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Environmental and Rainfall Characteristics of Disaster-Causing
Heavy Afternoon Rainfall Events in Taipei City
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Abstract

In recent years, short-duration, high-intensity afternoon convective storms in the Taipei metropolitan area have
posed severe challenges to urban flood control and disaster prevention. This study reviews 13 extreme afternoon
thunderstorm cases over the past 12 years where the hourly rainfall in the Taipei plains exceeded 90 mm. Aiming to
address the practical needs of weather forecasters, this study dissects the synoptic-scale environmental features and
disaster-causing rainfall mechanisms of these events to enhance the efficacy of real-time meteorological monitoring and
forecasting.

Preliminary analysis indicates that during these extreme rainfall events, the atmosphere exhibited a highly
unstable profile with warm, moist air at low levels and cold air aloft, accompanied by generally weak environmental
winds at 700 hPa. Regarding dynamic characteristics, this study reveals that when hourly rainfall reached 90 mm or
more, the 700-hPa wind direction predominantly featured southerly winds (blowing from mountain peaks to the foothill
plains) or southwesterly winds (blowing along the Hsuehshan Range topography). Under southwesterly wind
conditions, convective cells are mostly triggered by the convergence of westerly winds from Taoyuan and sea breezes
from the Keelung River. If these cells propagate slowly, they tend to merge with upstream cells on the southwestern
side or newborn cells on both flanks, frequently forming a southwest-to-northeast “train-effect” echo pattern. Under
southerly wind conditions, convective cells are primarily initiated by the convergence of sea breezes from the Tamsui
and Keelung Rivers. These cells subsequently propagate northwestward and frequently merge with convective cells
triggered by the terrain over the southern Xindian mountainous area that move into the plains, leading to localized
rainfall intensification and prolonged durations.

Given that current numerical weather prediction models still exhibit high uncertainty and high false alarm rates
in forecasting metropolitan short-duration heavy rainfall, this study translates the summarized wind-field features and
radar echo-merging paths into an objective, conceptual forecasting model based on operational forecasting practices.
These findings are expected to effectively improve the daily morning forecasts of afternoon thunderstorms and provide
critical operational guidance for convective monitoring and nowcasting, thereby overcoming the limitations of
numerical models and enhancing warming capabilities for extreme convective storms.
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