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Data—driven forecasts of extreme weather in East Asia:
Multi-model approach and sensitivity to initial conditions

Seok—Geun Oh!, Young—-Jun Bae!?, Seok—Woo Son'?, Jin—Ho Yoon*, Dong—Chan Hong!,
Joon—Yong Kim!, Hyesook Lee’

!School of Earth and Environmental Sciences, Seoul National University
*Torpedo Co., Ltd.,
3Interdisciplinary Program of Artificial Intelligence, Seoul National University
*School of Environment and Energy Engineering, Gwangju Institute of Science and Technology
SNational Institute of Meteorological Sciences

Accurate medium-range weather forecasts are essential for disaster preparedness and resource
management, yet numerical weather prediction (NWP) models remain limited by imperfect represnentatino
of atmospheric process and high computational costs. Machine-learning-based weather prediction
(MLWP) offers a promising alternative, though skill in forecasting extreme events in East Asia remains
challenging. This study evaluates four state-of-the-art MLWP models—FengWu, FuXi, GraphCast, and
PanguWeather—and their ensemble mean (MLWP-EM), against the Korea Integrated Model (KIM). Results
show that MLWP-EM consistently outperforms KIM forecasts across lead times, particularly for 500-hPa
geopotential height and 2-m temperature. Forecasts initialized with ERAS reanalysis yield higher accuracy
than those initialized with KIM, highlighting the importance of initial conditions, although KIM-initialized
MLWP-EM forecasts still rival or exceed operational KIM performance. Case studies demonstrate improved
simulation of heat wave and cold spell temperature anomalies, while heavy rainfall and typhoon precipitation
is qualitatively captured but underestimated in magnitude. These findings underscore the potential of
MLWP-EM to improve medium-range forecasts in East Asia.

Keywords: machine learning, medium-range forecast, Korea Integrated Model, East Asia, extreme events
% This study was supported by the Korea Meteorological Administration (KMA) Research and Development

Program “Development of Al-based Medium-range Weather Forecasting Technology” under Grant
KMA2021-00121.
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