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Graph Laplacian-Based Spatially Varying Coefficient Model and
Its Application to Street-Segment Crime Analysis

Ruili XU*, Ryo INOUE**

Abstract: Traditional spatial regression often relies on Euclidean proximity and analyses aggregated to grid or
administrative units, which can overlook network-driven, link-level heterogeneity. Advances in sensing
technology and open data collection have produced diverse, high-resolution spatial datasets, creating a demand for
regression methods that accommodate heterogeneous, multi-scale structures. Moreover, many observations are
inherently based on networks—e.g., crime concentrated along street segments or passenger flows on transit links—
yet methods that explicitly model link or node level processes remain underdeveloped. Therefore, in this study, we
propose a framework that leverages graph Laplacian eigenvectors as multiscale basis functions to model spatially
varying coefficients (SVC) on road networks. By combining eigenvector spatial filtering with Laplacian spectra,
our approach enables inference at the street segment scale, and better captures localized network heterogeneity. At
last, we demonstrate feasibility and empirical utility using crime calls for service data in New York City.

Keywords: ZERJHSLE M (spatial heterogeneity), 2SI FIZ546%4L (spatially varying coefficients), ®v h7U—7
(network), 72757537 (graph Laplacian)
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