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and factors of “Urban
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resilience-water resilience” in arid
zones

Yu Sun and Xinwu Li*

College of Economics and Management, Xinjiang Agricultural University, Urumqi, Xinjiang, China

Promoting the coordinated development of urban renewal, ecological resilience,
and water resilience in Xinjiang is the key to promoting sustainable urban
development. The paper applies the comprehensive evaluation method,
modified CCD model, kernel density estimation, traditional and spatial Markov
chain, spatial econometric model, and GTWR, to analyze the distribution
characteristics, spatial evolution, and factors of coordinated level of urban
renewal-ecological resilience-water resilience in the 14 prefectures in Xinjiang
from 2010-2021. The results show that: (1) The development levels of Xinjiang's
urban renewal, ecological resilience, and water resilience show an overall upward
trend, exhibiting qualities of "high in the north and low in the South” in space. (2)
Urban renewal-ecological resilience-water resilience coordination level across
Xinjiang prefectures show a polarizing trend, with spatial core areas of nuclear
density shrinking, but coordination levels increasing overall. In the short term, the
transfer of the coordination level in Xinjiang has higher stability; after the
introduction of spatial geography, the coordination level shifts to a higher
level with a higher probability. (3) Urban population density, infrastructure
level, total environmental investment, per capita GDP, and fiscal technology
expenditure all support the enhancement of the coordination level. The
infrastructure level and overall environmental investment have notable
negative spatial spillover effects, and the impact of the five components has
regional differentiation characteristics. This study provides a theoretical and
empirical basis for Xinjiang to achieve sustainable urban development
according to local conditions.

urban renewal, ecological resilience, water resilience, coordination level,
factors, Xinjiang

1 Introduction

Since the reform and opening up, China’s urbanization has moved from incremental
development to a new era of stock optimization, and urban renewal has become a key way to
promote China’s high-quality development (Huang et al., 2025). The report of the 20th National
Congress of the Communist Party of China clearly stated that “accelerate the transformation of
the development mode of megacities and implement urban renewal actions”. On 18 July 2024,
the Third Plenary Session of the 20th Central Committee of the Communist Party of China
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(CPC) once again emphasized the “establishment of sustainable urban
renewal models, policies and regulations”, indicating that urban renewal
has risen to an unprecedented national strategy and a major strategic
deployment to promote Chinese-style modernization. However,
Xinjiang is located in an arid and ecologically fragile area, and in
the process of urban renewal, the ecological environment has been
polluted due to factors such as industrial development, infrastructure
construction, and resource utilization, which has led to increasing
cumulative risks and seriously affected the sustainable development
of the city (Hu et al., 2022). In 2020, the SO2 emissions of Yili Prefecture
Industrial Park exceeded the total standard by 1,000 times, and it faced
the problem of long-term unlicensed pollutant discharge. The cities of
Turpan and Hami are still overexploiting groundwater, causing
ecological problems such as oasis degradation. In order to solve
these problems, the practice of urban renewal is no longer limited to
the transformation of the physical environment but takes into account
the economic, social, and environmental multi-dimensional goals, and
pursues the transformation of sustainable urban renewal mode (Song
etal., 2025). Therefore, how to promote the rapid development of urban
renewal while protecting resources and the environment, and ultimately
realizing the sustainable development of Xinjiang has become a key
topic of increasing attention in the academic community.

Based on the above analysis, the research on the coordination of
“urban renewal-ecological resilience-water resilience” is not only a
timely response to the challenges faced by urban development, but
also helps to alleviate the contradiction between urban renewal,
resource, and environmental development, stimulates the green
development of regional economy, and is also conducive to the
realization of multiple goals of “sustainable resource development,
economic development and ecological restoration” in urban
development in resource-poor areas, and finally achieve regional
sustainable development. The coordination level of urban renewal,
ecological resilience, and water resilience describes the degree of
mutual promotion and coordinated development between the three
systems. This refers to the effect of 1 + 1+1 > 3 when the three systems
interact (Haken, 1980). Specifically, the high coordination level between
urban renewal, ecological resilience, and water resilience shows that the
three have achieved mutual promotion and coordinated development.
The low coordination level between urban renewal-ecological resilience-
water resilience suggests that the development of one system will come
at the expense of another so the three are not coordinated development.
Sorting out the relationship between the three and identifying the
factors influencing the coordinated development of the three not only
expands the relevant theories of the combined research of the three,
clarifies the relationship between urban renewal, ecological resilience,
and water resilience, but also is of great significance for promoting water
conservation, protecting the ecological environment, and exploring
regional sustainable development models in resource-scarce areas.

Relevant studies on urban renewal: Urban renewal is defined by
both domestic and international scholars as a diversified expansion
and promotion strategy aimed at achieving equitable distribution of
social resources, improving people’s life quality, promoting urban
industrial upgrading, and improving the quality of urban culture
(Tao, 2015). Or it is a comprehensive and holistic urban
development plan and action for urban development that seeks
to continuously enhance the economic, social, and physical
environment conditions in the region while also addressing

difficult urban challenges (Liu et al, 2023). In terms of
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quantitative research, The impact of urban renewal on ecological
resilience (Peng and Cao, 2023), high-quality development (Wang
et al, 2022) commuting behavior (Huang and Guo, 2022),
government debt (Xiang and Wang, 2024), and other factors in
recent years. Additionally, the spatial correlation network between
urban renewal and ecological resilience (Peng et al., 2024) and the
ecological resilience’s response to urban renewal have been
examined (Peng and Xie, 2024) Research on ecological resilience.
Scholars focus on measuring resilience levels, building resilience
indicator systems using theoretical frameworks including “pressure-
state-response” (PSR) (Sun et al., 2023), “vulnerability-resistance-
robustness-resilience” (Wang, 2023) and “resistance-resilience-
adaptability” (Li et al., 2025), explore the spatial-temporal pattern
differences and evolution characteristics of ecological resilience
using spatial Markov chain, comprehensive evaluation method,
and hierarchical analysis method (Fang et al., 2023; Jiang et al,
2023; Liu et al, 2021). The influence mechanisms or factors of
ecological resilience are examined using spatial panel regression
(Ren and Li, 2024), ERGM (Deng and Shen, 2025), GTWR (Wang
and Li, 2025), and QAP (Li et al., 2024a; Li et al., 2024b). Ou et al.
(2023) take 10 urban agglomerations with different development
levels in China as the research object to explore the impact of ULEE
on ES from the perspective of efficiency, indicating Natural factors
directly influenced ES changes, thereby affecting both ULEE and Es
dynamics. In contrast, changes in social factors indirectly caused
changes in ESs. This provides a new research perspective for the
study of urban expansion. Wei et al. (2024) first reveal the evolution
of trade-off and synergy patterns of SRAS performances, at both
nation and city levels, in the BRI region. It also contributes new
perspectives from the BRI region to the sustainable urban planning,
terrestrial ecosystems conservation, and urban ecological
governance programs. Johnson et al. (2025) unified concepts on
ecological resilience to wildfire, examined how the rate and percent
of recovery varied across ecosystem function, structure, and
composition attributes following wildfire, and identified drivers of
recovery and resilience. This paper provides a reference for
constructing an ecological resilience index system and
determining the influencing factors of resilience. Zhang et al.
(2025) studied the coordination degree of water use efficiency
and ecological resilience and the factors affecting it and
concluded that the coordination degree of the two showed a
growth trend, the differences between the regions expanded, and
the internal driving force is the main factor affecting the
coordination degree, which provides theoretical references for
this paper to analyze the part of the mechanism affecting urban
renewal, ecological resilience and water resources resilience. Sun
et al. (2024) explored the water-economic-ecological resilience
coordination level and future projections and concluded that the
coordination level is trending toward the good and that there may be
a worsening trend in the future in various states. This informs this
paper to define water resources resilience and ecological resilience.
Peng et al. (2025) discussed the coupling effect and influencing
factors of urban renewal and ecological resilience in Huanchang-
Zhuzhou-Zhuhai-Tan area,

coordination degree of urban renewal and ecological resilience is

and argued that the coupling

on the rise, and the phenomenon of agglomeration in surrounding

cities can promote the improvement of coupling coordination
degree by population agglomeration and economic development,
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which provides a theoretical basis for the construction of influencing
factors in this paper. Wang et al. (2025a) explored the evolution
trajectory and influencing mechanism of the synergistic effect of
construction waste and carbon emission reduction in China, and
concluded that the synergistic effect of the two is gradually
weakening, presenting a spatial pattern of “south > north”, and
there is spatial heterogeneity in the synergistic effect of population
size, per capita GDP, industrial structure, CE intensity and CW
generation intensity, and formulates a collaborative implementation
plan for government pollution reduction, which makes important
practical significance for the sustainable development of the
construction industry (Yang et al., 2025). Most studies only
explore the relationship between urban renewal, ecological
resilience and water resilience, and lack a systematic discussion
of the interaction between the three, and have not yet established an
analytical framework for the interaction between urban renewal,
ecological resilience and water resilience, and there is a lack of
coupling and coordination between the three systems.Currently, the
research on urban renewal and ecological resilience mainly focuses
on urban agglomerations, individual cities, and provincial levels,
with little attention given to the arid areas of Xinjiang. Due to
Xinjiang’s contradictions between

long-standing resources,

environment, and development, addressing the various
environmental issues arising from urban renewal has become a
strategic objective for sustainable development in Xinjiang.

Based on this, this study first constructs an index system of
urban renewal, ecological resilience, and water resilience, and then
uses the comprehensive evaluation method to measure the
comprehensive development level of urban renewal, ecological
resilience, and water resilience in 14 prefectures in Xinjiang from
2010 to 2021, and uses the modified CCD model and kernel density
estimation to analyze the spatiotemporal characteristics of the
coupling coordination degree of urban renewal, ecological
resilience and water resilience in Xinjiang. Secondly, we use the
traditional and spatial Markov chains to calculate and gain insight
into the transfer probability and development trend of urban
renewal-ecological  resilience-water  resilience  coordination.
Finally, we use the spatial econometric model to analyze the
mechanism of influencing factors and use the spatiotemporal
GTWR model to explore the impact of influencing factors on the
spatial heterogeneity of urban renewal-ecological resilience-water
resilience coordination. The results of this study can provide a
theoretical and empirical basis for shortening the development
gap of urban renewal, ecological resilience, and water resilience
in different regions of Xinjiang, realizing the coupling and
coordination of urban renewal, ecological resilience, and water
resilience, and supplementing and improving the development

path according to local conditions.

2 Materials and methods

2.1 Theoretical basis

2.1.1 Mechanism of urban renewal-ecological
resilience-water resilience

In this complex system, there is an independent and
interdependent relationship between urban renewal, ecological
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resilience, and water resilience, and the change of one subsystem
will lead to a “chain reaction” of the other two subsystems (Lu and
Li, 2024) (Figure 1).

Urban renewal increases the water resource system’s resilience
to emergencies by green-transforming water-related infrastructure,
such as outdated water supply networks, water-saving appliances,
drainage and flood prevention, and digital twin technology. This
allows the system to resume regular operations more quickly after
being disrupted. Water resilience is the tangible foundation for the
sustainable development of urban renewal, and cities with high
water resilience can activate the value of waterfront space by
restoring water ecosystems such as rivers and wetlands,
promoting the “ecological development” model, and supporting
the ecologically-oriented urban renewal model. However, cities
with scarce water resources need to follow the principle of
“determining cities by water and production by water”,
restricting water-intensive industries and large-scale population
introduction, and then limiting the scale of development and
industrial choices.

Green measures that can be implemented in urban renewal
include expanding the area of urban green space, cleaning and
restoring rivers and lakes, and improving the construction of green
infrastructure. These actions can not only increase the ecological
benefits of infrastructure and lower pollution levels but also
guarantee the ecosystem’s complexity and stability. However, the
development process of urban regeneration will pollute the current
The

long-term growth of urban

environment and weaken the ecosystem’s resistance.

for the
redevelopment is ecological resilience. In cities with strong

environmental basis
ecological resilience, green space systems, and vegetation cover
can improve the city’s ability to withstand extreme calamities like
drought and excessive rainfall by reducing the urban heat island
effect through transpiration. Moreover, urban renewal would
prioritize the creation of ecologically resilient cities that can
accomplish  both  “economic development and ecological
restoration” objectives.

The adaptability of water resilience can provide water security
and living environment for ecosystems through factors such as forest
cover and wetland area, and maintain the state level of ecosystems.
In addition, the pollution control ability in water resilience also
directly affects the ecological health of water bodies and then
determines the survival of animals and plants in the ecosystem.
Large-scale urbanization, surface vegetation loss, and the
deterioration of urban “green lungs” have all contributed to the
ecosystem’s natural capacity to store and purify water, which lowers
the ecosystem’s ability to withstand natural disasters and jeopardizes

the long-term stability of the water resource system.

2.1.2 Factors of urban renewal-ecological
resilience-water resilience coordination level
Under the background of promoting high-quality economic
development in China. The rapid expansion of urbanization and
the urban population density growth have caused problems such as
urban land contraction and the water environment deterioration,
which have affected the sustainable development of urban renewal
(Peng and Xie, 2024). Through their influence on construction
technology innovation, industrial upgrading and transformation,
and the construction of urban sewage cleanup infrastructure,
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financial science and technology expenditures and environmental
governance can simultaneously improve environmental problems,
increase resource utilization, and achieve economic and ecological
coordination. Based on this, this paper deeply analyzes how the five
factors of economy, labor, technology, ecology, and capital affect the
coordinated development of urban renewal-ecological resilience-
water resilience.

2.1.2.1 Direct effect

Endogenous growth theory points out that economic growth
can promote technological progress, capital
accumulation, and knowledge spillover. Technological progress

human

caused by urban economic benefits can effectively control
pollution emissions and reduce resource consumption through
source prevention and control, forming a “technology-efficiency-
resilience” closed loop (Wang et al., 2025b). Human capital is the
engine of economic growth. Economic development draws in top
talent, whose knowledge bases directly support ecological
innovation in urban renewal and enhancing water utilization.
The “learning by doing” effect prompts the government to
dynamically adjust its policies in urban renewal, balancing
economic growth and ecological goals, and realizing the
linkage of “economic incentives, efficiency enhancement, and
resilience enhancement”. According to the factor accumulation
buffer effect, a variety of innovative factors, including talent,
capital, technology, and information, flow together with urban
redevelopment when it faces environmental disturbance. It will
inevitably lead to the accumulation of information, capital stock,
technological advancements, and knowledge (Liu and Lu, 2023).

Frontiers in Environmental Science

These elements accumulation lays a solid foundation for urban

renewal and sustainable promotion, and knowledge
accumulation is the technological innovation precondition.
The production function states that increasing skill factors will
The

dynamic accumulation of elements can enhance the urban

undoubtedly boost technological innovation output.

system’s capacity for self-organization, hence enhancing its
ability to withstand environmental shocks.

2.1.2.2 Indirect effect

Urban renewal penetrates, diffuses, and radiates to other
geographical locations through factor flow, and information
exchange, and then produces spillover effects (Peng et al,
2024): (1)Economic spillover effect. Urban renewal stimulates
industrial development and stimulates the vitality of renewal
zones and cities (Wang et al., 2022). Urban renewal guides the
flow of capital. When a city’s economy reaches a certain stage, its
development momentum will moderately spread to the
surrounding areas, This spatial spillover effect can not only
activate the economic vitality of surrounding cities but also
provide continuous capital injection for urban ecological
environment protection and economic construction. (2)Labor
spillover effect. The concentration of urban population density
has significantly increased labor mobility in the city and
prompted several highly trained workers to participate in
urban renewal construction projects (Wang et al., 2025¢). (3)
Technology spillover effect. The region with substantial
expenditures in scientific research has advantages in industrial
technology innovation, public service efficiency, cutting-edge
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technology application, etc. Its innovative achievements generate
spatial spillover effect through interregional technology transfer
and industry-university-research coordination mechanisms,
maximize the efficiency of factor allocation, and realize the
of (4) Ecological
management demonstration effect. To reduce environmental

cross-regional  integration resources.
pollution and improve environmental quality brought on by
urban renewal and enhance environmental quality, regions
that

formulate

increase their investment in the environment will
“environmental protection policies and plans.”
Neighboring regions can use these effective examples as a
guide to creating more scientific environmental policies that
better meet the needs of regional development. (5) Capital
sharing effect. Facing the development pressure of resource
constraints and ecological priority, highway construction
provides a connecting channel for the economy, society,
environment, and culture, Through factor flow, resource

sharing, and information exchange, local advantageous

resources will be spread to adjacent areas, promoting the
coordinated development of neighboring cities’ economies and
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ecosystems, and realizing the sustainable development of
urban renewal.

2.2 Indicator construction and data sources

2.2.1 Indicator construction
2.2.1.1 Urban renewal indicator system

Urban renewal is a coordinated effort made in the areas of social,
economic, cultural, and environmental standards of residents’ lives
to preserve, repair, improve, rebuild, or eliminate the built-up areas
within the city through planning and construction (Keith, 1954).
The urban renewal indicator system makes use of all-encompassing,
holistic ideas and practices to improve the city sustainably over the
long run from an economic, social, physical, and environmental
standpoint (Liu and Zhou, 2022). The urban renewal indicator
system is built using four layers of urban construction, facility
building, ecological construction, and cultural construction, all of
which are based on the practices of the predecessors (He and Liu,
2019; Chen and Ma, 2022) (Table 1).
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Urban construction reflects the expansion of urban space and
the scale of housing construction. Three indicators are selected,
namely, urban population density, built-up area, and completed
construction area. Urban population density reflects the degree of
population concentration, which affects the allocation of urban
resources and living space; the built-up area shows the scope of
urban land development and utilization; and the area of completed
construction housing shows the results of housing construction in a
certain period, which is related to the supply of residential and
commercial housing. Facility construction measures the level of
urban infrastructure and public service facilities. Three indicators
are selected: road area per capita, number of medical and health
institutions, and density of urban drainage pipes. The per capita
urban road area reflects the degree of protection of transportation
facilities for residents; the number of medical and health institutions
reflects the richness of medical service resources; and the density of
urban drainage pipes is related to the city’s ability to prevent
drainage and flooding. Ecological construction reflects the state
of the urban ecological environment. Three indicators have been
selected: the area of green space in urban gardens, the area covered
by greening in built-up areas, and the area of green space per capita
in parks. The area of green space in urban gardens and the area
covered by greening in built-up areas reflect the scale of green space
in the city; the area of green space per capita in parks measures the
level of ecological welfare available to residents, which is related to
the quality of the living environment. Cultural construction
demonstrates the city’s cultural resources and innovation
capacity. Three indicators are selected: the number of teaching
staff in general higher education institutions, the number of
effective invention patents, and the number of books in public
libraries. The number of faculty and staff in higher education
reflects the talent pool of higher education; the number of
effective patents reflects the city’s scientific and technological
innovation output; and the number of books in public libraries
reflects the richness of the city’s cultural knowledge resources.

2.2.1.2 Water Resilience indicator system

Water resilience refers to the ability of a water resources system
to maintain its functional stability in the face of internal and external
pressures, such as natural disaster perturbations and human
to quickly of the
perturbations, and to continue to satisfy the water needs of

activities, recover from the impacts
human society and ecosystems through adaptive adjustments.
Based on evolutionary theory, Wamsler proposes that resilience
is the ability of a system to resist, cope, and change in the face of
disturbances and shocks (Wamsler et al, 2013). Based on
“evolutionary resilience”, this paper combines the relevant
existing results (Ma et al, 2013; Sun et al, 2024), Resilience is
categorized into three dimensions of resistance, resilience, and
adaptability to construct the water resources resilience evaluation
index system.

Resistance refers to the ability of a system to withstand
disturbances before it is disturbed. In various systems, the greater
the potential risk and the more disturbances, the weaker the
resistance. 6 indicators are selected to measure water resilience
resistance from the water resources endowment dimension.
Resilience refers to the ability of a system to recover to the state

before the impact when it is disturbed, and 5 indicators are selected
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to measure the resilience of water resources from the dimensions of
water use structure and sustainability. Adaptability is the ability of a
system to adapt in which it can learn after being disturbed and
recovering, and five indicators were selected to measure water
resources resilience from three dimensions: habitat quality, water
depletion intensity, and nutrient capacity. (Table 2).

2.2.1.3 Ecological resilience indicator system.

Ecological resilience indicator system construction. Ecological
resilience refers to the ability of ecosystems to actively maintain,
adapt, and reconstruct in the face of external disturbances (Tao et al.,
2022). The PSR model is a conceptual model jointly established by
the Organization for Economic Cooperation and Development and
the United Nations Environment Programme, which is commonly
used as a framework system for studying environmental issues (Sun
et al, 2023). Combining PSR with the evolutionary resilience
proposed by Wamsler, and referring to the research results of
related literature (Liu and Zhou, 2022; Peng et al, 2024; Peng
et al., 2024), the ecological resilience evaluation index system is
constructed from the three dimensions of pressure, state, and
response Table 3.

Pressure refers to the city in the process of development of
multiple factors on the ecological environment caused by the
pressure, from the environmental pressure, economic pressure,
and population pressure in three dimensions, selected six
indicator systems to measure the resilience of ecological pressure.
State refers to the process of urban operation, the various subsystems
in the pressure impact of the state of change and mutual coupling
present a common ability to resist pressure, from the ecological state
dimension, selected four indicators to measure the ecological state
toughness. Response refers to human forces actively intervening and
regulating various subsystems in the city to restore them to a state of
equilibrium or to generate a new equilibrium, and three indicators
were selected to measure the resilience of ecological response from
the dimension of environmental governance.

2.2.2 Data source

The data of each variable is mainly from the data of Xinjiang Uygur
Autonomous Region Bureau of Statistics, Xinjiang Uygur Autonomous
Region Water Conservancy Department, and other government
departments, and{ Xinjiang Statistical Yearbook (2011-2022)),
{(Xinjiang Water Resources Bulletin (2010-2021))), {Xinjiang water
and soil conservation Bulletin (2010-2021))), (Xinjiang Ecological
Environment Bulletin (2010-2021))), and national economic and
social development statistical bulletin and Environmental Status
Bulletin of various prefectures and cities, etc. For some missing data,
linear interpolation method is used to supplement.

2.3 Methods

2.3.1 Comprehensive evaluation method

We standardized the original data and used the entropy weight
method to calculate the weight of each index (Li G. et al, 2024).
Meanwhile, we used the comprehensive evaluation method to
calculate the comprehensive evaluation level of urban renewal,
ecological resilience, and water resilience. The calculation formula
was as follows:
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TABLE 1 Indicator system for evaluating urban renewal.

10.3389/fenvs.2025.1615419

Guideline layer Element layer Indicator layer/unit Type Weights
Urban renewal Urban construction Urban population density (person/km?) + 0.0867
Built up area (km?) + 0.1458
Completed housing units in construction (m?) + 0.0719
Facility construction Per capita urban road area (m?) + 0.0802
Number of healthcare facilities (units) + 0.0429
Urban Drainage Density (km/km?*) + 0.0768
Ecological construction Urban green space area (hm?) + 0.0624
Green coverage area of built-up area (hm?) + 0.0713
Green space per capita (m?) + 0.0703
Cultural construction Number of teaching staff in general higher education (person) + 0.0706
Effective invention patent share (piece) + 0.1411
Public library stock (one thousand volumes) + 0.0799
TABLE 2 Indicator system for evaluating water resilience.
Target layer  Guideline layer Factor layer Type Weights
Resistance Water endowment Precipitation (mm) + 0.0480
Surface water volume (billion m?) + 0.0532
Groundwater volume (billion m®) + 0.0570
Total water resources (billion m?) + 0.0538
Per capita water resources (m’/person) + 0.0515
Modulus of water production (million m*/km?) + 0.0537
Recovery Water use structure Agricultural water use (billion m*) - 0.0521
Industrial water consumption (billion m®) - 0.0516
Domestic and ecological water use (billion m?) - 0.0319
Sustainability Sustainability Length of urban drainage pipes (km) + 0.0676
Number of people employed in electric hot water production and supply (10,000 people) + 0.0677
Adaptability Habitat quality Wastewater discharge (cubic meters) - 0.0503
Sewage treatment rate (%) + 0.0511
Water consumption Intensity =~ Water consumption per 10,000 yuan of GDP (m3/10,000 yuan) + 0.0598
Cultivation source strength Forest cover (%) + 0.0971
Wetland area share (%) + 0.1536

Ui = ) WiXy ey
k=1
T= aU; + bUz +cU; (2)

Equations 1, 2: Uy is the urban renewal evaluation level; U, is the
ecological resilience evaluation level; Us; is the water resilience
evaluation level; Wy is the weight of each index; Xj. is the
standardized index value; n is the index number; T is the
comprehensive evaluation level of urban renewal-ecological
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resilience-water resilience; a, b, ¢ are undetermined coefficients.
After comprehensive consideration, it is considered that the three
subsystems are equally important and assigned 1/3 respectively.

2.3.2 Modified CCD model

As an effective tool to measure the coupling coordination and
development relationship between different systems, the coupling
coordination degree model can truly reflect the coupling effect and
coordination degree between the systems. However, the traditional
coupling coordination degree model has validity problems, so a
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TABLE 3 Indicator system for evaluating ecological resilience.

10.3389/fenvs.2025.1615419

Objective layer Criteria layer Element layer Type Weights

Pressure Environmental pressure Industrial sulfur dioxide emissions (mg/m?) - 0.0509
Total wastewater discharge (billion tons) - 0.0617

Economic pressure Industrial value added (million yuan) - 0.0434

GDP growth rate (%) - 0.0603

Population pressure Urbanization rate (%) - 0.1065

Population density (people/km?) - 0.0619

State Ecological state Water resources per capita (m?/capita) + 0.0691
Forest cover (%) + 0.1181

Green space per capita (square meter/person) + 0.0758

Greening coverage rate of built-up areas (%) + 0.0794

Response Environmental governance Harmless domestic waste treatment rate (%) + 0.0691
Ratio of environmental protection investment (%) + 0.1074

Expenditure on environmental protection (million yuan) + 0.0962

TABLE 4 Classification of coordination level.

Coordination degree Coordination level

Coordination degree Coordination level

[0, 0.1) Total imbalance [0.5, 0.6) Bare coordination
[01, 0.2) Severe imbalance [0.6, 0.7) Elementary coordination
[0.2, 0.3) Moderate imbalance [0.7, 0.8) Intermediate coordination
[0.3, 0.4) Slight imbalance [0.8, 0.9) Significant coordination
[0.4, 0.5) Near imbalance [0.9, 1.0) Quality coordination

modified CCD model is introduced. Referring to the related study
(Wang et al., 2021), we use the modified coupled coordination
degree model to assess the coupled coordination level of urban
renewal-ecological resilience-water resilience. The modified CCD
model is:

2 1
5 O-O)] (v )
~\||1 =& i
¢ s (M) ©
D=VvCxT (4)

Equations 3, 4: C is the coupling level of urban renewal-
ecological resilience-water resilience; D is the coordination level
of urban renewal-ecological resilience-water resilience; U; is the
comprehensive evaluation level of urban renewal-ecological
resilience-water resilience, and maxU; indicates the maximum
value between the comprehensive evaluation level of three. The
coordination level was ranked according to related studies to
determine the grade (Meng et al., 2025) (Table 4).

2.3.3 Kernel density estimation

The kernel density estimation can fully demonstrate the
distribution dynamics and evolution law of the urban renewal-
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ecological resilience-water resilience coordination level, this paper
introduces the kernel density estimation method to examine the
distribution pattern, development trend, and other dynamic features
of urban renewal-ecological resilience-water resilience coordination
level in Xinjiang (Li et al., 2023). Higher values of kernel density
indicate higher levels of coordination, as calculated by the
following formula:

1 &, (d;

f(xiayi) = ;;k<7> (5)

Equation 5: f (x; y;) is the value of kernel density located at
position (x, y); k is the kernel function; r is the search radius,
denoting bandwidth; # is the number of samples; and d; is the point
distance between the valuation point and (x; y;). According to
Table 4, the coordination level after kernel density estimation is
redefined to be divided as shown in Table 5.

2.3.4 Traditional and spatial Markov chains

Markov chains show the transition of random variables in state
space and are usually applied to the evolution of some regions
without posteriority. Spatial Markov chains consider the role of
spatial factors in the evolution of economic phenomena (Chen and
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TABLE 5 Coordination level after kernel density estimation.

Coordination level

Coordination degree

10.3389/fenvs.2025.1615419

Coordination degree Coordination level

[0,0.1 x 107%) Total imbalance

[0.5 x 1074, 0.6 x 107%) Bare coordination

[0.1 x 1074, 0.2 x 107%) Severe imbalance

[0.2 x 107, 0.3 x 107%) Moderate imbalance

[0.6 x 1074, 0.7 x 10°%) Elementary coordination

[0.7 x 107%, 0.8 x 107%) Intermediate coordination

[03x107% 0.4 x 107%) Slight imbalance

[0.4 x 107, 0.5 x 107*) Near imbalance

Li, 2024). In this paper, spatial Markov chains are constructed to
reveal the type transfer law of urban renewal-ecological resilience-
water resilience coordination level in Xinjiang.

2.3.5 Spatial econometric model

Construct spatial econometric models to study the influencing
factors of urban renewal-ecological resilience-water resilience
coordination level, specifically including spatial lag model (SLM),
spatial error model (SEM), and spatial Durbin model (SDM) (Peng
et al, 2024). The spatial econometric model can not only
quantitatively analyze the endogenous interaction effect of
independent variables, but also reflect the spatial exogenous
interaction effect of variables.

2.3.6 GTWR

Brunsdon first proposed a Geographically Weighted Regression
model in 1996 to shed light on the non-stationarity of spatial data
(Brunsdon et al,, 1999), Spatial econometric regression parameters
are based on the spatial homogeneity assumption, and the estimated
parameters are constant, which is not completely consistent with
spatial heterogeneity (Li et al., 2023). Therefore, this paper uses
GTWR to take into account the two dimensions of time and space to
investigate the spatial heterogeneity of various impact factors. The
following is the model:

P
x; = By (p vin ti) + Zﬁk (pp vin 1) Zigc + & (6)
k=1

Equation 6: x; is the explained variable of Prefecture i; (u;v;, t;) is
the spatial coordinate of Prefecture i; Sy (4,7, t;) is the intercept of
Prefecture 4 fr (4»v, t;) is the regression coefficient of the kth
explanatory variable of Prefecture i; Z; is a set of explanatory
variables; p is the number of explanatory variables; &i is the
residual term.

3 Results

3.1 Analysis of the development level of
urban renewal-ecological resilience-water
resilience in Xinjiang

The paper measured the development level of urban renewal-
ecological resilience-water resilience in 14 prefectures of Xinjiang
from 2010 to 2021 using the comprehensive evaluation method. We
use the ArcGIS 10.2 software for spatial visualization and use the
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[0.8 x 107, 0.9 x 107%) Significant coordination

[0.9 x 107, 1.0 x 107%) Quality coordination

natural fracture method to divide the development level into five
categories.

3.1.1 Analysis of urban renewal development level

According to Figure 2d, the overall fluctuating upward trend in
the level of urban renewal development in Xinjiang from 2010 to
2021 indicates that the various states in Xinjiang have continued to
carry out the renewal and transformation of old cities in the past
decade, and the urban construction and style are constantly gaining
development. The level of urban renewal development was highest
in the Aksu and Hotan regions in 2010. In 2015, the level of urban
renewal development was highest in the Yili Prefecture and Changji
Prefecture, until 2021 Turpan City, Hami City urban renewal
development level growth is the most significant, maybe the
healthcare service system is sound and education infrastructure
strengthening, simultaneous promotion of cultural facilities,
urban infrastructure, and public service level, continue to
increase the investment in the field of culture, to attract high-
level talents gathered in universities and devoted to scientific
research and teaching and innovation practice.

From the perspective of spatial pattern, According to Figure 2a,
The development level of urban renewal in various states of Xinjiang
presented the distribution characteristics of “high in the west and
low in the east” in 2010, but the overall development level of urban
renewal is low, indicating that there are differences between the
states, but not significant. According to Figure 2b, In 2015, the
development level of urban renewal in the northern part of the high-
value area spread to the distribution of the Yili Prefecture directly,
Changji Prefecture and Urumgi City, the overall urban renewal
development level has increased compared to 2010, indicating that
the gap between urban renewal development in various prefectures
is gradually increasing, probably because the economic development
leads to urban development, and to pursue a better life, the process
of urban renewal has accelerated, and the infrastructure and public
services are being gradually perfected, but there are differences in the
development speed of various prefectures in Xinjiang, and therefore
there is still a part of the prefecture where urban renewal speed is
still. According to Figure 2¢, In 2021, the overall development level
of urban renewal in all regions of Xinjiang has been improved,
showing a spatial pattern of “high in the north and low in the south”,
in which Hotan region is in the low-value area, which cannot be
separated from the resource endowment of the southern Xinjiang
region, and the economic development is limited by the scarcity of
water resources and the fragile ecological conditions, which makes
the economic development lag behind and restricts the development
speed of urban renewal. The development speed of urban renewal.
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(a—d) Spatial distribution of ecological resilience development level in Xinjiang, 2010-2021.

3.1.2 Analysis of ecological resilience
development level

According to Figure 3d, the level of ecological resilience
development in Xinjiang increased from 2010 to 2021, indicating
that the ecosystem in Xinjiang has gradually stabilized, and its ability
to withstand external influences as well as to recover is increasing.
The level of ecological resilience development in Bazhou was in the
high-value area in 2010, with a value of 0.46, indicating that the
ecological conditions in Bazhou were better in comparison with
other regions in 2010. In 2015, the ecological resilience development
levels of Changji Prefecture, Turpan City, Karamay City, and
Urumgqi City were 0.65, 0.78, 0.60,
indicating that these areas are constantly strengthening urban

and 0.60 respectively,

greening construction, and urban air quality and water quality
have been effectively improved, so that the level of ecological
resilience development has increased significantly. In 2021, the
ecological resilience level of each prefecture in Xinjiang will be in
a different direction, and the ecological resilience level of each region
will be in a different direction, and the level of ecological resilience
will be in a different direction. Changji Prefecture, Turpan City,
Karamay City, Urumgi City, and Altay Region showed a downward
trend in the level of ecological resilience development, while the
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other regions showed an increasing trend in the level of ecological
resilience development, mainly because the ecological background
conditions of the various regions in Xinjiang are different, and the
environmental protection measures taken by the government are
different, which resulted in some differences in the development of
ecological resilience.

From the viewpoint of spatial pattern, According to Figure 3a, In
2010, the ecological resilience development level of Xinjiang
presented the distribution characteristics of “high in the east and
low in the west”, and the distribution of high-value areas in the east
is more aggregated, and the ecological resilience development level
of Xinjiang’s regions and states differed but was not significant,
probably because of the slow development of economic activities in
agriculture and industry in 2010, and the impact on the ecological
environment was relatively small. According to Figure 3b, In 2015,
the high ecological resilience development level in Xinjiang spread to
the north, indicating that the northern region of Xinjiang is
relatively abundant in resources compared to the southern
region, with less pressure on the ecological environment, and the
development of urban greening and afforestation, ecological
restoration work is more successful, thus forming a higher
ecological resilience area. According to Figure 3¢, In 2021, the
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(a—d) Spatial distribution of water resilience development level in Xinjiang, 2010-2021.

ecological resilience development level of all the regions in Xinjiang
presents the distribution characteristics of “high in the west and low
in the east”, the ecological resilience development level of Xinjiang
states has grown significantly, indicating that the ecological
conditions are the basis of economic development, and the work
of ecological protection and restoration is being gradually carried
out by the states, and the ecological greening, wastewater treatment,
and environmental protection inputs are all carried out on a
large scale.

3.1.3 Analysis of water resilience development level

According to Figure 4d, the overall trend of water resilience
development level in Xinjiang from 2010 to 2021 shows a downward
trend, indicating that water resources are scarce in all states of
Xinjiang, sewage discharge is strong, enough to meet the economic
development, the amount of water demand is increased, and
multiple factors make the water resources system pressure bigger,
and the level of water resilience development has declined. In 2010,
Hami City, Aksu region water resources resilience development level
was higher. In 2015, the water resilience development level of each
state decreased significantly, Hami city decreased from 0.74 in
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2010 to 0.43 in 2015, and the water resilience development levels
of Kashgar, Aksu, Kexu, and Hotan regions all decreased
significantly, probably because these regions are located in the
southern part of Xinjiang, where water resources scarcity is more
serious, water resources are utilized in a low way, and there is
insufficient capital investment and imperfect water-saving facilities,
which restrict the water resources resilience. In 2021, the decreasing
trend of water resilience development level in all regions of Xinjiang
has rebounded, and Urumgqji, Karamay, Aksu, Kashgar, and Hotan
regions all show an increasing trend.

From the perspective of spatial pattern, According to Figure 4a,
In 2010, Xinjiang’s water resilience development level presents the
distribution characteristics of “northwest high, southeast low”, the
distribution of high-value areas is more dispersed, the overall water
resilience development level in Xinjiang is higher, indicating that in
2010 water resources conditions are better, resistance is stronger,
water use structure is balanced, water resources endowment can
meet the normal operation of the economy, can recover water
resilience level faster. According to Figure 4b, In 2015, the high-
value area of water resilience development level in Xinjiang spread to
the north, and the distribution is more aggregated, the water
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(a—d) Dynamic evolution diagram of urban renewal-ecological resilience-water resilience coordination level in Xinjiang, 2010-2021.

resilience development level in Xinjiang compared to 2010 shows a
downward trend, the low-value area is concentrated in Kexu, Aksu
region. The high-value area of water resilience development level in
Xinjiang shows a dispersed trend, and the value of water resilience
development level is decreasing significantly, indicating that the
rapid development of industry makes it possible for the economy to
develop rapidly. According to Figure 4c, In 2021, the high-value
areas of water resilience development level in Xinjiang are scattered,
and the value of water resilience development level decreased
significantly, which indicates that the rapid development of
industry makes the intensity of water consumption increase, and
the amount of sewage discharge increases, polluting the water source
and causing pressure on water resources.

3.2 Spatio-temporal evolution analysis of
urban renewal-ecological resilience-water
resilience coordination level in Xinjiang

3.2.1 Time evolution analysis of urban renewal-
ecological resilience-water resilience
coordination level

According to Figure 5, We found the core density function
central point of urban renewal-ecological resilience-water resilience
coordination level in all regions of Xinjiang from 2010 to
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2021 continued to move to the right, and the position of the
kernel density moved significantly to the right. Indicating that
the coordinated development effect of urban renewal-ecological
resilience-water resilience in Xinjiang was very significant,
However, the spatial differentiation of the coordination level
among regions in Xinjiang is obvious in terms of the number of
crests, crest height, and curve width.

Specifically, According to Figure 5a, the kernel density curves in
the northern border region show that the coordination level of the
seven prefectures in the northern border region is displaying a trend
of differentiation and expansion. In 2012, the wave peaks changed
from a “single-peak” distribution to a “multiple-peak” pattern, with
the main peak situated in the low-level zone on the left side, which is
significantly higher than the secondary peaks on the right. It revealed
that the proportion of low-level regions was significantly higher than
that of high-level groups, and the spatial polarization characteristics
were prominent; According to Figure 5¢, The eastern border region’s
kernel density curve demonstrates that the main peak’s height
increased significantly in 2012, indicating the clear convergence
of the spatial gap between Turpan City and Hami City in the
coordinated development of urban renewal-ecological resilience-
water resilience during that period. After 2013, the main peak’s
height quickly decreased and leveled off, causing the gap between the
two cities” coordination levels to widen once more. The region’s level
of spatial differentiation also displayed a characteristic of phased
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fluctuation. According to Figure 5b, The core density curve of
Southern Xinjiang during the study period exhibited bimodal or
multi-peak distribution characteristics, suggesting a polarization
trend in the level of coordination between urban renewal-
ecological resilience-water resilience; the secondary peaks’ height
is consistently lower than the primary peaks’, the primary peaks’
height is still declining; and the distribution pattern tends to be
gentle from steep, revealing the spatial heterogeneity of the level of
coordination between the regions; the degree of dispersion is
continuously increasing over time; According to Figure 5d, The
peak height of the nuclear density curve in Xinjiang has decreased
year by year, indicating that The density distribution curve of the
urban renewal-ecological resilience-water resilience coordination
level in Xinjiang as a whole shift to the right over time, as the
number of areas with high coordination values rises and the number
of areas with low values decreases. The coordination level of the two
exhibits an ever-increasing evolution characteristic, and the kernel
density curve shifts from a trailing-right one to a trailing-left one.
Indicating that the overall level of coordination between urban
renewal-ecological resilience-water resilience in Xinjiang is
uneven. The waveform is primarily a “single peak” with one
peak, and the kernel density curve is flat and wide, Polarization
is absent and decreasing in most areas, except in a few years when

there is a “double peak” pattern and polarization is present.

3.2.2 Spatial evolution characteristics of urban
renewal-ecological resilience-water resilience
coordination level

We use the kernel density analysis tool to identify the spatial
distribution and agglomeration degree of the coordination degree of
urban renewal-ecological resilience-water resilience. The kernel
densities of urban renewal-ecological resilience-water resilience
coordination levels in Xinjiang in 2010, 2013, 2017, and
2021 range from 0 to 0.6287 x 107* 0~0.8664 x 107, 0~1.000 x
107%, 0~1.000 x 107, with the level of coordination changing from
primary
coordination, and high-quality coordination. The shift indicates

complete imbalance to coordination,  significant
that in the process of implementing urban renewal in each state,
the positive spillover from the optimal allocation of infrastructure
resources and environmental regulation outweighs the problems of
large-scale demolition and construction, waste of resources, and
degradation of habitat quality, and brings a positive effect to the
water resources system and the ecosystem.

According to Figure 6a, In 2010, the high-density zones of urban
renewal-ecological resilience-water resilience coordination levels
were mainly concentrated in the four core regions of Changji
Prefecture, Kelamayi City, Tacheng District, and Altay District,
with Changji Prefecture radiating to Urumgqi City. Located in the
southeastern region of Xinjiang is mainly a low-density zone, the
distribution is more aggregated, mainly due to the arid zone
“survival bottom line” and “development needs” of the intense
collision, these areas of urban renewal in the hard construction
(such as roads, parking lots) instead of oasis buffer zone, resulting in
the reduction of wind and sand protection capacity (such as roads,
parking lots), which leads to the reduction of wind and sand
protection capacity (such as roads, parking lots). This has led to
a decline in the ability to protect against wind and sand (the
frequency of sand and dust storms in Kashgar and Hotan has
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increased in recent years). According to Figure 6b, In 2013, the
high-density areas showed a shrinking trend, mainly concentrated in
Changji Prefecture and Karamay City, but the overall level of urban
renewal-ecological  resilience-water  resilience  coordination
increased, indicating that urban renewal in these two core areas
is in the process of transforming into an ecological system,
optimizing the green space system, and restoring the ecological
restoration of the water bodies, which will transform the hard urban
space into a “resilient carrier” with ecological adjustment functions.
The optimization of the green space system and the ecological
restoration of water bodies have transformed the hard urban
space into a resilient carrier with ecological adjustment functions,
forming a virtuous cycle of “urban renewal, water, and ecology”.
According to Figure 6¢, In 2017, the high-density area was
concentrated in Changji Prefecture, and the coordination level of
other prefectures in Xinjiang was located on the verge of imbalance,
with bare coordination, elementary coordination, indicating that the
continuous implementation of urban renewal has impacted the
bottom line of urban development and water resources and
ecological security in Xinjiang, but the level of coordination was
improved compared to 2010 and 2013, which leads to the conclusion
that the level of urban renewal, ecological resilience, and water
resilience inter-coordinated with each other improved but there are
still contradictions. According to Figure 6d, In 2021, the high-
density area further expands to include Turpan City, Changji
Prefecture, Tacheng Prefecture, Bozhou, and Aksu Prefecture,
and the coordination level of these core areas is at the level of
significant coordination and high-quality coordination, while the
other prefectures and states are at the level of middle- and lower-
secondary level coordination, which suggests that with the
continuous development of the economy, the developmental
contradiction between urban renewal, ecological resilience, and
water resilience has been alleviated, and industrial transformation
and technological innovation have been carried out, Environmental
governance measures are gradually implemented, urban renewal is
incorporated into the framework of oasis ecological safety net
construction, and through the coordinated path of setting the
city by water, limiting the city by green, and developing the city
by culture, it realizes the transition from passive ecological
preservation to active ecological preservation. Through the
synergistic path of defining the city by water, limiting the city by
green, and developing the city by culture, the transformation from
passively preserving the ecology to actively creating the ecology will
be realized, and ultimately the sustainable development of Xinjiang
will be realized.

3.2.3 Transition probability analysis of urban
renewal-ecological resilience-water resilience
coordination level

In this paper, the traditional Markov chain and spatial Markov
chain are used to further examine the transfer direction of urban
renewal-ecological resilience-water resilience coordination level and
its transfer probability in each prefecture of Xinjiang, to effectively
grasp its dynamic evolution law. The urban renewal-ecological
resilience-water resilience coordination levels can be categorized
into five grades. Among them, level 1 indicates less than 20%
quartile, which is a low level; level 2 is between 20%-40%
quartile, which is a low level; level 3 is between 40%-60%
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quartile, which is a medium level; level 4 is between 60%-80%
quartile, which is a high level; and level 5 is greater than the 80%
quartile, which is a high level (Liu and Liu, 2024) Through the
MATLAB R2024b software, the
probability of urban renewal-ecological resilience-water resilience

distribution state transfer
coordination level was measured for each prefecture in Xinjiang
from 2010 to 2021.

3.2.3.1 Traditional Markov chain analysis

First, Table 6 shows that the probability values of diagonal
elements are substantially higher than those of non-diagonal
elements. The probability distributions of each type’s initial state
maintenance are as follows: 61.76%, 54.55%, 45.45%, 43.75%, and
81.82%, with the probability of preserving the initial level typically
greater than 50%. With the likelihood of retaining the high-level
group reaching 81.82%, the probability values at the two ends of the
diagonal line are substantially higher than those in the middle zone,
suggesting that areas with high coordination levels are more stable.
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This distribution feature supports the idea of “club convergence,”
which states that regional coordination levels are hierarchically
solidified and that it is more challenging to achieve a leap across
levels. Second, there is a phenomenon of hierarchical transfer
between neighboring types in each prefecture’s coordination level
between urban renewal, water resilience, and ecological resilience.
This suggests that improving the coordination level between these
three factors takes time and is a gradual process. The probability of
an upward leap in each tier is low (32.35%), lower (39.39%), medium
(42.42%), and higher (46.88%), according to the transfer matrix
distribution. This indicates that Xinjiang’s urban renewal, water
resilience, and ecological resilience coordination levels are
improving along a gradient. Each level has a different likelihood
of slipping downward: relatively low level (3.03%), medium level
(9.09%), relatively high level (9.38%), and high level (18.18%). Even
though there is a positive trend in regional coordination
development, it is necessary to be vigilant against the risk of
high-level decline, actively sustain the existing level of urban
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TABLE 6 Traditional Markov transition probability matrix of urban renewal-
ecological resilience-water resilience coordination level in Xinjiang.

Type [ [ i \Y Vv
1 0.6176 0.3235 0.0588 0.0000 0.0000
11 0.0303 0.5455 0.3939 0.0303 0.0000
it 0.0000 0.0909 0.4545 0.4242 0.0303
v 0.0000 0.0000 0.0938 0.4375 0.4688
\% 0.0000 0.0000 0.0000 0.1818 0.8182

renewal-ecological resilience-water resilience coordination at this
stage, and strive to improve its upward transfer.

3.2.3.2 Spatial Markov chain analysis

The spatial Markov transition probability matrix is constructed
in this paper by adding the spatial lag condition to the traditional
Markov chain transition probability matrix, to further examine the
influence of the spatial relationship on the development trend of
urban renewal-ecological resilience-water resilience coordination
level in Xinjiang (Table 7).

Compared with the traditional Markov transition probability
matrix, the transition probability distribution of the urban renewal-
ecological resilience-water resilience coordination level in the several
Xinjiang prefectures varies considerably under various spatial lag
states. The presence of non-zero values on both sides of the diagonal
of the spatial Markov transfer matrix reveals the possibility of
hierarchical leapfrogging in the level of regional coordination,
with the possibility of positive upgrading of adjacent tiers and
Rank  shifts
neighboring ranks, reflecting the significant impact of the spatial

the risk of reverse slippage. occur between
correlation of regional development on the evolution of the level of
coordination. Second, the Markov transition probability distribution
of the level of coordination between urban renewal-ecological
resilience-water resilience varies significantly under the influence
of geographical lag, and this region is significantly impacted spatially
by the neighboring regions. The stability probability of the low-level
group drops from 61.76% to 0.00% when the neighborhood is at a
high level, indicating that the stability of the regional coordination
level is seriously disrupted. The spatial spillover effect is as follows:
when the neighborhood is at a high level, the prefectures with low
levels of coordination between urban renewal-ecological resilience-
water resilience are likely to make progress and improve. This
suggests that being close to prefectures with high levels of
coordination between these three factors is beneficial for raising
the level of coordination in the area. Additionally, there is a positive
“spillover effect” that will partially recover. Conversely, the
transition probability of the low level, comparatively low level,
medium level, and high level to the higher level is low and the
probability of self-stability is high when the low level is a
neighborhood. Nonetheless, the neighborhood’s high level has a
0.00% steady-state probability, making it extremely susceptible to
the detrimental spillover impact of the low-level neighborhood. On
the whole, the likelihood of each level moving to the upper level
under the high-level lag type is, on average, low-level (0.00%),
relatively low level (33.33%), medium level (36.36%), and
relatively high level (41.67%). The likelihood of type transferring
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TABLE 7 Markov transition probability matrix of urban renewal-ecological
resilience-water resilience coordination level space in Xinjiang.

Spatial lag Type
type
I I 0.7000  0.3000 = 0.0000 = 0.0000  0.0000
1I 0.0000 07143 02857  0.0000  0.0000
oI 0.0000 0.0000 | 05000 0.5000  0.0000
IV | 0.0000 0.0000 | 0.0000 0.0000  0.0000
\% 0.0000  0.0000 ' 0.0000 = 0.0000  0.0000
1 I 0.5000  0.5000 = 0.0000 = 0.0000  0.0000
I 0.0000 0.4615  0.5385  0.0000  0.0000
II | 0.0000 0.0000 | 0.6000 = 0.4000  0.0000
IV | 0.0000 0.0000 0.0000 0.0000  1.0000
% 0.0000  0.0000 = 0.0000 = 0.0000  0.0000
I I 05000 0.1667 = 0.3333  0.0000  0.0000
1I 0.0000 05714 02857 01429  0.0000
I 00000 02727 | 02727 03636  0.0909
IV | 00000 0.0000 0.1111  0.5556 03333
\% 0.0000  0.0000 ' 0.0000 = 0.5000  0.5000
v I 0.0000  0.0000 = 0.0000 = 0.0000  0.0000
1I 0.1667  0.5000 ' 0.3333  0.0000  0.0000
Il 0.0000 0.0000 06364 03636  0.0000
IV | 0.0000 0.0000 0.0833 05000 0.4167
\% 0.0000  0.0000 = 0.0000 = 0.1250  0.8750
\% I 0.0000  0.0000 = 0.0000 = 0.0000  0.0000
I 0.0000  0.0000 ' 0.0000 = 0.0000  0.0000
Il 0.0000 0.0000 02500 07500  0.0000
IV | 0.0000 00000 01111 03333 05556
% 0.0000  0.0000 ' 0.0000 = 0.1000  0.9000

to the upper level is greater than the likelihood of relatively low level,
medium level, relatively high level, and high level transferring to the
lower level.

3.3 The factors of the urban renewal-
ecological resilience-water resilience
coordination level in Xinjiang

3.3.1 Factors selection

According to relevant research content (Song et al., 2025; Peng
et al., 2024), The explained variables are urban renewal-ecological
resilience-water resilience coordination level; the explanatory
variables are per capita GDP, urban population density, fiscal
technology expenditure, total environmental investment, and
infrastructure level. Among them, per capita GDP (pgdp) is
expressed as regional GDP/total population (in 10,000 yuan/
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TABLE 8 Global Moran's | value of urban renewal-ecological resilience-water resilience coordination level in Xinjiang.

Year Moran’s | YA P Year Moran’s | yA P
2010 0.078 4232 0.000 2016 0.050 6.234 0.000
2011 0.254 3.946 0.042 2017 ~0.131 6.453 0.002
2012 0.037 4565 0.001 2018 0.019 7.474 0.000
2013 0.149 5342 0.000 2019 ~0.144 7.469 0.001
2014 0.133 5534 0.000 2020 -0.390 8.454 0.023
2015 ~0.081 5765 0.000 2021 ~0.274 8.644 0.088

person); The urban population density (den) is expressed as the ratio
of urban population to total urban area (people/km?®); Fiscal
technology expenditure (fte), expressed in total local fiscal science
10,000 yuan); The total
environmental investment (env) is expressed in terms of the total

and technology expenditure (in

local environmental protection expenditure (10,000 yuan); The
infrastructure level (infra) is expressed in terms of road mileage/
year-end population (kilometers/10000 people).

3.3.2 Spatial correlation test
3.3.2.1 Global spatial autocorrelation analysis

The existence of spatial correlation is a prerequisite for analyzing
spatial effects, for this reason, this paper uses statal7 software to test
the global spatial autocorrelation of the coordination level of urban
renewal-ecological resilience-water resilience based on the adjacency
matrix using Moran’s I (Table 8). The findings demonstrate that the
urban renewal-ecological resilience-water resilience coordination
level in Xinjiang during the study period has a global Moran’s I
of 0.078 in 2010 and -0.274 in 2021, both of which pass the
significance test at the 10% level. This suggests that the
coordinated level in Xinjiang demonstrates clear spatial clustering
characteristics and transitions from spatial positive correlation to
spatial negative correlation.

3.3.2.2 Local spatial autocorrelation analysis

In this research, the local Moran’s I of the urban renewal-
ecological resilience-water resilience coordination level is plotted
as a scatter plot to further analyze the spatial characteristics of the
level. According to Figure 7, Moran’s I in 2000 is primarily
concentrated in the second and third quadrants, indicating L-H
clustering and L-L clustering. By 2021, Moran’s I is primarily
concentrated in the first quadrant, exhibiting H-H agglomeration.
This suggests that the great majority of Xinjiang’s regions exhibit
strong isotropic spatial agglomeration in terms of the coordination
level between urban renewal-ecological resilience-water resilience.
That is, when the urban renewal-ecological resilience-water
resilience coordination level in this region is at a high (low) level,
the surrounding neighboring regions are also more likely to be at a
high (low) level, and the spatial factor should be taken into account
in the empirical process.

3.3.3 Measurement model verification

The factors impacting the coordination level between urban
renewal-ecological resilience-water resilience at the global level were
determined using spatial econometric modeling (Xu et al,, 2022).
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First, the multicollinearity test findings demonstrate that there is no
multicollinearity issue because all of the explanatory variables’ VIF
values are much less than 10. The spatial Durbin model with double
fixation of time and area was ultimately chosen in this paper
following a series of tests that included the Hausman, LM,
Robust LM, Wald, and LR tests to decide which spatial
econometric model is more appropriate to apply, as shown
in Table 9.

From the estimation results of the double fixed space Durbin
model, the spatial autoregressive coefficient p is 0.432, which is
significant at the 5% level (Table 10), indicating that the
coordination level of Xinjiang’s urban renewal-ecological
resilience-water resilience has a positive spatial spillover effect.
This means that for every 1% increase in the urban renewal-
ecological resilience-water resilience coordination level in this
region, the urban renewal-ecological resilience-water resilience
coordination level in the neighboring region will result in a
0.432%

neighboring region.

increase in the level of coordination in the

3.3.4 Effect decomposition

LeSage and Pace. (2010) noted that the use of the spatial Durbin
model to determine the spatial effect may be biased and that the
results cannot accurately reflect the degree of influence of the
independent variable on the dependent variable. The spatial
effect must be broken down using the method of partial
differentiation, where the direct effect refers to the influence of
the independent variable of the region on the dependent variable of
the region, and the indirect effect refers to the influence of the
independent variable of the region of the dependent variable of the
neighboring region, also known as the spatial spillover effect (Lu and
Li, 2024) (Table 11).

3.3.4.1 Direct effect

According to the direct effect results (Table 11), the region’s
urban renewal-ecological resilience-water resilience
coordination level increases by 0.026 for every 10,000 yuan
increase in per capita GDP. This coefficient of the direct effect
of per capita GDP (pgdp) is 0.026, passing the 10% significance
test. The improvement of living conditions is predicated on
economic development, and as the nation’s financial strength
increases, it offers a strong financial assurance for the
establishment of a decent life and stable financial security
(Chen and Li, 2024). A higher per capita GDP indicates that

citizens are more concerned with their quality of life and have
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Moran scatter plot of the urban renewal-ecological resilience-water resilience coordination level in Xinjiang during different periods.

TABLE 9 Results of spatial econometric model verification.

Inspection Results Inspection Results
Hausman 135.290** Wald-lag 62.090*
LM-error 63.556%% Wald-error 454300

Robust LM-error 48.7744%% LR-lag 49.96*%*
LM-lag 23.601%* LR-error 39.920%¢
Robust LM-lag 8.819%*

Note: ***, **_ * respectively indicate significance at the 1%, 5%, and 10% levels, the same applies below.

TABLE 10 Estimation results of the spatial Durbin model.

TABLE 11 Decomposition results of spatial effects.

Variable Direct effect Indirect effect Total effect
Ininfra 0.020°%(0.018) ~0.048%%(0.035) ~0.028*%(0.034)
Inpgdp 0.026°%(0.013) 0.018**(0.028) 0.045%(0.026)
Inden 0.005**(0.007) 0.027*(0.018) 0.031*(0.018)
Inenv 0.003**(0.011) —0.096*(0.020) ~0.092"%%(0.022)
Infte 0.003**(0.007) 0.048%(0.011) 0.051°+(0.011)

Variable Coefficient Variable Coefficient
Ininfra 0.014%¢ w*lninfra —0.057%*
Inpgdp 0.0293** w*lnpgdp 0.035*
Inden 0.008** w¥Inden 0.037%*%
Inenv —0.009*** w*lnenv —0.125%

Infte 0.009% w¥Infte 0.065%*%
p 0.432%*
N 168
R2 0.358
Log-likelihood 314.257
Area Fixed Yes
Time Fixed Yes

higher expectations for public services and urban living
conditions. This will cause the city to speed up urban renewal,
and the government will invest more in ecological restoration and
protection, which will improve environmental protection for

Frontiers in Environmental Science

urban renewal and create a positive feedback loop. The
coefficient of the infrastructure level direct effect (Infra) is
0.020, Through a 10% significance test, it indicates that the
urban renewal-ecological resilience-water resilience
coordination level in the local region rises by 0.020 for every
unit increase in infrastructure level. Cities can better organize
their operations and modernize their businesses with the
infrastructure support that highway building offers for urban
renewal. Additionally, it improves ecological and water resilience
by fostering the conditions necessary for ecological restoration
and conservation. The coefficient of the urban population density

direct effect (den) is 0.005. Through a 10% significance test,
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meaning that for every unit increase in urban population density,
the level of coordination between urban renewal-ecological
resilience-water resilience in the local area increases by 0.005.
Higher population density can provide sufficient labor resources
and a consumer market for urban renewal and stimulate the
development of commercial and service industries in urban
renewal. And, to some extent, provide more technological,
material, and human support for ecological protection and
which helps the
ecological resilience. On the other hand, an excessively high

restoration, promote construction of
population density can put a strain on limited space,
surpassing ecosystems’ carrying capacity and intensifying the
conflict between urban renewal-ecological resilience-water
resilience.

The coefficient of the total environmental investment direct
effect (env) is 0.003, passing the 10% significance test. Investments in
environmental governance give the development of the coordination
of urban renewal, water resilience, and ecological resilience a
material and technological basis. By guiding urban industries
low-carbon, and
the

ecosystems,

towards green, environmentally  friendly

directions, optimizing industrial ~ structure of cities,

establishing  resilient improving environmental
quality, and enhancing ecosystem functions, urban renewal can
be carried out in a good ecological environment. At the same
time, it also creates conditions for improving water resilience and
promotes the coordinated progress of the three. The coefficient of
the fiscal technology expenditure direct effect (fte) is 0.003. Through
a 10% significance test, it suggests that for every 1 unit rise in fiscal
technology spending, the urban renewal-ecological resilience-water
resilience coordination level in the local area increases by 0.003.
Fiscal technology spending can direct funds to projects and regions
that assist the coordinated development of urban renewal-ecological
resilience-water resilience. It can also focus funds to support
important technological research and development, and the
construction of large ecological projects. Prevent resource
the

effectiveness of resource use, accomplish cooperative resource

fragmentation and redundant investment, enhance
allocation optimization among the three, and encourage the

maximization of overall benefits.

3.3.4.2 Indirect effect

Infrastructure level (Infra) has an indirect effect coefficient
of —0.048, meaning that for every unit increase in infrastructure
level, the level of coordination between urban renewal-ecological
resilience-water resilience in the surrounding areas decreases by
0.048. The development of highways hurts the surrounding areas.
The construction of highways may result in a disorderly
expansion of urban space, occupying a large amount of
farmland and ecological land, making the urban form loose,
and weakening the connections between urban functional
areas, which in turn affects the urban development of
neighboring areas. The total environmental investment (env)
has a significantly negative indirect effect coefficient. Some
high-polluting and high-energy-consuming industries will shift
with
environmental investment if a region increases environmental

to areas lax environmental regulations and low

investment and strictly regulates the environment. This will
increase the cost of environmental governance, require more
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resources for environmental restoration in urban renewal, and
lower water resilience, thereby impeding the level of coordination
between urban renewal-ecological resilience-water resilience.
The per capita GDP (pgdp) indirect effect coefficient is
substantially positive. Higher per capita GDP regions can
share resources, construct more comprehensive infrastructure,
offer services to other areas, and enhance the region’s overall
water resilience. In addition, it can draw businesses and people
from nearby regions to congregate around it, creating a more
sensible industrial layout and population distribution during the
urban renewal process, encouraging the best possible use of
regional resources, and raising the coordination level between
urban renewal-ecological resilience-water resilience.

3.3.5 Spatial differentiation characteristics

To further investigate the spatial heterogeneity of the factors of
urban renewal-ecological resilience-water resilience coordination
level in Xinjiang, this paper uses the GTWR model to visually
analyze the regression coefficient of each factor (Figure 8).

According to Figures 8c,d, the regression coefficient of the
impact of per capita GDP on the synergistic level of urban
renewal-ecological resilience-water resilience increases,
indicating that the role of the economy in the coordinated
development of wurban renewal-ecological resilience-water
resilience tends to be strengthened. Spatially, the spatial
pattern of strong in the north and weak in the south evolved
to strong in the southwest and weak in the northeast. The role of
per capita GDP in Hotan, Kashgar, and Kezhou on coordinated
development has changed most significantly, revealing that the
economic development trend of these regions has been good in
recent years, which has laid a solid foundation for urban renewal
and development. According to Figures 8e(f, The coefficient
between urban population density and the coordination level
of urban renewal-ecological resilience-water resilience has shifted
from 0.8946 x 102~0.8974 x 102 to 0.7237 x 102~2.9202 x 102.
The level of coordination between urban renewal-ecological
resilience-water resilience is positively impacted by urban
population density, which spatially varies from strong in the
east to weak in the west to strong in the east with an
improved influence. The cities of Hotan, Kashgar, and Kezhou
exhibit a steady increase in population density, which supplies
enough labor for southern Xinjiang’s infrastructural development
and public service enhancement; According to Figures 8a,b, The
coefficient of infrastructure level is negative, indicating the
infrastructure level has a constraining influence on the
coordination level of urban renewal-ecological resilience-water
resilience, and this effect tends to rise. Overreliance on traditional
grey infrastructure (such as large-scale concrete buildings, roads,
etc.) during urban road construction and significant damage to
the

restoration and environmental protection, may lead to a

ecological environment, while neglecting ecological
decline in the quality of the ecological environment; According
to Figures 8g,h, The coefficient of total environmental investment
has shifted from the range of 1.5812 x 102~1.6042 x
102 to1.5253 x 102~4.8163 x 102, indicating a positive trend
in the urban renewal-ecological resilience-water resilience
coordination level. The effect of environmental governance

expenditures on the coordination level of urban renewal-
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FIGURE 8
(Continued).

b.Infrastructure level (2021)
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B -4.2953~-4.2292
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ecological resilience-water resilience was greatest in Hami City in
2010, and greater in Altay Region, Turpan City, Changji
Prefecture, and Urumqi City, and then weakened in these
regions by 2021, with a spatial pattern of high in the
southwest and low in the northeast; According to Figures 8i,j,
The coefficient of fiscal technology expenditure has changed from
the range of 3.8251 x 102~3.8352 x 102 to 1.8046 x 102~3.5102 x
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102, showing a declining trend in the role of fiscal technology
expenditure on the urban renewal-ecological resilience-water
resilience coordination level. The spatial pattern reveals a
transition from high in the northeast and low in the southwest
to high in the southwest and low in the northeast. The Altay
region and Hami city have the most drop in impact, whereas
Bazhou, Yili prefecture, and Bozhou have the smallest decline.
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(Continued). (a—j) Spatiotemporal changes in factors of the urban renewal-ecological resilience-water resilience coordination level in

Xinjiang, 2010-2021.

4 Discussions

4.1 Spatio-temporal characteristics of the
coordination level of urban renewal-
ecological resilience-water resilience

To further understand the complex interaction between urban
renewal, ecological resilience, and water resilience, this paper
explores the coupling coordination and trend evolution of urban
renewal-ecological resilience-water resilience by calculating the
coordination level and transition probability of urban renewal-
ecological resilience-water resilience. Compared with previous
studies (Meng et al., 2025; Zhang et al., 2023), the traditional
coupling coordination model has the problems of effectiveness
and unreasonable calculation of boundary values. We use the
modified CCD model, which can avoid the bias of the traditional
grading table bias towards stability, which can better distinguish the
coupling coordination level and improve the explanatory power of
the results. In the study of the spatial pattern of coordination,
previous studies only introduced kernel density into the temporal
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evolution of coordination level (Wang et al., 2025a; Yu et al,, 2025),
We introduce kernel density into the spatial evolution of
identify  the
agglomeration state of coordination level.

coordination and can spatial layout and

The coordinated development of urban renewal, ecological
resilience, and water resilience is a dynamic process. The
coordinated development of the three plays an important role in
promoting the sustainable development of Xinjiang’s cities. The
results show that the coordination level of urban renewal-ecological
resilience-water resilience in various prefectures in Xinjiang is
developing on an upward trend, but the spatial gap is also
increasing, and the spatial imbalance in southern Xinjiang is
significant, and the economic development, resource endowment,
and ecological environment of southern Xinjiang lag behind those of
northern and eastern Xinjiang. There are several reasons for this,
first of all, the low density of the transportation network in southern
Xinjiang, the lack of transportation infrastructure construction, the
remoteness of Hotan and Kashgar, and the high transportation cost,
which greatly restricts the economic exchanges and trade between

southern Xinjiang and other regions, while the northern Xinjiang
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has strong transportation accessibility, which provides convenience
for the connection between the region and the mainland and other
countries, so southern Xinjiang needs to focus on strengthening the
construction of road infrastructure in the future urban renewal
planning, improving traffic accessibility, and laying the foundation
for economic development. Secondly, the educational resources in
southern Xinjiang are backward, the concentration of talents is low,
and in the process of resource development, the technical level is
relatively low and is in the primary development stage, while
northern Xinjiang has a developed economy, attracting talent
inflow and promoting the rapid development of industries.
Finally, the drought lack of rain and serious desertification in
southern Xinjiang limit the scale of agricultural and industrial
development, which will bring uncertain impact on urban
development, while the climate of northern Xinjiang is more
humid than that of southern Xinjiang, with more precipitation,
which provides a certain material basis for agricultural production
and ecological environment, and provides good production
conditions for economic development, so it is necessary to focus
on ecological protection and restoration and set up special funds for
ecological protection for desertification control, vegetation
restoration, grassland protection and other projects in southern
Xinjiang to provide stability of the ecosystem.

4.2 Influencing factors of coordination level
of urban renewal-ecological resilience-
water resilience

Scholars discussed the influencing factors of the relationship
between urban renewal, ecological resilience, and water resilience.
Most studies consider per capita GDP (Sun et al., 2023), level of
science and technology, and population density (Yang et al., 2025)
to be the main influencing factors, among which urban renewal in the
region has a negative impact on the ecological resilience of the region
(Peng et al., 2024), mainly because the higher the proportion of the
secondary industry, the greater the pollution emissions, and the more
unfavorable the improvement of ecological resilience. However, urban
renewal in the region has a positive spillover effect on the ecological
resilience of neighboring areas, mainly because the pressure of “upward
competition” caused by environmental regulations will force cities to
develop in a greener direction (Peng et al, 2023). Moreover, the
response index of ecological resilience to urban renewal shows a
downward trend, which may be due to the rapid process of urban
renewal, which has exceeded the supporting role of ecological resilience
in urban renewal (Peng et al., 2024). This indicates that per capita GDP,
financial expenditure on science and technology, and population
density have high explanatory power in this study. With the
continuous expansion of urbanization, what difficulties will Xinjiang
face in urban renewal actions? And how can Xinjiang get out of these
predicaments? This aroused our great interest. Xinjiang has long faced
problems such as water scarcity, fragile ecology, and unbalanced
industrial structure, and with the implementation of urban renewal,
Xinjiang has exacerbated problems such as resource constraints,
ecological pollution, industrial transformation pressure, and regional
development differences. This means that the contradiction between
urban development and resources and the environment can be
alleviated through policy tilt. Therefore, this study included three
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total  environmental

investment, and financial expenditure on science and technology,

variables, namely, infrastructure level,
into the influencing factors of urban renewal, ecological resilience,
and water resilience coordination. The findings indicate that both
environmental investment and infrastructure level have negative
spillover effects. From a spatial pattern perspective, the impact of
infrastructure level on southern Xinjiang is greater. This could be
because of the region’s single economic structure, the fact that
infrastructure construction is the foundation of industrial upgrading,
the region’s large land area and sparse population, and the challenge of
providing public services, all of which contribute to the region’s wide
infrastructure gap. Northern Xinjiang is more affected by overall
environmental investment, which may be because of the region’s
high level of industrialization, concentration of the energy sector,
high level of environmental pollution, and pressing need for
ecological governance. Furthermore, it is critical to advance
environmental governance and enhance the ecological environment
through green investment due to the rapid pace of urbanization and the
challenging domestic pollution control duties in northern Xinjiang,

5 Conclusions and policy
recommendations

5.1 Conclusions

We use the entropy method, the comprehensive evaluation
method, the modified CCD model, the kernel density estimation,
the traditional and spatial Markov chains, and the spatial
econometric model to study the development level, coordinated
development characteristics, evolution trend and influencing factors
of urban renewal, ecological resilience, and water resilience in
14 prefectures in Xinjiang. The main conclusions are as follows.

(1) The development level of urban renewal and ecological
resilience in Xinjiang is generally on an upward trend, and
water resilience is generally on a downward trend. Spatially
urban renewal, ecological resilience, and water resilience show
spatial heterogeneity, but the high-value areas are spreading
to the northwest.

(2) The core density curve appears double-peaked and is flat and
wide, indicating that urban renewal-ecological resilience-
water resilience coordinated development is polarized
across Xinjiang. Spatially, the core area of kernel density is
narrowed down to Changji Prefecture, but the synergy level
has increased as a whole.
(3) The traditional Markov chain results indicate that the transfer
of the urban renewal-ecological resilience-water resilience
coordination level in Xinjiang has higher stability. After
incorporating spatial lag factors, the states of adjacent
regions have a positive spillover effect on the evolution of
regional states. The probability of collaborative type upward
transfer in each region is greater than the probability of type
downward transfer.

The spatial measurement results show that per capita GDP,

infrastructure level, total environmental investment, fiscal

technology expenditure, and urban population density are
all conducive to the improvement of the coordinated
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development level of local wurban renewal-ecological
resilience-water resilience, among which the infrastructure
level and total environmental investment have significant
negative spatial spillover effects, and the GTWR model
shows that the impact of five influencing factors on the
coordination level of urban renewal-ecological resilience-

water resilience has spatial differentiation characteristics.

5.2 Policy recommendations

(1) According to the distribution characteristics of urban
renewal-ecological resilience-water resilience coordination
level, compared with northern Xinjiang, southern Xinjiang
has significant spatial imbalance characteristics and low
coordination level. Through policy guidance, an inter-
regional information exchange platform can be established
to encourage the northern Xinjiang region to export advanced
green technology and management experience to the
southern Xinjiang region, to help the southern Xinjiang
region improve its urban renewal capacity and reduce the
urban development gap between the southern and northern
Xinjiang regions. The transportation infrastructure in
southern Xinjiang is weak, so it is necessary to improve
the accessibility of transportation and improve the quality
of urban development and the living standards of residents. In
addition, attention should also be paid to the education of
residents’ cultural quality, the construction of intangible
cultural heritage inheritance centers, the creation of
cultural scenes, the dissemination of traditional culture, the
improvement of residents’ awareness and participation in
urban renewal, and the creation of a good atmosphere for the
participation of the whole society.

—
58
~

The level of ecological resilience in southern Xinjiang is low,
and the contradiction of a fragile ecological environment is
prominent. Therefore, it is necessary to build an ecological
barrier against wind and sand fixation, curb the expansion of
deserts, such as Aksu Prefecture and Hotan Prefecture,
implement sand prevention and control projects around
the Tarim Basin, and expand the area of oases through
artificial afforestation, sand closure and afforestation
(grass), and aerial seeding. Strengthen the control and
of the

implementation of grazing bans, fallow grazing, and

monitoring sand sources, strictly prohibit
rotational grazing systems in degraded grasslands, and
restore grassland vegetation. In addition, the protection
and restoration of groundwater should be strengthened,
the overexploitation of groundwater should be strictly
controlled, the dynamic monitoring of groundwater level
should be implemented, and the groundwater level should
be gradually restored. Strengthen the construction of water-
saving projects, implement the transformation of pipe
networks, promote the combination of high-efficiency
water-saving technologies in agriculture and digital
technology, realize the effect of efficient water supply,
water management, and water use, carry out pilot

demonstrations of regional reclaimed water recycling,
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promote the recycling of water resources, and alleviate the
urgency of water shortage in regional development.

In the development of urban renewal, the dual dilemma of
“ecological disturbance” and “water constraint” should be
solved. For desert fringes and areas with serious water
shortages, such as Hotan and Kashgar, we should first
increase investment in water source guarantee projects,
improve the storage capacity of reservoirs for urban water
supply, and strengthen windbreak and sand fixation barriers
to curb the expansion of desertification. Because of the strong
agricultural areas such as Aksu Prefecture and Bazhou, it is
necessary to increase investment in water-saving urban
facilities, rationally plan the structure of water use, and
increase investment in ecological restoration of oases, to
return farmland to forests and wetlands and restore
degraded grasslands. In addition, it is necessary to build
resource-recycling cities, and make large-scale investments
in low-carbon transportation systems, distributed energy
facilities, solid waste recycling, and other projects to reduce
the impact of urban development on the ecological
environment, and finally build a sustainable development
model of symbiosis and co-prosperity of “water-saving
cities-oasis ecosystems-desert shelterbelts”.

5.3 Limitations and future research

This study used the modified CCD model, kernel density
estimation, traditional and spatial Markov chains, spatial
econometric model, and GTWR model
spatiotemporal  characteristics,

to analyze the
evolution  trends, and
influencing factors of the coordination level of urban renewal-
ecological resilience-water resilience. However, there are still
shortcomings in this study: firstly, considering the availability
of data, this study uses panel data from 14 prefectures in Xinjiang
from 2010 to 2021, and the time frame of the study is short, the
data is time-sensitive, and the lagging data may affect the
conclusion; Secondly, the construction of the urban renewal
index system is not perfect, and some characteristic indicators
may be omitted from taking Xinjiang as the research object.
Finally, it is of practical significance to grasp the coupling and
coordinated development of urban renewal, water resources, and
ecological environment in Xinjiang from the macro level, and if
we can start from the micro level and take the urban renewal
community in Xinjiang as the research object to explore the
relationship between urban development and resources and
environment, it will be more reasonable and scientific to
promote the sustainable development of urban renewal.
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