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Abstract

Constructing ecological networks (EMs) is an effective measure o mitigate the conflict
between urban development and ecological conservation. However, existing simulating
methods lack adequate consideration of human ecological demands and the spabial scale
differences between these demands and natural ecological processes. This might lead
to issues such as incomplete ecological process cycles or structural mismatches being
overlooked during ENs simulations. To address these gaps, this study proposed an urban
multi-scale nested ENs simulating framework that integrates human ecological demands
with matural ecological processes. The framework first simulated an ENs focused on
natural ecological process cycles at a global scale (GS). Then, it simulated an ENs centered
on human ecological needs within the core urban areas at local scale (LS). Finally, it
nested these multi-scale ENs by using cross-scale ecological supply sources as connecting
points, This framework was applied to simulate spatio-temporal pattern changes in ENs
of Jinan City, a core city in downstream of the Yellow River in China, aiming to mitigalte
cross-scale ecological conflicts between human-nature interactions under the background
of urbanization. The study’s findings revealed that the area of demand sources increased by
8.56 imes over 20 years. the area of cross-scale suppl:{ sources decreased b}r 15 km? relative
to 2000, and the deterioration in connectivity was more pronounced in GS compared to LS,
with a decline of approximately 13.8%. These changes indicate the presence of incomplete
ecological process cycles and structural mismalches across the multi-scale boundaries
within the study area, which have been worsening annually. We recommend oplimizing
Jinan City’s multi-scale ecological network through three key strategies: rectifying internal
structural mismatches, protecting core ecological areas, and aligning regional ecological
demands. Implementing these strategies could significantly improve the network structure,
reduce cross-scale mismatches, and enhance ecological connectivity by about 9%. This study
highlights the importance of addressing structural mismatches and promoting complete
ecological cycles in urban multi-scale ENs simulating, providing valuable insights for
formulating urban multi-scale ecological conservation and restoration policies.
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