
Residual-mean solutions for the Antarctic 
Circumpolar Current and its associated 

overturning circulation

John Marshall and Timour Radko

presented by Shantong Sun



ACC and MOC



Buoyancy
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Streamwise-averaged buoyancy equation:
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Buoyancy

Below the mixed layer:
J( res, b) = 0.

Two assumptions: buoyancy forcing vanishes; eddy flux along isopycnal surfaces. 

Within the mixed layer:
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At the base of mixed layer:
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Interior region

Eddies assumed to be adiabatic in the interior:
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Visbeck et al. (1997): 
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Interior:

Base of Mixed layer:
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Buoyancy structure when:

B̃ = 0 )  res = 0

Baroclinic transport

⌧
o

(y) = ⌧
s

y/L
y

⇠ ⌧
o

L2�b

f2k

Examples

b
o

(y) = �
b0

y

L
y

s⇢(b, y) = �

� ⌧0
fk

�1/2



⌧
o

(y) = ⌧
s


0.3 + sin

✓
⇡y

L
y

◆�B̃ = B̃
o

sin[(2⇡y)/L
y

]

Examples

b
o

(y) = �
b0

y

L
y



Role of dyapycnal eddy buoyancy fluxes
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Another example

Constructing the residual circulation of the 
ACC from observations

Richard H. Karsten and John Marshall



From Marshall and Radko (2003)
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Base of Mixed layer:

Here, a different approach:
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estimated from Levitus and Boyer (1994), sea surface height from satellite.b

Base of Mixed layer:



Base of Mixed layer:



Interior:
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      known from observations; Residual-mean streamfunction at the base of 
the mixed layer also estimated from observations. 
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Residual-mean overturning circulation and salinity



Questions?


