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Abstract

With the rapid development of artificial intelligence (Al) and high-performance computing, integrating Al
technology with dual-polarization radar data has become essential to balance operational efficiency with energy
savings, while breaking through the physical limitations of traditional rainfall estimation. This study develops
advanced techniques for radar quantitative precipitation estimation (AI-QPE) and quantitative precipitation forecasting
(AI-QPF). For AI-QPE, two machine learning algorithms—extreme gradient boosting (XGBoost) and convolutional
neural networks based on contoured frequency by altitude diagrams (CFAD-CNN)—are introduced. Validation
results indicate that XGBoost demonstrates superior error control and spatiotemporal consistency in precipitation
estimation. Although it still tends to underestimate heavy rainfall, its performance outperforms traditional radar QPE
techniques, reducing the root mean square error from 25.2 to 2.4 millimeters, which represents an improvement of
approximately 90%. For AI-QPF, this study successfully develops the trajectory gated recurrent unit generative
adversarial network (TrajGAN) and the deep generative model of radar (DGMR). To generate precipitation forecast
products for the next 6 hours at a 10-minute temporal resolution, the model inference requires only 40 seconds,
significantly enhancing computational efficiency. Performance evaluations show that for low-to-moderate intensity
rainfall, the AI-QPF model outperforms current operational modules in terms of the critical success index (CSI),
Heidke skill score (HSS), and probability of detection (POD). However, a rapid decay in echo structures remains a



challenge when forecasting strong convective features, necessitating ongoing optimization. All the aforementioned
research and development achievements have been integrated into automated operational modules. These modules
generate real-time precipitation estimations and 0—6-hour rainfall forecasts every 10 minutes, providing real-time

disaster prevention information services through the weather analysis and Taiwan climate hybrid monitor system

(WATCH).
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