
V) Comparisons and Conclusions 
The shear dominated dynamics are most relevant in the mid-section of Amery 
Ice Shelf – away from the grounding line and the channel exit. Extensional 
stresses become important near the grounding line where there is a large 
gradient in thickness and again at the channel exit, where the lateral resistance 
is reduced. 
 

The thickness profile of Amery shows a change in thickness gradient, 150km 
downstream of the grounding line, this may be due to a combination of 
transitioning to shear dominated dynamics and a reaction to the widening of 
the channel. 
 

Results from experiments show a transition from negative to positive strain 
near the grounding line. If this positive strain is located after the grounding line, 
it may correspond to the extensional transition zone identified in the idealized 
model. 
 

The 2nd Principal Strain is mainly positive in the shear-thinning case indicating 
that there is little lateral spreading. Therefore, is the thickness gradient in the 
shelf large enough to drive a flow or is the shelf being pushed along? 

III) Laboratory Experiments 
 
 
 
 
 
 
 
 

Newtonian Case (n=1) 
 
 
 
 
 
 
 
 

Power-Law (n≈4.5) 
 
 

 
 
 

In the grounded and floating 
sections there is slow flow in the 
margins, with fast flow along the 
centreline, accelerating 
downstream. The grounding line 
coincides with a transition from 
negative to positive along-flow strain 
across the width of the channel. The 
2nd Principal Strain becomes positive 
at channel exit, where the shelf 
begins to spread laterally. 

IV) Idealized Model 
Consider an ice shelf in a parallel channel of width 𝑤, with no-slip lateral 
boundaries flowing in the along-channel (𝑥) direction only. 

 
 
 
 
 
 
 
 

IV a) Shear dominated dynamics 
Far upstream away from the channel exit assume the shelf dynamics are 

controlled by lateral shear between the side walls ⇒
𝜕𝑢

𝜕𝑦
≫

𝜕𝑢

𝜕𝑥
. 

Determine the analytical steady-state thickness profile and velocity field. 

 
 
 
 
 

 
 
 

IV b) Shelf dynamics with extensional and shear 
stresses considered 
Using Successive Over Relaxation to determine a velocity field for a given shelf 
thickness profile. Evolve thickness profile forward in time until a steady-state is 
achieved. 
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I) Introduction 
 

Mass loss from the Antarctic Ice Sheet is mainly a result of ice flow off the 
continent into the floating ice shelves at the coast. These ice shelves play a 
key role in buttressing the grounded ice and reducing the rate of ice 
discharge. 
 

This buttressing effect is not inherently included in one-dimensional flow-line 
models and must be parameterized. By considering two horizontal dimensions 
it is possible to investigate the flow of ice shelves themselves and improve 
understanding of the buttressing mechanisms. 

II) Aims 
To what extent can we explain the observed 
flow dynamics of ice shelves in Antarctic using 
simple idealized models and fluid-mechanical 
experiments? 
 
For example: Amery Ice Shelf 

Idealized 
model 

Geophysical 
data 

Lab 
experiments 

a) b) 

Figure 1: a) Ice flow speed and b) width-averaged ice thickness for Amery Ice Shelf. 
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Force Balance: 
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Continuity: 
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Figure 3: a) Steady-state ice-shelf thickness 
profiles (n=1 & 3); velocity fields for b) n=1 
and c) n=3. 
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Effective Viscosity: 

𝜇 = 𝐵𝜀𝐼𝐼
1−𝑛
𝑛  

Velocity Strain 2nd Principal 

The experiment is designed to 
simulate the flow of an ice shelf in a 
parallel channel. 
 

Fluid is supplied at a constant rate to 
the upstream end of the channel. It 
is allowed to flow along the channel 
and float on a dense salt solution. 
The shelf is filmed from above to 
determine the velocity field and from 
the side for a thickness profile. 

 
 

Figure 2: Schematic of experimental set up: 
side-view (top); view from above (bottom). 

Red dashed line: position of grounding line. 

Red dashed line: position of grounding line. 

The power-law shelf appears to slip 
along the side walls, with little to no 
gradient in speed transverse to 
flow. As in the Newtonian case 
there is a transition from negative 
to positive strain at the grounding 
line. However the 2nd Principal 
Strain is mainly negative throughout 
the whole shelf, indicating very little 
lateral spreading. 
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Figure 4: a) Steady-state 
thickness profile for 
Newtonian shelf; shear only 
(blue) and shear and 
extension (red). b) Speed 
field  c) along-flow strain for 
shear and extension. d) 
Strain rate along centreline; 
shear only (blue) and shear 
and extension (red). There is 
a large difference in strain 
upstream where the shelf 
with extension adjusts to the 
imposed input thickness.  
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