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Abstract: The rapid economic development in the Chengdu–Chongqing Economic Circle (CCEC) 
has exerted significant pressure on the ecological environment of the Sichuan–Chongqing Region 
in China. Balancing ecological protection and economic development has become an imperative 
challenge that needs to be addressed. In this study, we employed land use/cover data and environ-
mental threat factors to construct Ecological Security Patterns (ESPs) for the CCEC using the InVEST 
model and Circuit Theory. The research findings revealed the following key outcomes: (1) The total 
area of suitable habitat in the CCEC was 208,728.3 km2, accounting for 87.14% of the study area. 
Habitat quality exhibited regional variations, with higher quality habitats predominantly found in 
the western and northeastern parts, and lower quality habitats in the central region. (2) The CCEC 
consisted of areas with low, medium, high, and optimal habitat quality, spanning 140,912.18 km2, 
15,341.89 km2, 15,578.38 km2, and 36,895.85 km2, respectively. These areas accounted for 58.83%, 
6.40%, 6.50%, and 15.40% of the study area, respectively. (3) The ESPs in the CCEC encompassed 22 
ecological nodes, 36 clusters of ecological corridors, and 136 ecological sources. Ecological corridors 
served as radial connections, linking each ecological node and ecological source along mountain 
ranges, forested areas, river networks, and valleys. (4) The core ecological regions forming the ESPs 
of the CCEC included the Qionglai–Minshan–Longquan Mountains in the west, Tiefeng–Fangdou–
Qiyue–Wushan Mountains in the east and northeast, and Dalou Mountain in the southeast. These 
regional-scale findings provide valuable insights for policymakers to implement targeted measures 
for ecological protection and promote green development. They offer objective guidance and con-
straints for managing urban expansion and anthropogenic activities, ultimately enhancing the eco-
logical security level of the CCEC. 
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1. Introduction 
Urbanization plays a pivotal role in fostering rapid economic and social progress 

while enhancing the overall well-being of individuals [1,2]. Nevertheless, rapid develop-
ment and the unsustainable exploitation of land resources may result in detrimental ef-
fects on ecosystems [3,4]. Such adverse consequences encompass the deterioration of wa-
ter and soil conservation, the loss of biodiversity, human–wildlife conflicts, and the dis-
ruption of climate regulation, thereby posing a significant threat to the regional ecosystem 
[5,6]. To safeguard and preserve the stability and functionality of ecosystems, it is imper-
ative to conduct thorough research on the interactions among various ecological and en-
vironmental elements. This research plays a significant role in devising more efficient 
strategies for conservation and sustainable development. Understanding the intricate in-
terplay between landscape structure, ecological processes, landscape functions, and the 
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ecological security pattern has emerged as a pivotal undertaking demanding immediate 
attention [7,8]. This endeavor is essential to ensure the continued provision of invaluable 
services and resources from Earth’s ecosystems for both humans and other organisms [9]. 
As a pressing concern, the establishment of ecological security patterns (ESPs) has 
emerged as a paramount national strategy in modern-day China [4]. Its primary objective 
is to facilitate the harmonious coexistence of ecological protection and economic develop-
ment [10]. This strategic approach seeks to ensure a delicate balance between conserving 
and safeguarding ecosystems and promoting sustainable economic growth [2,11]. In light 
of the aforementioned, the significance of comprehending and effectively managing land-
scape structure, ecological processes, and landscape function cannot be overstated. By do-
ing so, we can cultivate ecological security patterns that not only protect our environment 
but also lay the groundwork for long-term prosperity and sustainable development. 

The development of ESPs embodies a critical pursuit in striking a nuanced balance 
between nature preservation and economic advancement [4,12,13]. Through comprehen-
sive research into the intricate interactions between natural and social ecosystems, scien-
tists can pinpoint the thresholds and degrees of human impact on ecosystems, thereby 
paving the way for regional ESP development and ecosystem restoration strategies [2,14]. 
The process of ESP construction entails three primary steps: identifying ecological 
sources, calculating resistance surfaces, and constructing ecological corridors [10,15,16]. 
Various models, such as Gravity models, Least-cost Path models, and Circuit Theory mod-
els, are utilized to identify these corridors [2,16–18]. Among these mathematical ap-
proaches, Circuit Theory models demonstrate exceptional performance in simulating spe-
cies dispersal constrained by landscape resistance, making them extensively applied in 
constructing ecological network patterns and ESPs [15]. Prior research has significantly 
contributed to ESP construction, covering topics such as establishing protected areas, zon-
ing of natural reserves, comprehending ecosystem functions and processes, biodiversity, 
and evaluating ecosystem services functionality [19,20]. In general, ESP construction 
serves as a crucial framework for harmonizing nature conservation and economic pro-
gress. Through the utilization of diverse methodologies and models, researchers aim to 
create sustainable ecological networks and foster a comprehensive understanding of eco-
systems and their invaluable contributions. 

The establishment of ESPs has been a prominent area of research, focusing on the 
quality of regional habitats. Initially, the research was primarily confined to smaller scales, 
such as evaluating the ecological environment of individual nature reserves [21,22]. Nev-
ertheless, the scope of habitat quality research has now broadened to encompass larger 
areas, such as urban environments and national parks, enabling assessments of spatio-
temporal changes, urban ecological security, and carrying capacity [2]. Two main research 
methods have emerged to assess habitat quality. The first method involves collecting hab-
itat quality parameters through field surveys and employing assessment systems to de-
termine the overall quality of specific regions [23]. The second method utilizes various 
ecological models to examine habitat quality [24–26]. The InVEST model stands out with 
its several advantages. It incorporates multiple modules, requires fewer operational pa-
rameters, provides easy access to basic data, facilitates quantitative assessments, and en-
ables spatial visualization [27]. As a result, the InVEST model has gained widespread us-
age in assessing ecosystem services [28]. Currently, research on ESP construction has 
transcended the scope of individual nature reserves and expanded to encompass broader 
geographical scales. Researchers employ field surveys, evaluation systems, and ecological 
models to assess habitat quality, benefiting from the InVEST model’s comprehensive ca-
pabilities and user-friendly features. The ongoing exploration of habitat quality at differ-
ent scales and utilizing diverse methodologies contributes to a deeper understanding of 
ecosystem dynamics and supports informed decision-making in ecological management. 

The Chengdu–Chongqing Economic Circle (CCEC) is recognized as one of the biodi-
versity hotspots in the southwestern mountainous region of China, where significant ad-
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vancements have been achieved in biodiversity conservation in recent years [29]. The re-
gion’s flora and fauna have benefited from effective protection measures. However, rapid 
economic development has exerted significant pressure on the local ecological environ-
ment [30,31]. Achieving a delicate balance between conservation and development, while 
simultaneously promoting sustainable and rapid growth, has become an urgent and 
pressing challenge. This complex endeavor necessitates a nuanced approach that navi-
gates the intricate interplay between environmental preservation and economic progress. 
In addressing this challenge, our study focuses on integrating advanced spatial analysis 
techniques, with traditional land use/cover data to construct ESPs. This approach offers a 
novel methodology for assessing ecological dynamics and identifying critical ecological 
nodes, corridors, and sources. Through the utilization of Circuit Theory, which considers 
landscape connectivity and functional connectivity, our study provides a more compre-
hensive understanding of ecological patterns and processes, thus facilitating the develop-
ment of more effective ecological planning and management strategies in response to 
rapid economic development. Our aim is to build ESPs that strike an optimal equilibrium 
between ecological integrity and socio-economic advancement. The anticipated research 
findings hold the potential to not only offer practical solutions but also provide a solid 
theoretical underpinning for the preservation of biodiversity and the enhancement of eco-
system resilience within the dynamic context of the CCEC. 

2. Materials and Methods 
2.1. Study Area 

The CCEC is situated in the upper reaches of the Yangtze River, within the Sichuan 
Basin. The region is deeply committed to green development, characterized by ongoing 
enhancements in the overall quality of its ecological environment. The foundation for eco-
logical co-construction and environmental protection is robust and well established. En-
compassing the central urban area of Chongqing, the planning scope of the CCEC extends 
to 27 districts and counties (Figure 1). In total, the CCEC spans an expansive area of 
185,000 km2. The CCEC occupies a vital position as a barrier zone in the upper reaches of 
the Yangtze River. It plays a critical role in soil and water conservation, water resource 
preservation, and biodiversity protection within China. To ensure a comprehensive un-
derstanding of the ecosystem’s integrity and authenticity, this study encompasses all dis-
tricts and counties of Chongqing Municipality within the analysis of the CCEC. Conse-
quently, our study centers on the 15 prefecture-level cities in Sichuan Province and 
Chongqing Municipality as the study area. 
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Figure 1. Geographical location of the Chengdu–Chongqing Economic Circle (CCEC), Southwestern 
China. 

2.2. Data Sources 
The land use data for the CCEC in 2020 were collected from the GlobeLand30 data-

base (http://www.globallandcover.com/; 30 m spatial resolution; accessed on 9 March 
2022). Supported by China’s 863 Key Projects, the National Geomatics Center of China 
collaborated with 18 esteemed institutions to undertake pioneering research in global land 
cover mapping through advanced remote sensing technologies. By adopting the innova-
tive Per-pixel Object Knowledge (POK) classification method, they achieved substantial 
reductions in errors arising from challenges like “same object, different spectra” or “dif-
ferent objects, same spectra”. The data product attained an exceptional level of excellence 
and consistency worldwide [32,33]. 

2.3. Habitat Quality Assessment 
Habitat quality assessment relies on the Habitat Quality Module (HQM) integrated 

within the InVEST model [27]. This module operates on the basis of assumptions regard-
ing the threats associated with specific land use types on the local ecosystem and habitat 
quality [28,34]. These underlying assumptions play a crucial role in discerning the poten-
tial level of threat that land use practices may pose to ecological resources. Within this 
module, we take into account the spatial decay of threats impacting the ecosystem. The 
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parameter values of the model were determined by consulting the user guide of the In-
VEST model and referring to other studies (Supplementary Materials Tables S1 and S2) 
[27,35–37]. The outputs of the InVEST model were classified into five categories in ArcGIS 
(v10.6): optimal (0.8–1), high (0.6–0.8), medium (0.4–0.6), low (0.2–0.4), and unsuitable (0–
0.2) [37,38]. 

2.4. Ecological Sources 
Ecological sources play a pivotal role in the ecological security framework [4]. They 

constitute the foundation for maintaining ecosystem equilibrium, stability, and enhancing 
the vitality of the ecological environment, while also fostering biodiversity. Through judi-
cious preservation and utilization of ecological sources, we can preemptively mitigate nat-
ural disasters, alleviate environmental pollution, and maintain ecological equilibrium, 
thus effectively safeguarding ecological security. Ecological sources encompass the ele-
ments, substances, or processes that play a pivotal role in upholding ecological balance 
and biodiversity within natural ecosystems. They are indispensable components that sus-
tain ecosystem stability and functionality, thereby crucially contributing to the overall 
health and sustainability of the ecosystem. By offering diverse organisms suitable living 
conditions, such as access to food, water sources, habitat structures, and appropriate tem-
perature ranges, ecological sources facilitate the existence and interaction of various spe-
cies, ensuring they can thrive and reproduce within their specific habitats [2,4,13]. This 
study identified ecological sources as grids with a habitat suitability index surpassing 0.8 
and a patch area exceeding 10 km2 [10,37]. 

2.5. Ecological Resistance Surface 
The ecological resistance surface represents ecological elements that indicate the de-

gree to which various geographic and environmental factors impede the movement or 
migration of organisms within an ecosystem. The ecological resistance surface is typically 
used to assess the ease or difficulty of biological movement between different regions and 
to assist in the planning of ecological connectivity networks, protection of species migra-
tion pathways, design of nature reserves, and other ecological management and planning 
activities. To assess landscape heterogeneity, resistance surface models like the Circuit 
Theory model and the Least-cost Distance model are commonly employed [39,40]. In this 
study, innovative methods were employed to incorporate the Habitat Suitability Index 
(HSI) with low motion resistance into the models. These models assign movement re-
sistance values according to matrix permeability and compute diffusion resistance among 
populations. The calculation formula is shown below: 

If HSI > Threshold → Suitable habitat → Resistance = 1 (1) 

If HSI < Threshold → Non-suitable habitat/Matrix → Resistance = 

( )
0001e

HSI
threshold

0.001ln

×
×

 
(2) 

The InVEST model calculates the Habitat Suitability Index (HSI) to differentiate be-
tween suitable and unsuitable habitats. A threshold value of 0.8 is utilized, where HSI 
values equal to or greater than this threshold denote a suitable habitat, while values below 
it signify an unsuitable habitat. 

2.6. Ecological Corridors 
We utilized ecological sources and resistance surfaces to delineate ecological corri-

dors within the CCEC. For this purpose, we employed the Circuit Theory model, which 
combines the notion of “circuits” with movement ecology. This model utilizes random 
walk theory to simulate the movement patterns of a random walker between source and 
target cells within the landscape. Through this approach, the Circuit Theory model iden-
tifies areas of notable ecological significance, such as wildlife migration routes and gene 
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flow patterns [26,41,42]. In our study, the simulation of ecological corridors was con-
ducted using Circuitscape 4.0 [40,42]. The Circuitscape running parameters were set as 
follows: (1) model mode: pairwise mode; (2) calculation mode: use average conductance 
instead of resistance for connections between cells, and run in low memory mode; (3) plot 
options: cumulative & max current maps, with focal node currents set to zero; (4) other 
model parameters are selected as default. The ecological corridors have been delineated 
in ArcGIS based on the direction and magnitude of cumulative current flow. 

3. Results 
3.1. Spatial Variation of Habitat Quality 

The findings derived from the InVEST model revealed distinct spatial variations in 
habitat quality within the CCEC. Notably, the western and northeastern regions exhibited 
higher habitat quality, while the central region exhibited relatively lower habitat quality, 
illustrating a clear pattern (Figure 2). The total habitat area within the CCEC encompassed 
208,728.3 km2, which accounted for approximately 87.14% of the overall study area. 
Among these habitats, the areas designated as low, medium, high, and optimal quality 
accounted for 140,912.18 km2, 15,341.89 km2, 15,578.38 km2, and 36,895.85 km2, respec-
tively, representing 58.83%, 6.40%, 6.50%, and 15.40% of the total study area. Notably, the 
cities of Ya’an, Mianyang, and Leshan featured larger proportions of optimal quality hab-
itats compared to other cities, encompassing 61.72%, 33.68%, and 31.38% of their respec-
tive city areas. Conversely, the cities of Nanchong, Suining, and Ziyang exhibited lower 
habitat qualities, with low quality habitats comprising 79.73%, 83.86%, and 93.21% of their 
respective city areas (Table 1). 

 
Figure 2. Spatial distribution of habitat quality in the CCEC. 
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Table 1. Characteristics of habitats of different quality in the CCEC. 

Administrative 
Area 

Unsuitable  
Habitat/km2 

Suitable Habitat/km2 The Proportion of the  
Administrative Area Occupied 

by Optimal Habitat/% Low Medium High Optimal 

Ya’an 282.59 2743.90 904.16 1829.44 9286.43 61.72 
Mianyang 1957.30 8810.86 903.19 1725.27 6803.88 33.68 

Leshan 1227.95 5363.76 1278.16 858.64 3992.26 31.38 
Meishan 776.80 5066.44 138.03 157.80 995.55 13.95 
Chengdu 3249.37 8469.69 388.06 321.79 1906.61 13.30 

Chongqing 11,139.74 46,273.67 7616.85 7389.61 9982.31 12.11 
Deyang 807.66 4103.52 118.98 248.26 633.49 10.72 
Dazhou 1852.85 9731.03 1513.84 1815.52 1687.38 10.16 
Luzhou 1700.38 7801.02 1104.89 541.74 1084.31 8.86 

Yibin 2344.32 8879.83 1051.02 550.62 457.56 3.44 
Guang’an 699.93 5278.05 188.47 108.47 64.80 1.02 

Zigong 503.98 3795.78 58.87 22.14 0.77 0.02 
Neijiang 509.18 4815.93 55.06 5.75 0.00 0.00 

Nanchong 2511.33 9948.71 14.02 3.33 0.50 0.00 
Suining 850.86 4463.03 8.29 0.00 0.00 0.00 
Ziyang 390.67 5366.96 0.00 0.00 0.00 0.00 

3.2. Spatial Distribution Characteristics of Habitat Landscape Resistance, Ecological Sources, 
and Landscape Connectivity 

The central and southern regions of the CCEC exhibited significantly higher habitat 
landscape resistance values compared to the northwest and northeast regions. Habitats 
with higher landscape resistance were primarily distributed within Chengdu, Chongqing, 
and their surrounding regions (Figure 3). The areas with higher anthropogenic activities 
experienced more frequent disturbance and degradation of the ecological environment, 
which consequently led to severe habitat fragmentation and reduced connectivity among 
habitat patches. In contrast, habitats with lower landscape resistance were predominantly 
observed in the mountainous and river valley areas of the northwest and northeast regions 
(Figure 3). 
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Figure 3. Spatial distribution of ecological resistance in the CCEC. 

The ecological sources area in the CCEC was 35,935.26 km2, accounting for approxi-
mately 15% of the total study area. Ecological sources were mainly distributed across 11 
cities within the study area, with Ya’an, Mianyang, and Leshan having larger areas of eco-
logical sources, accounting for 61.15%, 33.54%, and 30.46% of their respective city areas 
(Table 2). Continuous large-scale ecological sources have not yet been identified in Zigong, 
Neijiang, Nanchong, Suining, and Ziyang (Figure 4). The overall landscape connectivity 
in the CCEC exhibited a pattern of higher connectivity in the eastern and western parts 
and lower connectivity in the central and northern regions. Specifically, the central-south-
ern parts of Ya’an, the northwestern part of Mianyang, the southwestern part of Leshan, 
and the southeastern part of Chongqing had relatively higher current values, indicating 
higher landscape connectivity compared to other regions (Figure 4). 

Table 2. Spatial distribution characteristics of ecological sources in the CCEC. 

Administrative Area Area of Ecological 
Source/km2 

Proportion of the Administrative Area  
Occupied by Ecological Source/% 

Ya’an 9201.66 61.15 
Mianyang 6774.48 33.54 

Leshan 3874.23 30.46 
Meishan 989.02 13.86 
Chengdu 1895.39 13.22 

Chongqing 9515.72 11.55 
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Deyang 627.19 10.61 
Dazhou 1608.94 9.69 
Luzhou 991.00 8.10 

Yibin 392.83 2.96 
Guang’an 64.80 1.02 

 
Figure 4. Spatial distribution of ecological security patterns in the CCEC. 

3.3. Characteristics of the Ecological Security Patterns 
The results obtained from the Circuit Theory model revealed that the ecological se-

curity pattern in the CCEC was composed of multiple ecological nodes, ecological corri-
dors, and ecological sources. Specifically, the pattern included 22 ecological nodes, 36 clus-
ters of ecological corridors (with a total length of approximately 4525.28 km), and 136 eco-
logical source patches (Figure 4). Ecological nodes were primarily located at the intersec-
tions of ecological corridors in the western and eastern regions, while no ecological nodes 
were identified in the central region. The ecological corridors exhibited a circular distri-
bution, connecting the core ecological source areas in the western and eastern parts 
through the southern mountainous regions. The ecological corridors in the northeastern 
region mainly followed the mountainous areas, while those in the eastern region were 
distributed along the Yangtze River valley. From an ecological zoning perspective, the 
ecological security pattern in the CCEC was primarily composed of core ecological areas 
such as Qionglai Mountain–Minshan Mountain–Longquan Mountain in the west, Tiefeng 
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Mountain–Fangdou Mountain–Qiyue Mountain–Wushan Mountain in the east and 
northeast, and Dalou Mountain in the southeast. 

4. Discussion 
The construction of a regional ecological security pattern generally relies on identify-

ing optimal ecological networks, while scientifically planning and strictly protecting these 
networks serve as crucial means to balance regional economic development and ecological 
environmental conservation [11]. In this study, we employed an ecosystem services model 
to evaluate the spatial variations in habitat quality within the CCEC. Concurrently, we 
considered habitat quality, landscape resistance, and ecological sources as fundamental 
elements for constructing the ecological security pattern. Subsequently, utilizing the Cir-
cuit Theory model, we established the ecological security pattern in the CCEC. Numerous 
studies have utilized the HQM to evaluate the regional distribution of habitat quality and 
the spatiotemporal dynamics of habitats [11,28,34]. These investigations have utilized 
model outputs and environmental variables to identify core ecological sources. This ap-
proach is relatively scientific and mitigates the influence of subjective factors in ecological 
environmental assessments [37]. Furthermore, the research methodology for identifying 
ecological corridors and optimal ecological networks based on the Circuit Theory model 
is well developed, with some research outcomes demonstrating their effectiveness in the 
management of nature reserves and biodiversity conservation practices. 

The identification of optimal ecological patterns is a fundamental requirement for 
constructing ESPs [4,13]. Their implementation facilitates the maintenance and regulation 
of ecological processes while enhancing ecosystem functions [11]. This study, by examin-
ing spatial variations in habitat quality, ecological corridors, and related characteristics, 
contributes significantly to the scientific foundation for ESP construction in the CCEC. By 
delineating core ecological sources primarily concentrated in the mountainous regions of 
the west and northeast, and identifying ecological corridors aligned along the course of 
the mountainous Yangtze River Valley, this research underscores the critical role of these 
areas as key ecological regions linking the eastern and western parts of the CCEC. These 
findings highlight the necessity for implementing rigorous ecosystem protection 
measures in this region. Furthermore, the integration of these spatial insights into ecosys-
tem planning and management strategies is essential to ensure the resilience and sustain-
ability of the CCEC’s ecological landscape. Such efforts are crucial for maintaining biodi-
versity, supporting ecosystem services, and safeguarding the long-term ecological integ-
rity of the region. 

The construction of ESPs depends on adhering to the principles of ecology [10]. This 
entails establishing regional ecological security patterns to manage ecological processes 
and achieve rational allocation of natural resources and infrastructure within the area [13]. 
In this study, we adopted a problem-oriented and method-based research framework, fo-
cusing on integrating interdisciplinary knowledge, methodologies, and diverse data 
sources. Such an approach aids in exploring the complexity of ecosystems and provides 
sustainable development management strategies. Carefully selected ecological signifi-
cance indexes addressed the unique ecological issues and geographical variations in the 
CCEC. To construct ESPs for the CCEC, an interdisciplinary approach was employed, in-
corporating landscape management knowledge and comprehensive methodologies. This 
approach proved beneficial in ensuring ecological security in Southwest China and fos-
tering a harmonious coexistence between humans and nature. By combining expertise 
from multiple fields, a holistic understanding of the region’s ecological dynamics and 
challenges was achieved. This approach not only facilitated the development of ESPs spe-
cific to the CCEC but also contributed to the broader goal of promoting sustainable prac-
tices and ecological well-being in the region. 

We not only evaluated the spatial distribution differences in habitat quality but also 
identified critical ecological corridors. It has been demonstrated that targeted protection 
is more effective than random implementation of conservation plans [43], particularly in 
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developing countries [11]. However, determining priority conservation areas is highly 
challenging due to spatial heterogeneity within ecosystems and geographical environ-
ments. While using the InVEST model and ecological network structure analysis to iden-
tify and assess ESPs is relatively objective and scientific, these methods primarily focus on 
ecological attributes and often overlook the impact of human activities on the ecosystem 
[10]. In this study, we endeavored to construct a scientifically informed ecological security 
pattern using the ecosystem services model and Circuit Theory model, providing a refer-
ence for scientifically identifying priority conservation areas for ecological corridors. This 
approach has the advantage of reducing subjectivity and uncertainty in ecosystem protec-
tion efforts. 

Our study conducted a comprehensive analysis of habitat quality, ecological corri-
dors, and spatial heterogeneity within the CCEC, providing in-depth insights and scien-
tific support for ecological conservation decision-makers. Through systematic evaluation 
of the ESPs, we gained a thorough understanding of the structure and function of the local 
ecosystem, thereby offering crucial information for future ecological conservation plan-
ning and management. Our research findings identified the ecological core areas, connect-
ing areas, and peripheral areas of CCEC, thus providing a scientific basis for delineating 
and planning future protected areas. Additionally, the study on ecological corridors and 
spatial heterogeneity serves as an important reference for the rational planning and design 
of ecological, residential, and industrial spaces. The value of these spatial planning en-
deavors lies not only in safeguarding the integrity and stability of ecosystems but also in 
fostering harmonious coexistence between humans and the natural environment, thereby 
promoting sustainable development and the establishment of an ecological civilization. 

However, it should be noted that the factors influencing the ESPs are diverse and 
complex, encompassing natural environmental changes, human activities, and climate 
variations, among others. While our study made efforts to consider some of these factors, 
it did not comprehensively encompass all potential influencing factors. Moreover, due to 
limitations in data availability, we were unable to fully account for the impacts of socio-
economic factors on the ESPs. Additionally, since subjective scoring of parameters was 
employed in the InVEST model, it may introduce certain degrees of evaluation bias. Nev-
ertheless, these limitations do not invalidate the scientific rigor of our study. On the con-
trary, our research still serves as a significant reference for the identification and under-
standing of ESPs. For future research endeavors, we recommend not only continuing to 
refine the quality of models and data but also striving to collect more extensive and com-
prehensive data, particularly through in-depth investigations of threats beyond the study 
area. This will facilitate a better understanding and interpretation of the driving mecha-
nisms behind the changes in ecological security landscapes. 

5. Conclusions 
Our study has uncovered substantial spatial disparities in the distribution of ecolog-

ical nodes, corridors, and sources, which are pivotal in shaping the ESPs within the CCEC. 
These spatial variations are influenced by differential natural environmental factors and 
varying degrees of human disturbances. Particularly in the western and northeastern 
mountainous regions, endowed with favorable natural ecological conditions and rela-
tively low human interference, we observe a denser presence of ecological nodes and cor-
ridors, alongside expansive ecological sources, thus forming a contiguous distribution 
pattern. Consequently, these regions exhibit notably elevated levels of ecological security 
compared to the central area. Moreover, the western and northeastern regions, distin-
guished by their relatively high habitat quality, boast extensive forest cover and rich bio-
diversity. In contrast, the hilly areas of the southeast demonstrate moderate levels of eco-
logical security, facing dual challenges from desertification and human disturbance. Con-
sequently, habitat fragmentation is pronounced, leading to a decline in habitat quality. 
Areas exhibiting the lowest levels of ecological security are predominantly situated in the 
central region, particularly in the vicinity of Chengdu and Chongqing. These areas are 
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characterized by high population density, extensive road networks, urban sprawl, and 
intensive agricultural activities. Furthermore, the ecosystems and surface vegetation in 
these regions tend to be more homogenized, rendering them highly susceptible to external 
disturbances. Expanding upon these findings, our study underscores the intricate inter-
play between natural and anthropogenic factors in shaping ecological security landscapes. 
These insights are essential for devising targeted conservation strategies and sustainable 
development plans within the CCEC. 

To enhance the ecological security of the CCEC, it is essential to prioritize the man-
agement and protection of core ecological source areas. These areas, including the 
Qionglai Mountains, Min Mountains, Dalou Mountains, Daba Mountains, Wushan 
Mountains, and other significant ecological regions, play a crucial role in maintaining the 
overall ecological balance. Given that forestland constitutes the largest proportion of eco-
logical sources, it is imperative to focus on improving the habitat quality and connectivity 
of forests in these regions and their adjacent ecological functional zones. Strategies such 
as controlling urban expansion, revitalizing and upgrading developed areas in the re-
gions, and increasing the carrying capacity of the ecosystem should be employed. Addi-
tionally, restoring exposed mountains within forested areas can significantly enhance the 
ecological security within these ecological sources. By implementing restoration 
measures, the internal ecological balance of the core areas can be preserved and safe-
guarded. Furthermore, it is vital to promote the integration of ecological and environmen-
tal protection across the Chengdu–Chongqing region, with particular emphasis on 
strengthening the conservation of ecological corridors and nodes. Establishing ecological 
corridors that connect the Qionglai Mountains–Min Mountains ecological region in the 
west, the Dalou Mountains ecological region in the south, the Wuling Mountains ecolog-
ical region in the southeast, and the Daba Mountains–Wushan Mountains ecological re-
gion in the northeast is crucial. These ecological corridors will facilitate the movement and 
gene exchange of species, fostering a healthy and sustainable ecosystem within the four 
major ecological regions. 
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