Model development

ECCO-2 Meeting,

Pasadena, Jan 2007

Model Development — p. 1/2



(recent) MITgcm development

e
Horizontal Grid

Non-hydrostatic
sea-ice (Dimitris)

Z & sea-ice loading

sea-ice dynamics
Internal-Gravity-Waves: Implicit method

Adiabatic interior (Alistair)
Prather (1989) advection scheme

software

Collaborations:
Dimitris Menemenlis (JPL), Martin Loch (AWI),

WHOI (Artic, CLIMODE), Alistair Adcroft (GFDL)
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Horizontal Grid

Polar cap grid: Cube-Sphere topology
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Non-Hydrostatic on Curvilinear Grid

Coliolisf' (=2 coq )):

@u —_— amm @V - — ]
_t+ Coi )f % - 'R _it Sln( )f % - ']
@W O - — (]
o f coq Y)u+ fS%in( )v=::

= angle( longitude axis , grid X axis )

spherical (NH) metric terms: R = Earth radius

G,= uw=R; G,= viw=R:; G, =(u?+ v9)=R
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Deep Atmosphere and Anelastic

D
deep atmosphere: Xx(k) = Rx=Rx=1  Xk=1

Anelastic: ¢ (K) Instead of ; In momentum equation
Jupiter convection dynamics: Yohal

slow rotation (1/10), boussinesq real rotation, anelastic

< {‘A/ ‘\‘v

Model Development — p. 5/2



Zz* & Sea-Ice Loading

L —— S
Salt Flux formulation (Linear or Non-Linear FS)

|
T

Real Fresh Water formulation (Non-Linear FS)
- z-coord. z*-coord.
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Sea-Ice Loading Experiment

CS-510 set-up, using z and Sea-ice loading:
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Sea-Ice Loading Experiment

mean SSH [m] (cl) ; Hice [m] (iso: .3 1 3) SSH Standard.Dev [m] ; yr: 94, Mar
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Melting/Freezing: add/take Fresh-Water to/from the ocean
Ocean: add gM (jce + snow ) t0 surface pressure

Ice: add gM (ice + snow ) 0 "sea-surface slope” term
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Sea-lce Dynamics

I
Hibler, 1979 rheology

Recent Improvements (Martin Loch):
B-grid! C-grid : CS-grid
EVP solver

snow advection : white-ice formation
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Implicit IGW

D
Atmosphere

longer time-step ( > X 2)

save time ( -1/3) despite more computation (3.D
solver)
preserve mean circulation and variability

ocean:. depending on the set-up:
IGW are likely to limit the time-step
uniform reference strati cation might not be suitable
2nd version: using " instead of |
Non-Hydrostatic with no additional cost
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Prather Advection Scheme

Initial Theta
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software

I
multi-threaded: daily tested

conservative horizontal interpolation using weight (Ed
Hill)

Interpolation CS-grid to lat-lon grid

needs to provide weights

Model Develooment — p. 12/2



MITgcm development

DU
Plans:

Eddy-mixed layer parameterization
(Ferrari & Mc Williams)

non Boussinesq (p-coordinate)
sea-ice (Dimitris)
Coupling (Chris)

momentum advection
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Eddy-Mixed Layer Parameterization
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non Boussinesq: p-coordinate

Atmospheric loading:

top boundary conditionatp= P3.:) ! = @QBL =@t
“Real Fresh-Water”: at the top (p= P35 ):

=9 w (P E)

Non-Linear free-surface with “p* "coordinate:

— AP Pam
p - pr pSL

atm

Physical parameterization:
GM
KPP
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end

Model Develooment — p. 16/2



Winton (2000) Thermodynamics

—————
2 layers + snow

Ice Enthalpy (account for brine pockets)
Conserve Water, salt and energy

White-ice formation, T = S , constant ice salinity

Diffusion of heat in BL below sea-ice (Melting:
Tf < Tocean)

needs to advect: area, ice & snow thickness, enthalpy (2)
tests in progress
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empty
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Time Stepping

e
Adams-Bashforth 3

Implicit internal gravity wave
reference strati cation (horizontally uniform)
In situ strati cation

Implicit vertical advection

Model Develooment — p. 19/2



Implicit IGW

using a reference density prole: (z) with °= of
@r,
@t =0
L
— 4+ - —
@z ) c
@w
+ — =
' n ¥n @Z 0
0
@t'l'vr(ref'l'%zo
leads to the wave equation (with N2 = (@ =@)= ¢):
0, @ 1 @ ,

Tt GezNzees
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IGW Results

Held & Suarez atmospheric benchmark: Comparison
Implicit / Explicit IGW
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Fresh Water Flux

Dynamics:

Q@

Thermodynamics:
“Real Fresh Water”

“Virtual Salt Flux”
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Equations (1)

Ocean In pressure coordinate: = gZ
% +fk wh+r, = F
%er -0
o ¥ht %!p = 0
- - (:S:p)
D DS
ot ° bt %
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Equations (2)

upper and lower B.C.:

Dp
. =0 : | = — =
atthetop: p=0; ! Ot
at the bottom: p= py; = op = 0 Ziopo
free surface (@ bottom): %5: r o, vhdp
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