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The Programme for Monitoring of the Greenland Ice Sheet 
(PROMICE) has measured ice-sheet elevation and thickness 
via repeat airborne surveys circumscribing the ice sheet at an 
average elevation of 1708 – 5 m (Słrensen et al. 2018). We re-
fer to this 5415 km survey as the �PROMICE perimeter� (Fig. 
1). Here, we assess ice-sheet mass balance following the in-

put-output approach of Andersen et al. (2015). We estimate 
ice-sheet output, or the ice discharge across the ice-sheet 
grounding line, by applying downstream corrections to the 
ice flux across the PROMICE perimeter. We subtract this 
ice discharge from ice-sheet input, or the area-integrated, ice 
sheet surface mass balance, estimated by a regional climate 
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Fig. 1. A The PROMICE perimeter and nineteen ice sheet sub-sectors (Zwally et al. 2012). Major glaciers (Jakobshavn (JAK), Humboldt (HUM), Zacha-
riae (ZAC), Kangerlussuaq (KAN) and Helheim (HEL)) are shown for reference. B Average surface mass balance (SMB) in mm of water equivalent 
(WE) per year over the 1980�1999 period from four MAR3.5.2 simulations (Fettweis et al. 2017). C Satellite-derived ice-surface velocity during winter 
2008/2009 (Rignot & Mouginot 2012). Both surface mass balance and ice-surface velocity data are only shown within the PROMICE ice-sheet mask, 
excluding independent ice caps and glaciers (Citterio & Ahlstrłm 2013). 
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et al. 2001). These simplifications overlook pre-2008 ice 
flow variability, such as the acceleration and deceleration of 
South-East Greenland glaciers during 2000�2007 (Enderlin 
et al. 2014). While pre-2008 ice-sheet velocity maps are avail-
able, their quality decreases inland from the ice-sheet mar-
gin, which results in poor sampling along the PROMICE 
perimeter (Fig. 3).  
	 We estimate ice thickness (H) along the PROMICE pe-
rimeter using ice surface and bed elevation data. Where pos-
sible, ice thickness is calculated from PROMICE airborne 
campaign laser and radar altimetry measurements in 2007, 
2011 and 2015 (Słrensen et al. 2018). PROMICE airborne 
radar surveys have measured bedrock elevation along 79% 
of the perimeter. Bedrock elevations are interpolated along 
the remaining 21% of the perimeter from BedMachine v3 
(Morlighem et al. 2017). PROMICE laser altimetry surveys 
each measured ice-sheet surface elevation along 74 to 79% of 
the perimeter. Along 15% of the perimeter never surveyed by 

airborne altimetry, ice-sheet surface elevations are interpo-
lated from a digital elevation model representative of 2007 
(Howat et al. 2014). When and where required, independ-
ent altimetry-derived rates of elevation change are used to 
derive annual elevation profiles along the perimeter during 
2000�2015 (Khan et al. 2016).
	 We interpolate area-integrated rate of change in ice vol-
ume observed downstream of the PROMICE perimeter  
(V �

ds) annually within each ice-sheet sub-sector during the 
1995�2015 period from the same independent air- and satel-
lite-borne altimetry product (Khan et al. 2016). These rates 
of volume change have been corrected for firn compaction 
when and where necessary. We estimate rates of change in ice 
volume in each sub-sector by area-integrating this altimetry 
product, and associated uncertainties, at 500 m spatial reso-
lution, over the ice-sheet area downstream of the PROMICE 
perimeter (Citterio & Ahlstrłm 2013). 

Fig. 3. A: Satellite-derived annual winter ice-
velocity data availability along the PROMICE 
perimeter within the combined Joughin et al. 
(2010) and Rignot & Mouginot (2012) datasets 
during winters 1995�2015. B: 2008/2009 ice 
flow and gate-perpendicular azimuths around 
the PROMICE perimeter (Rignot & Mouginot 
2012). C: Dimensionless scale factor (cos �) of 
velocity magnitude. D: Absolute and gate-perpen-
dicular surface velocity around the PROMICE 
perimeter. E: Changes in gate-perpendicular ice 
velocities surveyed in 2008/2009 and 2014/2015 
(Joughin et al. 2010). In all subplots vertical 
dashed lines denote major glaciers (Fig. 1).








