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Introduction

GenCast: Probabilistic weather forecasting with machine learning, Nature 2024

Exciting times for data driven weather modelling

https://www.nature.com/articles/s41586-024-08252-9
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Current data driven models (the majority) 

Model trained and 
tested for forecasting

• Medium range forecasting
• Hurricane tracking
• …
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But..

We are spanning “only“ part 

of the phase space:

still far from a seamless ML 

approach
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.. and

.. Scores are not everything

Integrated Forecasting System (IFS) Artificial Intelligence Forecasting System (AIFS)

Andreas Muller
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Can we go beyond?
Towards a multi-resolution data driven model for Earth System science
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We have lots of data at different scales
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We have lots of data at different scales

Integrated Forecasting System (IFS) Artificial Intelligence Forecasting System (AIFS)

Andreas Muller

• Spatial resolution: 500m-2km
• Time resolution: 10 minutes

Example: 

Himawari GEO
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.. and we have the technology to combine them 
• Models that are multi-modal: couple text, video, images in the same feature space

• Models with trillions of parameters that can fulfill multiple-tasks
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.. and we have the technology to combine them 
• Models that are multi-modal: couple text, video, images in the same feature space

• Models with trillions of parameters that can fulfill multiple-tasks

Can we use these ideas in Earth system science?
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Do we have enough data?

Slide from Peter Dueben, ECMWF annual seminar 2025
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Current data driven models (the majority) 

Model trained and 
tested for forecasting
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The WeatherGenerator in a nutshell 
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The WeatherGenerator in a nutshell 
Input and output can be global or local, at 

100m or 100km resolution, and from the past, 

present or future.
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Key ingredient: Representation learning

Use transformers to encode the information in feature space
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How to combine multiple time scales scales?
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How to deal with different resolutions?

E global latent Earth system state
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Where do we stand?

We do have the prototype of a model that trains on multiple 
datasets

https://github.com/ecmwf/WeatherGenerator

target prediction target prediction 

https://github.com/ecmwf/WeatherGenerator
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Downstream applications
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Challenges
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Some thoughts

Nobody knows where ML models will stand in 5 years from now

• How many models do we need?

• How will we integrate them with current NWPs?

We need to stretch the boundaries of what we think it’s possible with ML to shape the next 

generation of Earth system models

There is no guarantee that this approach will work better than having 
multiple models 

but
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