September 5, 2025  Modeling Coastal Flood Risk: From Physics-
P — Based Simulations to Data-Driven Digital
Twins

ABSTRACT: Coastal flooding caused by hurricanes and tsunamis is
among the most destructive natural hazards, placing growing coastal
populations at increasing risk. To address the increased uncertainty and risk,
digital twins have emerged as a promising solution. These dynamic virtual
models integrate real-time data and simulations to support monitoring,
prediction, and decision-making. However, creating effective digital twins
requires flood models that are not only accurate but also rapid and reliable.
Despite advances in computational power, no single modeling approach has
fully achieved this balance. This seminar presents four research directions that
advance toward this goal. The first is a physics-informed static flood model
that can produce high-resolution coastal compound flood maps (5 m, more
than 500 million cells) in under ten minutes, while reducing the systematic
overestimation common in traditional static approaches through enhanced
inundation algorithms and calibration methods. The second is a hybrid
Jun-Whan Lee modeling framework that combines machine learning with static models to
generate flood maps even when water level observations are unavailable. The
third introduces a Shapley value—based framework for quantifying the
. . , spatiotemporal contributions of multiple flood drivers in hurricane-induced
University of Texas at compound flooding, demonstrated with Hurricane Beryl (2024) in the
Austin Houston—Galveston region. The final research effort uses the Material Point
Method to simulate interactions between coastal forests, waves, and debris,
showing how natural features that can reduce flooding may simultaneously
amplify damage through debris damming. Together, these efforts illustrate
how physics-based simulations and data-driven methods can be integrated into
coastal digital twins, moving us closer to resilient communities that can
withstand the growing risks of coastal flooding.
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