
Dynamics and thermodynamics
of Glaciers

Exercise

1 Surface evolution

Assume a cold glacier (no basal melt), and that the base of the glacier is not moving (i.e.
∂b/∂t = 0). The evolution of the ice surface, h, is then given by

∂h

∂t
= −∇ ·Q+ as, (1)

where ∇ · Q and as are the horizontal flux divergence and the accumulation-ablation
function, respectively.

1. Explain the meaning of the above terms.

2. If the flux divergence is constant throughout the year, describe the evolution of the
ice surface over a hydrologic year (September to September):

• in the accumulation zone. Use the following values: ∇·Q = 2ma−1, awinter
s =

4ma−1, asummer
s = −1ma−1.

• in the ablation zone. Use the following values: ∇ ·Q = −1ma−1, awinter
s =

1ma−1, asummer
s = −3ma−1.

• What happens at the equilibrium line?

3. The 1912 eruption of Katmai volcano, Alaska, covered a nearby glacier completely
with debris, thereby effectively shielding the glacier from ablation and accumula-
tion. What will happen to this glacier?
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2 Mass balance, surface evolution, and vertical velocity

The terms mass balance, surface evolution, and vertical velocity are sometimes used
incorrectly, even in peer-reviewed literature, as shown in the following example by Konrad
et al. (1999): “The spatial mass balance is the change of elevation with time (i.e., vertical
velocity) at every point on the surface.“ Think about it. What are the authors trying to
say? Can you help them getting it right? What does repeated laser altimetry measure,
mass balance, surface elevation, or vertical velocity?

3 Melting temperature depression

What is the pressure melting temperature at the base of Gornergletscher (Fig. 9)? What
does the Clausius-Clapeyron relation indicate in terms of air-saturation of the meltwater?
The pressure p is the sum of the hydrostatic pressure and the atmospheric pressure,
p = ρgH + patm. Assume patm = 75 kPa.

4 Lake Vostok

1. Describe 2 different ways how heat can be moved through a polar ice sheet.

2. What is the Péclet Number, and how is it useful?

3. The coldest temperature ever recorded is -89◦C at Vostok in East Antarctica (in
July 1983). The mean annual temperature is -55◦C. However, deep under the ice is
lake Vostok, a lake of the size of lake Ontario. Calculate the minimum geothermal
flux needed for a lake to form. Possibly relevant quantities:

• Surface elevation 3488m

• Ice thickness 3300m

• Snow accumulation rate 2 cma−1 (water equivalent)

• A reasonable average thermal conductivity for the cold temperatures of the
East Antarctic Ice Sheet is k = 2.5Wm1K1.
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