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Sea ice thickness with MITgcm (JPL)



Review of 2D momentum equations
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Review of 2D momentum equations
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Viscous-Plastic (VP) constitutive law (rheology):

55,-,-. (2)

oij = 2néji + [¢ — 1] €xkdij — >

EVP equations (NOT intended to be a different rheology):
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classical implicit VP-solver: the Picard solver
for A(x) x = b(x)

A(Xk-l) Xk-l _ b(xk-l) — F(Xk-l)

outer (non-linear) loop:

until (some criterion), solve A(x'") xk = b(xk')
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Lemieux and Tremblay (2009)



classical implicit VP-solver: the Picard solver
for A(x) x = b(x)

A(Xk-l) Xk-l _ b(xk-l) — F(Xk-l)

outer (non-linear) loop:

until (some criterion), solve A(x'") xk = b(xk')

140F ¢ ~ ~ 1~~~ 1 T T T T T ] 102 T T T T T
| : 100
130F| H(Xk)2” ; | F(x¥) ||
L 5 | F(x
ok - i g g 1074
> 1.20F| 5
: -
_O —_—
.G,:l) : ; g 10-4
O i .0
2 1.10F ) :
O C ’]O—G
Z
1.00F
R 10-8
0.90F b v 5 [ O-10
O 8 o 13 20 0 4.0x103 8.0x103 1.2x10%
outer loop iteration outer loop iteration

Lemieux and Tremblay (2009)



2 cm/s 0.5 cm/

Lemieux and Tremblay (2009) (for long time steps)
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(but faster)
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new to sea ice dynamics: the JFNK solver
[A(Xk-l) Xk _ b(Xk-I) — F(Xk)]
(0 =) F(x*'+Ax") = F(x*") + P(x*') Ax¥, F = |(acobian)

until || F(x¥) || < tol, solve J(x*")Ax* = — F(x*)
and update x* = x*! + Axk
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JFNK in the MITgcm

® FGMRES with preconditioner (LSR, Zhang
and Hibler, 1997)

® exact Jacobian times vector possible by AD

® parallel code:

- scalar products in FGMRES
- restricted additive Schwarz (RAS) method in LSR

® vector code:

- iterative preconditioner (LSR)
- coloring (zebra) method

Losch et al. (2014)



Parallel performance of solvers (4km Arctic configuration)
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Does it matter!

after nearly 40 years of simulation: average of Oct, 1995

Picard with 2 OL iterations JFNK with [IFll<10-4 JENK — Picard
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“Timing” of solvers
(Is JFNK really faster?)




Accurate solvers affect

® ice thickness distribution
® linear kinematic features

® computer time!!!



Summary

® traditional Picard solver converges slowly
® EVP solver does not converge at all (to VP)

® |FNK-solver is efficient but expensive



Summary
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® EVP solver does not converge at all (to VP)

® |FNK-solver is efficient but expensive

JFNK-solver is available for

large-scale problems



