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R Satellite Data

RADARSATF Geephysical Precessoer System
(RGPS)
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€\ Goal

Want a numerically’ efficient sea ice model that includes
ehsenvational features; such astleads and rdges anad
Uises availanlersatellite: data for Verfication

Existing| Sea lce Medels
 [sotrepic constitutive medel

a Generally: tise Eulerian
numerical schemes

Our Model

u Anisetropic constituiive
model

» Lagrangian; materal poeints




lce Model

Components ofi Sea
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M8  Momentum Equation

ph%Y =V - (ch) + 74 + 7w — phfe(es x v)

ta = CaPaHVaHRaVa

tw = cwpwl||Vv — Vu||Rw(v — va)

1ce density
ice thickness
ice velocity
stress tensor

Ta= air drag
Tw= water drag
Je = Coriolis parameter
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- Elastic-Decohesive Constitutive: Model
Strain Rate € = 5 (Vv + (Vv)7)

e =¢c¢ 4+ ¢

Elasticity,

& = Eé

Failure Functioni Fn(e)  [Decohesion
ed = ([u] ®n)*5;

Flow Rules  [[u,]l = wgf
n

[[u 7= w@?‘t

™ = N -0 N - normal traction

7t = N -0 -t - tangential traction

Schreyer, H., L. Menday, D. Sulsky, M. Coon, R. Kwok (2006), Elastic-decohesive Constitutive
Model for Sea lce, J. of Geophys. Res., 111, C11S26, doi:10.1029/2005JC003334.



€\ lce Thickness Distribution

/dQ=R
Q2

SR I s ALK
Jy 9t = ZAG,

- 8¢ g = thickness distribution
’ o R= ice region area
/O g(h? t)dh =1 A(h,t)= ice area with thickness
less than h at time ¢

Evoelution; Equation
f =dh/dt
= growth rate

d@ — ( N 4 V)g dh(fg) + ¢ = mechanical redistribution
(ridging)



Rid@ing Eunction

P = 5(}1)7’0}9 + Wrreg

—a(h) 4+ n(h)

I —
7, — flmaz(_a(R) + n(h))dh

thickness distribution of ice participating in ridging: a(h) — b(h)g(h)

thickness distribution of newly ridged ice: n(h)

hmﬂﬂ: s L =
) /O a(R)~(h, h)dh
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Balance off Eluxes
ep

(1—-a)Fr—Ig+ Fr, —eroTy

+Fs+ Fi+ ko (52),

0 for Tp < 0°C
i dh

—qs'g; for Tp = 0°C
| Bottom
ks (38) -~ Fo= 0o
Snow/lce Interface

ks (Bz)h el (%—g)hs

Diffusion
(p)E = LKL 4 nlge-

Thermoadynamics

F; e oTy Fp F, F
aFR

h = thickness
T'= temperature
ds= energy of melting at top
4B = energy of melting at bottom
C = heat capacity
k = conductivity

x = extinction coefficient
11!



\ MPM for Sea lce

Np

DA
p=1

mp ~ ﬂpﬁpﬁp

mia; = F;‘nt =5 Ffmt

Nﬂ

(Fp)t= > phyp (("Tﬂ":r)p )
p=1
N,

(Ej)int Z Qphrp ((JTU);U (Xp))
p=1

FE Tt — Z (QpTa + Q]I’JTT_I_ + Trlpfc((‘:g X Vp)) N (Xp)
p=1
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lce Thickness Distribution in MPM

DiScrete ice thiICKness categories

hn Nh T Up,ﬁ
= h,t)dh 1= ) 9gpn hp,n =
9p,n ]hn—l gp(h,t) a7 dp.n
h’n ks 1 Nh.
P / hgp(h, t)dh it et
hn—1 Np, =10
Soelve In| three pieces
Horizontal Tiransport d‘(:;‘p = (=V - V)gnyp
/ 3
Transport in Thickness Space dgn,p il /'h”’ (‘9(gh)dh
dt h,_1 Oh
Redistribution  dgn,p
_ wﬂ-

dt
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N Kinematics
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£\ Beaufort Sea Calculations

Using RGRS' data fier 25 Eel —
10" Marr 2004 1n Beaufiort Sea
[egion
Calculation setup
10 ki sguare: backgreund grid
4 material peints per cell

Rigid material peits for land
oJo)t]gfol=lRY

Incl_uc!inlg Wind; ocean; and
Coriolis 1orces

Boundary conditions, are RGPS
velocities linearly interpolated in
ime

RGPS data used to initialize
leads inf calculation
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Beaufort Sea Calculations
Initializatien Day: 54 (Eelh 23)

Crack Orientations, days:536-547, u0=0.2km
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Beaufort Sea Calculations

Leads Day: 70 (Marchi 11)
MPM KINENIALICS

MPM Crack pattern, day70, u0=0.4km, cutoff=1.5km Crack Orientations, days:696—-707, u0=1.5km
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Beaufort Sea Calculations

Det (F) Day: 701 (Marchr 11)
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Kinematics

detF, days:696-707
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Conclusions

IHaver shiown| sea Ice moedel using MPM

With Elastic-Decehesive constitutive model

AdVantages) GvVer ether models
MENhandles;advection; naturally,

Elastic-Decehesive Viedel allows: explici
calculation efflead evoliitien

Currently/ Implementing ICe: thickness
distibution

EUture wWork

Implement thermodynamic model
Connect to ecean and atmospheric moadels
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