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Introduction

About 20 % of all snow accumulation in Antarctica occurs on the ice shelves
Ice rises control the spatial surface mass balance (SMB) distribution of the ice shelfs
Ice rises represent ideal drilling locations for ice cores

Here we assess the connection between snowfall variability and wind erosion across an
ice rise to provide a better understanding of :

1. How ice rises impact SMB variability
2. Thisis captured in the regional atmospheric climate model RACMO2.3 (van Wessem et al., 2018)
3.  What are the implications of this SMB variability for ice rises as an ice core drilling site

By:

1. Combining ground penetrating radar (GPR) profiles from an ice rises in Dronning Maud Land with
ice core dating

2. Reconstruct spatial and temporal SMB variations from 1982 to 2017 and compare the observed
SMB with output from RACMO2.3 and SnowModel (Liston and Elder, 2006).
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SMB variability in Dronning Maud Land
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SMB variability in Dronning Maud Land
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* SMB modelled by RACMO2.3 (van Wessem et al., 2018) for the time period of
2011 to 2017

e grey arrows show RACMO2.3 wind vectors

* Topography contour lines are based on the 90m TanDEM-X DEM (© DLR 2018)

 Thered line shows the location of the recorded GPR tracks.
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SMB processes at ice rises
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SMB processes at ice rises
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e Sketch of the two most important processes controlling the SMB of an ice rise

* Precipitation due to orographic uplift creates a snowfall surplus on the
windward site of an ice rise (left)

 Wind erodes exposed snow on the peak of the ice rise and redistributes the
snow downwind (right)
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Ground penetrating radar profile
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Ground penetrating radar profile
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* GPR profile across the ice rise from west to east (red line on the map view)

 The black lines in show the three tracked horizons together with their dating
and the vertical black line shows the location of the FK17 ice core.

* The dating of the horizons is based on the ice core dating
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SMB across the ice rise
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SMB across the ice rise
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 SMB reconstructed from the GPR profile for 3 different time intervals

e The SMB was reconstructed using the layer depth of the three horizons
tracked in the GPR data, their age from the ice core dating and a firn
densification model (Herron and Langway, 1980)
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SMB components across the ice rise

10 SnowModel
10 . . . .
0s T~ Wind erosion / deposition
ES
< 06 M/ SMB
: Snowfall
E 04 Wind redist
EEn 0.2f Subl
P —— SMB from GPR
0.0
-0.2
-04 -10000 -7500 -5000 -2500 0 2500 5000 7500 10000
Distance to ice divide in [m]
12 Racmo
1.0

08 =TT Snowfall differences

o
(2]

SMB in [m w.e./yr]
o o
(SN

o
o

I
o
N

-0.4 -10000 -7500 -5000 -2500 0 2500 5000 7500 10000

Distance to ice divide in [m]

. 2020 (i i
5/1/20 Kausch et al. 2020 (in review) U 2020 ‘ @ "




SMB components across the ice rise
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Profiles of the SMB and the individual SMB components modelled by:
(upper) SnowModel (Liston and Elder, 2006)

(lower) RACMO?2. 3 (van Wessem et al., 2018)

The black line shows the SMB reconstructed from the GPR data
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SMB In time
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SMB Iin time
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e SMB in time recovered from the FK17 ice core (dashed green line)

« SMB recovered from the FK17 ice core averaged for the 3 time periods 1982-
1994, 1994- 2003, 2003- 2015 (solid green line)

* The solid orange line is the SMB for the same three time periods reconstructed
from the GPR profile at the peak of the ice rise

* Solid blue line is the average SMB for the three time periods reconstructed
across the whole GPR profile.
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Main Findings

Snowfall driven differences of up to 1.5 times higher SMB on the windward side of the ice rise than
on the leeward side (page 9)

Local erosion driven minimum at the ice divide (page 9)
RACMO2.3 captures the snowfall driven differences, but overestimates their magnitude (page 11)
Erosion on the peak can be reproduced by SnowModel with RACMO2.3 forcing (page 11)

Low temporal variability of the average SMBs (from the GPR data) for four time intervals in the
1982-2017 range at the peak of the ice rise (~ 0.03 mw.e./yr) (page 9)

Three times higher (~ 0.1 mw.e./yr) on the windward side of the ice rise (page 9)

At the peak of the ice rise, higher snowfall, driven by orographic uplift, is balanced out by local
erosion

SMB recovered from the ice core matches the SMB from the GPR at the peak of the ice rise, but
not at the windward side of the ice rise (page 13)

-> SMB signal is dampened in the ice core.
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Thank you for reading this

For more information please check out our corresponding research
article, which is currently in discussion with The Cryosphere.

https://doi.org/10.5194/tc-2020-66
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