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Highs and lows: height changes 
in the ice sheets mapped

EGU press release on research published in The Cryosphere 

Researchers from the Alfred Wegener Institute in Germany have 
used satellite data to map elevation and elevation changes in both 
Greenland and Antarctica. The new maps are the most complete 
published to date, from a single satellite mission. They also show 
the ice sheets are losing volume at an unprecedented rate of about 
500 cubic kilometres per year. The results are now published in The 
Cryosphere, an open access journal of the European Geosciences 
Union (EGU).

“The new elevation maps are snapshots of the current state of the 
ice sheets,” says lead-author Veit Helm of the Alfred Wegener Insti-
tute, Helmholtz Centre for Polar and Marine Research (AWI), in 
Bremerhaven, Germany. The snapshots are very accurate, to just a 
few metres in height, and cover close to 16 million km2 of the area 
of the ice sheets. “This is 500,000 square kilometres more than any 
previous elevation model from altimetry – about the size of Spain.”

Satellite altimetry missions measure height by bouncing radar 
or laser pulses off the surface of the ice sheets and surrounding 
water. The team derived the maps, which show how height differs 
across each of the ice sheets, using just over a year’s worth of data 
collected in 2012 by the altimeter on board the European Space 
Agency satellite CryoSat-2. These ‘digital elevation models’ incor-
porate a total of 7.5 million elevation measurements for Greenland 
and 61 million for Antarctica.

In addition to showing the highs and lows of the ice sheets at pre-
sent, the study also highlights how the elevation has changed over 
the 2011–2014 period. Ice sheets gain mass through snowfall and 
lose it due to melting and accelerating glaciers, which carry ice from 
the interior of the ice sheet to the ocean. The researchers say it’s 
important to understand how ice thickness across Greenland and 
Antarctica has changed to model ice movements, and find out just 
how much ice sheets contribute to sea level rise.

The team derived the elevation change maps using a staggering 
200 million data points for Antarctica and 14.3 million for Greenland 
collected by CryoSat-2 over the three-year period. The maps pub-
lished in The Cryosphere reveal that Greenland alone is reducing in 
volume by about 375 cubic kilometres per year. The two ice sheets 
combined are thinning at a rate of 500 cubic kilometres per year, the 
highest rate observed since altimetry satellite records began about 
20 years ago. The researchers say the ice-sheets annual contribu-
tion to sea level rise doubled since 2009.

“Since 2009, the volume loss in Greenland has increased by a fac-
tor of about 2, and in the West Antarctic Ice Sheet by a factor of 
3,” says AWI glaciologist Angelika Humbert, another of the study’s 

authors. Both the West Antarctic Ice Sheet and the Antarctic Pen-
insula, on the far west of the continent, are rapidly losing volume. 
By contrast, East Antarctica is gaining volume, though at a moder-
ate rate that doesn’t compensate the losses on the other side of the 
continent.

The areas where the researchers detected the largest elevation 
changes were Jakobshavn Isbrae (Jakobshavn Glacier) in Green-
land – recently found to be moving ice into the ocean faster than any 
other ice-sheet glacier – and Pine Island Glacier (PIG) in Antarctica. 
The new study confirms that PIG, like other glaciers in the West Ant-
arctic, has been thinning rapidly in recent years.

The researchers highlight the role of CryoSat-2 and its radar altime-
ter (also known as SIRAL) in producing the height maps, particularly 
in regions where the surface slopes steeply and elevation changes 
are more pronounced. “These areas can be difficult to measure, 
but SIRAL enabled us to continuously observe the surface of the 
ice sheets with high precision and dense coverage, better than any 
previous system,” says Helm.

This press release was originally published on the EGU website.
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New elevation model of Greenland derived from CryoSat-2. More elevation and 
elevation change maps are available online. (Credit: Helm et al., The Cryo-
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