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Abstract

Regional Climate Models (RCMs) are essential for producing high-resolution climate simulations
tailored to specific regions. However, their reliance on discretized physical laws and boundary con-
ditions from Global Climate Models (GCMs) limits flexibility for assimilating new observations and
makes long-term simulations computationally expensive, reducing the ability to explore multiple
possible climate states from the same GCM.

This thesis investigates the application of Score-Based Data Assimilation (SDA) ,reyling on
diffusion models, in the context of the Modéle Atmosphérique Régional (MAR) over Belgium. The
problem is framed from a stratistical perspective as an inverse problem.

The approach consists of (1) Training a diffusion model to approximate the prior distribution
of MAR outputs, (2) Exploiting zero-shot conditional generation to incorportate synthetic and
real-world observations.

A proof-of-concept is demonstrated training on two variables : the temperature and wind
speed, presenting the capabilities of the model to generate samples aligned with the observations
in various contexts including incorporating IRM weather stations and generate samples from the
GCM ERA-5 land-surface variables given at the boundaries, replicating the simulation of MAR but
for two variables.

Several limitations are acknowledged: the learned prior contains artefacts, posteriors condi-
tioned on part of the observations fail to predict other unassimilated parts, the model has not yet
been successfully scaled to all MAR variables or to a full simulation with all prognostic variables
across pressure levels, the generated ensembles are not calibrated, and computational gains over
traditional simulations are limited.



