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different patterns emerge over time

front location following ice shelf disintegration
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different patterns emerge over time
-_a $° 8 | tidewater calving retreat

iIce dynamics

Crane Glacier

rapid change, large glacier
and we have some data



NASA/CReSIS/CECS airborne radar & laser

November 2002
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tidewater calving instabillity

height above buoyancy (van der Veen; Vieli)

he = Pwater (1+q)d  h ice thickness e St
h. critical thickness
d water depth
q

Pice

empricial const.
he/ h> 1 retreat

@ 07/08 m 05/06 A 03/04
A 06/07 ® 04/05 ™ 02/03

2000

g 1000 - 2002 surfM .
/
© 0 =
i>') _/‘\.\,\/—\/\\/\
()] -1000 | | | | | | _q _=_O_1§
0 10 20 30 40 50 60

distance upstream (km)



Crane Glacier speed

surface velocity from feature tracking
interpolated to flightline
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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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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 8.85x 107




numerical model

finite element solver for momentum equation along flightline
(no lateral drag)

estimate of missing bed from surface & observed velocity
estimated ice temperature
pressure condition at downstream end ice + backpressure
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instantaneous response to ice shelf loss

FEM solves momentum equation along flightline
(no lateral drag)

pressure condition at downstream end

~ ice + backpressure

or
air & water

with ice she'lf
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instantaneous response to ice shelf loss
ice deformation only
along flightline
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numerical model
deformation + sliding relation

B q tuned to observed “pre-collapse” speed
Up = ktb Pe

speed at the bed depends on

basal shear stress T,

effective pressure P (overburden - water)

tunable parameters £, g, water level in p,
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instantaneous response to ice shelf loss

deformation + sliding along flightline
replace ice+backpressure with water+air
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model velocity with steady front location
deformation + sliding along flightline
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conclusion

£ 1000, | d tidewater calving
| — . front retreat matches prediction
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ICESat laser altimeter

oesar e patterns emerge over time
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Why does ice flow#‘”*»:z}ﬁﬂw

o Accumulationards T 4 i (.1 ., Sediment from erosion of valley walls
et f ¥ : ,im:r:ar'pr:r'ar.ed into surface of ice

surface

base

gravitational driving stress:

from Press & Siever

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



glacier flow TUrpg =0 i o

conservation of momentum
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glacier flow
constitutive relationship between stress t; and strain rate ¢,

- 1{ du, L O, u; ice velocity

) ébc ax

for isotropic ice: T, frame-invariant effective stress

At T n empirical
T A empirical “rate factor” (has an Arrhenius form)
temperature-dependent
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