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Mass balance calculations for the Shirase Drainage Basin, East Antarctica derived from remote
sensing technique
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Several studies have used a variety of data sources to perform mass balance calculations for the Shirase Drainage Basin
(e.g. Fujii, 1981; Pattyn and Derauw, 2002; Rignot and Thomas, 2002; Rignot, 2002; Nakamura et al., 2010), however, much
of the basic information regarding the areal extent and surface mass balance contains uncertainties. Therefore we recalculated
the surface mass balance using recent data for the region based on the output of a regional atmospheric climate model
(Lenaerts et al., 2012a, b, ¢) and the 1 km-grid Digital Elevation Model (DEM) by Bamber et al. (2009).

To estimate ice mass discharge, we examined the asymmetric flow velocity patterns along an east—west transect at the
grounding line (GL); flow at the western part of this transect is more rapid than at the eastern part (Nakamura et al., 2007,
2010). To address this asymmetric pattern, we attempted to delineate surface height profiles of ice at the GL at about 1 km
intervals using topographic data from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
aboard the Terra Satellite (we call them ASTER DEM) as ice thickness is a key parameter for reliably estimating ice discharge.
Comparison of the ASTER DEM with the Bamber DEM was also undertaken to corroborate the error estimates obtained for
the discharge measurements. By comparing the refined ice thickness and DEM height at the GL, we updated the ice mass
discharge from the mainstream of Shirase Glacier, and discuss the resultant mass balance in relation to previous estimates in

the literature.

CHET, HEUKIMOE &N OB MICET %N, fix o7 —2 AN ChaInTEln (BFlxiX, Fui,
1981; Pattyn and Derauw, 2002; Rignot and Thomas, 2002; Rignot, 2002; Nakamura et al., 2010) . FETZFER L Z DJAN
DIZONTEL ORFEEENERINTND, ZOZ b, AR TIIEEHERICONT, RPN RKKREGE
7V (Lenaerts et al., 2012a, b, ¢) & Bamber et al. (2009) 2k 2 1km 7'V v ROEKMEIEEET /L (Digital Elevation
Model: DEM) & Wo oD 7 —# 22D Z &IZ KD HaRE LT,

HEOKIMIZ X 2k O EE2HEET 5720, IR (Grounding line: GL) O B PG % #EWr 4~ 2 i B R B % oK b 7= f
B HES L D b PEE OO EEE 2N ME A 28 B 537 (Nakamura et al., 2007, 2010) . F72. KORHBEZHETE T
5D ECKBIZEER/NNT A —ZTH V| Terra Hr2IZHH 72 ASTER (Advanced Spaceborne Thermal Emission
and Reflection Radiometer) (ZJX % DEM 22ORE R T 07 7 A )V EZEHT 5 Z &1 X0 s & O FERFR 72 m 2
PRIz, EHIT, KOFHEOREEIZ OV T, ASTER & Bamber (2L % DEM # FLEGIRGET 5 2 LI kv | =
i % FEh L 7=,

LIED, GL 1231725 DEM OFE SHEEZmD - L TOKELZENT 2 Z LIk 0 &H o BEUKz BT 2ko
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References

Bamber, J. L., J. L. Gomez-Dans and J. A. Griggs, A new 1 km digital elevation model of the Antarctic derived from
combined satellite radar and laser data — Part 1: Data and methods. The Cryosphere, 3, 101-111, 2009.

Fujii, Y., Aerophotographic interpretation of surface features and estimation of ice discharge at the outlet of the Shirase
drainage basin, Antarctica. Antarct. Rec., 72, 1-15, 1981.

Lenaerts, J. T. M., M. R. van den Broeke, S. J. Déry, E. van Meijgaard W. J. van de Berg and P. S. P. Palm and S. J. Rodrigo,
Modeling drifting snow in Antarctica with a regional climate model: 1. Methods and model evaluation. J. Geophys. Res.,
117, D05109, doi:10.1029/2010JD015419, 2012a.



Lenaerts, J. T. M., M. R. van den Broeke, S. J. Déry, E. van Meijgaard W. J. van de Berg and P. S. P. Palm and S. J. Rodrigo,
Modeling drifting snow in Antarctica with a regional climate model: 2. Results. J. Geophys. Res., 117, D05109,
doi:10.1029/2010JD016145, 2012b.

Lenaerts, J. T. M., M. R. van den Broeke, W. J. van de Berg, E. van Meijgaard and P. Kuipers Munneke. A new, high-
resolution surface mass balance map of Antarctica (1979-2010) based on regional atmospheric climate modeling.
Geophys. Res. Lett., 39, L04501, doi:10.1029/2011GL050713, 2012c.

Nakamura, K., K. Doi and K. Shibuya, Estimation for seasonal change of Shirase Glacier flow by using JERS-1/SAR image
correlation. Polar Sci., 1 (2-4), 73-83, 2007.

Nakamura, K., K. Doi and K. Shibuya, Fluctuations in Flow Velocity of the Antarctic Shirase Glacier over an 11-year Period.
Polar Sci., 4 (3), 443-455, 2010.

Pattyn, F. and D. Derauw, Ice-dynamic conditions of Shirase Glacier, Antarctica, inferred from ERS SAR interferometry. J.
Glaciol., 48 (163), 559-565, 2002.

Rignot, E., Mass balance of East Antarctic glaciers and ice shelves from satellite data. Ann. Glaciol., 34, 217-227, 2002.

Rignot, E. and R.H. Thomas, Mass balance of polar ice sheets. Science, 297 (5586), 1502-1506, doi:10.1126/science.1073888,
2002.



