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Complicated dynamics
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Complicated dynamics
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Outline: Sea-ice solvers in MITgem acanN/

 Picard solvers (LSR, Krylov)
 JFNK solver
« EVP solvers: mEVP, aEVP

* new MEB rheology in the pipeline
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sea ice dynamics are very non-linear AN/

ou
mg =V -06+R, R = other terms

. P . o, .
with o = —— { 2¢;¢7 4 [(1 = e72)(E + é2) — 4] 6 }
with abbreviations

A = \/(éll + é22)2 +e7? [(én — é22)2 + 4é12]

€ = + — (strain rates)
2\ ox; Ox

ou 0 [ P oy,
— M— X — + similar terms
ot  ox; A 6x
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solution techniques: Picard method aanN/

A(u)-u=Db
= solve A(m, ) -u,=Db

* traditional method, e.g., PSOR, Hibler
(1979), LSOR, Zhang and Hibler (1997),
(Gauss-Seidel) for linear solver

* Krylov method for linear solver (Lemieux and
Tremblay, 2009), requires preconditioner

o stable, but slow
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solution techniques: JFNK solver QA N/

Fu)=Au)-u->b
Fu)=Fu, )+F| 6u=0

U,

= solve rou=—-F@u,_) = uy =u,_,+4dou

 better (quadratic) convergence near minimum (Lemieux et
al. 2010, 2012, Losch et al 2014)

 preconditioner for Krylov solver necessary
e expensive
* unstable, especially at high resolution

« stabilization (e.g. Mehlmann and Richter 2017, involves
mixing JFNK and Picard methods)
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Picard vs. JFNK
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Picard vs. JFNK
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“Timing” of solvers

A/

scaled residual ||F(z" )||

scaled residual ||F(z" )||
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thickness (m), conc. (%)

shear deformation (per day)

Does it matter?

aAWV/
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solution method: EVP variants S AN/

P . -2 —ONy .
c; = A {261']'3 + [(1 — e )€+ €y — A] 51.].}
& At o+ _A(l_ez)( +0y)) + | 5 = ¢
—Oj; o O — | 5. =¢€..

* Hunke and Dukowicz (1997)

» does not converge (definitely not to VP, Lemieux et al.
2012, Losch and Danilov 2012)

 adding inertial term to momentum equations fixes
convergence (Lemieux et al. 2012, Bouillon et al 2013)

* m(odified)EVP, a(daptive)EVP (Kimmritz et al 2015,
2016, 2017)
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solution method: EVP variants S AN/

P . -2 e N .
o] 00ij+ Ae? N _A(l—ez)( . )+A' .
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* Hunke and Dukowicz (1997)

» does not converge (definitely not to VP, Lemieux et al.
2012, Losch and Danilov 2012)

 adding inertial term to momentum equations fixes
convergence (Lemieux et al. 2012, Bouillon et al 2013)

* m(odified)EVP, a(daptive)EVP (Kimmritz et al 2015,
2016, 2017)
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New EVP equations

based on Lemieux et al. (2012), Bouillon et al. (2013),
add “inertial-like” term to momentum equations

1

oPTl — P = —(a'(up) — ap),
a

uPtl —yP = (Atv a-P"‘l ng‘l‘l/Z )
B m m



New EVP equations

based on Lemieux et al. (2012), Bouillon et al. (2013),
add “inertial-like” term to momentum equations
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New EVP equations

based on Lemieux et al. (2012), Bouillon et al. (2013),
add “inertial-like” term to momentum equations

1
oPt — oP = —(a'(up) — ap),
a . =
At At | |
uPt!l — y? = ( V. oPtl 4 ZERpTL/2| L u, — up)
B\m m |
now, with oPT™ = lim ¢” and Up1q:= lim u”
pP—00 pP— 00

the discretized equations converge to true VP

Z (un+1 un) =V -o(u,11) +R”

with R* 1= lim,_, RpP+1/2



New EVP equations

New momentum equations

1
p+1 _ +p _ P\ _ AP

o o a(a(u )—o ), 3‘

uPtl —u? = (Atv oPTl 4+ ngH/Zi—k u,, — up)
B\m m R

. P (cm)?* At

with afp >y = (e)
2 A m

from stability analysis (Kimmritz et al, 2015, 2016).

modified EVP: a, f = constant, order(300)
adaptive EVP: a = = (4y)!2
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Convergence to VP solution:

JFNK — aEVP difference in ice
thickness (m) at 27 km resolution
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MITgcm as a testbed: scalability Q AN/

time (s)
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high resolution simulations CANV/
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Sea Ice

Concentration (Opacity)
and Thickness (Shadowing)
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Simulation: Menemenlis (JPL)
gt Graphics:  Hutter (AWI)



EVP “convergence” (in FESOM) aAV/
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Koldunov et al., submitted manuscript, grid resolution ~4 km  HELMHOLTZ



EVP “convergence” (in FESOM) aAV/

Koldunov et al., submitted manuscript, grid resolution ~ 4 km
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Convergence to
VP solution:

ice thickness (m)
at 4.5 km grid
spacing
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stability
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Maxwell Elasto-Brittle rheology CAV/

1 oo 1 .
F—o =K : €

E o A

* violation of a Mohr-Coulomb failure criterion
determines a damage parameter

« damage parameter affects ice strength,
elasticity

» (Girard et al 2011, Rampal et al 2015,
Dansereau et al 2016)

* |n the pipeline for the MITgcm
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Summary Q AN/

* Viscous Plastic rheology:
- Picard solvers with LSR and Krylov solvers

- JFENK solver

- many EVP variants, especially stable EVP
algorithms (Kimmritz et al. 2015, 2016)

« Maxwell Elasto-Brittle rheology (not quite, yet)

* all in the same code framework (no confounders in
comparisons)

* main issues remain, especially at high resolution:
convergence, stability vs. geophysical plausibility vs.
time to solution
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