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Supply-demand driven evolution and optimization of socio-ecological security
pattern in Hangzhou metropolitan circle

WANG Guiwei, ZHANG Yijing, ZHU Can, CHEN Siru, HUANG Yiting, YU Xintian, CAI Yue, SHAO Feng
(College of Landscape Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Integrating ecosystem service supply and demand into ecological security patterns has
opened up a new approach for revealing the dynamic connections between ecological processes and societal
activities. [Method] Taking Hangzhou metropolitan circle as a case study, this study used multi-source data
(land use, ecological remote sensing, basic geographic data) and models (InVEST, ArcGIS, Linkage Mapper) to
quantify five ecosystem services (carbon sequestration, water conservation, food production, habitat quality,
landscape recreation) from 2004 to 2024. then extracted ecological corridors, ecological pinch points, and
ecological barrier points from an ecological resistance surface, and supply-demand corridors from a movement
resistance surface to construct a social-ecological security pattern, which was optimized by setting supply-
demand nodes and extracting optimized corridors. [Result] (1) The matching of supply and demand of
comprehensive ecosystem services formed a spatial pattern of “surplus in the west and deficit in the east.”
Economic growth (absolute mean value of coefficient: 0.91) was the core driving force for the aggravation of

supply and demand imbalance. (2) From 2004 to 2024, the ecological sources were greatly reduced by 2026.11
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km?, and the demand sources were slightly reduced by 177.80 km?. (3) The ecological corridors in the western
region were “long and concentrated” cobweb-like distribution, and the supply-demand corridors formed a “short
and sparse” decentralized pattern. The number of pinch points increased by 20, and the number of barrier points
increased by 13. (4) In 2024, 8 supply-demand nodes and 14 optimized corridors were identified. Based on the
supply-demand relationship of ecosystem services and spatiotemporal characteristics of social-ecological
security pattern in Hangzhou metropolitan circle in 2024, an optimized layout scheme of “three belts, three
clusters and four zones” was formed. [Conclusion] This study reveals the spatial mismatch pattern of the
social-ecological security pattern of the imbalance between supply and demand of ecosystem services in
Hangzhou metropolitan circle. Future efforts should protect the western ecological source areas, restore the
broken corridors in the central region, and regulate the demand hotspots in the eastern region, driving the social-
ecological system from spatial alignment toward functional synergy. [Ch, 5 fig. 3 tab. 35 ref.]

Key words: ecological security pattern; ecosystem service supply and demand; social-ecological system;

ecological well-being; circuit theory
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Table 2 Methods for evaluating supply and demand of ecosystem services
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Figure 2 Spatial pattern of ecosystem services supply and demand
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Figure 3  Spatial pattern of ecological sources and demand sources
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Figure 4 Spatial pattern of ecological corridors and supply-demand corridors
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