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Why modeling sea ice is a real challenge?
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A Intense oceanic heat fluxes occur where sea ice is deforming.

Example from observation
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A Intense atmospheric heat fluxes occur where sea ice opens.

Example from simulation
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Example from simulation
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1Thermodynamical closing

Example from simulation —
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Physical processes :
Sea ice drift and deformation

1. Observationdrom SARderived drift
2. Simulationsfrom the neXtSIM sea iaqaodel
3. Assimilationfor operational forecasts



Observationdrom SARdJerived drift
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Level 1 product: !

Drift

Level 2 product:
Deformation
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4 ¢ Kedice thickness distributions controlled

by localized deformationevents
(Hutchings andHibler, 2008)

Ridging (a few hours)

w hours)
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oa change of the lead fractioty 1% could
cause anear-surface air temperature signaf up too ®p Y €
(LUpkes=et al., 2008b)

Leads or fractures (from 1 m to 50 km)

l lead map @ 20080101

undetermined

Willmes S. and Heinemann, G. (201§
G t HAsttic lead detection from MODJ
thermal infraredA Y I 3 S NE ¢
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What isne <t ?
A sI mpl e approac

Mechanicalmodelingframeworkinherited from solid mechanics
Concept:

a

\[ Intact material ] External forces Progressive Brlttle behavy

Inspired fromAmitranoet al. (1999)
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o produce compl e
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nextSiMat a glance

Physics
%tm
. T - L, .
A Dynamics: EB rheolog Neno AN A Thermodynamics:
localize the deformation 2 ice categories, zero layer thermodynami
simulate ice failure Plice (3 categories also available)
3 Tfreeze
Numerics

A Unstructured grid A FullyLagrangian || A Adaptive mesh A Finite element method
; U. v local remeshing P1lu, V.
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A Examples of mesh adaptation with BAMG
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Conservation after the mesh adaptation

A Numerical diffusion is limited




Simulating cracks/leads in theramStrait
(with localremeshing
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pan-Arctic configuration

Resolution 7km

1 year simulationC 2dayswith a 2.7GH4ntel quad corei7 processor
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¢the ice cover concentrates gradients the forcing
wind field into narrow bands of intense shéar O Bhedét al., 2005)




Sea ice concentration and thickness simulatedriy/t
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Ice velocity

Ice Deformation

Sea ice drift and deformation simulated hyet
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SAR (ENVISAT & RADARSAT)

nextSIM
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SAR (ENVISAT & RADARSAT)

Shear rate (/day)
=

-
S
4

-

i

10 . "160
Spatial scale (km)

1000

nexXtSIM

Shear rate (/day)

-
=)

-
=3
i

i
Spatial scale (km)

1000

26



— — —
o o o

shear rate (day™9)

—
o

1
N
T

1
e
T

1
[=2]
T

1
o
T

SAR (ENVISAT & RADARSAT) neXtSIM
G=0.50--0--0--o- 2 -0---0--0--0--0---0
0=1.0 o, _ o . = | P ;
q:1.5. et g [0 000
g=2.0° " *--{ Bouillon andRampal2015, Ocean modellingp---0--0.--o.._,
=25 % ¢--{ Rampakt al (2016, Th€ryospherg ..
.‘~.‘ [ 4] -~e~--0'"0-_
q=3.0 -e__ c 1t -0-. -0
.‘~~. ®- 3 "0~
e o ~e- °-e.. g
.. P e -9
2 05 -0, Q
=]
7
0
_ o 05 1 15 2 25 3 _
10 Moment order g 100 1000

Spatial scale-(km)

Spatial scale (km)



To o To I

Simulated vs. observed drift

High correlation between simulated and observed drift

Holds for comparison done over the entire model domain, not just free
drift cases.

No bias
RMSR.4 km/day for ASR and 3.6 km/day for ER£rim



