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Take-home messages

Choice of Newtonian rheology, temperature-independent 

friction isolates thermo-frictional feedback 

Subtemperate sliding instabilities ⇒ oscillations at ice-sheet 

scale 

Cold-temperate boundary displays dynamics (surging 

behaviour) that can only be captured using a Stokes model 

– relevant beyond ice streams

We’ve shown:

Key step:

Relevance

to ice-sheet

modellers:
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Temporal ice-stream dynamics resulting 
from subtemperate sliding instabilities

Thermo-frictional feedback isolated by choice of rheology (Newtonian, 

temperature-independent friction)

⇒ Oscillations at ice-sheet scale due to subtemperate sliding instabilities

Novel numerical implementation of cold-temperate boundary migration

Outlook

• Fine-tuning and analysis – stay tuned

• Interactions between temporal and spatial

instabilities → 3D

Tilly Woods, tilly.woods@lmu.de

LMU, Germany:

Tilly Woods

Silas Lloyd

Elisa Mantelli

CSC, Finland:

Thomas Zwinger

UBC, Canada:

Christian Schoof
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Model equations
Stokes equations:

Temperature equation in ice:

Temperature equation in bedrock:

Hydrology model (in temperate region):

Boundary conditions

if  cold

if  temperate

At the bed, 𝑧 = 𝑧𝑏,

(temperature-dependent friction law)

At the surface, 𝑧 = 𝑧𝑠,

(no stress)

(kinematic condition, prescribed 

accumulation 𝑎)

Deep in the bedrock,

(geothermal heat flux)

(no normal flow)

(basal energy balance)

(melting temp)

(melt rate)

(prescribed surface temperature)

𝑘0 =
4

3

(water flux)

(effective pressure)

(hydraulic conductivity)
(hydraulic 

potential)
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