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Conclusion

Idealized Experiment – MISMIP+

The Marine Ice Sheet Model Intercomparison Project, or MISMIP+  
experiment, is a marine ice sheet in a channel with a retrograde bed 
section, designed to highlight mechanical effect of an ice shelf on the 
state of stress at the grounding line or ice shelf buttressing effects [4].

Figure 2.  The bedrock topography for the MISMIP+ cross-section showing 

channel walls (brown) and steady-state ice upper and lower surfaces.

Table 1.  List of MISMIP+ experiments.

In the ice sheet evolution experiment, the prescribed subshelf melt 
weakens the ice shelf, causing thinning and retreat for 100 years.  After 
100 years, the perturbation is removed, allowing recovery [4].

The primary contributor to rising sea levels is 

enhanced polar ice discharge due to climate 

change. However, their dynamic response to 

climate change remains a fundamental 

uncertainty in future projections. Ice damage 

and its impact on ice sheet evolution is a large 

source of uncertainty in mass-loss projections 

from the Antarctic ice sheet [1,2].

Based on the preliminary results gathered, ice damage does affect ice 

sheet evolution (Fig. 3 and 4). Next steps will include extending the linear 

and hyperbolic tangent relationship between damage and ice viscosity 

implemented in this study to quadratic and investigating its effects on ice 

sheet evolution for the MISMIP+ experiment. The long term goal for this 

work is to extend to projections of the Antarctic Ice Sheet.

Figure 4.  Ice sheet evolution results from the BISICLES simulations with and 
without damage incorporated (a) grounded area, and (b) volume above 
flotation, whose change represents the contribution to sea level rise [5].

Figure 5.  Top-down view of the ice sheet evolution results from 
BISICLES simulations (a) without damage, and  (b) with damage for the 

MISMIP+ Ice4 experiment.
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Abstract

Ice damage and its impact on ice sheet evolution is a large source of 
uncertainty in mass-loss projections from the Antarctic ice sheet [1,2].  One 
definition of ice damage is the ratio of the total crevasse depth to local ice 
sheet thickness [3].  Here, we investigate the relationship between ice 

damage and ice sheet evolution in an idealized ice-shelf geometry. 

Figures depicting damage 
(left) and an aerial view of 

the Pine Island Glacier 
(right). Note the heavily 
crevassed (damaged) ice 
at the top and bottom of 

the image.

Ice Damage Implementation

We incorporate damage into an effective ice viscosity with:
 effective ice viscosity = 𝜇 x (1-(1-a)*max(0,(D-b)/(1-b)) 

where 𝜇 is the viscosity of undamaged ice, D represents damage and a 
and b are parameters that control 
how damage affects ice viscosity and when 
it begins to take effect.  We chose 0.5 for a 
and b based on previously gathered data.
A hyperbolic tangent function represents
        the best fit between inferred viscosity
         and damage at Pine Island Glacier

Damage and ice viscosity are related. Shown above, areas with lower 
than normal viscosity (left, in red) correlated with damage (purples, 
right).

Figure 6.  More Ice sheet evolution results from the BISICLES simulations with 
and without damage incorporated linearly and with a hyperbolic tangent.

(a) grounded area, and (b) volume above flotation

Figure 3. Damage and ice viscosity are related. Above, areas with lower than normal 
viscosity (left, in red) correlated with damage (purples, right).
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Erebus Ice Tongue, Antarctica. 
Ice damage may determine 

extent and shape of ice tongues 


