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Abstract: Territorial space ecological restoration is a significant way to map the development of
“ecological priority, green, and low-carbon” and realize the goal of reducing carbon emissions. Based
on the evaluation of the degree of urban ecological resilience restriction, this study aimed to diagnose
the key areas of surface–line–point ecological restoration under the guidance of the resilience target
by constructing a patch–corridor–matrix ecological network; then, the corresponding repair strategy
was proposed. The results showed that (1) there was an obvious core–periphery structure in the
resilience restriction intensity of the Chengdu–Chongqing region, showing a gradual decreasing
trend from Chengdu and Chongqing to the surrounding cities; (2) the regional ecological network,
including 17 ecological source patches and 33 potential ecological corridors, was identified; and
(3) the diagnosed key areas of ecological restoration were composed of surface–line–point multiscale
spatial morphology, including 7793.81 km2 of key areas of ecological source restoration, 380.39 km of
key areas of ecological corridor restoration, and 29 key areas of ecological pinch point restoration. The
construction of ecological restoration strategies with carbon neutralization as the core idea at different
scales was realized. The research can provide a reference for scientifically identifying key areas of
ecological restoration in territorial space, coordinating and planning major projects of ecological
restoration, and optimizing the allocation of natural resources.

Keywords: ecological resilience; territorial space; ecological restoration; ecosystem services; ecological
network; Chengdu–Chongqing region

1. Introduction

With the background of the rapid increase in the global population, the continuous ex-
tension of city size, and the sharp contraction of natural resources, harmonious coexistence
between humans and nature and the sustainable development of habitats have turned into
common themes. At present, to build a suitable ecological environment for human beings,
the focus of sustainable development research has gradually shifted to ecological security
research concerning the acceleration of green low-carbon development and the reduction
in carbon emission intensity [1]. Territorial space is the material basis, energy resource, and
constituent element for ecological civilization construction. Due to the acceleration of the
urbanization process, large-scale sustainable development and construction have led to
significant changes in human–land relationships and territorial space patterns, triggering
a series of ecological problems [2]. Therefore, natural recovery or human intervention
is needed to carry out ecological restoration and ecological construction activities, and
ecological restoration has gradually become a research hotspot [3,4]. How to implement the
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concept of mountain–river–forest–farmland–lake–grass life communities, accelerate lower
carbon emissions, and realize ecological restoration and protection while simultaneously
ensuring the integrity and balance of the ecosystem have become the core problems faced
by the current territorial space governance.

The purpose of territorial consolidation and ecological restoration is to adjust and op-
timize territorial spatial structure and strengthen ecological function restoration to promote
the safety and stability of the ecological system and coordinate the sustainable development
of the whole region. The current research on the ecological restoration of territorial space
focuses on single-object restoration based on micro-scale pilot studies and fails to compre-
hensively consider the coordination and sustainability of multifactor restoration from a
global perspective [5]. The macro-scale studies focus on the implementation of national
ecological protection and construction engineering techniques and the evaluation of engi-
neering effects. The meso-scale studies mainly implement regional ecological protection
construction and restoration projects and are less studied from the perspective of ensuring
the integrity of the ecosystem. Due to the lack of discussion on maintaining ecosystem
integrity and structural connectivity at the regional scale, there is a phenomenon charac-
terized by good local effects, low overall income, and even a decline in ecosystem service
function [6]. As an important part of ecological protection, the diagnosis of key ecological
restoration areas has become necessary in the process of ecological restoration. Existing
studies have constructed ecological networks based on the theory of landscape ecology and,
on this basis, delineated the ecological restoration zoning of territorial space [7,8]. It has
become an important development direction to identify ecological obstacle areas, ecological
pinch points, and ecological breakpoints and then diagnose the key areas of ecological
restoration [9,10]. The existing research regards the source-resistance surface-ecological
corridor as the general pattern of the ecological network space [11]. The construction of
an ecological network effectively maintains the integrity of the ecosystem, ensures the
safety of the ecological region, and provides guiding significance for ecological protection
and ecological restoration. Overall, the ecological restoration of territorial space in current
times is changing from singular local renovation to diversified overall governance, and
the spatial scale of restoration work is becoming more macroscopic. How to coordinate
the development of natural ecology and human society from the overall perspective, con-
struct the pattern of regional ecological restoration, and identify the key areas of ecological
restoration in territorial space still require further research.

Resilience describes the ability of a system to absorb interference while maintaining
the same infrastructure and function, and it also refers to self-organization and adaptation
to pressure and change [12–14]. In 1973, Holling first integrated resilience into ecosystem
research to describe the persistence of natural systems in the face of disturbances [15]. Sub-
sequent studies have shifted from ecology to human ecology, and resilience concepts have
also been used in urban research [10]. As the basis of urban construction, the improvement
in natural ecosystem resilience is conducive to the sustainable development of cities. Urban
resilience, as a mirror of a city’s ability to withstand and recover from disasters, can provide
the basis for urban ecosystem protection and management decisions and offer a cognitive
basis for ecological security [16]. The concept of ecosystem resilience also provides a
theoretical framework for how urban ecosystems respond to pressure and shocks [17,18].
Therefore, evaluating urban ecological resilience and measuring urban ecological security
are essential for systematically maintaining urban ecological security [19]. At present, most
studies have regarded ecological resilience as a physical attribute of an ecosystem and
evaluated the resilience of ecosystems from the aspects of ecological carrying capacity
and ecological resilience to reflect the self-resistance and self-recovery of ecosystems after
external disturbance [20,21]. In a constantly changing social environment, urban ecosystem
resilience experiences dual pressure from both natural and human factors [22,23]. When the
external pressure is overloaded, the resistance, adaptability, and reduction force represented
by resilience are greatly limited. Additionally, the key areas of ecological restoration are
vulnerable areas of ecological resilience. When they are subjected to strong external factors,
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their internal ecological material cycle is easily destroyed. Based on this, measuring the de-
gree to which resilience is restricted by external factors is vital in accurately diagnosing the
damaged areas of ecological structure and function to be repaired. However, the number
of quantitative studies on the interference intensity of external factors in the literature is
relatively low, and an evaluation model and its corresponding evaluation indicators that
can be applied universally remain lacking. Therefore, the combination of the resilience
concept and the diagnosis of key areas of ecological restoration provides a new perspective
and method for addressing the ecological restoration of territorial space.

The Chengdu–Chongqing region is an area with a high level of industrialization and
urbanization in the upper reaches of the Yangtze River. However, the rapid economic devel-
opment of Chengdu–Chongqing has seriously damaged the ecological environment in this
region. Water pollution, air pollution, industrial pollution, and other issues have become
increasingly prominent. Compared with the urban agglomeration in the eastern region,
the ecological development of the Chengdu–Chongqing region is relatively slow, and the
development situation is unsatisfactory. The restricted degree of ecological environment
capacity is becoming a bottleneck for the Chengdu–Chongqing region to develop into an
important growth pole in western China [24,25]. As the core construction point of ecological
barriers in the upper reaches of the Yangtze River, the Chengdu–Chongqing region needs to
create a green and low-carbon development model while ensuring economic growth, and
it is necessary for the region to prioritize the restoration of the ecological environment to
promote the construction of ecological civilization, improve the territorial space planning
system, and form a pattern of harmonious coexistence between man and nature [26–28].
Therefore, this paper determined the restricted degree of urban ecological resilience by
studying the factors affecting urban ecological resilience and then identified and extracted
ecological sources, ecological resistance surfaces, and ecological corridors to construct an
ecological network and diagnose the key areas of ecological restoration. By exploring
the application value of ecosystem services and the systematic restoration of ecosystems,
this paper aimed to provide a theoretical reference for exploring the application value of
ecosystem services, ensuring systematic ecological restoration, formulating sustainable de-
velopment strategies for land space, and promoting the construction of regional ecological
restoration areas [29,30].

2. Materials and Methods
2.1. Study Area

The Chengdu–Chongqing region is located in the Sichuan Basin in the upper reaches of
the Yangtze River in western China, with a total area of 185,000 km2 (Figure 1). The region
is situated in the subtropical monsoon climate zone, with an average annual precipitation
of approximately 1000–1300 mm and an average annual temperature of 16–18 ◦C. Its forest
resources are abundant, and its vegetation types, which are mainly subtropical evergreen
broad-leaved forests, are diverse. The surface of the middle basin in the region is flat, and
the edge has mountains that undulate greatly. There are eight rivers, including the Qingyi
River, Jialin River, Fujiang River, and Minjiang River, in this area, and the water network is
complex. The Chengdu–Chongqing region has the most concentrated population density,
the strongest industrial strength, and the broadest market development in Southwest China.
It has a unique strategic position in the overall situation of national development. As the
green development demonstration area of the Yangtze River Economic Belt, it is necessary
to ensure ecological quality, optimize the spatial layout of land, and adhere to the principle
of ecological priority and green low carbon while constructing the important growth pole
of western development. Currently, in the Chengdu–Chongqing region, the ecological
service function is negatively influenced during the pursuit of economic development, and
soil erosion and other threats still need to be solved.
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Figure 1. Location of the study area.

2.2. Data Sources

The basic data used in this paper are as follows: (1) Chengdu–Chongqing digital
elevation model (DEM) data, with an accuracy of 30 m, which came from the geospa-
tial data cloud platform, through elevation data in ArcGIS software slope extraction
(https://www.gscloud.cn/, accessed on 2 November 2021); (2) the normalized differ-
ence vegetation index (NDVI) was derived from the global vegetation index change dataset
launched by NASA Land Data Center (https://lpdaac.usgs.gov/, accessed on 2 Novem-
ber 2021); (3) the annual rainfall, temperature changes, and road layout data came from
the National Earth System Science Data Center (http://www.geodata.cn/, accessed on
2 November 2021); (4) the soil type data were downloaded from the National Qinghai–
Tibet Plateau Science Data Center (http://data.tpdc.ac.cn/, accessed on 2 November 2021);
(5) the river data and the soil erosion data both came from the resource and environmental
science and data center (https://www.resdc.cn/, accessed on 2 November 2021); and
(6) the land use types in the Chengdu–Chongqing region were divided into eight categories:
cultivated land, forestland, grassland, shrub land, wetland, water area, bare land, and
construction land. The data were derived from the global geographic information public
product GlobeLand30 with a precision of 30 m (http://www.globallandcover.com/, ac-
cessed on 2 November 2021). (7) Nighttime light data were derived from the data platform
of the Earth Observation Group of the National Oceanic and Atmospheric Administration
of the United States, and irrelevant light sources and cloud cover interference factors were
removed (https://ngdc.noaa.gov/eog/viirs/, accessed on 2 November 2021). (8) Popula-
tion density data were retrieved from the global high-resolution population plan project,
and the accuracy was 30 m (https://www.worldpop.org, accessed on 2 November 2021).
All data were unified using a 250 m precision grid unit and CGCS2000 coordinate system
for subsequent calculation and processing.

2.3. Methods

The research methods consisted of three parts, namely the evaluation of the degree of
urban ecological resilience restriction, the construction of a regional ecological network,
and the identification of key ecological restoration areas in territorial space. The research
route is shown in Figure 2.

https://www.gscloud.cn/
https://lpdaac.usgs.gov/
http://www.geodata.cn/
http://data.tpdc.ac.cn/
https://www.resdc.cn/
http://www.globallandcover.com/
https://ngdc.noaa.gov/eog/viirs/
https://www.worldpop.org
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2.3.1. Evaluation of Urban Ecological Resilience Restricted Degree

Urban ecological resilience focuses on the ability of an urban ecosystem to cope with
external human disturbances and natural disasters [23,31]. The evaluation based on the
concept of resilience can diagnose regional ecosystems with disordered structures and
damaged functions in cities and provide a theoretical basis for ecological protection and
restoration [32,33]. From the perspective of measuring the limiting degree of external factors
on urban ecological resilience, this study determined the restricted level of urban ecological
resilience by studying the resistance factors that limited urban ecological resilience and
then realized diagnosing key areas of ecological restoration.

Based on the regional characteristics of the Chengdu–Chongqing region, the ecological
resilience constraint was divided into two dimensions: natural suppression force and
human disturbance force. Twelve influencing factors were selected from three aspects:
geological disasters, regional pressure, and road interference. The relative weights of differ-
ent influencing factors were determined by the analytic hierarchy process (AHP) method
based on the actual conditions of the ecological environment in the Chengdu–Chongqing
region (Table 1). The indicator system of the ecological resilience restricted degree was es-
tablished [34]. Eight factors, such as fractional vegetation cover, soil erosion, and slope, were
selected as evaluation indicators for the geological disaster layer to comprehensively charac-
terize the degree of natural process disturbance to the ecosystem in the Chengdu–Chongqing
region. Combined with the present situation of the Chengdu–Chongqing region, this pa-
per mainly considered two types of natural geological disasters, namely the disaster of
slope rock mass movement (collapse, landslide, debris flow) and soil and water loss. The
nighttime light index, population density, and land use type were selected as indicator
factors for the regional pressure layer to reflect population activity intensity, population
aggregation, and ecological suitability of land [35], further reflecting the level of human
interference with the environment visually. The construction of artificial roads could block
the migration of information flow, nutrient flow, and species flow in the ecosystem. At the
same time, human transportation activities in the road system easily destroy the normal
operation of adjacent ecosystems. Therefore, road interference was regarded as an indepen-
dent evaluation layer, and the distance from the comprehensive road network composed of
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national roads, provincial roads, highways, and railways was used as an indicator factor to
reflect the influence degree of urban natural ecosystems by road systems.

Table 1. Evaluation indicator system of the degree of urban ecological resilience restriction.

Rule Layer Indicator Layer Weight The Meaning of Rule Layer

Geological disasters

Fractional vegetation cover 0.06
Reflecting the density of vegetation biomass, the richer the regional
vegetation, the more obvious the slope protection effect, and the
lower the probability of disasters.

Distance from the river 0.01
Reflecting the possibility of erosion and erosion of riparian
ecosystems by river network systems, the closer to the river, the
more obvious the impact on the ecosystem.

Precipitation 0.02
Reflecting the total amount of rainfall in the region, the denser the
precipitation, the higher the probability of landslides and soil
erosion.

Soil type 0.01
Reflecting the characteristics of different soil types and determines
the degree of susceptibility to hydraulic erosion according to the
properties of the soil itself.

Elevation 0.01 Reflecting the vertical height and steepness of the surface elements,
they jointly determine the possibility of disasters, such as ecosystem
collapse, landslides, and mudslides.Slope 0.03

Temperature 0.02
Reflecting the average annual temperature in the region, the higher
the temperature, the greater the amount of evaporation of surface
runoff and the lower the degree of hydraulic erosion.

Soil erosion 0.08 Reflecting the erosion of the soil, the higher the degree of erosion,
the more likely geological disasters are to occur, such as soil erosion.

Regional pressure

Nighttime light index 0.08 Reflecting the intensity of human activities, the more frequent the
human activities, the greater the pressure on regional ecosystems.

Population density 0.17
Reflecting population aggregation, the larger the regional
population, the larger the amount of natural resources required and
the greater the pressure on regional ecosystems.

Land use type 0.37
Reflecting the intensity and utilization of land use, land with high
utilization rate has a strong impact on the surrounding
natural ecosystems.

Road interference Distance from the road 0.14
Reflecting the diffusion influence range of road system, the closer
the ecosystem is to the road, the flow of ecological elements is more
easily limited.

The selected indicators were different in nature and dimension, so they could not
be directly used for the evaluation of the restricted degree of urban ecological resilience.
Consequently, the “Max-Min” standardized method was adopted for the unified treatment
of all the participating indicators [36]. The influences of the 12 selected evaluation factors
on resilience were compared, and they were divided into positive and negative indica-
tors. With an increase in value, the positive indicator becomes increasingly restrictive to
resilience, while the reverse indicator becomes less restrictive to resilience. Qualitative
indicators in the evaluation system need to be quantified. Referring to the relevant re-
search results [37,38], the quantitative assignment of the indicator factors was carried out
according to the grade assignment method (Table 2).

Table 2. Quantitative processing of restrictive indicators of urban ecological resilience.

Standard Score 2 4 6 8 10

Soil type Black clay (Subalpine
meadow soil) Purple soil Red soil, lateritic soil,

southern paddy soil
Yellow soil, brown soil,

yellow brown soil Calcareous soil

Soil erosion Mild Moderate Strong Stronger Severe

Land use type Forestland Wetland,
water area Grassland, shrub land Cultivated land Bare land and other unused

land, construction land
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2.3.2. Ecological Network Construction

Ecological Source Identification
Ecological sources are the gathering habitat, survival, and reproduction sites of re-

gional species as well as key migration stopover sites, which function as the basis for
the construction of ecological security patterns [30]. Ecosystem services refer to the valu-
able products and services brought about by ecosystems that humans obtain directly or
indirectly, and they are needed to maintain human survival and development [39–42].

This paper mainly identified ecological sources based on the importance of ecosystem
services [43]. The assessment of ecosystem service importance was based on the ecological
environmental status of a certain area, and the spatial geographical laws of ecosystem
services were analyzed [23,44]. The following six indicators were selected for the assessment
of ecosystem service importance (Table 3). First, the selection of food supply indicators
characterized the supply service [45]. It is a significant service in the agroecosystem and
plays a vital role in the survival of human beings and the development of the region.
Second, indicators characterizing adjusting services included water conservation [46], soil
conservation [47], carbon fixation [48], and habitat quality [49]. Water conservation reflects
the ability of ecosystem water storage and the mitigation of surface runoff; soil state stability
plays a fundamental role in maintaining ecosystem stability, and soil conservation can
effectively reflect an ecosystem’s ability to prevent soil erosion, prevent mud, and store
sand; carbon fixation reflects the carbon absorption and storage capacity of ecosystems,
which is of great significance to the balance of carbon cycle; and habitat quality reflects the
ability of organisms to survive and develop in ecosystems and is of great significance to
the construction of regional ecological security patterns. In addition, landscape value was
selected as an indicator of the cultural service sector [50] and reflected the ability of the
ecosystem to provide cultural services, such as tourism, entertainment, and leisure.

Table 3. Assessment indicators of ecosystem service importance.

Indicator Formula and Interpretation

Food
supply

Foodsupplyxj =

(
NDVImx

NDVIsumj

)
× Foodsupplyj

Foodsupplyxj represents the grain supply service of the x raster in j county, NDVImx represents the NDVI maximum value of the
raster throughout the year, NDVIsum_j represents the sum of the annual maximum NDVI value in the j county of the arable land
layer, and Foodsupplyj represents the annual grain production of the j county

Water
conservation

TQ = ∑n
k=1(Pk − Rk − ETk)× Ak × 103

TQ is the total water conservation (m3), Pk is the rainfall (mm), Rk is the surface runoff (mm), ETk is the evapotranspiration (mm),
Ak is the k ecosystem area (km2), k is the k ecosystem type in the study area, and n is the number of ecosystem types in the study
area.

Soil
conservation

SC = R × K × LS − R × K × LS × C × P
SC is the soil retention, R is the precipitation erosion coefficient, K is the soil erosion coefficient, L and S are the slope length and
slope coefficients, respectively, and C is the vegetation cover coefficient. The value is calculated according to the vegetation
coverage; P is the soil and water conservation coefficient.

Carbon
fixation

Cxi = Csoili + Cabovei + Cbelowi + Cdeadi
Cxi is the annual carbon sequestration of the x grid of the i land use type, Csoili is the soil organic carbon storage, Cabovei is the
aboveground biological carbon storage, Cbelowi is the underground biological carbon storage, and Cdeadi is the dead organic carbon
storage.

Habitat
quality

Dxi = ∑r
1 ∑

y
1(wr/ ∑n

r=1 wr)× ry × brxy × βx × Sir
Mxi = Hxi ×

[(
1 − Dz

xi/Dz
xi + k2)]

Mxi is the habitat quality of the x grid of the i land use type, and its value range is 0–1. If the value is larger, the habitat quality is
better. Dxi is the degree of habitat degradation; Hxi is the habitat adaptability; k is a semisaturation constant; r is the habitat threat
factor; wr is the weight of the threat factor; ry is the intensity of the threat factor; βx is the habitat anti-interference level; Sir is the
relative sensitivity of different habitats to different threat factors; and brxy is the extent to which the x grid is affected by the threat
factor r in the y grid.

Landscape
value

Reference to previous studies, the tourism and leisure value of the unit area of 8 types of land use, such as forestland, grassland,
cultivated land, water area, bare land, shrubland, wetland, and construction land, respectively, was CNY 1940/hm2, 60/hm2, CNY
20/hm2, CNY 6580/hm2, CNY 0/hm2, CNY 1940/hm2, CNY 6580/hm2, and CNY 0/hm2, respectively, and these values were
used to evaluate landscape value services.
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Through the equal weight comprehensive evaluation and analysis of the indicators
used to determine the importance of ecosystem services, the top 10% of the value of
ecosystem services was identified as the ecological source, and the areas with important
ecological value should be protected.

Ecological Resistance Surface Construction
The resistance surface refers to the obstacles encountered by ecological elements in

the process of flowing between different landscape units. It is a benchmark for calculating
the diffusion path and extracting ecological corridors when ecological elements overcome
resistance [51,52]. The natural ecosystem in urban agglomerations has been transformed
into an ecosystem featuring man and nature coexistence. Highly uncertain natural disasters
and intensive human activities have become the major driving forces for the evolution of
the national territory [53]. Therefore, in the process of material conversion and energy flow,
natural and human activities constantly disturb ecological factors, dramatically changing
the ecological structure and process. The evaluation of the ecological resilience restricted
degree could intuitively express the disturbance of external factors on ecosystems, and
the penetration ability of ecological elements in high restriction zones would be seriously
hindered. According to the negative correlation between the restricted degree of ecological
resilience and the permeability of landscape ecological flow [8], the resistance surface was
constructed based on the evaluation of the urban ecological resilience restricted degree.

Ecological Corridor Extraction
Ecological corridors are the spatial types of landscape ecosystems that effectively

connect matter and energy in the study area, and they are also structural elements that
improve landscape connectivity in the process of ecological restoration [39]. In this paper,
the minimum cumulative resistance model (MCR) was used to calculate the lowest cost
path (LCP) between the sources in the study area; that is, when the landscape ecological
flows expanded outward through different landscape bases, the path with the lowest cost
was extracted [54–56]. The formula is as follows:

MCR = f min
i=m

∑
j=n

(
Dij × Ri

)
(1)

where f represents the positive correlation between the minimum cumulative resistance
and the ecological process; Dij represents the distance from the ecological source to the
spatial unit; and Ri represents the drag coefficient value for species movement as the
landscape ecological flows in the spatial units expand outward.

2.3.3. Identification of Key Ecological Restoration Areas in Territorial Space

A complete and stable ecological network is of great significance to maintaining
the integrity of an ecosystem and its processes as well as ensuring regional ecological
security. Areas in an ecological network that are subject to a high degree of negative
disturbance are at great risk of having their functions and structures damaged, which
will lead to a significant reduction in the overall function of the ecosystem. Therefore,
such vulnerable areas were diagnosed as key areas of ecological restoration in the national
territorial space [57].

Identification of Key Areas of Ecological Source Restoration
The extracted ecological sources in the study area and the evaluation results of the

restricted degree of urban ecological resilience were subjected to a spatial overlay analysis
of various elements [58]. The areas with a high restricted degree of urban ecological
resilience in their ecological sources are prone to environmental degradation, which is
likely to negatively influence the ecological function of the area. Thus, they were diagnosed
as key areas of ecological source restoration.

Identification of Key Areas of Ecological Corridor Restoration
Ecological corridors have many functions, such as connecting broken habitats and pro-

tecting biodiversity. There are obstacle areas in the potential ecological corridors between
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the sources, which are defined as important areas with landscape features that hinder the
movement of habitats. Removing such obstacle areas will enhance the connectivity of
potential ecological corridors between sources [51,59]. Based on the ecological resistance
surface under the guidance of resilience, this study identified the obstacle areas by the Bar-
rier Mapper of Linkage Mapper toolbox [60]. After several comparative analyses, the best
recognition effect was achieved when the search radius of the moving window was set to
250 m, which was consistent with the spatial resolution of the resistance surface. Referring
to the existing research about verifying the rationality of the search radius [61], although
the area of the high-value area of unit restoration connectivity increased with increasing
radius, the core position remained unchanged. There was no significant difference between
the key areas of ecological corridor restoration obtained when the radius was 100 m and
the radius gradient increased.

Identification of Key Areas of Ecological Pinch Point Restoration
McRae et al. [62] applied electric circuit knowledge in physics to ecosystem evaluation

systems, and a circuit theory based on exploring the ecological process of biological flow
in landscape patterns and quantitatively evaluating the connectivity between ecological
habitats was formed [63]. Due to the large resistance in the surrounding areas of some
corridors, organisms cannot pass through high-resistance areas, so the corridors become
relatively compressed, eventually forming ecological pinch points [64]. Simulating the
flow of ecological elements based on circuit theory can obtain the high-intensity area of
landscape ecological flow in the study area and be used to identify an ecological pinch
point [64–67]. Ecological pinch points have a greater risk of ecological degradation and are
endowed with higher landscape connectivity functions [63]. The destruction of ecological
pinch points will lead to a fracture in ecological connectivity, a decline in ecosystem stability,
and a decrease in resilience [68]. Research, with the aid of the Pinchpoint Mapper of the
Linkage Mapper toolbox [69], selected the “all to one” mode iterative operation to simulate
the abstract circuit of the ecological network, obtain the current intensity of each potential
corridor, and identify the ecological pinch points. Moreover, the overlay analysis of the
restricted areas of resilience and the ecological pinch points was carried out to identify the
comprehensive influence degree of each restrictive factor of ecological resilience on each
ecological pinch point, and then they were reclassified according to the restricted level, and
the ecological pinch points with high interference intensity were taken as the key areas of
ecological restoration.

3. Results
3.1. Analysis of Urban Ecological Resilience Restricted Degree

Based on the evaluation indicators of the degree of ecological resilience restriction,
natural suppression and human disturbance were evaluated (Figure 3). The ecological
resilience restricted level of the study area was obtained, and it ranged from 0 to 10, where 0
represented complete primitiveness and 10 represented the maximum ecological constraint.
The study area was divided into low restriction zones (0–2), moderate low restriction zones
(2–4), moderate high restriction zones (4–6), and high restriction zones (6–10) according to
the restricted degree of ecological resilience. Each category had an area of 49,757.49 km2,
26,813.78 km2, 102,011.88 km2, and 6416.85 km2, accounting for 26.9%, 14.49%, 55.14%, and
3.47% of the study area, respectively. The total area of the medium high restriction zones
and high restriction zones accounted for more than 50% of the research area. This result
indicates that natural pressure and human activities in the study area had a large intensity
and wide range of restriction on ecological resilience.
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Figure 3. The evaluation pattern of the degree of urban ecological resilience restriction.

The high restriction zones were mainly distributed in the metropolitan areas of
Chengdu and Chongqing and the central urban areas of the surrounding counties, and a
few high restriction zones were distributed along the main traffic roads. The moderate high
restriction zones were most widely distributed in the central part, followed by the western
part, and relatively few were distributed in the east, radiating from the two central cities to
the periphery. Compared with the moderate high restriction zones, the moderate low re-
striction zones were mainly distributed in the hilly areas with moderate slopes, which were
crowded with human activities, while the low restriction zones were mainly concentrated
in the high–hilly areas at the edge of the study area, such as Shimian County, Marian Yi
Autonomous County, Lushan County, and Dayi County. Overall, the restricted degree of
ecological resilience gradually decreased from Chengdu and Chongqing to the surrounding
cities, the restricted degree of ecological resilience in the west was lower than that in the
east, and the restricted degree of ecological resilience in the south was not significantly
different from that in the north.

3.2. Ecological Network Construction
3.2.1. Ecological Sources

Assessment of Ecosystem Service Importance
According to the established indicators and methods of ecosystem service importance

in six categories, the following evaluation results were obtained (Figure 4). In terms of food
supply (Figure 4a), there were many moderate high value areas in the study area, which
are mainly distributed in the middle of the study area. Low value areas were few, mainly
in the western region, and there was a small amount of distribution in the eastern region.
In regard to water conservation (Figure 4b), there were many low value areas in the study
area, mainly concentrated in the middle of the study area, and moderate high value and
high value areas were mostly distributed in the eastern and western areas of the study
area. For carbon fixation (Figure 4c), low value areas were larger and were distributed
around the middle, east, and north of the study area, and high value and moderate high
value areas were mainly concentrated in the western region with a small distribution area.
In terms of soil conservation (Figure 4e), there were many low value areas in the study
area, with a wide distribution range, and a small number of high value and moderate high
value areas were distributed at the edge of the western and eastern regions. In terms of
habitat quality (Figure 4d) and landscape value (Figure 4f), low value areas were mainly
concentrated in the middle of the study area, with a wide distribution range, and high
value and moderate high value areas were scattered at the edges of the study area, of which
some were interspersed in the middle area of the study area.
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Ecological Source Extraction
According to the assessment results of ecosystem service importance, 17 ecological

sources with a total area of 43,711.78 km2 were selected, accounting for 23.63% of the total
area of the Chengdu–Chongqing region. From the perspective of spatial distribution, the
sources were mainly located in the eastern and western areas of the study area and covered
the largest area. The southern area covered a small area, and the northern and central
parts of the study area had the smallest coverage areas, as shown in Figure 5. From the
county distribution, the distribution of ecological sources was the most concentrated in
Jinkouhe District, Yingjing County, Ebian Yi Autonomous County, and a few nearby areas,
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with a total area of 10,870.92 km2, accounting for 24.87% of the total area of ecological
sources, followed by Xuanhan County, Chongqing, with an area of 5376.94 km2, accounting
for 12.30% of the total area of ecological sources. Chengdu Longquanyi District had the
smallest ecological sources, with an area of 149.47 km2, accounting for only 0.34% of the
total ecological sources. The specific distributions are shown in Table 4.
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Table 4. Statistics on ecological sources in the study area.

The Name of the District and County Quantity
(pcs) Quantity Share (%) Area

(km2)
Area Percentage

(%)

Jinkouhe District, Xingjing County, etc. 2 11.77 12,718.41 29.10
Xuanhan County, Kai County, Wanzhou

District, etc. 6 35.29 18,313.48 41.89

Longquanyi District 1 5.88 149.47 0.34
Jiangyou City 1 5.88 430.92 0.99

Rong County, Weiyuan County 1 5.88 604.66 1.38
Dayi County, Dujiangyan, etc. 2 11.77 3872.19 8.86

Hejiang County, Gao County, etc. 4 23.53 7622. 65 17.44
Total 17 100 43,711.78 100

3.2.2. Ecological Corridors

The Linkage Mapper module in Circuitscape was used to identify the LCP between
ecological sources, and 33 potential corridors between sources were extracted for a total
path length of 2365.81 km (Figure 6). The spatial distribution of ecological corridors
formed a typical core–edge structure under the joint action of various factors, such as the
distribution of ecological sources and the spatial attributes of urban agglomerations. There
were relatively few and sparse corridors in the northern center of urban agglomerations,
and they had a long length and a high path cost. Conversely, there were relatively more
and denser corridors in the southwestern and southeastern edges of urban agglomerations,
and they had a short length and a low path cost. Through the extraction of ecological
sources and ecological corridors, the ecological network of the Chengdu–Chongqing region
was formed.
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3.3. Diagnosis of Key Ecological Restoration Areas in Territorial Space
3.3.1. Diagnosis of Key Areas of Ecological Source Restoration

The ecological sources are the gathering habitat, survival, and reproduction sites of
regional species and key migration stopover sites; thus, these areas provide the foundation
of ecological network construction and have important ecological functions. According
to the abovementioned identification method, the key areas of ecological restoration were
identified and are shown in Figure 7; these sites included high interference areas, medium
high interference areas, medium low interference areas, and low interference areas, ac-
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counting for 3.09%, 14.74%, 10.22%, and 71.95% of the total ecological source, respectively.
The degree of disturbance in the key areas of ecological source restoration in the east was
significantly higher than that in the west and south.
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The high interference areas were diagnosed as the key areas of the first-level ecological
source restoration, covering 1350.69 km2. These areas were mainly found in the eastern
ecological sources, and most of the areas were distributed along the edge of the ecological
sources and their surrounding parts, with a small share scattered in the center of the source,
such as in Shapingba District, Qianjiang District, and Tongchuan District. The medium high
interference areas were diagnosed as the key areas of the second-level ecological source
restoration, covering 6443.12 km2. These areas were mainly concentrated in the ecological
sources in the eastern part of the study area, with less distribution in the southeastern
region and the lowest distribution in the western region; furthermore, most sites were
scattered in the ecological sources, which aggravated the fragmentation of habitat patches,
such as in Xuanhan County, Wanzhou District, and Rong County (Table 5). The key areas
of ecological source restoration were basically distributed in the main urban areas of each
district and county, which were particularly disturbed by human activities. Overall, the
disturbance degree of ecological sources in the study area was relatively low.

Table 5. Statistics on key areas of ecological source restoration in the study area.

Level of Interference Coverage Districts and Counties Area
(km2)

Area Percentage
(%)

High
interference zone

Shapingba District, Qianjiang District, Yuzhong
District, Longquanyi District, etc. 1350.69 3.09

Medium high
interference zone

Xuanhan County, Wanzhou District, Qianjiang
District, Qu County, Jiangjin District, etc. 6443.12 14.74

Total 7793.81 17.83

3.3.2. Diagnosis of Key Areas of Ecological Corridor Restoration

In this study, the recovery connectivity value of the ecological corridor unit distance
was detected, and the high value areas were diagnosed as the key areas of ecological
corridor restoration (Figure 8), with a length of 380.39 km, accounting for 16% of the total
corridor length. On the whole, according to the difference in natural terrain characteristics
in the Chengdu–Chongqing region, the key areas of ecological corridor restoration could be
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roughly divided into two categories: one was concentrated in the central urban construction
area with Chengdu as the core. Because the Chengdu Plain was flat and would not seriously
split the habitat, the restrictive factors of resilience in this area were mainly dominated
by the intensity of human activities. The other was distributed in the eastern edge area
in a scattered way. Because the terrain in the eastern hilly area was undulating and the
habitat was split, the restrictive factors of resilience in this area were mainly dominated by
natural landforms and human activities. The details for each administrative unit key area
of ecological corridor restoration are shown in Table 6.
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Table 6. Statistics on key areas of ecological corridor restoration in the study area.

Administrative Units Key Area Length
(km) Length Percentage (%) Barrier Areas Identify Land Use Types

Jiangyou 7.56 1.99 Farmland, woodland
Ann 22.44 5.90 Farmland, town land, waters, woodland

Fucheng 14.82 3.90 Farmland, grassland, town land
Luojiang 34.43 9.05 Farmland, waters
Jingyang 9.71 2.55 Farmland, waters

Zhongjiang 16.71 4.39 Farmland, woodland, grassland
Shifang 8.65 2.27 Farmland, waters

Guanghan 24.62 6.47 Grassland, waters, wetland
Jintang 28.14 7.40 Farmland, waters

Jianyang 7.41 1.95 Farmland, town land, waters
Shuangliu 62.17 16.34 Farmland, town land, grassland

Chongzhou 16.23 4.27 Farmland, town land. waters
Qingshen 4.53 1.19 Farmland, town land
Zizhong 23.78 6.25 Farmland, woodland

Rong 11.45 3.01 Farmland
Qianwei 9.05 2.38 Farmland, waters
Shizhong 7.12 1.87 Farmland, grassland, town land
Dongxing 18.12 4.76 Farmland, town land

Longchang 9.16 2.41 Farmland
Rongchang 4.39 1.15 Farmland, grassland

Dazu 4.06 1.07 Farmland, town land
Nagakawa 4.26 1.12 Farmland

Minamikawa 8.74 2.30 Farmland, grassland, town land
Yubei 5.03 1.32 Farmland, woodland

Longevity 9.15 2.41 Farmland, waters
Zhong 3.45 0.91 Farmland, town land

Kaijiang 5.21 1.37 Farmland

3.3.3. Diagnosis of Key Areas of Ecological Pinch Point Restoration

As high-density areas for the flow of ecological elements, ecological pinch points are
the cornerstone of ecosystem stability, bear the high risk of ecological degradation and
destruction, and are extremely irreplaceable. Through circuit theory, all the ecological
pinch points in the Chengdu–Chongqing region were selected, and their total area was
626.88 km2. After superimposing the high restriction zones of ecological resilience, the key
areas of ecological pinch point restoration were confirmed. The results showed that there
were 29 key areas of ecological pinch point restoration in the study area (Figure 9), mainly
distributed in greenway corridors, river corridors, and artificial road corridors, of which
twenty-four were located in greenway corridors, three in river corridors, and two in road
corridors. The key areas of ecological pinch point restoration in the Chengdu–Chongqing
region were spatially distributed as “less in the middle and more around”. In terms of
water systems, there were three near the Tuojiang River system, two near the Minjiang
River system, and two near the Yangtze River basin. In terms of mountain systems, there
were two near the Longmen Mountain system, three near the Longquan Mountain system,
three near the Dalou Mountain area, three near the Huaying Mountain system, and four
near the Daba Mountain system. The specific results are shown in Table 7.

Combined with the restrictive factors of ecological resilience, seven key restoration
areas restricted by natural conditions were obtained. Among them, two key areas were
located in Lushan County and Rong County, which were prone to geological hazards. One
key area, due to the extremely steep terrain compared to other pinch points, was more
likely to be degraded, as was diagnosed with the key restoration area. The rest of the
four key areas were mainly affected by river factors. For example, Fuling District, Hejiang
County, and Kaijiang County each had one key area formed by the obstruction of the flow
of ecological elements caused by rivers crossing ecological pinch points, and Qingshen
County included one key area that was vulnerable to the erosion and destruction of
surrounding rivers. There were 24 key areas of ecological pinch point restoration disturbed
by human factors in the Chengdu–Chongqing region. Compared with the limitation of
natural conditions, the interference of human factors on key areas was more obvious,
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among which the interference of urban traffic was the most significant. This was because
traffic could not only directly cut off the horizontal process of landscape ecological flow
but also increase the scope of human interference as artificial corridors, which could easily
destroy the integrity and stability of ecological elements. A total of 23 key areas in the
study area were directly or indirectly affected by traffic. For example, four key areas in
Zitong County were all disturbed by urban traffic. At the same time, the obstruction of
urban architecture and the interference of agricultural production were also important
reasons for the formation of key areas of ecological pinch point restoration. These key areas
were mainly distributed in the central construction areas of the city, such as Guanghan
City, Jintang County, and Zhongxian County. In addition, there were two key areas in the
study area affected by both natural and human factors, which were located in Kaijiang
County and Qingshen County. In conclusion, the spatial differentiation of restrictive factors
affected the spatial distribution pattern of the key areas of ecological pinch point restoration
in the Chengdu–Chongqing region.

Table 7. Statistics on key areas of ecological pinch point restoration in the study area.

Administrative
Units

Quantity Percentage
(%)

Quantity
(pcs) Location The Type of

Corridor
Influencing

Factors

Lushan 3.45 1 East side of the Longmen Mountains Greenway Geological hazards
Rong 3.45 1 Ziwei anticlines the southwestern section Greenway Geological hazards

Wanzhou 3.45 1 Low-lying land between the Daba Mountains Greenway Steep terrain
Chongzhou 3.45 1 The west section of the Min River tributary River Urban traffic

Dachuan 3.45 1 The western gentle slope of the terraced hilly
area and the northern terrace low-lying lowland Greenway Urban traffic

Jiangyou 3.45 1 Longquan Mountain Range in
the southwest of Jiangyou city Greenway Urban traffic

Jianyang 3.45 1 On the west side of the Longquan Mountains,
on the north side of Sancha Lake Greenway Urban traffic

Qu 3.45 1 Gentle slopes on the west side of the
Ba River are terrace-like hills Greenway Urban traffic

Shehong 3.45 1 Transition zone between low hills and hills in
the west Greenway Agricultural

production

Hejiang 10.34
1 Northwest of the central branch of the Dalou

Mountains
Greenway River obstruction

2 Urban traffic

Jintang 6.90 2
The Tuojiang River system stretches

on both sides of the river River Urban architecture

Longquan Mountains Greenway Urban traffic

Jiangjin 6.90 2
Southern part of the Middle Liang Mountains Greenway Urban trafficLowland between the southern part of causeway
Mountain and the southern hills of the region

Fuling 3.45 1 The area is southeast of the Wujiang River basin
to the west

Greenway River obstruction
3.45 1 Urban traffic

Guanghan 3.45 1 On both sides of the Duck River section
of the Tuojiang River system

Artificial
road

Urban architecture,
urban traffic

Zhong 6.90 2 On both sides of the Yangtze River Greenway Urban architecture,
urban traffic

Shifang 3.45 1 On both sides of the Duck River
section of the Tuojiang River system River

Urban traffic,
agricultural
production

Yongchuan 3.45 1 The intersection of the Nine
Peaks Mountains and G8515

Artificial
road

Urban traffic,
agricultural
production

Zitong 13.79 4 On the east side of the Tong River, Yangzi
quasi-platform Greenway

Urban traffic,
agricultural
production

Kaijiang 3.45 1 North side of the Daba Mountains Greenway River obstruction,
urban traffic

Qingshen 3.45 1 Between the Min River and its tributary, the
Jinniu River Greenway Fluvial erosion,

urban traffic
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4. Conclusions and Implications for Policy
4.1. Conclusions

In this study, from the perspective of urban ecological resilience, the ecological sources
of the Chengdu–Chongqing region were identified, and the potential ecological corridors
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were extracted by the MCR model. The ecological pinch points were identified with circuit
theory. On this basis, the ecological network was constructed, and the Linkage Mapper
toolbox and 3S spatial analysis were introduced to quantitatively identify the key areas of
ecological restoration. Finally, corresponding measures were proposed that could weaken
or eliminate the negative impacts. The conclusions of the study are as follows:

(1) Through comprehensive evaluation from the three levels of geological disasters, re-
gional pressure, and road interference, the areas of the low restriction zones, moderate
low restriction zones, moderate high restriction zones, and high restriction zones in
the Chengdu–Chongqing region were 49,757.49 km2, 26,813.78 km2, 102,011.9 km2,
and 6416.85 km2, respectively. The ecological resilience of the Chengdu–Chongqing
region was restricted mainly by the undulating terrain, population density, land use,
and road factors. Due to the significant differences in typical landforms and develop-
ment levels across the study area, there was an obvious core–periphery structure in the
restricted degree of ecological resilience. Chengdu and Chongqing are two regional
core cities with large population densities and high land development levels, so the
restrictive effect of ecological resilience on Chengdu and Chongqing was stronger
than that on other cities. Therefore, alleviating regional pressure was a problem that
needed to be solved in the Chengdu–Chongqing region agglomeration.

(2) The ecological network was constructed based on the evaluation of resilience restric-
tion degree, which included 17 ecological sources and 33 potential ecological corridors,
with a source area of 43,711.78 km2 and corridor length of 2365.811 km. The source
area in the study area was the largest in the east and west, mostly located in the low
hills with better vegetation coverage. The spatial distribution of ecological corridors
was characterized by “long in the west, short in the east, dense in the west, and sparse
in the east”. The western ecological corridors in the Chengdu–Chongqing region were
more continuous and denser than those in the eastern region.

(3) The key areas of ecological restoration in the Chengdu–Chongqing region included
the key areas of ecological source restoration, ecological corridor restoration, and
ecological pinch point restoration. The key restoration area of the ecological sources
was 7793.81 km2, which showed obvious spatial differentiation due to the influence
of regional pressure. The key areas of ecological restoration were mainly distributed
in the eastern part of the Chengdu–Chongqing region agglomeration, accounting
for 17.93% of the total study area. The length of the key areas of ecological corridor
restoration was 380.39 km. These key restoration areas were discretely distributed
in the high topographic relief area and Chengdu Plain area, and their diagnoses
were based primarily on topography and human activity intensity. In the Chengdu–
Chongqing area, there were 29 key areas of ecological pinch point restoration, of
which the number of key areas that needed to be repaired due to traffic interference
was the largest, with a total of 16. The diagnosis of key restoration areas in the
Chengdu–Chongqing region was composed of the multiscale spatial morphology of
the surface–line–point. According to the spatial distribution characteristics of key
ecological restoration areas with different morphologies, targeted repair strategies at
the “surface–line–point” level were proposed.

4.2. Policy Implications
4.2.1. Restoration Strategy of Ecological Sources at the Surface Scale

Excessive exploitation should be severely restricted in the ecological sources, and
the main measures include sealing mountains for afforestation in natural forest areas of
abandoned mines, implementing afforestation on wastelands, and moderately exploiting
some of the wasteland that is suitable for agricultural and tourism purposes. Additionally,
water conservation and biodiversity conservation work should be carried out to protect
and restore wildlife habitats, enhance regional ecological conservation capacity, and com-
prehensively improve ecological service functions. We will comprehensively control the
rocky desertification of karst areas in the upper and middle reaches of the Yangtze River. By



Land 2023, 12, 973 20 of 24

increasing the coverage of forest and grassland vegetation, the ecological situation in areas
severely affected by rocky desertification can be comprehensively improved. In addition,
we can enhance the stability of mountain systems and curb regional soil erosion. Further-
more, the key restoration areas are mostly distributed in the marginal sources far from the
core space, such as Wanzhou District, Qianjiang District, and Tongchuan District, and the
importance of the management and control of these marginal areas should be emphasized.

4.2.2. Restoration Strategy of Ecological Corridors at the Linear Scale

Relying on mountains, water systems, farmland shelterbelts, and road corridor sys-
tems, we can construct ecological belts around the city and maintain ecological space with
connectivity, such as green wedges, to prevent overexploitation of land space and over-
continuity of urban space, eventually achieving a good status of urban development. The
ecological network can be improved with the mainstream of the middle and upper reaches
of the Yangtze River as the main vein and other main tributaries, lakes, reservoirs, and
wetlands as the support. At the same time, to improve the ecological stability, landscape
characteristics, and functional perfection of the watershed, it is necessary to implement
countermeasures according to local conditions and form a protection and restoration system
of the whole basin, integrating water conservation in the upper reaches, water and soil
conservation in the middle reaches, and wetland protection in the lower reaches. Attention
was provided to the construction of the northwest corridor group in the study area (namely
the construction of the Chengdu Plain corridor concentration area with Chengdu as the
core) and the centralized optimization of the eastern corridor group construction (namely
the optimization of the special corridor area in the hilly area with Chongqing as the core).

4.2.3. Restoration Strategy of Ecological Pinch Points at the Point Scale

River obstruction, urban traffic, urban architecture, and other factors were the main
reasons explaining the emergence of the key areas of ecological pinch point restoration.
Exceeding the tolerance range of urban ecological resilience to external disturbances will
reduce or interrupt some landscape ecological flows, and landscape connectivity will
be forced to decrease. The key areas of ecological pinch point restoration were large
in number and wide in area; thus, it is urgent to coordinate nature conservation and
economic construction. For the key restoration areas where natural conditions are not
suitable, artificial measures should be applied to enhance landscape connectivity, such as
building protection works to resist mountain disasters or digging mountains and building
bridges to build ecological greenways. For those areas disturbed by human factors, in
addition to building ecological projects, we should also optimize the layout of the city,
control the rate of urban expansion, return farmland to forest, build green isolation belts,
and separate animal migration pathways and artificial roads to ensure the stable flow of
ecological factors.

4.3. Limitations and Prospects

Under the guidance of the basic principles of “carrying out overall protection, imple-
menting divisional restoration, and adhering to comprehensive governance”, this paper
introduced the evaluation of urban ecological resilience restricted degree, diagnosed the
key ecological restoration areas in territorial space from a macro-comprehensive perspec-
tive, and took targeted measures to effectively eliminate or weaken the pressure of natural
disasters and human interference on the ecological network and improve the structural
connectivity and functional integrity of the ecological system, which was of great signif-
icance for coordinating the man–land relationship and ensuring the ecological security
and sustainable development of territorial space. Connecting the process and pattern of
ecological elements based on the concept of resilience restriction could more intuitively
reflect the negative impact of external multisource factors on the urban natural ecosystem.
At the same time, it could better reflect the diversity and complexity of the ecosystem itself
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by exploring the impact of resistance factors with resilience restriction characteristics on
the pattern of ecological network security.

However, there were still some shortcomings in the study: in the process of carrying
out the assessment of ecosystem service importance, the difference in human society’s
demand for ecosystem services was not considered, and the importance of different ecosys-
tem services for ecological source selection requires further research. For the evaluation
method of ecological resilience restricted degree, it was still necessary to study the ecolog-
ical significance and quantitative methods of evaluation factors; the regional ecological
environment was continuous and dynamic, and the spatial elements under the guidance
of resilience would change to a certain extent with the development of the regional social
economy and the trajectory of human activities, which would cause deviations in future
strategies, so how to maintain the dynamic capture of ecological restoration strategy is
worthy of future research.
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