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The application of cluster analysis techniques for Ensemble Typhoon

Quantitative precipitation forecast system
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Abstract

Numerical weather prediction has its limitations in predictability. The Central Weather Administration (CWA) has
developed the Weather Research and Forecasting Ensemble Prediction System (WEPS), primarily based on the WRF
regional model with nested grid resolutions of 15 kilometers and 3 kilometers. Through techniques like initial
perturbations, boundary perturbations, and multi-physic parameters, WEPS generates 20 ensemble forecast members
aimed at covering forecast uncertainties. However, extracting useful information from the extensive forecast data
provided by the ensemble prediction system and effectively managing forecast uncertainty are critical challenges in the

application of WEPS to weather forecasting.

While forecasts from individual members of WEPS exhibit differences, there are often similar characteristics among
members, which may be related to atmospheric conditions or the configuration of model ensemble members—a
phenomenon known as clustering. This clustering may also reflect potential future forecast scenarios. Previous studies
by the meteorological bureau have utilized self-organizing map (SOM) cluster analysis techniques with neural networks
to categorize quantitative precipitation forecasts from the WEPS model into four clusters for cases of Mei-Yu frontal
precipitation. This approach allows for cluster-specific analysis of synoptic diagnostic variables, providing

interpretations and discussions on atmospheric conditions during precipitation events.

The prediction of rainfall and wind speeds associated with typhoons in Taiwan closely correlates with the relative
positions of typhoon centers and Taiwan's terrain. Therefore, this study aims to use cluster analysis techniques to
generate typhoon track forecasts under different scenarios, providing references for disaster prevention decisions.
Furthermore, to support forecasting and disaster prevention agencies during typhoon events, CWA has established the
Ensemble Typhoon Quantitative Precipitation Forecast (ETQPF) based on the ensemble model. This system utilizes
specified typhoon tracks and vast quantitative rainfall data generated by the ensemble prediction system to produce
quantitative precipitation forecasts along these tracks. Thus, clustered typhoon tracks can be paired with the ETQPF

system to produce corresponding quantitative precipitation area forecasts.
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