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Lab Week 4 – Glacier Flow 

 
Find 1 or 2 partners, and work together to answer 1 of the following 2 questions. You and your 
partners will be asked to report your results to the class before the end of lab. 
 
(1) Dynamic ice-flow estimation 
A temperate glacier is 100 meters thick, with a slope of 6.3o (0.11 radian).  The glacier is not 
sliding. Your coordinate system has x along the flow direction, and z is vertical, with values 
increasing up from the bed.  The corresponding velocity components are u and w.  

• Estimate the bed-parallel shear stress sxz(z) at the bed (z=0), at 20 m, 40 m, 60 m, 80 m 
above the bed, and at the surface (z=100 m).  Plot your results on the provided axes. 

To do this we need to use a few relations from class. First, the bed-parallel shear stress at 
an arbitrary height 𝑧 is given by:  

𝜎#$(𝑧) = 𝜌𝑔(ℎ − 𝑧) sin 𝜃 

and we can relate this to the along-flow horizontal velocity 𝑢 as a function of height 
using the constitutive relation for ice (Glen’s flow law), which is 𝜖#̇$ = 𝐴𝜏#$, so 

𝜕𝑢
𝜕𝑧 = 2𝐴[𝜎#$(𝑧)]9 

• Using Glen’s flow law for ice at 0oC, estimate the shear strain rate (¶u/¶z) at the same 6 
depths. The plot below show the results of these calculations on the provided axes. 
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• Estimate how fast the ice might be 
moving at each depth by 
populating the table on the 
following page. (Note that we are 
not asking you to use the analytic 
solution for ice velocity provided 
in class. You are approximating a 
solution to ∫ ;<

;$
𝜕𝑧=

>  by computing 
;<
;$

 at a variety of depths, and 
summing the computed values).  
Plot your results. 
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(2) Kinematic ice-flow estimation 
A steady-state glacier has a net balance rate of 0.5 m a-1 (ice-equivalent) in the 
accumulation area upstream from a target cross-section, 1 km from the headwall.   At this 
cross-section, the glacier happens to be 200 m across, and 100 m deep. 

• Find the total volumetric ice flux through this cross-section for a glacier in 
balance. 

𝑄 = 𝐿 ×𝑊 × 𝑏̇ = 109m × 2 × 10GmG × 0.5	m	yrMN = 10Om9	yrMN 
• Find the average ice flux per unit width for this cross-section. 

𝑞 =
𝑄
𝑊 = 𝐿 × 𝑏̇ = 109m × 0.5	m	yrMN = 500	mG	yrMN 

• Find the depth- and width-averaged velocity of ice flowing through this cross-
section. 

 	

𝑢Q =
𝑄

ℎ ×𝑊 =
10Om9	yrMN

10Gm × 2 × 10GmG = 5	m	yrMN 

• Knowing that there is drag from the sides and the bottom, use your averaged 
velocity to make a rough estimate of the actual speed of a marker on the surface at 
the center line.  Explain your assumptions 
 
This is roughly half the speed of what we calculated in problem #1. We know that 
in a very wide channel, the surface speed is equal RSG

RSN
= O

T
 times the depth-

averaged speed. Problem #1 also made no consideration of the shape of the 
valley, which might act to slow the glacier due to drag along the valley walls. For 
a rectangular valley, the side drag has been modeled to decrease the velocity by 
4/5 of what it would be for a glacier with no side drag. Thus to account for the 
width-and-depth averaged sense of the speed, we might consider multiplying the 

width-and-depth averaged speed by UO
T
V
G
= GO

NW
=1.56, i.e. 𝑢X<YZ~7.8 m yr-1. 

 
OK, after hearing the other group reports, now all groups answer Question 3. 

 
(3)  Compare the dynamic and kinematic treatments 
Both glaciers are 100 m thick and temperate. What factors might account for the 
differences in the estimates of the speeds of the markers at the surface on the center lines? 
 

• Glacier 1 may not be in steady state. 
• Glacier 2 may have a different surface slope from Glacier 1. 
• The channel cross-section for Glacier 2 may not be such a simple rectangle, so 

your simple correction for side and basal drag on Glacier 2 may be inaccurate. 
• Glacier 1 may have normal stresses stretching it along its length as well as shear 

stresses acting on it from the bottom. 
• Glacier 1 may also be experiencing side-wall drag. 


