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Observational Motivation

Meridional section in the Atlantic Ocean at
25° W from WOCE.
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A Simple Predictive Model for the
Structure of the Oceanic Pycnocline

Anand Gnanadesikan
SCIENCE Vol 283, March 1999




Processes setting the pycnocline
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Previous scaling theories of the pycnocline did not include
Southern Ocean wind and eddies (e.g. Bryan 1987; DeSzoeke

1995).



Processes setting the pycnocline

D — Pycnocline depth.

T — Northern Hemisphere
sinking flux.

T — Southern Hemisphere
northward flux.

T — Upwelling rate though
low-latitude pycnocline.

L.l — North-South distance
over which the gradient
occurs.
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Processes setting the pycnocline

D — Pycnocline depth.

T — Northern Hemisphere
sinking flux.

T — Southern Hemisphere
northward flux.

T — Upwelling rate though
low-latitude pycnocline.

L.l — North-South distance
over which the gradient
occurs.
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Abyssal circulation is ignored in
this formulation!




Model

1. Deriving an expression for Tn ;

e Assumes a level of no motion between
AAIW and NADW flows.

e Surface height higher at the equator than
in high latitudes.



Model

1. Deriving an expression for Tn ;

e Assumes a level of no motion between
AAIW and NADW flows.

e Surface height higher at the equator than
in high latitudes.



Boundary Layer Theory:

A 0%v| 10p (1) AL’?ZV = A)?p2/3y
1/3
b = ()"

Ly, — Width of the boundary layer
A, — Eddy viscocity



Boundary Layer Theory:

A 0%v B 10p (a) /zhzv _ Allz/BBQ/SV
hé?a:? p@y m
AiN1/3
’ : Ly, = (_h)
o

L., — Width of the boundary layer
A, — Eddy viscocity

Lop _C¢'D
Y pdy L1

(' — Effects of geometry and BL structure



Boundary Layer Theory:

A 0% 10;0
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2. Southern Hemisphere.
* Northward Ekman Transport:

-
By = .
pf
 Eddies contribution:
0S N S
*Veddy :A[E S D/Ly

A7 — Diffusion coefficient
S — Slope of the upper layer

% Gent and McWilliams (1990)



2. Southern Hemisphere.
* Northward Ekman Transport:

-
By = .
pf
 Eddies contribution:
0S N S
Veddy = A1 S~ D/L

-
1= ( '. Veddy X D) X L;z#
pf

TS‘ — ( . A[D) X LI

pl L




3. Low-latitude pycnocline.

* Upwelling balanced by downward diffusive
flux of heat:

K, A
D K, — Vertical diffusion coeflicient

T;, —



3. Low-latitude pycnocline.
* Upwelling balanced by downward diffusive

flux of heat:
T _ K,A
u D K, — Vertical diffusion coeflicient
 Upwelling
'u.,D — (T-n — Ts) D
C / Q A L » ¢ TL "

K,A=—2p3y2lep _Zip

Upwelling NH Sinking Eddy Ekman

circulation transport



° |f TS — O (negleCt SO eﬁ:eCtS) Eddy Ekman

circulation transport

K,l,A g | A]L/ TL/

D~ (Kv/g’)l/g T, ~ K%,/Bgll/g




° |f TS — 0 (negleCt SO eﬁ:eCtS) Eddy Ekman

circulation transport

| A ]L/ TL/
K,A= g / /f

D ~ (K, /g’)l/ 3 T, ~ K23 J1/3

e If Ky and A are vanishingly small:

~af e A]L}/Z Ly
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Upwelling Eddy
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Pycnocline Depth inm NH Sinking in Sv Overturning Ratio
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A Theory of the Interhemispheric
Meridional Overturning Circulation
and Associated Stratification

Maxim Nikurashin and Geoffrey Vallis
JPO, Vol 42, 2012




Leading order structure of the MOC (Lumpkin
and Speer 2007).
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Develop a theory for the deep stratification:

* Two-cell interhemispheric meridional
overturning circulation.

* NADW and AABW.

* Mixing and wind-driving components.



ldealized simulations

Modular Ocean
[ Model (MOM)

e 2°x2°and 20
vertical levels.

circumpolar
current

* Single-basin and
flat bottom.
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ldealized simulations
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Depth, (m)
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Theory

1. Dynamics in the Circumpolar channel

J(11,b1) = %(M%)

bi(y, z) — steady-state buoyancy

Pr=v+ 7



Theory

1. Dynamics in the Circumpolar channel

J(11,b1) = %(m%)

bi(y, z) — steady-state buoyancy

YT W) C T 0z

Gent and McWilliams (1990)




1. Dynamics in the Circumpolar channel.

Boundary Conditions:
Matching: by |,—o = ba2(2)



1. Dynamics in the Circumpolar channel.

Boundary Conditions:

Matching: by |,—0 = ba(2)

L, ob
Restoring flux: /{.l.a—l =0 = A(bs — by)
)2

bs(y) — Prescribed surface restoring buoyancy
A — Restoring rate



1. Dynamics in the Circumpolar channel.

Boundary Conditions:
Matching: by |,—0 = b2(2)

0by
5, 10 = A(bs — by)

bs(y) — Prescribed surface restoring buoyancy
A — Restoring rate

Restoring flux: k,—

No flux and no normal flow — z = —H, y = —I,



2. Dynamics in the Ocean Basin.
dby 0O (K %)
0z 0z\ "0z

.'u) 2

3(2) ly=2, — ¥1(2) ly=0
L'.D'

wa(z) =

wo(z) — Meridional-mean vertical velocity



2. Dynamics in the Ocean Basin.

wo - = Ky——
Dz  0z\ "0z

1’3 (Z ) ’,(,':L_,‘,. — W (Z ) y=0

L Y

wa(z) =

wo(z) — Meridional-mean vertical velocity

If 1 7 s

Vertical velocity advects buoyancy and must be balanced by
vertical diffusion.



3. Dynamics in the outcrop region.

ba(2) and bs(y) must
match convectively.

L[ Obsly, 2) ~
—— ——d2' + Cly)
fla Oy |

h — Depth of the middepth of OC



3. Dynamics in the outcrop region.

bs(2) and bs(y) must
match convectively.
1 i (7b3(y,:)

yz)=—= ——d2' + Cly)
flon Oy

h — Depth of the middepth of OC

z Ly+ln
P3(z) = / / usdydz’
—h J Ly



Scalings

To

Uy =04 U* = ( .
pofl
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Scalings

=0 = (- KL

pofl ls
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Control
experiment
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Questions?



