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Introduction

Ocean and sea-ice play a fundamental role within the Earth system
model at several timescales: the ocean has a huge capacity to
store and triggers Earth system inertia, while sea-ice influences
surface heat, moisture and freshwater flux, modulating the Earth's
temperature. Present state-of-the-art global ocean/sea-ice
reanalyses are generally limited by the ingestion of few data
types, mostly disentangling the ocean and sea-ice sectors. In
particular SLA and SIC are assimilated, SST is generally used during
model integration, SSS and SIT are rarely used.

Objectives:

-) Exploring the benefit of assimilating diverse surface satellite
datasets (SLASST,SSS,SICSIT) in a strongly coupled fashion,
paving the way for future production

-) Analyze the model sensitivity to the observations, quantifying
which dataset is more informative for the model point of view
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Fig1: Available satellite observations that can be potentially used by
reanalysis system
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The CMCC Reanalysis System (C-GLORS) has been used in the last

corrections across different model components (ocean and sea-
iIce) by proposing a strongly coupled approach and with the help
of diverse observation operators.

decades to simulate realistic ocean and sea-ice conditions (Storto Background | i >

et al 2016;2019). The system has been presently enriched with a : : N

new sea-ice DA scheme (Cipollone et al, 2023). In COMET, we plan i ﬁ i
to further extend the C-GLORS system, ensuring consistent | ! %

Fig2: Structure of the c-glors new system with cross covariances between

] ocean and sea-ice (new algorithm in RED)
ML SST observation operators

SST Is the most monitored ocean .
feature within the satellite era, 1es; nfrared sensors
however a variety of SST datasets ™ rieronare sensers
have been produced In recent
years, each one with almost
unique characteristics
(with/without diurnal cycle,
dust/cloud Iinfluence, etc) and
differing from the model SST
variable roughly at 0.5m. We use a
ML scheme to project the satellite
sst retrievals onto the first model ] { roungution sor
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A pix2pix scheme (conditional generative adversarial hetwork) is used to unbias
the subskin temperature and assimilate it in a reanalysis-like simulation
(Broccoli et al 2025). Results shown an improvement in the subsurface
temperature when unblased SST are assimilated w.r.t. subskin SST especially Iin
the Tropics (Figure 3). Validation is performed against independent insitu
temperature observations from EN4 dataset (Good et al 2013)
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Fig2: Cartoon explaining the different observation types
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Fig3: Insitu Bias and RMSE, integrated between 0-100m, for the two =
experiments: 1) assimilation of original subskin SST. 2) assimilation of
unbiased SST via ML . Statistics over the whole 2018 are considered.
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Strongly coupled approach
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The synchronous ingestion of corrections
IN a coupled model, is essential for
generating realistic and balanced Initial
conditions and avoiding Initial shocks. In - s00m -
COMET, SIC, SIT, SST, SSS and SLA will be >
assimilated at once, coupling gaussian-like
sea-ice variables (through anamorphism)
and ocean ones via covariance matrix (see s00m —
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Figure 4) thus generating increments that Temperature = f

are consistent within themselves. Figure 5 \ | N

shows increments for all the variables s0m  500m som 500 . |

obtained by assimilating only SIC data for Temperature |  Salinity  [gSICIesIT

one day. Fig4: Example of the vertical correlation between Figs: Example of the balance increments obtaiined
ocean and sea-ice variables for summertime when assimilating SIC only
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