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Turbulent and adiabatic?

While ocean is turbulent both Diffusivity in Brazil Basin
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Diffusivities associated with along- Py e
isopycnal motion are often eight Polzin et al., (1997)
orders of magnitude larger than
those across isopycnals. This directly contradicts old diffusive picture of

overturning! What’s important in the new picture?
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Implication: Wind forcing is important

e When internal diffusion is low, ) ﬁ I
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Implication: Wind forcing is important

e When internal diffusion is low,
winds end up being dominant
source of energy

2 Southern
Hearmisphare

westerfes

e Shifts in winds may be really
important!

e But density still matters

What does the dominance of wind
imply about thermohaline stability?

Toggweiler et al, 1993, 1998; Gnanadesikan,1999;
Gnanadesikan and Hallberg, 2000

Gnanadesikan et al. 2005, 2006, 2007; Fuckar and Vallis, 2008
Toggweiler and Russell, 2008; Delworth and Zeng, 2008
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Implication: Eddies are important
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Implication: Eddies are important
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e Eddies may provide
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Winds increased by 20%"~ 10 Sv extra
Ekman transport.

How do eddies act in a
fully coupled context on
centennial scales?

Hallberg and Gnanadesikan, 2001
Hallberg and Gnanadesikan, 2006
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Impacts: Winds and eddies affect

uptake of anthropogenic carbon
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Winds change GM coefficient

thermocline depth changed to

match winds.

Mignone et al., 2006; Russell et al., 2006
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Impacts: Winds and eddies affect

u take of anthropogenic carbon
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e Wind shifts may matter - o R o
o [eereta e e

How does this balance .
work in a fully coupled -
system?

Mignone et al., 2006; Russell et al., 2006 o A
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Impacts: Different circulations can also

change biological storage of carbon

a Southern Ocean
e Strong Southern Ocean coupling to Artarotio Sibentercio Equator
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Impacts: More sensitivity to ocean shortwave absorption

Sea Surface Temperature Difference (C), Years 41-120
Blue-Gree _I eP _,,_-.& reen,

* Changing chlorophyll (hence
absorption profile) affects
SSTs - with implications for

circulation, ENSO and . LR =
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Sweeney et al., 2005; Anderson et al., 2007,2009; Gnanadesikan and Anderson, 2009; Gnanadesikan et al. (in prep.)
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Conclusions

e Eliminating unphysically large background
diffusion brings other processes into play:
winds, eddies, solar absorption, spatially-
dependent mixing

 These processes matter for carbon uptake,
biogeochemical cycling - may be important
for physical climate
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