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Supraglacial lakes on Antarctic ice shelves, which have been 
linked with hydrological flexure-fracture mechanisms inducing 
ice-shelf disintegration (Banwell et al., 2013), can become 
buried and persist perennially beneath the ice-shelf surface. 
In such cases, sufficient cover by insulating snow fall early in 
the accumulation season prevents refreezing of the lake 
(Lenaerts et al., 2017). Subsurface lake drainage has been 
observed in an Antarctic grounding zone (Dunmire et al., 
2020), highlighting the potential for hydrofracture occurrence 
beyond the peak melt season. The extent of subsurface lakes 
has been quantified across Greenland (Dunmire et al., 2021) 
but remains unknown for Antarctic ice shelves and grounding 
zones.   

Transfer learning: retraining the model with Antarctic data to improve performance, e.g., for ice-shelf type lake 
shape and ice-shelf margin/sea-ice covered ocean

Secondary model employing HH band to fill Antarctic HV data gaps; explore HH usability in main model?

Test implementation of blue ice class; otherwise mask for blue ice

Case study workflow following methodology from Dunmire et 
al. (2021) for application on Wilkins Ice Shelf; Greenland-
trained CNN (based on AlexNet architecture) is used for 
model inference
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False colour image tile examples:

Qualitative assessment of Sentinel-1 C-
SAR showed potential buried lakes on 
western Wilkins Ice Shelf, northeast of 
Merger Island

Features present perennially, persisting 
throughout S1 HV imagery availability 

Suspected lakes show surface 
depressions (REMA and Sentinel-2 
imagery) that partially fill with melt during 
summer

Visible surface expression may only be 
typical for buried lakes on floating ice due 
to ice-shelf flexural responses to 
hydrostatic loading

How will a Greenland-trained model 
perform for detecting buried lakes on ice 
shelves and in grounding zones in
Antarctica?

Dorsey Island

Merger Island

Sentinel-1 Image: 20 Aug 2023

Based on 70% probability threshold model detects 83 lakes across Wilkins; after manual inspection, 
45 lakes are accepted (27 lakes on the ice shelf and 18 lakes above the grounding line)

Major misclassifications due to ocean with sea ice cover (ice-shelf margin, polynya) and ocean 
microwave signature through weak points of the ice shelf as well as elongated, crevassed flow stripes 
(obscuring smaller features of low backscatter)

Lakes Mean area (km2) STDV area (km2) Mean convex hull ratio Mean width-length ratio

All 0.3910 0.2935 0.9361 1.5490

Ice shelf 0.3808 0.3452 0.9237 1.5947

Grounded 0.4063 0.2130 0.9546 1.4804

Total lake area: 17.59 km2, 
biggest lake 1.34 km2 (ice shelf), 
smallest lake 0.08 km2 (ice 
shelf)

On average lakes on grounded 
ice are larger than on the ice 
shelf, however, ice-shelf lakes 
are more variable in size than 
those in grounded regions

Lakes in grounded regions 
appear slightly more compact, 
while detected ice-shelf lakes are 
more elongated and irregular in 
shape 

Automated Lake detection using 
Greenland-trained model and 
Greenland-tuned thresholding 
parameters performs better for 
lakes in grounded regions

Total lake area underestimated 
as a result of many ice shelf 
lakes not being captured 


