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The spatial mediating effect of driving factors and topological characteristics of the

water network structure in the Lake Erhai Basin
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Abstract: This study uses complex network theory and four periods of remote sensing and geographic data to explore the
spatiotemporal coupling mechanism of the water network in the Lake Erhai Basin under natural and human combined drivers,
and clarify how topological features act as mediators between driving factors and water system elements. Nine topological
indicators are adopted to describe the structural characteristics of the basin water network. Traditional regression methods
cannot effectively address driver collinearity, spatial spillover, and mechanism decomposition at the same time. To solve this
problem, this study establishes a PLS-SDM-MED framework. This framework reduces the interference of multi-driver
collinearity, quantifies spatial spillover effects, and splits total effects into direct effects and indirect effects mediated by
topological structure. It helps accurately recognize key intermediate pathways. The results show that: (1) From 2001 to 2023,
the Erhai water network changed from a multi-source redundant structure to a stable pattern with distinct main streams and
relatively high operational efficiency. (2) A total of 216 pathways are analyzed, among which 68 significant X-M-Y pathways
are detected. Their mediation efficiencies mostly fall between 40% and 80%. Edge betweenness centrality, compactness, global
efficiency, and algebraic connectivity are confirmed as core mediating indicators. (3) Human factors mainly produce strong
negative impacts on hydrological elements via network topology mediation. Natural factors generally present moderate and

steady positive impacts, while a small number of pathways show structural inhibition effects. The PLS-SDM-MED framework
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proposed in this study can be applied to identify key structural units and risk pathways in plateau lake basins. It also provides
theoretical support for zoned management and ecological restoration in the Lake Erhai Basin and other similar highland lake
watersheds.
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Fig.1 Overview map of the study area
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Fig.2 Technical route for water network treatment
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Table 3 Meanings of Complex Network Indicators and Related Calculation Methods
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Fig.8 Results of spatial Durbin mediation regression
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Fig.9 Spatial mediation regression results
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Fig.10 shows the results of spatial mediation efficiency
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