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Multi-scenario simulation and future planning optimization of ecological security
pattern of Chengdu-Chongqing urban agglomeration based on XGBoost-

PLUS model
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Abstract: The rapid advancement of industrialization and urbanization triggered dramatic land use/land cover changes,
leading to a series of ecological challenges such as land degradation and biodiversity loss. Addressing the common
constraints of ecological security patterns under future long-term LULC change sequences, the “anti-planning” approach
proposed optimization strategies as a critical pathway to safeguard regional ecological security amid uncertain development
scenarios. Focusing on the Chengdu-Chongqging Urban Agglomeration, this study integrated methodologies including the
Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) model, Patch-generating Land Use Simulation ( PLUS)
model, and eXtreme Gradient Boosting ( XGBoost) machine learning algorithm to identify potential ecological sources,
optimize spatial weight allocation of ecological resistance surfaces, and diagnose common ecological security patterns

challenges across multiple development scenarios. Key findings included: (1) The number of ecological sources in 2020
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and 2035 under NDS, CPS, EDS, and EPS scenarios were 53, 51, 50, 43, and 51, respectively, with corresponding
areas of 24 ,892.75 km’, 24,462.57 km*, 24,119.43 km*, 23,833.75 km*, and 27,249.36 km’. These sources exhibited
a “U-shaped semi-enclosed” spatial configuration, predominantly clustered along the periphery of the urban agglomeration.
(2) Ecological corridors under all scenarios displayed a “peripherally connected, sparser in central areas, and denser in
eastern regions” network structure. Ecological pinch points concentrated in the eastern Sichuan parallel ridge-valley area,
while ecological barrier points were widely distributed along the mid-sections of long-span corridors centered on the Chengdu
Plain. (3) An optimized ESP framework of “one axis, two belts, four zones, and multiple nodes” was constructed via the
“anti-planning” approach, resolving common ESP constraints across scenarios. This study provided a scientific foundation

for harmonizing socio-economic growth with ecological security in the Chengdu-Chongqging Urban Agglomeration.

Key Words: eXtreme Gradient Boosting algorithm; Patch-generating Land Use Simulation model; ecological security

pattern; circuit theory; Chengyu urban agglomeration
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Fig.2 Ecological security pattern recognition process
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Fig.5 Spatial and temporal distribution of ecosystem service value in Chengdu-Chongqing urban agglomeration
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Fig.6 Spatial distribution of ecological importance evaluation in Chengdu-Chongqing urban agglomeration
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Fig.9 Spatial distribution map of basic ecological resistance surface in Chengdu-Chongqing urban agglomeration
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Fig.10 Spatial distribution of ecological correction resistance surface in Chengdu-Chongqing urban agglomeration
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Fig.11 Spatial distribution of ecological resistance surface in Chengdu-Chongqing urban agglomeration
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