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Study on the Spatial Extent of the Shanghai Metropolitan Area Based on the
Percolation Model
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Abstract As an integrated urban-rural region centered on a major city and characterized by close socioeconomic ties with its surrounding areas, the

scientific delineation of a metropolitan area’s spatial extent serves as a critical foundation for understanding its complex socioeconomic
linkages and enhancing the rigor of spatial planning. Moving beyond the traditional approach that relies solely on commuting rates as a
single defining metric, this study constructs a unified multi-factor analytical framework based on the percolation model and integrates
multi-source spatiotemporal big data to identify and analyze the functional spatial scope of the Shanghai Metropolitan Area. The
research proposes a “layered integration” dynamic conceptual framework, revealing through four dimensions—infrastructure, residential
distribution, economic intensity, and comprehensive activity—the complex landscape of asynchronous functional integration between
Shanghai and its neighboring regions. It empirically delineates the asymmetrical spatial expansion of the Shanghai Metropolitan Area,
characterized by a “strong northwest, weak southeast” pattern. Through multi-dimensional overlay analysis, a gradient zonal system of “Core
Zone, Stable Zone, Expansion Zone, and Dynamic Zone” is quantitatively identified. This clarifies key cross-border integration nodes such
as Huagiao and Dianshan Lake, as well as functional disconnects like the Jinshan District, thereby forming a “multi-dimensional diagnostic
map” of regional integration. The study validates the effectiveness and robustness of the percolation model approach in coordinating multi-
dimensional data and identifying spatial structures. Furthermore, it provides a direct and scientifically grounded basis for decision-making

in differentiated spatial governance and the formulation of refined cross-border collaborative policies for the Shanghai Metropolitan Area.
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Fig.3 Continuously varying spectrum of regional spatial cluster structures with intersection distance threshold
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Fig.5 Continuously varying spectrum of spatial cluster structures under continuously varying all-purpose
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Fig.7 Overlay result of maximum clusters under four data percolations
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