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What are dynamically unstable glaciers?  

• A dynamically unstable or surging glacier suddenly bursts 
into a high speed mode (factor 10-100), resulting in a highly 
crevassed surface and massive downward mass transport 

• Such glaciers are found in selected regions around the world 
• They can create natural hazards (outburst of damned lakes), 

collapse (examples from Tibet), and contribute to sea level 
• Their behaviour is still not well understood and requires the 

full range of remote sensing data being applied 
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•  Focus on two regions with several instable / surge-type glaciers (Arctic / HMA) 
•  Following changes in extent, elevation and velocity at high temporal resolution 
• Use full suite of satellite sensors providing such data (optical, microwave, DEM) 
• Create longest possible time series (full archive) to reveal the historic development 
• Analyse the densest possible time series to follow fast events (S1/2 & combi w/ L8) 
• Use the best algorithms to derive quantitative data with high quality 
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Ciracì et al. (2018) Novaya Zemlya 

Corona 
1961 

Landsat 
1990 

Hexagon 
1980 

Sentinel-2 
2016 

DEM generation from Corona 

Corona stripe 

10.1.2016&

Collapsing glaciers in Tibet 

In Tibet, several glaciers have recently collapsed, one 
of them already 4 times due to a destabilzed rock wall 
providing new material (left, top and bottom). The two 
Aru glaciers likely collapsed due to meltwater infiltra-
tion & a tongue partly frozen to the bed (right images). 

Surging glaciers in Svalbard Global occurrence of surge-type glaciers 
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The front of the surging Shisperglacier 
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Uphill view of the surge 

The empty glacier bed of Aru 1 
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The instable rock wall provides ice & debris 

To investigate these glaciers at the required level of detail, we have 
to further improve algorithms and develop new ones, e.g.: 
•  use keyhole mission data to extend the time series (CDR), create 

DEMs from stereo images, and analyse surge cycles 
•  find methods to detect DEM artefacts, correct radar penetration 

and create dense elevation time series (seasonal mass balance) 
•  determine the spatio-temporal variability of flow velocities from 

dense time series of satellite scenes, incl. merging S1, L8 & S2 

Radar penetration 
(TanDEM-X-Arctic DEM) Discriminating debris-covered glaciers from rock glaciers 

is often challenging, even at very high spatial resolution. 
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Hillshade of a DEM created from Corona stereo scenes 

Elevation differences from SRTM - TanDEM-X DEM Mass change time series from 3 different sensors 
Flow velocities derived from Sentinel-1 The surging glacier from 

S2 with flow lines (red) 
Time-distance plot of flow velocities from Sentinel-1 

Temporal evolution of flow velocities 
during the surge of Vavilov Ice Cap 
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