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Surface wind stress intensifies over the Southern Ocean

−: NCEP RA1
−: NCEP RA2
−:  20C RA
− : ERA-I

Swart & Fyfe, 2012
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Questions to address

• How does Southern Ocean circulation respond to wind stress changes?
• Antarctic Circumpolar Current (ACC)
• Meridional overturning circulation (MOC): upper cell

• How may topography affect this response?

• Can coarse resolution models (with parameterized mesoscale eddies) capture the 
response? 



An idealized MOM6 configuration for the Southern Ocean

• MOM6 in isopycnal coordinate: 30 layers
• 0.1°: resolving mesoscale eddies
• 1°: parameterizing mesoscale eddies
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Northern boundary condi;on

To investigate the Antarctic Circumpolar Current (ACC)
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Mesoscale eddy parameterizations

• Constant 𝜅!": 𝜅# = 700𝑚$/𝑠, 𝜅% = 600𝑚$/𝑠, …, 𝜅& = 0𝑚$/𝑠
• Visbeck: 

• Visbeck et al. 1997

• MEKE: meso-scale eddy kinetic energy:
• Eden & Greatbatch 2008; Jansen et al. 2015

• TMEKE: topographic MEKE – using topographic 𝛽 in Rhines Scale 𝐿':
• Jansen et al. 2019

• TMEKE + vertically varying 𝜅!":
• equi_bt: using an equivalent barotropic structure for 𝜅!" (MOM6: KHTH_USE_EBT_STRUCT = True)

• Ferrari: solving a vertical elliptical equation
• Ferrari et al. 2010

∂tE = ĖGM − Ėfrc + ∇ · T

κGM =

√

E · LR

κGM = αL2 〈SN〉
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Baseline comparison 1:
reference wind stress 
+ topography + sponge
To investigate the meridional overturning circulation (MOC)
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1. Small 𝜅!" can reproduce the MOC
2. Vertically varied 𝜅!" doesn’t help
3. TMEKE is the best!



Baseline comparison 2:
reference wind stress 
+ topography & NO sponge
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baseline comparison 2: baroclinic ACC transport
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To investigate the Antarctic Circumpolar Current (ACC)

-4000

depth
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Isopycnals are free to adjust

No-flux 
boundary 
condition:
excluding
residual 
MOC

1. Small 𝜅!" can NOT capture the ACC
2. TMEKE is the best!
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baseline comparison 2: baroclinic ACC transport
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• constant 𝜅!" cannot simultaneously capture the MOC & ACC
• TMEKE is the best!



Antarc;c Circumpolar Current (ACC) response
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Antarctic Circumpolar Current (ACC) response
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Meridional overturning circula;on (MOC) response:
high-resolu;on results

0.05 0.1 0.2 0.3
peak wind stress (Pa)

0

2

4

6

8

10

M
O

C
 s

tre
am

fu
nc

tio
n:

 S
v

MOC in 0.1 o simulations

Ekman: 36.3 Sv/Pa
flat bottom: 25.1 Sv/Pa
topography: 12.9 Sv/Pa

• The MOC response is suppressed due to 
the transient eddies in flat bottom case

• Topography significantly suppresses the 
MOC response

• Can coarse resolution simulations with 
eddy parameterizations capture the 
suppression?

wind-driven MOC



MOC response: with topography

Right MOC for the right 
reason: 
Both 𝜅!" + 𝜅#$ and 
isopycnal slope right
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MOC response: flat bottom

Right MOC for the wrong
reason:
Both 𝜅!" and isopycnal slope 
are wrong but the errors 
compensate each other, such 
that 𝜓 = '𝜓%& + 𝜅!" ( 𝑠
remains similar to the 0.1 deg 
run
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Conclusions

• Under reference wind stress,
• No op[mal value for a constant 𝜅!"
• Ver[cal structure in 𝜅!" doesn’t necessarily improve eddy parameteriza[on
• TMEKE performs the best!

• When wind stress changes,
• Both the ACC & MOC remain rela[vely insensi[ve
• Topography significantly suppresses both the ACC and MOC response; sta[onary eddies 

dominate over transient eddies
• 1° simula[ons reasonably capture the suppression of responses of the ACC and MOC by 

topography, largely because sta[onary eddies are resolved
• Reasonably confident in climate model simula[ons


