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For a long time, weather forecasting has been dominated 
by physics-based, numerical computer models.
AI forecasts: Computer models that "learn" to predict
weather from large amounts of past data, without physics.
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Computer models that "learn" to predict weather from 
large amounts of past data, (mostly) without physics.

Image: Adapted from Google DeepMind
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Why do we want to do this? Conventional physics-
based weather forecasts were already quite good!

 Lowered cost (computational efficiency).
 Improvement of forecast performance (e.g., Bi et al., 2023, Lam et 

al., 2023, Price et al., 2025).

Images: The Economist; Nature; Financial Times
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Many success stories:

Storm Ciáran, Charlton-Pérez et al. (2024)

2022 cold-front dynamics in Taiwan, Mardani et al. (2025)

Typhoon Hagibi, Price et al. (2025)



AI forecasts | Extreme weather forecasting | Challenges and opportunities

Do data-driven forecasts struggle with extremes?



AI forecasts | Extreme weather forecasting | Challenges and opportunities

Do data-driven forecasts struggle with extremes?
Possible issues: 

 Limited sample size and challenges related to extrapolation (Watson, 
2022, Zhang et al., preprint)

 Choice of loss function – e.g. global MAE/MSE (Xu et al., 2024)
 Global and temporal averaging across variables and time scales 

(Bonavita, 2024)
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Do data-driven forecasts struggle with extremes?
Coloured: AI best. Grey: Physics-based best.

Figure: Olivetti and Messori (2024a), Geosci. Mod. Dev.
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Selected challenges and opportunities (focussing on 
extremes):

 Comparatively poor performance on extremes.
 Tailored forecast models for specific extremes or regions (e.g. 

Oskarsson et al., 2023, Xu et al., 2025).
 Combination with extreme value theory (Olivetti and Messori 2024b).
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Selected challenges and opportunities (focussing on 
extremes):

 Ethical dimension: we can now chose what to improve.
 Algorithmic fairness (Olivetti and Messori, 2025).
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Selected challenges and opportunities (focussing on 
extremes):

 Poor extrapolation to unseen events.
 "Translocation" (Qiang Sun et al., preprint).
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Selected challenges and opportunities (focussing on 
extremes):

 Lack of explainability  lack of trust in "unusual" forecasts.
 Explainable AI approaches (Mengaldo, 2025).
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Image: Adapted from Mengaldo (2025)



Selected challenges and opportunities (focussing on 
extremes):

 Lack of data to evaluate the forecasts.
 See Amy’s presentation.
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https://gmessori.eu
gabriele.messori@geo.uu.se

https://climes.se
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