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Sea ice stress contributions:
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. A
Il. Develop an improved model of multi-layer
sea Iice dynamics using latest theory



Sea Ice Strength

In modern multi-layer models (Flato & Hibler, 1995):

Ridging Strength <~ Potential energy change

P oc j wh*dh

\Ridging mode (loss+gain)

In reality (discrete simulation results; Hopkins, 1998):

Ridging Strength <> Friction in ridge piling up
Ridge thickness oc h? =>

P oc j Ah*2dh

\Ridging rate (loss)



Ridging and Sliding Work
In modern multi-layer models (Flato & Hibler, 1995):

Their ratio 1s parameterized. No sliding in pure convergence.

In reality (simulation result, Ukita & MoritZ52000):

It depends on deformation pattern:
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Incorporating more “reality” into sea ice models

- Use the h’’* law for the ridging ice strength

- Use the ridging and sliding strain-ratc§
found by Ukita and Moritz for uniformthickness

- Account for the thickness difference by making use
of sliding and opening participation functions that
say that more sliding and opening occur 1n thinner
ice.



Derived sea ice stress
Opening strength ~ Ridging strength Sliding strength
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Composite yield curve shape

For submarine-measured ice thickness distribution:
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l1l. Incorporate it into th
code



Incorporation into the Elastic Viscous Plastic model

EVP model is tied to Hibler’s rheology through A and e
Ellipse aspect ratio
doy 1 4
Bt T b
iNelaxation time N

General plastic rheology form, including ournew.model:

6= V(él 9‘éll )1+77(£| 9‘é'll )8*

Modified EVP model for general rheology:
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Modification in the CICE code components

NEW AFFECTED




V. Simulate the Arcti
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Tuning
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Comparison of the mean 1ce thickness in the Arctic
given by the PRESENT and CICE model with the ERS
derived. ERA-40 wind forcing data.
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Comparisons with submarine
ice drafts.

The observed ice draft (m)

along eight submarine cruise
tracks from 1987 to 1997.
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Mean ice thickness along submarine
cruises. 1. Comparison with data.
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Mean ice thickness along submarine
cruises. 2. Comparison with Paul’s model
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Mean ice thickness along submarine
cruises. 3. Shear stress effect.
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Results

I. A new 1sotropic model has been developed and
incorporated into CICE that includes

1. More realistic plastic strength of mimlti-layer sea ice.

2. More realistic ridging rate.

II. Ice thickness distribution is better than CICE-produced,
worse than given by Paul’s model.

[II. Improvement due to a better ridging rate expression.

Further work
* [ssues with multi-layer ice strengths (e.g. Rothrock’s)
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Sliding strength
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Areal fraction of mean ice thickness.
Present rheology. ERS covered area.
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Fraction
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Mean ice thickness along submarine
crusies. 1. Ridging strength effect.
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