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SICAL CONTEX
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Free-surface gravity-driven flow

High viscosity, Low Reynolds

Shallow or not...

Viscoplastic (power-law)

P RSN

Mount etna eruption:5/10/08 | Kangerdlugssuaf ice streams:
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Crvos

o 75% world’s freshwater:

e made of dense snow
(precipitations)

e move by deformation
(creep) and sliding
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’ Cryosphere and sea level rise
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Coastal mass balance

Mass loss at coastal margin: (hotter) ocean erosion and calving

Snow accumulation

Ice streams
(within ice sheet)

Ice shelf
(floating on the sea)

Ice sheet
(resting on bedrock) Grounding line

Ice sheet/stream/shelf: different basal conditions
Grounding line: transition line from grounded to floating ice
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e Stokes system: — div(a) = f

o Free surface: O:h + u,0,h = a + u,
e Basal modelling:

BV -u=0

fr:nﬁastun .—SuTmer >
Ice/Bedrock = .
b A -e ——Moulin ;-
interfacial layer g
Depression from
s
: subglacial lake
- Slldlng law i Direction of motion
. . - Meltwater Heat from friction

llnk basal UelOClty Ub @  lubrication between moving

: | SARAA iceand bedrock Igrr]aei;l:gelfafgg}
to basal Shearlng Tb s heat 0o Iakeintognother

Weertman model

Direction of motion

- Friction goes to zero over a lake Bedrock State:
AaN e subglacial hydrology &
u-n = Friction coefficient & geothermal flux

(to be inferred)
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e Viscous fluid
§(u) S 277(11)2(11) , D(u) = %(VU + Vu?l)

. . Power-law exponent
e Power-law (apparent viscosity) [ (to be inferred)

77(11) = "7fO(T)||Q(U—)||%—2 , 1<s<2: shear-thinning
s>2: shear-thickening
s=2: Newtonian

Consistency + thermal physics
(to be inferred)

Thermal physics at the
bottom
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State of the bedrock-ice
interaction
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INVERSE MODEILIE

Modelling aspects

—
—
Qe

* Non-linear elliptic forward problem
* Adjoint-based approach using algorithmic differentiation
* Multi-physics, uncertain parameters

Observational aspects
* Difficult measurements: rheology, basal sliding

* Types of obervations: ———
In situ: sparse, difficult to perform «-{‘i

= =
Remote sensing (airborne, satellite): large scale

11




e Types of data & precision
o Surface topography: ~ 1-10m (satellite altimetry, stereoscopy, InSAR)
o Ice thickness: ~10-100m (low frequency airborne/ground radar)
o Surface velocztles ~1-20m/a (InSAR offset speckle tracklng)

0 100 200 300 500 700 800 900 1000

Surface topography, BEDMAP2,2007 Ice thickness, BEDMAP2, 2007 Surface velocities, Rignot et al., 2011

Goal : Infer the characteristics of the flow from indirect observations
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Schematic view of the adjoint model

|
k Y 0k, |OM . 1dY,
o M ER ARG II by (k)
O
Direct Model : Y — M( ) : Linear tangent model : dY — ﬂ(k’) ok
~ OMNF ~

~ x | ~ Adjoint model : [ = (—) Y
Y (38/;4(@) k Ok

oM OMN\™ =
h - .
Courtesy of Honnorat, PhD, 2007 whers <Y ( ok ) 5k> < ( Ok ) Y’ 5k>

Output of the adjoint code: gradient of the cost function w.r.t.
the control parameters, for all directions )k :

{ae ﬂ (k) E— Sensitivity of the model w.r.t

Ok its parameterization
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Variational data assimilation”

Input Parameters (to be controlled):

Empirical coefficients (rheological
parameters, basal friction,...)

o | * non-linear quasi static Stokes
MISFIT BI:‘.'I"WB EN . 9 -
C PUTATIONS » Moving free—surface

AN oasnn\(lﬂmus | S

| LR N -
Observations (sampling Output (mmmcalres\h)

from an unknow true state)

» Velocity, pressure, deformation
\» Extra-response:viscosity,mass balance
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