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Lenton$et$al.$2009$

•  Slow$down$of$CO2$uptake$in$the$Southern$Ocean$
!$LeQuere$et$al.$07,$09,$but$Landschutzer$et$al.$2015$

•  Carbon$cycle$response$to$Southern$Hemisphere$wind$changes:$
$!$Kickfeld$et$al.$2007,$Menfield$et$al.$2008,$and$d’Orgeville$et$al.$2010$

CO2$uptake$in$the$Southern$Ocean$
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•  a$minimum$20%$deple)on$
$$
•  increasing$to$$90%$in$Oct/

Nov$
•  20$realiza)ons,$40(y$runs$

•  Simplified$5(layer$atmosphere:$
(>$effect$of$lower$stratosphere$$ozone$is$
parameterized$

A$repeated$mid$90s$Ozone$hole:$$$
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Total$CO2$uptake$by$ocean$ CO2$in$Atmosphere$
690$PgC$or$325$ppm$
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Dominated$by$

Temp$effect:$

δT > 0⇒ δKo < 0

δT > 0⇒ δKo < 0

δ[CO2
*] ≈ δDIC < 0

δT < 0⇒ δKo > 0
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Subsurface$
increase$
does$not$
overcome$
Ekman(driven$
decrease$
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Flux$out:$posi)ve$feedback$
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Illustra)on$of$the$two()mescales$in$ac)on$$
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Conclusion:$

•  Net$effect$of$Ozone$deple)on$on$atmospheric$CO2$is$weak$

•  But$hides$large$compensa)ng$fluxes$in$the$Southern$Ocean$

•  There$are$mul)ple$)mescale$involved$in$the$adjustment$of$the$
carbon$cycle$to$the$changing$winds$

•  Mechanisms$(mostly)$similar$to$those$seen$for$temperature$
(Ekman,$upwelling)$

•  Adjustment$)mescales$are$different:$carbonate$chemistry$which$is$
coupled$to$SST$

•  Mul)ple$)mescales$play$a$role$for$different$configura)ons/forcings$


