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1. Introduction

Fig.1: Typhoon caused harm to citizens. [1]
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Fig.2: Typhoon Forecast. [2]

’7 People Killed

32 Injured
’ 7 Missing
690,000+

People Affected [3]

How can Al help improve weather forecasting to save people’s

lives?



2. The Evolution of Forecasting

Manual
Forecasting

Human Experience,

Fig.3: Manual Forecast Reference Map.

Numerical
Weather Prediction
Physics-Driven,

Computationally
Expensive
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Fig.4: NWP Formula.
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Now

Al Forecasting

Data-Driven,
Lightning-Fast

Physical laws

Hybrid Al + Physics




31 Research Direction 1:

Deep Learning to Accelerate NWP

Pangu-Weather (4
Huawel, Nature 2023

nature

Explore content ¥  About the journal ¥  Publish with us v

nature » articles > article

Article Open access = Published: 05 July 2023
Accurate medium-range global weather forecasting

with 3D neural networks

Kaifeng_Bi, Lingxi Xie, Hengheng_Zhang, Xin Chen, Xiaotao Gu & Qi Tian &3

Nature 619, 533-538 (2023) | Cite this article

305k Accesses | 1185 Citations \ 1905 Altmetric | Metrics

3D neural network
trained on ~40 years of ERA5 data,
with 0.25° global resolution.

Achieving

Accuracy Speed

Overall Higher Up to 10,000 X
than ECMWEF IFS Hours — Seconds



3 9 Research Direction 2: Foundation

Models for Weather and Climate

Aurora [s] Microsoft, Nature 2024 | nature

Explore content ¥  About the journal v  Publish with us v

Ove rVieW nature > articles > article
> La rge-sca le Earth Syste m foundation Aticle | Open access | Published: 21 May 2025
A foundation model for the Earth system
model 3 | | |
Cristian Bodnar, Wessel P. Bruinsma, Ana Lucic, Megan Stanley, Anna Allen, Johannes Brandstetter, Patrick
> Tra i N ed O N 1 M -+ hou rS Of Garvan, Maik Riechert, Jonathan A. Weyn, Haiyu Dong, Jayesh K. Gupta, Kit Thambiratnam, Alexander T.

Archibald, Chun-Chieh Wu, Elizabeth Heider, Max Welling, Richard E. Turner & Paris Perdikaris &

heterogeneous data .
Nature TR B X0 EETEITS 53 641, 1180-1187 (2025) ‘ Cite this article
> 3D TranSfOrmer baCkbone 111k Accesses ‘ 55 Citations ‘ 819 Altmetric ‘ Metrics




3.3 Additional Emerging Topics

Data Preprocessing
& Gridding

Diffusion Models

> CorrDiff [6]: generative
diffusion downscales 25 km
global fields to 2 km.

> Diffusion-based
probabilistic downscaling
[7]: generate high-resolution
climate ensembles for risk
assessment.

Extreme Event
Attribution

Typhoon Track
Analysis

Transformer-based
Models

> ML-based extreme event

attribution (Systematic
Review 2024) [8].

» Transformer architectures

(EarthFormer, TeleViT) for
extremes (Nat. Commun.
2025 review) [9].

» Long-term typhoon
trajectory prediction
(ICLR 2024) [10].

> Deep learning for
tropical cyclone tracks
and intensity (npj Clim.
Atmos. Sci. 2025; Ocean
Modelling 2024) [11].




—— 4. Discussion ———

How can Al weather models

] ) _ What are the major challenges?
be used in operational forecasting?

v Hybrid Forecasting: Al | v' Limited Generalization:
enhances NWP via downscaling Al struggles with
& bias correction. | rare/extreme events.

v Rapid Nowcasting: Al provides 5 v' Trust & Reliability:
fast short-term forecasts for Black-box models lack
rainfall & storms. interpretability and

operational stability.
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