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section 2

what's the problem?

what sets the thermocline depth h?
how topography affects it?
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topography makes thermocline shallower

flat bottom ridge

Fig. 4
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section 2

meridional heat transport sets the
thermocline depth
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the goal is to understand how topography affects the efficiency
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model setup

MITgcm, hydrostatic Boussinesq egs. on a B-plane
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model spinup for 10=0.2 N/m?

flat bottom ridge

https://vimeo.com/55486114

equilibration
~100 yr
isosurfaces of 6
colors from Q eCto 8 °C
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flelds decomposition

Standing Wave Transient

MEAN (SE) (TE)

A = (A)y,2) + Al(z,y,2) + A'(z,y, 2, t)
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averages over latitude circles Vs over streamlines
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topography makes the thermocline shallower
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Fig. 6

1600

1400

1200

flat Vs ridge results |

Stratification Depth vs. Wind Stress

—o flat

A A ridge

1000 [ fF-5- - g T e
800 | | | | | | | |
00 01 02 03 04 05 06 07 08 09
Ty (Nm™2)
Available Potential Energy vs. Wind Stress
| | | | | | | |
T
" |
[a
<
S I T T N N S S
00 01 02 03 04 05 06 07 08 09
T (Nm™2)

—v,0 (Km s 1)

<u>b (m/S)

—5;0 vs. Wind Stress

0.025

0.020

0.015

0.010

0.005

0.000

0O 01 02 03 04 05 06 07 08 059

7 (N m~—2)

Bottom Velocity vs. Wind Stress

(Munk & Palmen)



section 3

[

o
|
N

(-

o
=
OV

Heat Transport (W)

10%2

Fig. 8

when there is topography as wind increases the heat flux
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flat Vs ridge results Il
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a simplified 2-layer QG model

PV at each layer

q1 = VY1 + Fi (g — 1)

g2 = Vg + Fo(1h1 — 1h9) +§hb
>

decompose the flow fields into:

%'(%yat) — <¢]>(y) + w;(x7y) + wl(xvyvt)

Standing Wave Transient

MEAN (SE) (TE)
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a simplified 2-layer QG model

we get then an equation for the TE

0
(@ + Ur02)(a] + 1) + 3] + 0t ] + ) + Dy 0 (0] + 1) = =
‘
(00 + U2 (a3 + d2) + I3 + ¥, @3 + d2) + Oy (@2)0: (V3 + ¥) = =5 | V(0 + ) — 9, U

which if we time average gives us the
equations for the standing wave component

U104 + 0y {q1) a0} + J(W1, q]) + I, &)

U0yl + 0y (q2) 0utpd + J(W3, a) + J(%., ¢b)
— 0, ((0293)ah) — 0y ((Duiby) ) = ——v%

where did the
wind stress go?
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a simplified 2-layer QG model

O ~ U | (%Mf < U = neglect 0,

neglect terms quadratic in 7

parametrize J(¢}, q;) = —K V2q_j

U13§¢1r + U1F1¢$ + 51?1 — FlU2¢1r = K&Eqif
Eqgs (30)-(31)

UQ@%??; + U2F2¢1L T 51?; — F2U1¢$ = Kaxq; x¢2 — EUth
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the standing wave components

Ul(‘?iﬂ + U1F1¢; + 5¢1L o 1{:‘1(]2101r — Kax‘]ir

U020} + Ua o] + 50} = FaUsh = Koual — 100} — 20Us,
1
(ridge>deformation) g > T
| K
(K |sOsrmaII O_UQ 1 U2¢1L N Ulwg

TE effect negligible)
using this approximation one

U
(Rhines scale = ridge) /F1 ~ can proceed to calculate ...
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... the heat transport in the QG model

Hmean -+ HSE 4 HTE
/ ;
(1 0,00) + (0 Bu) = K (Uy — Up) (1 , <(aﬁ2)2>>
2

eddy heat transport is augmented by the presence of
the standing wave (2 due to the topography
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... and the thermocline slope in the QG model

3:fOUl_U2 _ 70/ (Po K fo)
7N
| U22

the planetary scale slope isopycnal is reduced
due to the standing wave (2



section 4

the QG model
captures the qualitative behavior
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local cross-stream heat fluxes

HO = poc, V- -Fdzdy
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how fast the eddies are carried by the flow?
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authors argue that eddy production is done
through convective instability for the flat case
and
through absolute instability for the ridge case
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convective Vs absolute instability

see https://vimeo.com/55486114



https://vimeo.com/55486114

section 6

local cross-stream heat fluxes

flat bottom ridge
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EKE is produced mainly downstream the ridge



discussion

We never clearly see the SE in the full model (only its signature in the
Hovmoller diagram)...

Why Hmean ~ HEkman ?

Her > HTg as wind stress increases. How this translates to the
averaging-over-streamlines picture?

“The inability of existing parameterizations to account for local instability and
nonlocal eddy life cycles constitutes the main obstacle toward a more
complete theory of baroclinic equilibration in the presence of large

topography and the more general problem of inhomogenous geostrophic
turbulence.”



