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Abstract
This study highlights benefits and challenges of applying coupled physical/biogeochemical modeling and the synergistic use of different satellite retrieval algorithms for
investigating the phytoplankton diversity in the Great Calcite Belt. This area is of great interest for understanding biogeochemical cycling and ecosystem functioning
under present climate changes observed in the Southern Ocean. Our coupled model simulations of the phenology of various Phytoplankton Functional Types (PFTs) are based
on a version of the Darwin biogeochemical model (Dutkiewicz et al., 2015) coupled to the MITgcm circulation model (MITgcm Group 2012), where both - the physical and
biogeochemical modules - are adapted for the Southern Ocean. As satellite-based PFT information, we consider products of the PhytoDOAS (Bracher et al. 2009, Sadeghi et al.
2012) using SCIAMACHY and OMI hyper-spectral optical satellite measurements. We also address aspects of combining this information synergistically (SynSenPFT, Losa et al.
2017) with the phytoplankton composition retrieved with OC-PFT (Hirata et al. 2011, Soppa et. al. 2014, 2016) based on multi-spectral optical satellite data (OC-CCI) and
obtained by numerical modelling to allow for long time-series on the Southern Ocean phytoplankton diversity. To evaluate the satellite retrievals and model simulations we use in
situ PFTs obtained a diagnostic pigment analysis (Soppa et al., 2017) as well as by scanning electron microscopy (Smith et al., 2017).

Satellite Observations: The Great Calcite Belt

Modeling

Comparison of different hyper-spectral sensors

The biogeochemical module, among 42 biogeochemical compartments (ci), describes 6
various phytoplankton functional types: analogues of (large) diatoms, other microphytoplankton, prochlorophytes, other pico-phytoplankton (including small diatoms),
nitrogen fixing phytoplankton and coccolithophores (as nano-phytoplankton with
corrected physiology to account for high affinity for nutrients and ability to escape
grazing control).

Chlorophyll “a” of PFTs in the Southern Ocean
are extracted using differential optical
absorption spectroscopy (PhytoDOAS, Bracher
et al. 2009, Sadeghi et al. 2012, Bracher et al.
2017: doi.org/10.1594/PANGAEA.870486) on
hyperspectral satellite data.
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SCIAMACHY ended in 2012

Atmosphere Phytoplankton Inelastic scattering (VRS), Polynom
water

SCIA denotes the radiative transfer model (RTM)
SCIATRAN developed by Vladimir Rozanov
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OMI can bridge the gap till 2018
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Despite the OMI sensor degradation and large ground pixel size of GOME-2, the information
merged from these hyperspectral sensors and assimilated with SynSenPFT (Losa et al. 2017)
would allow to bridge the current and future satellite missions.

Synergistic Product: Combining hyper- and multi-spectral satellite data

Figure
: Model temporal evolution of PFTs chlorophyll “a” concentrations for 3
biogeochemical provinces (Longhurst, 1998): Antarctic Province (ANTA), Austral Polar
Province (APLR) and Southwest Atlantic Shelves Province(FKLD). In-situ validation
data: Soppa et al. 2017, doi:101594/PANGAEA.875879.

Phytoplankton dominance

mixed diatom hapto pico

Figure : PFT dominance simulated with Darwin-MITgcm for January 2004, which is in
agreement with the PFT dominance provided by PHYSAT satellite data product
(http://log.cnrs.fr/Physat-2?lang=fr). Pico represents Prochlorococcus.

To be compared (agree) with observations
reported by Smith et al. 2017
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SynSenPFT, Losa et al. 2017, doi: 10.1594/PANGAEA.875873

x a = x b + K(y − Hx b )

Towards getting long-term time series on main biomineralizing PFTs

OMI / GOME-2 TOA radiance
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Figure : Spatial distribution (covering the GCB) of the model diatoms, haptophytes
(including coccolithophores and Phaeo) Chlorophyll “a” concentration for January 2004.
Plausible simulations require(d) to introduce two size classes for diatoms, as two
different model variables, and two distinct life stages of Phaeocystis ant. (colonies and
solitary cells).
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