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Numerical sea ice model of a future Arctic W.Y,V/j

Ice concentration: %

Li et al. (2024), Nature Climate Change; model: FESOM
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Simulated details matter to people S AWV

Evaluate high-resolution simulations to improve
* Sea ice rheology

« Land fast ice

* |ce thickness distribution

= (Combine models and observations: Data Assimilation for
better prediction
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towards feature based analysis a VI

 detection and tracking algorithm (Linow and Dierking, 2017, Hutter et al. 2019):

RGPS total deformation after filtering segments of LKFs reconnected LKFs

 result: list of linear kinematic feature (LKF) objects with temporal evolution
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feature based analysis, examples QAN

(a) RGPS
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idealized compression experiments show limits aANV/
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Sea ice rheology outlook S AW/

» Continuum mechanics

* Viscous-plastic (VP) with different (and new) yield curves

* Brittle models, e.g. Maxwell-Elasto-brittle (MEB), BBM (Olason et al 2022)
 Discrete element models, e.g. SubZero (Manucharyan and Montemuro, 2022, JAMES)
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Landfast ice a VI

* vanilla ice dynamics
don’t cut it

 additional
paramterizations are
necessary (e.g.
Lemieux et al.
2015/2016)

» basal drag, lateral drag,
shear strength

e resolution appearsto ..
be a player, too

70°N |/
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LandfaSt ice (b) 9km: default

* vanilla ice dynamics
don’t cut it

 additional
paramterizations are
necessary (e.g.
Lemieux et al.
2015/2016)

» basal drag, lateral drag,
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dynamic ice thickness distribution: redistribution + ridging aany/

* ice concentration equation is replaced by an equation for

thickness distribution function g(h) P
ac__ | _)a_g__ | _i )!rl ing function
= = V-(cu)+S. Pl V- (ug) ah(fg + ¥
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dynamic ice thickness distribution: redistribution + ridging c'an//

probability density

ice concentration equation is replaced by an equation for

thickness distribution function g(h)

ridging function
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Ice strength parameterizations W.Y,V/j

Hibler (1979): P = P*(hc) e <179

Rothrock (1975): P = G, C, J h*w (h) dh
0
 Hibler (1979) is simple and plausible, but “ad-hoc” with little physical
basis.

« Rothrock (1975) invokes potential energy arguments (“potential
energy produced per unit area per unit strain in pure convergence”),
but requires Ice Thickness Distribution sub-model, in practice leads

to heterogeneous strength fields = effectively weaker pack ice

(Ungermann et al. 2017)
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Parameterisation

* Dynamic ice thickness
distribution (ITD) and
different formulation of ice
strength (Rothrock, 1975,
Thorndike et al 1975)

Nils Hutter, unpublished
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Can we predict the heterogeneity? QpV/
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2018 Wandel Sea polynya north of Greenland S AW/
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Summary W/

» High-resolution sea models allow more realistic simulations
and potentially predictions with useful information about the
ice state for those who depend on sea ice

« How will current methods fare in future Arctic sea ice?
* Rheology, brittle rheologies, DEM
« Sub-grid-scale parameterisation (landfast ice, ITD)
 Predictability of details (LKFs)
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