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The 3-D grid in geophysical fluids

The distinguishing feature of geophysical fluid
modeling is the pre-eminence of gravity.

Mixing of vertical and horizontal forces in the dynamic
equations must therefore be avoided at all cost.

This is accomplished by making the z axis coincide
with the direction of gravity.

The other 2 coordinate directions must be
perpendicular to the z axis. This way, gravity will not
contaminate the force balance there.



The 3-D grid in geophysical fluids (cont’d)

e If ALE is applied in z direction, differential vertical
motion of fluid particles will inevitably destroy the
“horizontal” alignment of neighboring grid points.

* Once that happens, the horizontal force balance
must be computed from information carried on
sloping coordinate surfaces.

* This is the Achilles Heel of generalized-vertical
coordinate modeling of geophysical fluids.



Vertical coordinate considerations

Cpt=Const. coordinate layers make it easy to properly
model subgrid-scale adiabatic mixing and overflows.

In sloping coordinate layers, computation of the
horizontal pressure gradient force is tricky.

In 6,,,=const. layers, the PGF reduces (approx-imately)
to a single term — a major advantage.

HYCOM has traditionally used o, (potential density
referenced to 2km depth) as vertical coordinate. This
choice was made to minimize regions in the world ocean
where pot. density is multi-valued in the vertical.

G, appears to offer certain advantages (better:
tradeoffs).
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A meridional cross section showing observed o, in the Atlantic
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Definition: o = density minus 1000 kg/m3
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modelE coupled with HYCOM

Net Radiation at TOA (W/m2)
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Not enough ice?
Too much ice?

Ocean Ice Cover (%)

I 1 ] 1 I I | I 1
1900 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 2450 2500 2550

PERIHETD




DIFF1

DEPTH (m) : O
TIME : 16—JAN 06:00

DIFFERENCE SST(Eh

LONGITUDE

LEVITUS

) Month=JAN

CONTOUR: DIFF1

DEPTH (m) : O
TIME : 16—JAN 06:00

160°W 60°W 40°E 140°E
LONGITUDE

DIFFERENCE SST(Eh LEVITUS) Month=JAN

.
|
|
) B
I I I

- NN 6w A ®
o o o

| I o o —
- o >
o

|
o

| | | | | |
o A WG NN
o o

|
]



DEPTH (m) : O
TIME : 16—JUL 20:54

8
— 6
By 4
35 DEPTH (m) : O
[ 5 TIME : 16—-JUL 20:54
& \ \ \ \ \
B E ¢
y [ $0°N = 6
1, = 4
Clos e 35
1o Pzo BB
1 : 25
0N | 3 ]
A F =9 —2
1y . N
—-15 & o = 0
= '
—ézs —1%°
% =, o —t—o
= s .
j3-5 S o, :70.5
4 . : -
6 . =15
~8 4005 {0 &yl 177
160°W 60°W 40°E 140°E ) 25
DIFF 1 LONGITUDE S wen) . -3
. -
DIFFERENCE SST(Eh( sig”-LEVITUS) Month=JUL »
80°S —6
-8

160°W 60°W 40°E 140°E
CONTOUR: DIFF1 LONGITUDE

DIFFERENCE SST(Eh LEVITUS) Month=JUL



00y 0SET 007

0577

00t7

12

0817

0017

0507

000T

0561

006]

_

_

_

_

_

_

_

_

_

s g

qI318 | ——

_

e[dis gy ——

_

_

!

!

91

L1

81

n

4

%

L

gurul

81

}19AQ) Y [HON

AS



28.89[
30.07

31.11

32.02[
3281

33.49

34.07

34.56

34.97

35.31
35.59

3582
36.01 [

36.17

3631 [

36.44

36.56 |
36.67 |
36.77 |
36.86 |-

36.94
37.01

37.07[

37.12

37.16 |
37.20 [,

28.89[
30.07 [
31.11 [
32,02

32.81
33.49

34.07
34.56 -
34.97 [

35.31

35.59 |
35.82 [

36.01

36.17 |

36.31

36.44 |

36.56

36.67 |
36.77

36.86

36.94 |

37.01

37.07 [
37.12[

37.16

37.20 [ L L L L L
-30 0 30 60 -30

Atlantic

Indian

Pacific Global

[
h

— =) W

=

0

N

3

Latitude

Meridional overturning streamfunction in potential density space

Atlantic

Indian

§

Pacific

ol

Latitude



Layer mass census (thickness drift in m)
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LONGITUDE : 20E to 20E(380) (averaged) DATA SET: levitus climatology
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The sum of model defects is
(remarkably) constant across
ocean models



