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Introduction 

The 4DVarNet developments are partially supported by the EU Horizon Europe projects EDITO Model Lab (Grant 101093293) and AI4PEX (Grant 101137682). It also benefited 
from HPC and GPU resources provided by GENCI-IDRIS (Grant 2021-101030).This work is also partially supported by the French ANR OceaniX (ANR-19-CHIA-0016) and also 
benefited from HPC and GPU resources provided by the CPER AIDA GPU cluster, supported by the Regional Council of Brittany, Brest Métropole and Fonds Européen de 
DEveloppement Régional (FEDER).
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The 4DVarNet approach, first 
applied to Sea Surface Height 
(SSH), see e.g. Fablet et al. (2021), 
Beauchamp et al. (2022), uses AI to 
fill gaps in satellite data and 
improve ocean monitoring. It 
embeds variational DA as neural 
architectures to provide accurate, 
high-resolution ocean surface 
reconstructions and forecasts, even 
when observations are very sparse.

The 4DVarNet framework is now 
available as an installable Python 
package via pip, making it easy to 
integrate into scientific workflows. 
This open-source release aims to 
support the research community in 
developing and testing neural data 
assimilation schemes, fostering 
reproducibility, collaboration, and 
application to new domains 
beyond SSH, SST and ocean 
surface variables, used for now in 
the core developments. 

4DVarNet:
Variational

 Data Assimilation
as neural architecture

Artificial Intelligence (AI), and 
deep learning in particular, has 
revolutionized many fields by 
learning complex patterns directly 
from data. In geosciences, this 
opens the door to new approaches 
for solving inverse problems - such 
as reconstructing sea surface fields 
from partial satellite observations.
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Future developments of 4DVarNet aim to broaden its scope and 
impact across Earth system applications. One major direction is 
multivariate assimilation, where the framework will jointly 
handle sea surface temperature, salinity, ocean currents, and 
atmospheric variables. Another key area is the integration of 
stochastic modeling through generative AI, enabling the 
system to represent uncertainty in both prior knowledge and 
reconstructions. The method is also being adapted for 
multiscale operational implementation, making it suitable for 
real-time forecasting at global scale. Finally, the approach is 
being extended to include other essential climate variables, such 
as sea ice, supporting a more comprehensive view of the 
ocean–cryosphere system.
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