Assimilation of sea surface temperature in the Mediterranean Sea using ML-based operators
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Abstract
The assimilation of sea surface temperature from satellite observations into ocean models represents a challenging problem due to the non-trivial relationship between measured and modelled quantities. The discrepancy between these two must be addressed by observation operators able to project the observations into physical values (and viceversa) that are meaningful for the numerical ocean model. These operators act on high-dimensional spaces with non-trivial relationships with respect to the local weather conditions and the state of the system, calling for complex modeling and training techniques. On top of that, the integration of these operators in the data assimilation chain asks for the availability of the respective adjoint operators.
Recent advances in deep learning have paved the way for models flexible enough to be able to represent these complex relationships, while retaining remarkable training properties and providing easy access to adjoint operators through automatic differentiation.
We use U-Net and pix2pix algorithms and leverage the assimilation configurations developed for the Global Ocean in Broccoli and Cipollone (2025) on products tailored for the Mediterranean Sea. We showcase the capability of ML-based operators in the assimilation of the sea surface temperature in a regional 1/24° operational configuration (Clementi et al., 2021). 
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