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Spatiotemporal Heterogeneity and Nonlinear Analysis of Factors Influencing
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Abstract: This studyexplores the impact mechanism of population socio-economic, land use, station characteristics, and other

transportation attributes on rail transit passenger flow. Using multi-source data including LandScan population grid, points of

interest (POI), and automatic fare collection system (AFC), a spatiotemporal geographic weighted regression, gradient boosting
regression tree, Shapley addition explanatory (GTWR-GBRT-SHAP) model, was developed to analyze the spatiotemporal

heterogeneity and nonlinear effects of the these factors. A case study was conducted using data from Tianjin rail transit network,

and the results showed that the mixed model effectively captures the spatiotemporal heterogeneity and nonlinearity between

influencing factors and passenger flow. Factors such as population density, office-type land, shopping and leisure land, and
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betweenness have significant spatiotemporal differences in their impact of passenger flow. Factors such as residential-type
land, transportation facility land, land use entropy, and betweenness have significant complex non-linear and threshold relationships
with passenger flow. The above results provide strategic references and theoretical support for optimizing public transportation-

oriented urban development (TOD) planning and improving the efficiency of rail transit passenger flow.
Keywords: rail transit; influencing factors; spatiotemporal heterogeneity; nonlinear; GTWR-GBRT-SHAP
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Figure 1 Distribution of Tianjin rail transit lines,
stations and station buffer zones
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