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Ice thickness, 4.5 km resolution Arctic setup @*NV/

Same computational cost _




Sea ice dynamics QA N/
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Relationship between sea ice internal stress (o), to the
deformation of the sea ice cover (strain, &), material
properties of the sea ice (strength, P) and the state of ice
cover (e.g thickness, h, and coverage area, A).



Rheology QI

Viscous Plastic rheology solved with Elastic Viscous Plastic
(EVP) method

« Used in many of ocean and climate models

* Requires sub-cycling steps (Ngyp) within ocean model
time step

* The higher the model resolution the larger the Ngyp
should be => more expensive the model is
computationally.



Global FESOM2 setup with 4.5 km Arctic Ocean QL AN/
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Larger Ngyp = More cracks
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We need to quantify differences between runs
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Sea ice area, 10 km?

Sea ice area, 10° km?

We need to quantify differences between runs
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Larger Ngyp =» More cracks QNI

Sea ice is similar to what is used in many ocean and climate
models (zero layer thermodynamics, EVP dynamics).
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But it’s expensive and do not scale well
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FESOMZ2 throughput depending on Ngp
(4.5km Arctic Ocean setup, 1728 cores)
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At about 650 Ng,p the sea ice code cost
as much as ocean code.
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But it’s expensive and do not scale well GA/N/

Scalability of different model computational cores
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New EVP options in FESOM 2

VI

MEVP (modified)

“Fixed” EVP version after Lemieux et al. (2012), Bouillon et al. (2013)
and Kimmritz et al. (2015).

Separates the issue of numerical stability from the number of Ng;p sub-
cycles.

numerical stability is governed by two parameters a and 3 (constants,
resolution dependent)

Allows considerable reduction in the number of Ngyp
sub-cycles

aEVP (adaptive)

Estimate a and 8 at each particular location in run time (Kimmritz et al.,
2016)
improved convergence in areas with smaller a and 3

Potentially very important for multi-resolution areas.




MEVP sea ice thickness, a=f=500 QJAVAY/)

SEVP, NEVP=550 ] mEVP, NEVP=500
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MEVP mean sea ice volume

QI

Sea ice volume, m3

, m3

Sea ice volume

le13 Septemper

e
[N}
L

N
=)
L

=
©
L

=
o
s

=
IS
f

lel3 March

W
o
L

w
N
L

w
o
L

w
wn
L

w
FS
L

w
w
L

SEVP, Ngyp=150
SEVP, Ngyp=550
MEVP, Ngyp=500
MEVP, Ngyp=400
MEVP, Ngyp=300
MEVP, Ngyp=200
MEVP, Ngyp=100

sEVP, NEvp=150
SEVP, Ngyp=550
MEVP, Ngyp=500
mEVP, NEvp=400
MEVP, Ngyp=300
mEVP, NEVP=200
MEVP, Ngyp=100

ﬁ HELMHOLTZ

I ASSOCIATION



New mEVP(modified) option in FESOM 2 S VI

EVP, 150 sub -cycles  EVP, 530 sub- cycles - mEVP, 100 sub- cycles 7_

1.00 1.30 1.61 1.91 2.22 2.52 2.83 3.13 3.43 3.74
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Conclusions @*M//

» Using mEVP and aEVP solvers improves the overall
performance of sea ice model (x6 times in 4.5km case)
while retains the properties of the simulated sea ice I
fields.

« Makes it possible to perform climate simulations with
more realistic sea ice dynamics with throughput of
about 40 simulated years per day on the 4.5 km
resolution mesh.
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