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Prior- and Data-Guided Model for Predicting Urban Human Activity Intensity
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Abstract: [Significance] Accurate prediction of urban residents activity intensity is a fundamental research topic
in Geospatial Artificial Intelligence (GeoAl), with important applications in urban planning, traffic management, and
public safety. Although numerous predictive models have been proposed, effectively mining functional similarity
among urban mixed-use areas as a prior to guide prediction remains a major challenge. Due to their composite
nature, mixed-use areas exert differentiated impacts on resident activities across different time periods.
Measuring multi-functional similarity based on diverse functional features and incorporating it as a prior into
spatial dependency modeling holds promise for improving prediction accuracy. [Methods] To address this, the
study proposes a novel Prior- and Data-Guided Spatio-Temporal Prediction Model (PDGSTPM). First, a
hyperedge construction mechanism is designed within a hypergraph theoretical framework to represent urban
functional semantics. Through self-supervised learning, the mixed functional characteristics encoded by POIs are
explicitly transformed into a quantifiable, high-order multi-relational network. This enables the construction of
functional similarity priors and facilitates a shift in spatial dependency modeling from first-order pairwise relationships
to high-order structures. Second, a multi-granular similarity measurement method based on 1-Wasserstein Distance is
introduced to capture morphological consistency in historical observation sequences, enabling data-level similarity
representation that complements the functional similarity prior. Finally, by integrating both prior-guided and data-
driven modeling approaches, a dual-guided graph neural network architecture is developed to accurately model
complex spatio-temporal dependencies. [Results] Experiments were conducted to predict urban human activity
intensity using mobile phone data from Xiamen City in March 2023. Compared with the best-performing baseline
method, the proposed model reduced RMSE and MAE by 3.2% and 9.1%, respectively, for one-step prediction,
and by 5.6% and 9.8%, respectively, for two-step prediction. [Conclusions] The experimental results validate the
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effectiveness of the proposed dual-guidance architecture in accurately modeling spatio-temporal dependencies.
Key words: GeoAl; prior guidance; data-driven; spatio-temporal prediction; urban human activity intensity
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Fig. 5 Dual-guided spatio-temporal dependency learning
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Tab. 2 Example of mobile phone location data
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Tab. 3 Comparison with baseline methods
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Fig. 7 Sensitivity analysis of historical timesteps and hidden dimensions
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Tab. 4 Ablation results
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Fig. 9 Spatial distributions of shannon entropy and absolute errors across different time periods
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