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Scope of this presentation

Outline

• Quick introduction on weather forecast emulators

• What could be the near future of the integrated forecasting system

• What is the link with DA and what does it mean for the DA community?

Objective: foster the discussion on the links between data 
assimilation ML-based emulators 



Back in time…2018
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Reservoir computing

Kuramoto-Sivashinsky (KS) equation

Physical-based model
ML learing emuilator
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Four years later: 2022
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Pathak et al. (NVIDIA, …)
Fourcastnet

Bi et al. (Huawei Cloud Computing)
Pangu-Weather

Lam et al. (Deepmind, …)
Graphcast
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What is the objective of a ML based 
emulator?

OBSERVATIONS
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INITIAL CONDITIONS 10 DAYS FORECASTPysical-based model
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Skill of Graphcast



Training

Connexion with DA
• The training is done using reanalysis (obtained using both a physical 

based model and a data assimilation system)

Validation

Training Test

Training Validation Test

Step 1
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Alternative

Best results
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Consequence for the DA system

Schematic of ECMWF 4dVar

ML-based emulator



Beneficial for DA?
4dVar
For each minimization iteration (outer loop), it is necessary to:

Run the forward model

Run the adjoint model

Costly

Costly

Many Development 
efforts

Physical-based model

cheap

cheap

Comes for free

Neural network

Need 
developments

Need training



Beneficial for DA?
EnKF
For each assimilation cycle:

Run an ensemble of forward 
models

Costly

Physical-based model

cheap

Neural network

Need 
developments

Need training



Preliminary conclusion

It is realistic to think that soon (in the next months?), the 
forecasting model in operational numerical weather forecast 

could be replace by a neural network

But…
So far, physics based reanalyis (ERA5) are still instrumental to train the 
neural network



Next steps?
• Ocean or sea ice emulators:

Regional applications, or process based (e.g. surface mesoscale activity)

Comments:

• Ocean is slower and less observed: current reanalysis could be insufficients 
for training

• Big tech compagnies (Nvdia, deepmind) are less interested in the ocean

IceNet: Andersson et al. 2021
OceanNet (in preparation): Chattopadhyay et al. 



Next steps?
• Emulation of DA?

Forecast/background

Specification of errors

observations

Observation operators

Neural network Analysis

Demonstrated on sub-system (regional, only ocean surface) or specific types of observations 
(interpolation of gridded satellite data)
Sauzède, 2015, Abardenel 2018, Beauchamps et al. 2023

Comments:

• Could relax strong hypothesis of DA (gaussianity, linearity)

• How would it be trained?


