
Permafrost Degradation Risk Zone Assessment using numerical models

Permafrost temperatures and active layer depth were simulated with GIPL 2.1, a nonlinear heat conduction model, for the glacier free surface of Greenland using the results of 
HIRHAM 4.0 climate simulation as input data. A permafrost degradation risk assessment for the Illulisat region is presented. The geology of Greenland is young and simpli�ed 

by the expansion and retreat of the ice sheet over the ice ages. Glacial rebound has raised some of the coastal regions above sea level, exposing pockets of marine sediment to 
a cold climate. Due to an expanding need for infrastructure and housing, there is a greater demand for land previously deemed uneconomical for construction.

Our model projects permafrost warming and active layer increases over the next decades based on projected air temperatures over that period. The simulated ground tem-
peratures at a depth of 2 meters are projected to increase in excess of 5 degrees Celsius in the northern regions and the active layer depth is in many locations projected to in-
crease in excess of 1 meter in the southern regions. Temperature regime of a sediment pockets was simulated multi-dimensionally using COMSOL and it was found that there 
is a strong e�ect of the highly conducting bedrock on sediment temperatures. Based on our �ndings construction of infrastructure and buildings in ice rich sediment needs to 

be avoided in the Illulisat region, because the permafrost is already too warm and ground ice melting is unavoidable in the near future.
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Ortho photo showing Ilulissat town area. Shallow bore holes 
conducted in 2007 and 2008 are indicated, and major sedimen-
tary basins outlined. These are all considered High Risk areas, 
due to the special combination of �ne grained sediments, 
residual pore water salinity and in many cases high ice content.
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Temperature development for the town of Illulisat
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Illulisat 2.5 and 15 m sediment temperature
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Illulisat 2.5 and 15 m soil temperature with salt
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Site speci�c investigation of physical parameters, using DC resistivity, extracting permafrost cores  and 
measuring permafrost temperatures with depth.

Four meter depth Permafrost core extraction

De�nition: 1) potential active layer depth increase as a 
result of climate warming and construction; or 2) the 
simulated future warm soil environment active layer 
depth minus the simulated current cold soil environ-

ment active layer depth 
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We decided to develop the Per-
mafrost Thaw Potential based 
on the potential active layer 
depth increase. This considers 
climate warming and soil sur-
face property change due to 
construction. An arbitrary 
value for the cuto� was chosen 
between low and high thaw 
potential based on observation 
of current foundation condi-
tions. This arbitrary value of the 
potential active layer depth in-
crease was set to 2.5 m.
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Temperature and volumetric ice content for interaction 
between bedrock and a sediment. We show the result 
after a warming period in the boundary temperature.
It shows that there is no ice in the bedrock and active 
degradation of ice in the sediment


