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Impacts of urbanization on ecological resilience and its driving factors in
Changsha City based on OPGD-RF model
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Abstract: [ Objective ] The impacts of urbanization level on ecological resilience and identify the key influencing
factors of ecological resilience decline were measured, in order to provide theoretical support for the sustainable
development and ecological protection of Changsha City. [ Methods] Taking Changsha City as an example, this
study employed the entropy method to calculate the urbanization level (UL) through a ‘population-economy-land-
ecology’ multi-dimensional framework and applied the ‘resistance-adaptation-recovery’ model to evaluate
ecological resilience (ER). Spatial autocorrelation analysis was used to examine the spatiotemporal correlation

characteristics between the two, and the optimal parameters-based geodetector coupled with random forest model
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(OPGD-RF model) was utilized to reveal the impact mechanisms of urbanization level and other driving factors on
ecological resilience. [ Results] @ From 2000 to 2024, the urbanization level in Changsha City was predominantly
medium to high, exhibiting spatial differentiation characteristics where highly urbanized areas shifted from a single-
center concentric pattern to a multi-center polar-core pattern. @ Ecological resilience was generally at medium to
low levels, showing spatial distribution patterns of ‘higher in the north and west, lower in the central and
northeast regions’ and ‘clustered low values and scattered high values’. @ Land urbanization was the core driving
factor causing a decline in ecological resilience. @ Population agglomeration and economic growth did not
necessarily lead to a decline in ecological resilience. Their direction and intensity of impact varied across different
stages. [ Conclusion] At different development stages, the dominant driving factors of ecological resilience change
dynamically. Balancing urbanization development and ecological resilience is not only crucial for regional stability
but also key to ensuring its long-term survival in the face of future challenges.

Keywords: urbanizationlevel; ecological resilience; resistance-adaptation-recovery model; optimal parameters-

based geodetector; random forest model; Changsha City
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