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MOTIVATION

The large, cold, windy and icy circumpolar Southern Ocean, south of the Polar Front (~50° S), plays
an important role in the global carbon cycle and climate change. Future scenarios for the Southern
Ocean highlight large changes, strong feedbacks and potential hi gh-latitude vulnerabilities. Currently
our knowledge of contemporary seasonal air-sea CO, fluxes in the Southern Ocean needs to be
improved in order to better understand the response of the carbon cycle to changes in oceanic
processes and atmospheric forcing, now and in the future. A well-represented seasonal cycle also
plays an important role in preconditioning the oceanic response on nonrseasonal timescales.
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RESULTS

Historically the magnitude of the Southern Ocean flux has been suggested to be asink of between 0.2 -
0.9 PgClyr both from observations and modelling studies (e.g. Bousquet et al (2000), Takahaski et al
(2002)). In recent years winter observations collected in the Southern Ocean (e.g Metz et al (2006))
have been incorporated in an updated global data synthesis (Takahashi et al, 2007) and recent ocean
biogeochemical simulations analysed. A synthesis of these studies, presented here, suggests that a clear
picture of the seasonal cycle is beginning to emerge, one of a strong winter outgassing (related to deep
mixing) close in magnitude to the strength of the summer sink (driven by biological processes). This
leads to areduced flux estimate, close to equilibrium, of +0.15 PgClyr. These changes are not driven
by differences in gas transfer formulations but changesin ?pCO,.
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Air-Sea CO2 fluxes in the Southern Ocean (>50°S)
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METHODS - Observational
Takahashi et al Climatology (2007) - incorporates more than 2.7 million measurements

of surface pCO, collected over the last 4 decades These values are corrected to a
reference year of 2000 and interpolated onto a global 4° x 5° global grid.

METHODS - Simulations using NCEP-R1

PISCES/ ORCA2-LIM - PISCES includes 4 Plankton Functional Types
(Nanophytoplankton, Diatoms, meso and micro zooplankton) and co-limitation by P, Si,
Fe and light (Aumont et al, 2003). It is coupled to an ocean model (ORCA), ~2° x1° T
resolution in the Southern Ocean and ice model (LIM).

PISCES-T/ ORCA2-LIM - The same as PISCES but with a different representation of @55 _=_ o7
While a consistent large-scale picture is emerging for the present day, the responses of these meso-zooplankton processes and a temperature-dependance of particle remineralization o ~L\Z
simulations will diverge over longer timescales due to the unique evolution of DpCO, in each model. (Buitenhuis et al. 2006). e
Understanding the seasonal response of biological and physical processesin each simulation requires
investigation of all of the components that drive the ocean carbon cycle (e.g. DIC, Alkalinity, macro ECO-CCSM - ECO comprises several nutrient phytoplankton, zooplankton classes and _ =
and micro nutrients, etc). To extract the maximum information from the limited Southern Ocean Fiarltus. aswel as ystem pa(arne@saﬂonsénd Fe deg_ (Moore et al, 2004). This 2
. i . is coupled to the CCSM ocean model with a horizontal resolution of ~4° x 1°.
observations such an analysis needs to be performed at the regional scale.
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