B SLR #EIC X B HEROBEKRE R EESHER»HIES
BE0ERDITY —r T REEBKKEDODEELH

FAREEh ', Benjamin Fong Chao®, KEE#i@ 3, f&mPE—'. AEZMN
L A AP I
2 B S B TS ER B 5T
S —fB A KA L PR
TR A PRI TR

Mass variations of Greenland and Antarctic ice sheets in the last two decades
explored from the Earth’s low-degree gravity field observation by multiple SLR satellites
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The majority of the land ice on Earth lies in Greenland and Antarctica as continental ice sheets. Recent climate changes have
brought about the large-scale ice loss in these regions. The space mission of Gravity Recovery and Climate Experiment
(GRACE), launched in 2002, enables direct measurements of such mass variations over extensive areas through temporal
variation in the Earth’s gravity field. According to the GRACE observation during 2003-2010, the polar ice sheets experienced
mass loss at the rates ~390 Gt/yr, amounting to ~70% of the total ice loss globally in the same period [Jacob et al., 2012].
These massive and extensive mass losses are expected to be detected by the low-degree gravity field observation from the
Satellite Laser Ranging (SLR) technique. Although limited in spatial resolution, the SLR data have been available for a longer
time span than the GRACE data. In this study, we construct the time history of Greenland and Antarctic mass variation for the
21-year period of 1991-2011 using the SLR-derived, low-degree Stokes coefficients of the Earth’s gravity field with degree
and order up to 4. We shall show that our SLR results for the later half of the studied period since 2002 are well validated by
the GRACE observations, while the numerical model for Greenland and Antarctic mass budget (RACMO?2) [van den Broeke et
al., 2009; Sphepherd et al., 2012] further corroborates our results of Greenland and Antarctic ice mass variations extending
back to the early 1990s. Here we use an analysis software package named ‘c5++’, developed by the Hitotsubashi University
and National Institute of Information and Communications Technology of Japan [Otsubo and Gotoh, 2002; Hobiger et al.,
2011], to derive the changes in the Earth’s gravity field from the SLR tracking data. Incorporating data from five SLR satellites:
LAGEOS 1 & 2, Starlette, Ajisai, and Stella, we obtain monthly time series (henceforth the SLR HIT-U solution) of the
gravitational Stokes coefficients of harmonic degree and order up to 4, for 21 years between January 1991 and December 2011.
Then, we converted them to equivalent water mass changes following the relationship shown by Wahr et al. (1998). The
contribution of Glacial Isostatic Adjustment (GIA) is corrected using the model of Paulson et al. (2007). Between 2003 and
2011, the linear trend map of the mass variation from SLR shows significant negative patterns in Greenland, agreeing well
with that from GRACE. However, seen from SLR data, the mass trend map between 1991 and 2002 shows different behaviors:
near-balance in Greenland prior to 2002 and shifting to decreasing afterwards. The ice mass in West Antarctica also shows
similar trends as Greenland: i.e. near-balance prior to 2002 and shifting to decreasing afterwards. On the other hands, that in
East Antarctica shows opposite trends: i.e. near-balance prior to 2002 and shifting to increasing afterwards. These mass
variabilities agree well with numerical results of mass balance estimate by input output method [Shepherd et al., 2012]. So, the
present study demonstrates that the retrospective SLR data allow us to “observe” the mass variability of Greenland and
Antarctica prior to the launch of GRACE mission in 2002. In this sense the SLR data series constitute a continuous benchmark
that encompasses the history of all the useful estimates for ice mass variations of Greenland and Antarctica by various
techniques over time.
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Fig. 1. The SLR-derived (SLR HIT-U solution) (a) linear mass trend map in 1991-2002, and (b) linear mass trend map in
2003-2011. Here the contribution of GIA was corrected using the model value (Paulson et al., 2007).  (c) Time-series of
mass variation at south-eastern Greenland locality (-30E, 68N) derived from SLR and GRACE (degree and order up to 4).

These two time-series agree well with each other.
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