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Motivation

-Phytoplankton growth, mortality, and remineralization depend
on type, with consequences on the vertical flux of carbon and
uptake of carbon dioxide.

-Climate change (in temperature, ice thickness and extent,
wind forcing, surface mixing, etc.) can lead to shifts in
phytoplankton assemblages, with impact on organisms at all
trophic levels.



Numerical simulations

-ORCA2/LIM3/PISCES configuration of the NEMO GCM, i.e.,
ocean model, ORCA2, coupled to a sea-ice model, LIM3, and a
biogeochemical model, PISCES. (http://www.nemo-ocean.eu.)

-After spin-up, model is integrated for 50 years with DFS4.1
ocean surface forcing. Model output is analyzed for the last
40 years, i.e., 1968-2007.

-Changes in nanophytoplankton (2-20 micron) and diatom (>20
micron) chlorophyll concentrations are analyzed in relation to
SAM Index and associated changes in circulation, mixing, etc.

-Results are preliminary. Analysis is essentially qualitative.



Figure 1: Top: Spatial distribution of
average DJF surface [Chl] for 1998-2007
from numerical model (left) and SeaWiFS
(right). Bottom: Average DJF [Chl] from
50S to 80S versus year during 1998-
2007.



Figure 2: Monthly anomalies of [NChl] (top left), [NChl] (top right), [(N+D)Chl] (bottom left),
and surface temperature (bottom right) during 1968 to 2007, averaged from 50S to 80S.
Southern Annular Mode Index is displayed in red.



Figure 3: Time series of monthly anomalies of [NChl] (top left), [NChl] (top right), [(N+D)Chl]
(bottom left), and temperature (bottom right) versus  depth during 1968 to 2007, averaged
from 50S to 80S.



Figure 4: Average DJF anomalies of [DChl] (left) and  [NChl] (right) for positive and
negative values of the SAM Index during 1968-2007 (top and bottom, respectively).



Figure 5: Average DJF anomalies of surface current (top left), mixed-layer depth (top
right), surface temperature (bottom left), and solar irradiance (bottom right) for
negative SAM Index during 1968-2007 (top and bottom, respectively).



Figure 6: Average DJF anomalies of surface current (top left), mixed-layer depth (top
right), surface temperature (bottom left), and solar irradiance (bottom right) for
positive SAM Index during 1968-2007 (top and bottom, respectively).



Figure 7: Average DJF anomalies of SeaWiFS-derived backscattering coefficient bbp (top
left), spectral dependence of bbp (top right), D frequency (bottom left), and N frequency
(bottom right) for negative SAM Index during 1998-2010 (top and bottom, respectively).



Figure 7: Average DJF anomalies of SeaWiFS-derived backscattering coefficient bbp (top
left), spectral dependence of bbp (top right), D frequency (bottom left), and N frequency
(bottom right) for positive SAM Index during 1998-2010 (top and bottom, respectively).



Conclusions

-Numerical model overestimates satellite-derived [Chl] on
average South of the Antarctic Polar Front, and does not
describe properly all major features of the [Chl] spatial
distribution (e.g., Atlantic subtropical convergence).

-South of the Antarctic Polar Front, as SAM Index shifts to
positive values from 1968 to 2007, [DChl] tends to decrease on
average, while [NChl] remains mostly unchanged. This is
associated with a decrease in sea surface temperature.

-Spatial distribution of [NChl] and [DChl] anomalies for SAM
Index > 0 and SAM Index < 0 is complex, zonally asymmetric.
Higher (lower) [NChl] is associated with SAM Index <0 (SAM
Index >0) in the region of the Antarctic divergence.



Conclusions (cont.)

-Shifts in [DChl] and [NChl] are mostly unexplained. Several,
competitive mechanisms/processes may intervene.

-Satellite datasets of D and N frequency of occurrence during
1998-2010 did not reveal significant changes between positive
and negative SAM Index situations.

-Some organization exists in spatial patterns of the spectral
dependence of backscattering coefficient (an indicator of size)
during 1998-2010, but they remain to be analyzed.


