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Elevation Change (dHbd/dt) 

dHbd/dt :  The rate of the ice-thickness change driven by changes                
                 in ice dynamics and ablation (below equilibrium line only).  
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Questions 

1.How far and how rapidly will the strong 
mass loss from the coastal regions 
propagate inland?  

 

2.  How many years will the impact remain? 



 A 3D time-dependent model is applied to the 
Greenland ice sheet to investigate the upstream 
propagation. 

 

 The satellite (ICESat and ERS) derived dynamic 
thickness changes (dHbd/dt) in the regions below 
2000m of the ice sheet are used as the 
perturbation inputs. 

Greenland Ice-sheet Model 



   Three dimensional 

   Time dependent 

   50km horizontal resolution and 31 vertical layers 

    Finite difference scheme 

   Thermo-mechanical (temperature dependent flow rates) 

   Basal sliding and melting  

   Depth-dependent enhancement factor based on  

     the stress configurations (Anisotropic ice rheology) 

    Higher-order  

Greenland Ice-sheet Model 
Model Features: 



Flow Law For Anisotropic Ice 

Along with λc varies from 1 (τshear=0) to 0 (τlong=0 ) 
enhancement factor E increases from 3 to 10, which 
corresponds to the fabric changes from small-circle girdle 
pattern to single-maximum pattern.(Wang and  Warner, 1998). 
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Higher-order term 



Model inputs 

Time serial data 
 

• Ice-sheet thickness  

• Temperature  

• Velocities 

• Stresses  

• Strain-rates 

Model outputs   

Constant data 
 

• Surface mass balance  

• Surface temperature 

• Bedrock 

• Basal geothermal heat flux  

• Perturbation input (dHbd/dt) 

Greenland Ice-sheet Model 

(<2000m elevation) 



Running the model forward with the perturbation 
inputs for 10 years. 

Establishing a steady-state ice sheet corresponding 
to present climate conditions. 

Step 1: 

Step 2: 

The Model Experiment 

perturbation inputs  =  dHbd/dt (ICESat – ERS) below 2000m elevation. 
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The Model Experiment 



The Model Experiment  (dH/dt)  
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DS3:   Drainage System 3.  

GIS:    Over  the whole ice sheet. 



a:   at perturbation area. 
b:   ~100 km to a. 
c:   ~200 km to a. 
d:  ~400 km to a. 
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The Model Experiment (dH/dt)  
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Ice-sheet change 
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GIS:            Over  the whole ice sheet. 

GIS_prop:   Ice sheet above 2000m . 



Conclusions 

 The strong mass loss since the early 2000’s at low 
elevations has had a dynamic impact on the entire 
ice sheet. 

 

 The strongest impact for an isolated 10-year 
perturbation will occur at 300 years, and it will take 
10ka for the complete dynamic recovery. 

 

 Even if the large mass loss at the margins stopped, 
the interior ice sheet would continue thinning for 300 
years. 
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