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Steig et al., 2009, Nature, AWS + thermal infrared
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tidewater calving instability
height above buoyancy (van der Veen; Vieli)

hc / h > 1 retreat

hc = ρwater  (1 + q ) d
    ρice 

q = 0.15

h ice thickness
hc critical thickness
d water depth
q empricial const.
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Crane Glacier speed
surface velocity from feature tracking
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Figure 3.1 Mesh for the non-scaled models consists of 11501 nodes with an increase density near
large gradients in the glacial geometry.
Table 3.1 Mesh statistics for non-scaled mesh.

Quantity Value
Number of Elements 11501
Minimum element quality 0.0446
Element area ratio 8.85 × 10-5

numerical model
finite element solver for momentum equation

along flightline

two downstream boundary conditions
 1) pre-collapse: ice + backpressure
 2) post-collapse: water + air

three experiments
 1) deformation only
 2) deformation + sliding
 3) deformation + sliding
  with steady-state 
  front position
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conclusion

tidewater calving
 front retreat matches prediction

instantaneous response
 dominated by sliding
 amplification of stress perturbation
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from Press & Siever

Why does ice flow?

surface

base

21

gravitational driving stress: 

extra pressure at        compared to        yields

a stress gradient, ice deforms (flows) in response

resistive stresses:

forces applied at boundaries yield stresses

that must balance (or “dissipate”) the driving stress

1 2



longitudinal

glacier flow
conservation of momentum

vertical shear

lateral shear

longitudinal stress
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glacier flow
constitutive relationship between stress τij and strain rate

      ui ice velocity

for isotropic ice:  τe  frame-invariant effective stress
      n empirical
      A empirical “rate factor” (has an Arrhenius form)
       temperature-dependent

εij 

εij = 1   ∂ui      ∂uj
2   ∂xj      ∂xi

+( (
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