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Validation and Analysis of Typhoon Cases Using an Operational
Wave-Tide Coupling Modeling System.
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Abstract

Due to the distinct governing equations and force representations for waves and ocean currents, traditional
numerical models often operate independently. However, interactions between waves and currents involve mutual
forcing, which necessitates a coupled modeling approach to better resolve the spatiotemporal variations of ocean
currents. To address this, we have integrated tides, currents, and waves into a coupled modeling system to improve
upon conventional, decoupled forecasting methods.

The coupled wave-tide-current numerical model employed in this project dynamically integrates the
third-generation wave model WWMIII with the hydrodynamic model SCHISM. This dynamic coupling is achieved
by using a common unstructured grid and identical time steps to ensure synchronized calculations. In the coupled
framework, wave fields are computed first to derive surface forcing (radiation stress), which is passed to the
hydrodynamic model. The hydrodynamic model incorporates this stress to update the current and water level fields.
The surface currents and water levels are then relayed back to the wave model to compute the next time step, forming
a continuous two-way feedback loop.

An operational wave-tide coupled modeling system has been established for Taiwan's coastal waters. This
system includes predictions of astronomical tides, storm surges, waves, and their coupled interactions. Meteorological

forcing is provided by the Central Weather Administration's WRF forecast, and the system generates twice-daily



forecasts with a 96-hour lead time. The forecast outputs are validated against observational data, including tidal gauge
records and wave buoy data from the Central Weather Administration’s Taiwan Ocean Observation Data Service and
Open Data platforms.

This study focuses on two typhoon cases in 2024—Typhoon Kaimi and Typhoon Saudel. We evaluate model
performance through validation analyses of wave height and water level using quantitative metrics such as
root-mean-square error (RMSE) and Pearson correlation coefficient. The results demonstrate the forecasting system’s

accuracy and stability.
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