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Ensemble Forecast Experiments of Coldwaves with a Hybrid Machine Learning Model
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To investigate the predictability of coldwaves during late December 2020 and early January 2021, deterministic
and ensemble forecast experiments were conducted with the ERAS reanalysis and NeuralGCM, a hybrid machine
learning atmospheric general circulation model. NeuralGCM, comprising a spectral dynamical core and physics
learned from reanalysis, exhibits significantly smaller bias than the physical counterpart, achieving a temperature
error over Japan of only 0.5 K at a 10-day lead time. However, even with a lead time of just one extra day, the
deterministic forecast fails to predict the low temperature, displaying +3 K bias, mirroring the limitation of the
operational forecast. The ensemble mean forecast reduces this positive bias by half, with most members accurately
predicting the cold spell. Furthermore, the ensemble adjoint sensitivity analysis reveals a significant remote effect

from the North Atlantic. While the hybrid model demonstrates improved deterministic and ensemble forecasting

capabilities with reduced biases, it ultimately remains constrained by the inherent predictability barrier.
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Figure 1 Averaged temperature over Japan
(120°E-150°E, 20°N-50°N) at the 1000 hPa
surface for the deterministic forecasts from 0000
UTC, 28 (red) and 29 (black) December 2020, and
ERAS analysis (red).
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Figure 2 As in Fig. 1 but for the ensemble
forecasts from 0000 UTC, 28 December 2020.
The black and red lines indicate the ensemble
mean and control (unperturbed) forecasts,

respectively.



