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[Abstract] Severe convective weather—characterized by abrupt onset, high destructive potential, and fine
spatiotemporal scales—poses significant challenges to early detection and warning. Conventional identification
approaches, which rely on fixed radar echo thresholds and empirically derived criteria, suffer from limited
timeliness and suboptimal accuracy, particularly in complex terrain or rapidly evolving scenarios. To address
these limitations, this study leverages the capacity of deep learning for spatiotemporal pattern recognition in
meteorological data. We propose a hybrid deep learning architecture integrating convolutional neural networks
(CNNs) for spatial feature extraction and long short—term memory (LSTM) networks for temporal dependency
modeling. Based on multi—source radar reflectivity time series and co—located surface observations, we develop
a robust severe convective weather identification model and establish an evidence—informed graded warning
framework that systematically balances probability of detection (POD) and false alarm ratio (FAR). Using radar
base data (e.g., reflectivity, velocity) and automatic weather station (AWS) observations from 127 documented
severe convective events across Northeast China (2019-2024), the model was trained and rigorously validated
on independent test samples. Results demonstrate statistically significant improvements in detection accuracy for
thunderstorms accompanied by strong winds, short—duration heavy rainfall, and hail—achieving average POD
gains of 18.3% and FAR reductions of 22.7% relative to operational threshold—based methods—while extending

median warning lead time by 12.4 minutes. This work provides a scalable, reproducible, and operationally viable
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methodology to support intelligent forecasting modernization at grassroots meteorological services.

[Key words] deep learning; severe convective weather; radar reflectivity; graded warning; long short—term
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