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1. Background and motivation
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Fyfe at al. (2007):

IPCC AR4 multi-model ensemble maximum

southern hemisphere wind stress
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Le Quéré et al.. (2007):
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Bdning et al. (2008):

The response of the Antarctic Circumpolar

Current to recent climate change
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Impact of eddies?

2. Comments on forcing of the ACC and its adjustment

Classical paradigm:

Antarctic Circumpolar Current is driven by Southern Ocean wind and buoyancy forcing

wind
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Gnanadesikan (1999): Te O
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Implications for ACC transport?
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Suggests ACC transport determined by processes that maintain the global pycnocline/MOC:

(cf. Gnanadesikan and Hallberg, 2000)

* Southern Ocean wind forcing;

* diapycnal mixing;

* NADW formation (e.g., Fuckar and Vallis, 2007);
* Southern Ocean eddies.

(a) Which Southern Ocean wind forcing? (Allison et al., 2010)
a
MITgcm
L Longitude

-60 -40 -20 0 20 40 60 80 100 120 140
Sv

Wind work on the ACC (from SOSE, W m-2):

0.182
0.137
0.098

. Latitude

0.066
0.04
0.02
0.007
0.001
-0.001
-0.007
-0.02

-0.04

. Latitude

-0.066
-0.098
-0.137

0 60 120 180 240 300 360

-0.182

— (Mazloff et al., 2009)




Reduced-gravity model:  (Marshall et al., 2015)
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Reduced-gravity model:  (Marshall et al., 2015) 150 ‘
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(b) Global Diapycnal mixing?

a) Low mixing with wind

(Munday et al., 2011)

b) Low mixing without wind
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(c) Adjustment time scale?

» dominated by Southern Ocean eddies and NADW formation (&’
(Allison et al., 2011, Jones et al., 2011; Samelson, 2011) .
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e.g., in response to a 10% wind stress anomaly:
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3. Eddy-resolving box model of the ACC and carbon cycle
(Munday et al., 2013; 2014)
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Circumpolar transport - eddy saturation (Munday et al., 2013)
a) Wind stress experiments b) Diapycnal diffusivity experiments
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Meredith and Hogg (2006), Hogg and Blundell (2010), Farneti et al. (2010), Farneti and Delworth (2010), ...
NB: Hogg and Munday (2014)




Circumpolar transport - eddy saturation

a) Wind stress experiments
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Residual overturning - eddy compensation?
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Atmospheric CO-
(Munday et al., 2014)

Atmospheric pCO2 (ppmv)

Decomposition:
(following Goodwin et al., 2008)

b) 2° sector model c) 1/2° sector model

a) pCO:2 vs. wind stress
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Relation between atmospheric CO2
and residual overturning?
(c.f. Lauderdale et al., 2013)
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On the relationship between Southern Ocean
residual circulation and atmospheric CO
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Summary of key points

In our models:

- ACC driven by winds along circumpolar streamlines and global diapycnal mixing.
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- Both the equilibrium ACC and its adjustment are extremely sensitive to the
representation of eddies - implications for climate models!

- Eddy-permitting box model:

* ACC is remarkably insensitive* to Southern Ocean winds and
somewhat sensitive to diapycnal mixing;

* reduced sensitivity of residual overturning
to Southern Ocean winds;

* reduced sensitivity of atmospheric CO2
to Southern Ocean winds;

* strong relation between atmospheric CO2
and residual overturning - see Jon Lauderdale’s poster.

- Role of buoyancy forcing? (e.g., Hogg, 2010) marshall@atm.ox.ac.uk




