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Motivation

1. Availability of sea ice thickness data.
2. Lack of understanding of sea ice rheology

3. Necessity to proceed from descriptive to predictive sea ice
models.

Model Design Requirements

1. Variational formulation for complex rheologies.

2. Accurate mesh refinement and adaptive meshes.

3. Easy coupling with FEOM.



Purpose of assimilation

Interpolation/extrapolation into regions/ reanalysis
variables unobserved (state estimation,)

Initialisation for prediction
Systematic improvement of model performance

Quality check for measurements






New AWI sea ice model

 AWI thermodynamic Sea Ice Model

Recoded 1n Fortran 90 in a manner to suite FE formalism.

* Transport of ice mass and compactness
Implicit backward Euler stabilized FE scheme.

* Ice dynamics with non-linear rheology

1. Viscous-Plastic (Hibler 1979).
2.  Elastic-Viscous-Plastic (Hunke and Dukowicz, 1997).



Ice Dynamics

Governing equations of dynamics
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F - rheology
m — 1ce mass; m=ah, where A 1s the 1ce thickness
and a 1s the 1ce compactness

7, = p,,C,|Adi,, |(Adiy, cosp+ k x Ay, sing)

Transport of mass and compactness

Om+divium)=0, 0,a+div(ua)=0




Rheology
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viscous-plastic rheology
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viscous-plastic rheology
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ice pressure regularisation by
M. Harder (AWI)
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realized as explicit time scheme — severe computational cost.

(“internal” time step 1-3 sec)
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In FE: (a) fields are expanded 1n series

(b) Residual are required to be orthogonal to the set of functions.
|Fp,as=-[o Vg, ds

(c) Equations on coefficients are solved. Coefficients coincide
with nodal values of fields



Viscous-Plastic Rheology

Realized as explicit time scheme — high computational cost.
(“internal” time step 1-3 sec)

[terative solution — no accuracy control.



Elastic-Viscous-Plastic Rheology

 Efficient Numerics — Accuracy Control

(“Internal” time step 1-3 min)

» Explicit Time Scheme — Easy Parallelization.

0,0, +0,/2T+P/2T =(P/2TA)D,
0,0,+0,/(2e°T)=(P/2TA)D,
0,0, +0,,/(2e°T) = (P/2TA)D;

T 1s the relaxation
O, =0, 1tT0,,0,=0,,—0,,, parameter, T=(1/3)Af

DT = &1 — &5 DS = &)



Velocity field m/s




49

48

47

46

45

44

43

42

4

40
0

Ice Mass after 5 days of Integration

Ice mass

1.6

1.4

0.6

0.4



Velocity fieldm/s
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Work Plan

*Realistic simulations with real Arctic Ocean geometry

*Determination of 'free' parameters (e.g. ¢, P or P*, etc.)
by assimilation of sea ice thickness / distribution data and
velocity estimates with the

. Perspectives

*Ridging schemes implementation

*Mesh refinement for complex geometries (e.g. Canadian
Archipelago).

*Adaptive meshes for ice condition forecast.

*Pre-operational model set-up with forecast and verification by
helicopter measurements of ice thickness.




SIR Filter example

Non linear 'chaotic' Lorenz equations.
*A) determination of Lorenz model state (X,y,z)
*B) determination of Lorenz model parameters (gamma, r)
*Comparison with Ensemble Kalman Filter.

*Performance with small (250) or large (1000) ensemble.
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Blue - truth, red - SIR, green — EnKF,
solid - 1000 members, dashed — 250.
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