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Modeling and quantifying the contemporary CO, sink of
the Arctic Ocean (1996-2007). Manizza et al. 2009
“First assumption: sea ice cover regulates arctic ocean
CO, uptake by preventing CO, exchanges”
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Sea ice exchanges CO, with the atmosphere
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Size does matter



Sea ice in one of the largest biome on earth
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Back of the envelope computation
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fluxes
Spring surface of antarctic sea
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Independent budgets

Sea ice Open ocean

Simple box model pCO, climatology

Direct air measurement of air-ice
approach

CO, fluxes, scaled using sea ice
temperature derived the NEMO-
LIM3 model
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In spring and summer



Why such spring and summer fluxes ?

Sea ice appears to be depleted in DIC and have high TA:DIC
Sea ice absorbs CO, in summer because it lost CO, in winter

2

Seaice 1 l

1? Fraction of brines rejected below the mixed layer?

2? Release of CO, to the atmosphere during ice growth



Why CO, fluxes through sea-ice are so puzzling ?

CO, yissolved) <> HCO3™ (gissol) <= CO3% gissol)




HCO; precipitates in sea ice as lkaite — a meta-
stable form of calcium carbonate (CaCO,)

Dieckmann et al. 2010



Why CO, fluxes through sea-ice are so puzzling ?

CO, yissolved) <> HCO3™ (gissol) <= CO3% gissol)




Gases In sea Iice are both Iin the dissolved and
gaseous phase (bubbles)
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Why CO, fluxes through sea-ice are so puzzling ?

CO, yissolved) <> HCO3™ (gissol) <= CO3% gissol)




Why gas fluxes through sea-ice are so pullzing ?

Multiphase form of CO, within a bi-phase
anisotropic heterogeneous medium.

Fluxes through a triple interface






CH,

“The total amount of methane in the current atmosphere is about 5 Gt.
The amount of carbon preserved in the form of methane in the East
Siberian Arctic Shelf is from hundreds to thousands Gt. What divides this
methane from the atmosphere is a very shallow water column and a
weakening permafrost, which is losing its ability to serve as a seal.”
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Air-sea flux of CH, 11.8 mg d-* m~?
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CH,
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N,O ?
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DMS ?



DMS is produced from DMSP that is an important component of
marine microorganism.

It has been suggested that DMSP can act
e as an active osmolyte and cryoprotectant at the same time
(Dickson and Kirst 1986)
« an antioxidant that protects cells during oxidative stress
conditions:
- ultraviolet radiation
- CO, limitation
- Fe limitation
- high Cu?* and H,0O, concentration Sunda et al.
2002)
- a grazing-activated chemical defense precursor
- or a “trashcan” for reduced compounds and excess energy
(Stefels 2000).
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Land fast ice (McMurdo sound)
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Ozone Depletion Events

BrO .
Bromine precursors
HO, O; :
HOBr L g «—Br, Bromine precursors

After Spolaor et al. and Simpson et al. 2007
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