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3) Buoyancy driven calving

5) Stress concentration

• Water depth = 900m, terminus 

thickness = 980m, surface slope = 2°

• Varying notch lengths produce 

dramatically different deviatoric stress 

profiles

• Switch in the stress regime between 

0m and 25m notch lengths as a result 

of the superbuoyant front

• Tensile stress peaks overcome the 

tensile strength envelope [4]

• Suggests plausibility of the 

buoyancy-driven calving mechanism
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1) Iceberg calving
• ~50% of the mass loss from the Greenland Ice Sheet is from the front of 

marine-terminating glaciers

• Still poorly understood – major source of uncertainty in our projections 

for future sea level rise

• Range of processes operating on different length- and time-scales [1]

• Calving is part of a complex feedback cycle along with dynamic 

thinning and acceleration – difficult to separate cause and effect

Calving, terminus 
retreat

Reduced resistance to 
flow, acceleration

Larger velocity gradients, 
stretching and thinning

Increased 
crevassing

Environmental inputs e.g. 
increased air temperature

Sometimes! Sometimes!

2) Jakobshavn Isbræ calving event

• Video footage and seismic data of a large calving event in August 2009 [2]

• Initial small subaerial slump calving event

• Followed 5 minutes later by a larger full-depth rotating-slab calving event

• Our research aim is to find a mechanism linking the two events

Flow

Ice cliff 
~100m

4) Elmer/Ice[3] model
• Simple 2D diagnostic flowline model of an idealised grounded glacier near flotation

Stress-free top surface (𝜏𝑛𝑡 = 𝜏𝑛𝑛 = 0)

Cryo-
pressure 
and inflow 
velocity

Free hydrological connection to pro-glacial water body

Water pressure 
below waterline

Collapsed waterline 
notch, variable length

1m grid spacing at 
calving front

Grounding line

𝜏𝑛𝑡 = 𝐶 𝑢𝑏
−2/3𝑢𝑏 𝜏𝑛𝑡 = 0

~1000m

~100m

𝜏𝑥𝑥

Weakness develops (e.g. wave cut 
notch)

Grounded glacier near flotation 
thickness

Calving induces buoyant force, bending 
moment and basal tensile stress

Crevasses open and propagate Full-depth crevassing, large 
calving event
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6) Basal conditions and stress-switching

• Water depth = 900m, terminus thickness = 980m, varying surface slopes

• Notch length required to switch basal stress regimes plotted across a range of basal conditions (bed stickiness 

increases with Weertman Coefficient)

• For 2° surface slope, we plotted the basal deviatoric stress maximum at the stress-switching notch length, and at 

a range of additional lengths to lose the noisy signal at the switching length

• General rising trend suggests that a sticky bed favours larger basal tensile stresses (and therefore calving)

• It is clear that basal conditions play an important role in calving (i.e. not solely dependent on buoyant forces)

• In this new buoyancy-driven calving mechanism, calving rate is greater than the notch-melting rate

𝜏𝑛𝑛 = 𝑃𝑤 − 𝜌𝑖𝑔ℎ𝑢𝑛 = 0
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