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Monitoring of supraglacial lakes on the Nansen ice shelf
with active microwave satellite remote sensing: a
preliminary assessment
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" BACKGROUND

The global temperature rise is accelerating glacier melting everywhere. In Victoria Land, East Antarctica, during the
austral summer a complex and vast network of supraglacial hydrology features forms, namely supraglacial lakes (SGL)
and meltwater channels. Supraglacial lakes are the focus of the project HOLISTIC of the Italian National Program of
Researches in Antarctica (PNRA). This includes how they form, how they evolve, and what role they play in the dynamics

of surface hydrology.

Among the various scientific questions, there is a need to identify, measure and monitor SGLs on the ice shelf. The project Air
plans to synergistically use observations from passive optical and active microwave remote sensing instruments. Among
these, the SAR imager onboard Sentinel-1 and the radar altimeter on Sentinel-3 (Copernicus missions of the European
Space Agency, ESA), but also the new Surface Water and Ocean Topography (SWOT) mission a satellite altimeter jointly

- developed and operated by NASA and CNES.
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" GROUND TRUTH AND OPTICAL IMAGERY
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surveyed on the field, ¢ ¥ >% instruments, satellite-borne SARs can detect the L2_LR_SSH_Unsmoothed. A preliminary analysis
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expedition to Antarctica.
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Colors correspond to time. The red arrow shows
the translation of the pattern to south. This image
shows that supraglacial hydrological elements
may have persistent spatial features, allowing their
identification even on a decadal time scale. During
the austral summer, meltwater is routed to the
glacier's terminus through a complex supra-glacial
hydrological system, where it is finally discharged
into the sea.
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MICROWAVE IMAGERY - SAR

The active microwave Synthetic Aperture Radar
(SAR) sensor, onboard the Sentinel-1A (S1A)
satellite, is also able to identify supraglacial lakes
signature in active microwave imagery, because
meltwater, snow and ice have generally different
properties at radar wavelength. Due to their ability

conditions, allowing the monitoring of SGL lakes
all-year round.

The SAR image to the left, taken by
S1A in single polarization mode (HH)

S1A SAR 27-12-2024 - Site S5
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to modulations of @? but the dark
pattern in the yellow box is easily
recognized as being due to the lower
radar backscatter inside a pattern
that mimics that of the NDWI index of

similar to that of NDWI index in the
visible range, which permits the
identification of the water area (about
1.2 Km# left box). Frozen water in SAR
images has  generally higher
backscatter than the surrounding.
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In such case the ratio between <@% inside and
outside a SGL changes. The scatterplot below
shows how the time series 2017-2025 of this ratio
for S5 changes in frozen and melted water

- foreseen in [2].

* MICROWAVE IMAGERY - SWOT

NASA's SWOT mission precisely measures surface
water heights and ocean topography globally. Its
KaRIn sensor, based on SAR interferometry at
near-nadir angles (0-4.5°), acquires data along two
50 km-wide cross-track swaths. However, only a
few Level 1 and Level 2 products are available for

roughness variations, as illustrated by the image
nelow, taken over the Nansen ice sheet on 318
December 2024, and showing the normalized radar
nackscatter of the surface.

In the northwest, local variations in reflectivity
(blue areas) can be seen, possibly indicating local
variations of the snow surface slope, as well as
variations in moisture or snow accumulation. The

topographic undulations

Twelve L1_LR_INTF images taken in the austral
summer 2024-2025 over Nansen ice sheet have
been considered in the analysis of @ variations of
the surface, using the NDWI modified index as a
mask to isolate the backscatter of meltwater in S5
SGL from the surrounding. The analysis suggests
that the mean backscatter inside Sb tends to
increase with the air temperature: 6° remains
under 4 dB while the air temperature is below 0°C.

Air temperature at MANUELA AWS (Inexpressible Island) (° C)

" CONCLUSIONS

e Traditional SAR sensors allow for all-weather, year-round SGL monitoring because they operate through clouds and in darkness, and have effective capabilities to
identify meltwater. SGLs appear darker than the surrounding when the surface is melted, and brighter when the water is frozen.

 The SWOT KaRIn sensor shows potential for distinguishing variations in surface roughness on the ice sheet, suggesting a relationship between air temperature and

radar backscatter of SGLSs.

e Supraglacial hydrological features can have persistent spatial characteristics, allowing them to be tracked over many years, and active microwave sensors have the
potential for the comprehensive monitoring of supraglacial lakes.
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