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» Investigate CISM numerical properties in marine ice sheet simulations subject to ocean
forcing (basal melt).

» Infer default configurations for Antarctic simulations in standalone and CESM Antarctic-
enabled simulations.
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Basal friction illustration

Several basal friction laws are common in ice sheet models:

» Weertman (aka power law): Heermen rrermecae -
150
* >0 at grounding line (GL). e
* Discontinuous at GL. @mo_
» Schoof: é 75
* Asymptotes to a Coulomb law at GL. g o
* Transitions smoothly from > 0 to zero at GL. 25 ]
> Intermediate: o 1
* Between Weertman and Schoof. Distance to grounding line (km)

e Transitions smoothly from > 0 to zero at GL.

e 0O < transition length scale Intermediate < transition length scale Schoof



Floatation condition melt

parameterization. Partial melt parameterization. No melt parameterization.
(FCMP) (PMP) (NMP)

. Partial melt rate applied

- No melt rate applied . Full melt rate applied

Which option should we use?

Many modelers argue that NMP should be the default.



Parameters:

* Resolution: 8km, 4km, 2km, 1km, 0.5km
e Basal friction laws: Weertman, Intermediate, Schoof
* Melt parameterization: FCMP, PMP, NMP

Constants:

» Shear stress factor = 104 Pa m1 al/3

* Tuned ice softness so that GL = 455 km +/- 1km
* |ce calves at x = 640 km

3 experiments:

Expl (moderate melt) Exp2 (high melt)
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Evolution of ice mass above flotation tendency for Icelr, Icelra, Icelrr and Expl

NMP
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Faster convergence using FCMP or PMP than
NMP.

FCMP and PMP results always similar.

Greater loss of grounded ice with higher
resolution.

Smaller ice loss for Weertman and Intermediate;
greater ice loss with Schoof.
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Evolution of IMAF tendency for Expl
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Beneficial to allow some melt in cell containing
the GL for all basal friction laws.

Greater sensitivity to resolution and greater ice
loss with Schoof than Weertman.

With Schoof l[aw, 1 km resolution is needed.
Otherwise, resolution 2-4 km is sufficient.
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Evolution of IMAF tendency for Exp2
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Better convergence with PMP than NMP for all
basal friction laws.

Slower convergence with Schoof than with
Weertman.

With PMP, results at resolutions 1-4 km are within
10% of those at 0.5 km.
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Evolution of IMAF tendency for Exp3
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Better convergence with PMP than NMP for all
basal friction laws.

Requirement of resolution is relaxed compared to
other experiments.

Accumulation rather than buttressing sets re-
advance time scale



» Allowing some melt in the cell containing the grounding line is beneficial for CISM (default configuration).

» With a Weertman law, a resolution of 2 km (arguably 4 km) is adequate to accurately diagnose grounded ice loss.
» With a Schoof law, the resolution requirement becomes 1 km (arguably 2 km).

» Re-advance of the ice sheet is controlled by the accumulation time scale.

Lesson learned

» Test your model!

Future work
» Redo experiments in more realistic setting (no smooth bed)
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