
Coupling data-driven models
Which coupling strategy for earth system components in the AIFS framework? 

… and everything in between …

Land component represented in operational AIFS Single

Refer

Towards a data-driven Earth 
System Model
AIFS Single: First fully operational data-driven weather forecasting model 

A full Earth System Model

As part of Destination Earth – the ambitious initiative of 
the European Commission to create digital twins of our 
planet - ECMWF and its partners aim to expand the AIFS 
framework to all components of the Earth System, 
including land, ocean, sea ice, waves and hydrology. 
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Joint atmosphere-wave model
Add wave variables to the atmospheric AIFS Single

Improve significant wave height forecast accuracy by 10% at medium-
range =mescales in comparison to opera=onal wave forecasts

Land variables directly learnt as part of the AIFS Single!  →  joint model

• Solar radia)on ☀
• 100m winds 🌬
• Snow fall ❄
• Soil moisture 💦
• Soil temperature 🌡
• Runoff 
• Cloud cover ☁

Soon:
• Snow depth ❄
• Snow cover ❄
 

4-day forecast of soil temperature level 1

Ocean-atmosphere model: coupled vs joint model
Coupling of components inspired by tradi@onal modelling

Hydrology: Towards ECMWF's data-driven flood forecasting system
Streamflow
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OPERATIONALAIFS SINGLE

Verification of AIFS Single against IFS: Extreme Event

20 January 2025 00 UTC t+48: 24h snowfall 20 January 2025 00 UTC t+48: 24h snowfall

Single

2-day forecast of rare snow along the Gulf Coast

Wave Blog Post with 
more details and 

anima)ons

Des)na)on 
Earth blog 

Destination 
Earth blog 

ATMOSPHERIC PerspecJve OCEAN PerspecJve

LSTM-based )me series model 
trained on global daily streamflow 
observa)ons, meteorological 
reanalysis, and forecasts.

https://arxiv.org/abs/2406.01465

