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We detect the quadratic signatures (acceleration and deceleration) of ice mass
variations in Greenland using data from ICESat laser altimetry. We used the Level-2
Global Land Surface Altimetry Data product-GLA 14 of Release 634 spanning 6 years of
2003-2009 provided by the National Snow and Ice Data Center. The surface elevation
changes of a 91 days interval was derived by the surface plane fitting method. The firn
densification effect was corrected based on a semi-empirical model [Coble, 1970] forced
with the ERA-Interim meteorological data. Using the kriged surface elevation changes
and the firn model, we obtained the time-series of Greenland ice mass variations at 30
km-grids, and then we extracted the quadratic trend by the least-squares method.

The quadratic map of Greenland ice mass variations shows significant negative
trends in the western and northeastern Greenland, suggesting the accelerated ice mass
depletion during 2003-2009. The southwestern Greenland, on the other hand, shows
characteristic quadratic patterns; the ice loss rates in two major outlet glaciers
(Helheim and Kangerdlugssuag glaciers) are accelerating (negative quadratic trend),
while those in other coastal areas are decelerating (positive quadratic trend).

In order to interpret these quadratic signatures, we analyzed surface mass
balance data provided by regional climate model MAR [Fettweis et al., 2013]. As a
result, we confirmed good agreement in the quadratic trends between ICESat and
surface mass balance model except for major outlet glaciers. This means that, as for the
period 2003-2009, the quadratic ice mass variations in Greenland can be mostly
explained by the increase in ice-sheet melt and snowfall, while those in major outlet
glaciers are the increase in ice discharge. We obtained the average acceleration rate of
-12.3 £ 1.7 Gt/yr? in Greenland ice mass variations, among which are from changes in
surface mass balance for -8.2 Gt/yr? and ice discharge for -4.1 Gt/yr2. This acceleration

value almost agrees with those observed by GRACE gravimetry [Svendsen et al., 2013].
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