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Abstract

The importance of storm surge forecasting lies in the ability to immediately grasp the extent of
seawater inundation, plan river flood control, and manage risks in harbors. Considering Taiwan's unique
characteristics, such as frequent typhoons, numerous high mountains, a relatively small but densely
populated area, and the need for high-resolution and high-precision storm surge predictions, the Central
Weather Bureau (CWB) has decided to develop its storm surge forecasting system suitable for Taiwan,
called the COMCOT-SS (Cornell Multi-grid Coupled Tsunami Model with Storm Surge) system.

As is well-known, any numerical model simulating real-world phenomena needs to undergo iterative
model validation and be adjusted to the characteristics of the specific region. Storm surge validation
primarily involves comparing simulated results with observed data and extracting the time series of storm
surge elevation from the observed data while filtering out astronomical tides. The main source of observed
data is the 34 tidal stations established by the CWB in harbors. Astronomical tides can be removed through
subtractions from harmonic analysis, the astronomical tide prediction of TPXOS, or low-pass filtering.
However, residual periodic oscillations often remain in the elevation data of some tidal stations during the
validation of storm surge water levels, even after subtracting the simulated elevation from harmonic
analysis. These periodic oscillations persist after filtering, regardless of storm surge events, leading to
inaccurate water level estimations.

This study aims to understand the periodic oscillations in observed elevations at tidal stations and
residual values after subtracting harmonic analysis to improve data quality for validating storm surges
during typhoon events. Two-dimensional COMCOT-SS and three-dimensional Splash3D simulations were
conducted. Splash3D solves the three-dimensional Navier-Stokes equations, thereby not being limited by
the assumptions of shallow water waves and being able to display three-dimensional flow structures. This
study improved the resolution of the internal terrain data and numerical grids within the models and
compared the simulated results of the two-dimensional COMCOT-SS and three-dimensional Splash3D
models to analyze the influence of harbor embankments on tidal gauges placed within the harbors in order
to understand the source of errors in the residual values.

The simulation results show that the three-dimensional Splash3D and two-dimensional COMCOT-SS
simulations in Taichung Port are similar, indicating no significant three-dimensional effect after tides enter
the port. The harbor shading effect manifests as a tidal delay, and this phenomenon can only be resolved

through high-resolution simulations.
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