-output
efficiency of environmental governance investments needs to be
improved.The added value of the tertiary industry (R2) suggests that
the optimisation and upgrading of industrial structure, particularly
the transition to low-energy-consuming, high-value-added services,
iscrucial for alleviating environmental pressures and improving
spatial environmental quality. However, this transition process may
still face challenges, as the influence of traditional industries remains
significant.

The identification of these key influencing factors not
only confirms that environmental pressures, socio-economic
factors, and economic development models are universal
factors affecting regional spatial environmental quality. It also
highlights the importance of specific indicators such as industrial
emissions control, guidance on residents’ lifestyles, economic
restructuring,and the efficiency of environmental protection
investments in the specific region and timeframe of the LakeChaohu
area. Based on these findings, the study provides differentiated
policy recommendations for different regions such as BaoheDistrict,
Feidong County, Feixi County, Chaohu City, and Lujiang County.
For example, in areas with high sulphur dioxide concentrations,
strengthen control over industrial and coal-fired sources; in areas
facing significant economic pressure, promote the transformation of
industrial structure towards green services; in areas with insufficient
environmental protection investments, increase fiscal support
and improve the efficiency of such investments. The aim is to
provide local governments with more targeted and operational
practical guidance.

Overall, this study, while adhering to the general paradigm
of environmental quality evaluation research, successfully
identified the key factors influencing spatial environmental quality
bycombining the PSR model and entropy-weighted TOPSIS
method, focusing on the Chaohu Lake region, and thereby proposed
conclusions and recommendations tailored to the actual conditions
of different regions.

However, thismethod also has certain limitations. In the analysis
of spatial environmental quality in the Lake Chaohu region, only
the PSR model and entropy-weighted TOPSIS were employed. In
the future, other methods such as the Analytic Hierarchy Process
(AHP), remotesensing data, grey correlation analysis, and survey
questionnaires could be explored to investigate the relationships
among environmental quality influencing factors, ensuring the
objectivity of the research.

6 Conclusion

In the present investigation, the PSR model and entropy weight-
TOPSIS approach are utilisedto calculate the relative proximity
of the natural surroundings around Chaohu Lake in 2019–2023,
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analyse the influencing factors of the regional spatial environmental
quality, and put forward suggestions for the protection of the
regional spatial environment. The key points in the results are
summarised as follows:

(1) The spatial environmental quality in the Chaohu region
exhibits significant variability. Among the five counties
and cities studied, Baohe District has maintained relatively
stable andcontinuously improving spatial environmental
quality, indicating that the region has achieved a good
balance between economic development and environmental
protection. Feidong Countyand Feixi County have overall
moderate spatial environmental quality, showing a trend
of slow improvement amid fluctuations. This indicates that
environmental governance measures in these two areas are
gradually yielding results, but the process is unstable and
subject to interference from various factors. In contrast, the
spatial environmental quality evaluation results for Chaohu
City and Lujiang County are relatively low, indicating that
these areas face greaterecological and environmental pressures
and higher improvement difficulties. The formation of this
disparity is closely related to the different industrial structures,
development stages, resources, and intensity of environmental
governance investments across the various cities and counties.

(2) From the perspective of influencing factors, the factors
affecting changes in the spatial environmental quality of
the Chaohu region are diverse and vary in weight. Analysis
indicates that five indicators—annual average sulphur dioxide
concentration (P3), per capita disposable income of household
residents (S2), added value of the tertiary industry (R2),
fiscal expenditure on energy conservation and environmental
protection (R4), and gross domestic product (R6)—have
a particularly significant impact on the overall spatial
environmental quality of the region. This reveals that the
level of economic development, industrial structure, pollution
emission intensity, and the intensity of environmental
governance investments are the core forcesjointly shaping the
current state of spatial environmental quality in the Chaohu
region. In particular, the high weight of the P3 pollution
indicator highlights that air pollution prevention and control
remains a key link in regional environmental improvement.

(3) The temporal evolution characteristics indicate that the spatial
environmental quality of most cities and counties does
not improve linearly but instead experiences fluctuations
of varying degrees. For example, Feixi County exhibits a
fluctuating downward trend, while Chaohu City shows a
decline in the early stages followed by a recovery in the later
stages. This reflects that in the process of rapid urbanisation,
the effectiveness of environmental governance may be offset
by new pollution emissions or development demands, or the
effects of governance measures may exhibit lagging effects.
This volatility indicates that the improvement of spatial
environmental quality in the Chaohu Lake region is a dynamic
adjustment process filled with challenges, requiring sustained
policy attention and governance investments.

In summary, while some progress has been made in improving
the spatial environmental quality of the Chaohu region, significant
internal disparities exist within the region, and there is a need

to balance economic development with environmental protection.
Future policy formulation must fully consider this spatio-temporal
heterogeneity and implement differentiated, targeted environmental
governance strategies tailored to the characteristics of different
cities and counties. For areas with poor environmental quality
or significant fluctuations, efforts should focus on strengthening
pollution source control, such as industrial emissions of air and
waterpollutants; optimising industrial structure, such as promoting
green and low-carbon transformation; increasing environmental
protection investments; and establishing cross-regional and cross-
departmental collaborative governance mechanisms to achieve
comprehensive improvement and sustainable development of
regional spatial environmental quality.
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