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1. Introduction

17 People Killed

32 Injured 

17 Missing

690,000+
People Affected [3]

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

lives?

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



2. The Evolution of Forecasting

~ 1950s ~ Present Now

Human Experience, 

Subjective

Manual
Forecasting Data-Driven, 

Lightning-Fast

AI Forecasting

Physics-Driven, 

Computationally 

Expensive

Numerical 
Weather Prediction

Physical laws  

Hybrid AI + Physics
Fig.3: Manual Forecast Reference Map. Fig.4: NWP Formula. 



3.1
Research Direction 1: 

Deep Learning to Accelerate NWP

Pangu-Weather [4]

Huawei, Nature 2023

Accuracy

Overall Higher

than ECMWF IFS

Speed

Up to 10,000×

Hours → Seconds

Achieving

3D neural network

trained on ~40 years of ERA5 data, 

with 0.25° global resolution.



3.2
Research Direction 2: Foundation 
Models for Weather and Climate

Aurora [5] Microsoft, Nature 2024

Overview

➢ Large-scale Earth system foundation 

model

➢ Trained on 1M+ hours of 

heterogeneous data

➢ 3D Transformer backbone

Covers atmosphere, ocean waves, air quality, extreme events, etc.



3.3 Additional Emerging Topics 

Data Preprocessing 

& Gridding

Extreme Event 

Attribution

Typhoon Track 

Analysis

➢ 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.

Diffusion Models 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 AI weather models

be used in operational forecasting?
What are the major challenges?

✓ Hybrid Forecasting: AI 

enhances NWP via downscaling 

& bias correction.

✓ Rapid Nowcasting: AI provides 

fast short-term forecasts for 

rainfall & storms.

✓ Limited Generalization: 

AI struggles with 

rare/extreme events.

✓ Trust & Reliability: 

Black-box models lack 

interpretability and 

operational stability.



Thank you for listening!
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ZHANG Xin Yue
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