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Hybrid physics-data driven model for real-time risk
assessment of wind-induced disasters
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Abstract

In response to the urgent demand for real-time, high-resolution wind field simulations in typical disaster
scenarios, this study proposes a physics-inspired, data-driven two-stage deep learning framework for the
rapid reconstruction of complex wind fields. Specifically, an end-to-end deep learning model is developed
for direct prediction. The network architecture design, along with the selection of input features and output
variables, explicitly incorporates fluid dynamics principles to capture the key characteristics of CFD model-
ing. Meanwhile, data-driven error correction techniques are employed to bridge the gap between measured
data and model predictions, enabling the model to better account for uncertainties under real-world phys-
ical conditions. Furthermore, an intelligent accident simulation framework based on ontology technology
and knowledge bases is proposed. A multi-level safety information ontology model is constructed, cover-
ing disaster-prone entities, emergency events, emergency management processes, and consequences, based
on the public safety triangle model. In addition, a knowledge base for the coupled evolution of accidents is
developed using event chain and contingency plan chain theories, thereby supporting the construction of a
simulation and scenario-based system for accident analysis. Building upon this foundation, and integrating
the results of is developed for disaster-affected entities such as pedestrians and trees.
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