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Abstract



In July 2025, Typhoon Danas, classified as a moderate typhoon in Taiwan, followed an unusual track across
southwestern Taiwan and caused seawater intrusion in low-lying coastal areas, including Qigu District in Tainan.
Tide-gauge observations revealed highly localized and short-duration storm surge responses. At Dongshi, the surge
residual rapidly transitioned from a negative to a positive value, producing a distinct fall-rise pattem. At Jiangjun, a
short-lived positive surge peak with a large amplitude was recorded. Although the operational COMCOT-SS
configuration used by the Central Weather Administration reproduced the principal tidal variations, it did not
adequately capture the timing and magnitude of these localized surge signals. This discrepancy indicates potential
limitations in coastal topographic representation, typhoon wind-field reconstruction, and air-sea momentum-transfer
parameterization.

This study employed the COMCOT-SS model, which solves the nonlinear shallow-water equations with atmospheric
pressure-gradient forcing and sea-surface wind stress. A sequence of controlled numerical experiments was conducted
to identify the principal factors govermning the storm surge response during Typhoon Danas. First, the nested-grid
resolution along the southwestern coast of Taiwan was refined from the kilometer scale to 200 m to improve the
representation of intertidal zones, shallow banks, harbors, and complex shorelines. Second, a two-segment parametric
wind-field model was developed to separately describe the increase in wind speed within the radius of maximum
wind and its decay in the outer circulation. This formulation was designed to represent the compact wind structure and
concentrated strong winds of Typhoon Danas. Maximum-wind-speed sensitivity experiments were also performed to
evaluate the influence of typhoon intensity uncertainty on surge amplitude. Because drag-coefficient formulations
derived primarily for deep or open-ocean conditions may not be directly applicable to the shallow coastal waters of
southwestern Taiwan, a sensitivity-analysis and calibration framework for the sea-surface drag coefficient CD was
constructed using the Charnock relation, a dynamic Charnock parameter, an upper limit for acrodynamic roughness
length, and a hyperbolic-tangent smoothing function.

The results indicate that increasing the topographic resolution improved the representation of local bathymetry and
shorelines and reduced uncertainties associated with the selection of tide-gauge grid cells. However, topographic
refinement alone was insufficient to reproduce the pronounced negative surge residual at Dongshi and the positive
surge peak at Jiangjun. The two-segment wind field produced a more concentrated storm surge response and
improved both the negative-to-positive phase transition at Dongshi and the overall simulation error at Jiangjun.
Increasing the maximum wind speed amplified the simulated surge but could not independently reproduce the
extreme signals observed at both stations. When the two-segment wind field was combined with the calibrated
shallow-water CD, more consistent improvements were obtained in the simulated water-level time series and surge
residuals at Dongshi and Jiangjun.

Overall, the storm surge forecast errors during Typhoon Danas resulted from the combined effects of coastal
topographic resolution, typhoon wind-field structure, maximum wind speed, and airsea momentum-transfer
parameterization, rather than from any single factor. The controlled-experiment procedure and shallow-water
drag-coefficient calibration framework developed in this study provide an event-based scientific basis for the local
calibration of storm surge forecasting systems along the southwestern coast of Taiwan. Nevertheless, the applicability
and transferability of the calibrated parameters should be further evaluated using additional typhoon events with
different intensities and tracks, together with independent observational datasets.
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