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Abstract

Larsen A and B ice shelves were affected by surface melt which preconditioned them for rapid disintegration due to hydrofracture
and densification. Recently, warm and dry foehn winds have been discovered to melt the vulnerable Larsen C Ice Shelf (LCIS)
surface via sensible heat transfer during polar night. The climatological extent and intensity of polar night surface melt and
their effects on the ice surface energy budget are unknown. Here we quantify the spatial pattern and temporal variability
of foehn winds and associated melt events during polar night to understand the ice shelf surface mass balance and indirect
implications for ice shelf vulnerability. Our Foehn Detection Algorithm (FonDA) uses events identified from in situ Automated
Weather Stations (AWS) to calibrate foehn detection from reanalysis data covering all of Antarctica and Greenland. We present
a climatology of foehn-driven surface melt days, melt water equivalent, fraction of melt that occurs during polar night, and the
surface energy budget. Preliminary results show that foehns perturb sensible heat fluxes by up to 300 Wm-2 and surface air

temperatures by up to 13 °C in the absence of shortwave radiation.
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e Surface melt depletes firn air in Antarctic ice Annual Surface Melt E mducg Foehn |nduce¥j alt e Despite lack of shortwave radiation LCIS experiences surface
shelves and can lead to shelf disintegration, | arsen € Ice Shelf (LCIS) IR C YL [ EE 2T Ay YN melt during polar night due to foehn winds, confirmed using
glacier acceleration, and sea level to rise. % AWS height measurements and satellite based radar (Figure

e Foehn winds enhance melt through large ke 9)
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fluxes of sensible heat. 66°S

e Automatic Weather Stations (AWS) provide
iNn-situ measurements during foehn events
with limited spatial representation.

e ERAS reanalysis data can expand the spatial 68°S |-
pattern of foehn winds, however do not V
represent surface conditions well.

o % Large sensible heat fluxes dominate the surface
energy budget during polar night foehn winds with a mean
energy flux of 66.4 W/m?(Figure 6).

o 2.5 % of the annual melt occurs during polar night
(Figure 5).

0 Mean melt of 0.01 m.w.e./yr occurs on LCIS with a
maximum of 0.027 m.w.e./yr (Figure 3).
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We use machine learning (ML) to calibrate ERAS5 reanalysis data o % Maximum polar night melt of 6.3 % occurs in cabinet

o o o @8 o . . . .
using AWS data. We quantify the spatial and temporal extent of = =5 | inlet close to the Antarctic Peninsula Range (Figure 7).
foehn wind melt events during polar night and their contribution Figure 2: Climatology of annual Figure 3: /+ Climatology of polar night Figure 4: Climatology of polar day e Strong foehn signature east of the Peninsular Range due to
to the total annual melt on the Larsen C Ice Shelf (LCIS). surface melt on LCIS (2007-2017).  surface melt on LCIS (2007-2017). surface melt on LCIS (2007-2017). topographic funneling of foehn winds and a change in
Melt Time vs. Melt Climatology (2007-2017) Percentage of Melt topographic relief (Figures 3, 7).
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