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(recent) MITgcm development

� 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

� Coliolis f' (= 2
 cos(� )):

@u
@t

+ cos(� )f 0w = :::
@v
@t

� sin(� )f 0w = :::

@w
@t

� f 0cos(� )u + f 0sin(� )v = :::

� = angle( longitude axis , grid X axis )

� spherical (NH) metric terms: R = Earth radius

Gu = � u:w=R ; Gv = � v:w=R ; Gw = ( u2 + v2)=R
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Deep Atmosphere and Anelastic

� deep atmosphere: � x(k) = Rk=Rk=1 � � xk=1

� Anelastic: � ref (k) instead of � 0 in momentum equation

� Jupiter convection dynamics: Yohai

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

Model Development – p. 5/24



z* & Sea-Ice Loading

Salt Flux formulation (Linear or Non-Linear FS)
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Real Fresh Water formulation (Non-Linear FS)
z-coord.
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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)
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Ocean: add gM ( ice + snow ) to surface pressure

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

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

� 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 � n instead of � ref

� Non-Hydrostatic with no additional cost
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Prather Advection Scheme

Initial Theta

min,Max= 4.5e-16  , 0.2032  

0 2 4 6 8 10 12 14 16 18 20
0

2

4

6

8

10

12

14

16

18

20

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 2 4 6 8 10 12 14 16 18 20
0

2

4

6

8

10

12

14

16

18

20
Stream-Function [m 2/s]

Prather it= 200

min,Max= 1.9e-05  , 0.1010  

0 2 4 6 8 10 12 14 16 18 20
0

2

4

6

8

10

12

14

16

18

20

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

Super-Bee Limiter ; max.CFL=5.22

min,Max= 1.2e-04  , 0.0486  

0 2 4 6 8 10 12 14 16 18 20

0

2

4

6

8

10

12

14

16

18

20
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

Model Development – p. 11/24



software

� multi-threaded: daily tested

� conservative horizontal interpolation using weight (Ed
Hill)

� interpolation CS-grid to lat-lon grid

� needs to provide weights
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MITgcm development

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

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0

D
ep

th
 [m

]

(a)

T
em

pe
ra

tu
re

 [d
eg

C
]

6

8

10

12

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0
(b)

T
em

pe
ra

tu
re

 [d
eg

C
]

6

8

10

12

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0

D
ep

th
 [m

]

(c)
T

em
pe

ra
tu

re
 [d

eg
C

]

6

8

10

12

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0
(d)

T
em

pe
ra

tu
re

 [d
eg

C
]

6

8

10

12

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0

D
ep

th
 [m

]

Y axis [km]

(e)

T
em

pe
ra

tu
re

 [d
eg

C
]

6

8

10

12

-1000 0 1000
-1200

-1000

-800

-600

-400

-200

0

Y axis [km]

(f)

T
em

pe
ra

tu
re

 [d
eg

C
]

6

8

10

12

top: slope clipping

center: tapering scheme

bottom: new parameterization

(from: Ferrari & Mc Williams)

Model Development – p. 14/24



non Boussinesq: p-coordinate

� Atmospheric loading:
top boundary condition at p = PSL

atm : ) ! = @PSL
atm =@t

� “Real Fresh-Water”: at the top (p = PSL
atm ):

! = g � fw (P � E)

� Non-Linear free-surface with “p* ”coordinate:
p� = pP o

b � P o
atm

Pb� P SL
atm

Physical parameterization:

� GM

� KPP
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end
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Winton (2000) Thermodynamics

� 2 layers + snow

� Ice Enthalpy (account for brine pockets)

� Conserve Water, salt and energy

� White-ice formation, Tf = � �S , constant ice salinity

� Diffusion of heat in BL below sea-ice (Melting:
Tf < T ocean)

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

� Adams-Bashforth 3

� Implicit internal gravity wave

� reference strati�cation (horizontally uniform)

� in situ strati�cation

� Implicit vertical advection
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Implicit IGW

using a reference density pro�le: � ref (z) with � 0 = � � � ref

@~vh

@t
+ r h � 0

h = 0

@� 0
h

@z
+ g

� 0

� c
= 0

r h � ~vh +
@w
@z

= 0

@�0

@t
+ ~v � r (� ref + � 0) = 0

leads to the wave equation (with N 2 = � g(@�ref =@z)=� c):

r h � r h � 0
h +

@2

@t@z

�
1

N 2

@2

@t@z
� 0

h

�
= 0
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IGW Results

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

Dynamics:
@�
@t

= P � E

Thermodynamics:
“Real Fresh Water”

@h
@t

= P � E

@(hS)
@t

= 0

@(h� )
@t

=
Q

�C p
+ P � rain � E� ev

“Virtual Salt Flux”

@h
@t

= 0

h
@S
@t

= � S� (P � E )

h
@�
@t

=
Q

�C p
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Equations (1)

Ocean in pressure coordinate: � = gZ

D~vh

Dt
+ f k̂ � ~vh + r p� = ~F

@�
@p

+ � = 0

r p � ~vh +
@!
@p

= 0

1
�

= � = � (�; S; p)

D�
Dt

= Q�
DS
Dt

= Qs
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Equations (2)

upper and lower B.C.:

at the top: p = 0 ; ! =
Dp
Dt

= 0

at the bottom: p = pb ; � = � topo = g Ztopo

free surface (@ bottom):
@pb
@t

= �r p �
Z

~vhdp
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