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Présentation du projet doctoral, contexte et objectif

Arctic sea-ice extent has been decreasing since the 90’s, which speeds up the warming of the Arctic ocean
since sea-ice insulates the ocean from the atmosphere and has a high albedo reducing the absorbed heat.

To model this processus at a fine-scale, high resolution maps of sea-ice thickness are needed. The sea-ice
thickness maps are currently produced from altimetric sensors such as SIRAL on board CryoSat-2
[Laxon2013, Kurtz2014] or AltiKa on board Saral [Zakharova2015], that measure elevation points of the
sea-ice floes and the leads along the satellite track, leading to a very sparse spatio-temporal coverage. For
instance, to get a full Arctic coverage a month of data is needed
(http://www.cpom.ucl.ac.uk/csopr/seaice.php). Thanks to the new mission SWOT, launched by CNES and
NASA, 3D images of sea ice have been available since 2023. Its ATLAS swath-altimeter provides the
topography of the sea ice over a width of 120km with a horizontal resolution of 250m
(https://www.aviso.altimetry.fr/en/news/idm/2024/mar-2024-sea-ice-as-seen-by-swot.html). However, its
recent launch means that it is not yet possible to reconstruct the evolution of the sea ice under the effect of
global warming.

In this PhD, part of the SITEMSA ANR project, our goal is to obtain SWOT-like altimetric measurement by
combining nadir altimetry measurements with Sentinel-1 (S1) SAR images. These images have a spatial
resolution of 10 to 50 meters but don’t directly measure sea-ice thickness. However, they are used to map
sea-ice types [Park2020]. Building on the link between sea-ice thickness, its roughness and the roughness
measured on SAR images, they have already been used to extrapolate altimetric measurement at a basin
scale [Karvonen2022]. By applying such a link locally, and building on the deep-learning advances, we aim
to extend the altimetric measurement over a few hundred meters guided by the SAR images. To do so,
multiple research questions are raised :

e Isit possible to get a sea-ice floes/leads mapping at the native resolution of SAR images ?

e Can we build on this map to produce sea-ice elevation maps with only few regression points
available ?

e Can temporal data be used to robustify the sea-ice elevation maps ?

Having labels for a sea-ice floes/leads semantic segmentation sea-ice mapping on SAR images is
challenging. Optical images can be used to provide labels by ice-floe segmentation [Kénig2020], but only
few cloud-free Sentinel-2 (S2) multispectral images are available per year to get the pixel-based sea-ice
floe labeling. Moreover, since the two images are not acquired at the same time, a sea-ice drift
compensation will need to be applied and uncertainty in the label taken into account. However, sea-ice
concentration is widely available at a low spatial-resolution either from manually drawn ice-chart or ASMR-
2 measurements. Sea-ice concentration gives the percentage of sea-ice floes versus leads in pixels or
manually drawn regions. This data can be used to produce Sea-ice concentration maps using deep-
learning dataset, such as the Al4Arctic [Al4Arctic], that offer S1 GRD images linked with concentration
maps. These types of data have been successfully used in deep-learning frameworks [DeGélis2021]. In
this PhD, we aim to remove the probabilistic aspect of sea-ice concentration to get sea-ice floes/leads
maps building on weakly supervised learning. Features extracted either from a sea-ice concentration
classification task [Ahlswede2022] or a denoising algorithm such as SAR2SAR [Dalsass02021] adapted to
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EW sea-ice data [Méraoumia2024], can then be used to obtain sea-ice floes/leads maps. Moreover a
dataset linking S1 SLC data to concentration is being constructed in the SITEMSA. This dataset would
enable the use of the MERLIN denoising algorithm [Dalsass02022] whose features have been shown to
contain enough information to perform building semantic segmentation [Dalsass02024].

It has already been proven beneficial in urban remote sensing to estimate the height and the
classes of pixels conjointly [Carvalho2019], and optical images have already been used to densify LIiDAR
point cloud depth measurement [Qiu2019]. However, the challenge for sea-ice elevation is that only few
measurement points will be available for supervision. They could be used in an iterative framework using
the existing map as coarse resolution labels to get a first training and refining it using sparse annotation
[Lenczner2022].The used of the features of MERLIN could also guide the regression algorithm, as it has
been done in urban areas [Dalsass02024].

Part of the SITEMSA project aims at measuring sea-ice drift to co-registrate SAR, optical and
altimetric data. In this PhD, these algorithms could also be used to combine multiple SAR and altimetric
acquisition to robustify the sea-ice elevation retrieval algorithm. Another way to combine these approaches
would be to link the feature extraction in the sea-ice floe mapping, the elevation regression task and the
drift measurement, to robustify the three tasks.

The obtained elevation maps will be validated using SWOT data. Obtaining SWOT-like data for
point-like altimeters will enable us to keep the temporal depth of the altimetric measurement. This is crucial
for sea-ice evolution analysis under the effect of global warming.
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