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[1] Rossby waves signatures on filtered ocean color data are
detected in the subtropical convergence zone of the South
Atlantic ocean. We investigate whether these chlorophyll
anomalies can be accounted for by the uplifting mechanism
of phytoplanktonic cells associated with the passage of
a Rossby wave. We consider vertical chlorophyll profiles
exhibiting a subsurface chlorophyll maximum typical of
the South Atlantic Subtropical Convergence Province.
Chlorophyll remotely-sensed concentrations resulting from
an academic uplifting of the three chlorophyll profiles are
reconstructed with a radiative transfer model. Amplitude of
the chlorophyll enrichments found with this hypothesis
(0.06 mg chl.m�3) compares well with propagative ocean
color anomalies detected in the SeaWiFS data. However,
other processes such as the Rototiller effect [Siegel, 2001]
or advection of chlorophyll gradients could also play a
non negligible role. INDEX TERMS: 4560 Oceanography:

Physical: Surface waves and tides (1255); 9325 Information Related

to Geographic Region: Atlantic Ocean; 4552 Oceanography:

Physical: Ocean optics. Citation: Charria, G., F. Mélin, I.

Dadou, M.-H. Radenac, and V. Garçon, Rossby wave and ocean

color: The cells uplifting hypothesis in the South Atlantic

Subtropical Convergence Zone, Geophys. Res. Lett., 30(3), 1125,

doi:10.1029/2002GL016390, 2003.

1. Introduction

[2] Early observational studies of Rossby waves suffered
from the paucity of in situ measurements. The advent of
satellite borne sensors renewed the study of planetary
waves. Altimetric observations showed the presence of
extra-tropical Rossby waves over most of the ocean basins.
For instance, Jacobs et al. [1994] presented evidence that
westward propagating Rossby waves generated by reflec-
tion of equatorial Kelvin waves from the American coast
during the 1982–1983 El Niño, crossed the North Pacific
and caused perturbation to the Kuroshio current extension a
decade later. Then, using TOPEX/POSEIDON altimetry
data, Chelton and Schlax [1996] deduced Rossby waves
propagation speed and highlighted discrepancies between
observational and theoretical studies. Hill et al. [2000]
further demonstrated the quasi global coverage of the
signature of baroclinic Rossby waves on the sea surface
temperature field. Westward propagating features attributed
to the effect of Rossby waves on biology have been detected

recently in ocean color data. Machu et al. [1999] showed
that Rossby waves were responsible for a distinct ocean
color signal in the Subtropical Convergence Zone (SCZ)
south of South Africa. Such signals have also been reported
in the global ocean [Cipollini et al., 2001; Uz et al., 2001].
[3] How can baroclinic Rossby waves propagation

induce perturbations in the surface chlorophyll field? Three
potential mechanisms have been invoked: (i) meridional
advection of chlorophyll by geostrophic currents associated
with the baroclinic disturbance, (ii) the eddy pumping
mechanism by which nutrients injection favors phytoplank-
ton growth, and (iii) shoaling of isopycnals lifting phyto-
planktonic cells towards the surface and eventually within
the mixed layer [Uz et al., 2001; Cipollini et al., 2001].
Cipollini et al. (submitted) argue that advection of the
horizontal background chlorophyll gradient could be a
leading process in the modification of chlorophyll concen-
tration in the mid-latitude Indian Ocean.
[4] In this paper, we extend the region studied by Machu

et al. [1999] from South Africa westward along the SCZ in
the South Atlantic ocean. We first detect westward propagat-
ing chlorophyll anomalies on ocean color time-longitude
diagrams using a wavelet analysis. Then, by performing
radiative transfer simulations, we investigate whether a
simple uplifting of phytoplanktonic cells associated with
the passage of Rossby waves can account for the observed
chlorophyll a anomalies.

2. Detection of the Rossby Waves Signal

[5] Chlorophyll a concentrations are obtained for the
period 1998–2000 from the SeaWiFS (Sea-viewing Wide
Field-of-View Sensor) products (monthly level 3 data, 9 by
9 km, version 3) generated by the NASA Goddard Space
Flight Center (GSFC) Distributed Active Archive Center
(DAAC) [McClain et al., 1998]. Zonal averages are sub-
tracted from the original data. A one-dimensional continu-
ous wavelet method [Torrence and Compo, 1998] is
performed on the resulting data in order to analyze localized
variations of power within zonal spatial series at any
latitude between 35�S and 45�S in the South Atlantic ocean.
The extraction of the wavelet coefficient maxima for wave-
lengths above 400 km from the local wavelet power
spectrum gives us the range of the wavelengths associated
to the meanders and waves of the SCZ [see Machu and
Garçon, 2001, for details]. In order to properly determine
westward propagating features in this region, data are
reconstructed with the wavelet analysis for spatial wave-
lengths between 400 km and 800 km.
[6] Westward propagation of chlorophyll anomalies at

40�S on the reconstructed SeaWiFS data is readily observed
in the time-longitude diagram (Figure 1a). Chlorophyll
anomalies persist for some time and are clearly visible
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[11] Three chlorophyll a vertical profiles along 40.5�S,
representative of the western (48.5�W), central (15.5�W),
and eastern (10.5�E) regions of the South Atlantic SCZ are
extracted from the annual climatology of Conkright et al.
[1998] (Figure 2). These profiles are first converted to
total pigment concentrations using an empirical relation-
ship between pigment and chlorophyll a concentrations
[O’Reilly et al., 1998], and translated into absorption and
scattering coefficients of the water column, following
relationships proposed for case 1 waters by Morel [1988]
and Gordon [1992]. These inherent optical properties,
together with the assumption of a given scattering phase
function [Petzold, 1972] and a standard maritime atmos-
phere, are used in the radiative transfer code to simulate
the upwelling and downwelling light field at the SeaWiFS
center wavelengths. The season considered is the austral
summer solstice (a slight dependence with the season does
not question the results presented below). Simulations are
run for pigment profiles upwelled incrementally by up to 2
meters. This purely formal shift represents a displacement
of the water column solely driven by physics with no
accumulation or dispersal of particles in the surface layer,
nor biological reactions. To simulate the passage of all
phases of the wave, the profiles are progressively restored
to their initial position and subsequently downwelled by
2 m (the upper part of the profiles is then obtained by
interpolation between the initial surface concentration and
a new surface value arbitrarily chosen as a background
0.03 mg.m�3). For every increment (1 m upward or
downward), the simulated reflectance spectrum is used to
compute a chlorophyll a concentration with the standard
ocean color algorithm OC4v4 [O’Reilly et al., 2000]. The
resulting cycle presented on Figure 3 exhibits an amplitude
of �0.12 mg.m�3 peak-to-peak.
[12] This pigment concentration obtained via remote

sensing (COC4) is to be compared with a satellite-sensitive
surface layer concentration (CSAT), and not to the surface
value (CSURF). CSAT is here computed according to Gordon
and Clark [1980], from the chlorophyll and light field
profiles, or using a simple average over the water column
down to a depth defined empirically by the near surface
concentration [André, 1992]. Table 1 shows the values of
CSAT obtained by the two approaches, together with the

CSURF and COC4 concentrations. These values are presented
for the original profile and for the profiles shifted by ±2 m.
[13] It is stressed that a close agreement between COC4

and CSAT was not expected because of the uncertainties of
the OC4v4 algorithm and the various assumptions made
along the pathway of calculations. Specifically, the simu-
lated reflectance spectrum depends on the inherent optical
properties of the seawater constituents, and their natural
variability as a function of the chlorophyll a concentration
can account for the differences.
[14] On the other hand, the variations of concentrations of

the various estimates, mainly explained by the stratification
of the profiles, appear significant and coherent among
themselves. More importantly, they compare well with the
amplitudes shown in Figure 1 (±0.06 mg.m �3).

4. Discussion

[15] Some underlying assumptions made throughout the
previous computations are now discussed: representativity
of the chlorophyll vertical profiles and the academic nature
of our cells uplifting mechanism.
[16] The three chlorophyll a profiles extracted from the

annual climatological dataset [Conkright et al., 1998] and
considered as typical of the SCZ share some characteristics
such as a pronounced subsurface chlorophyll maximum
(SCM) in the 10–30 m layer. However, the central zone
presents oligotrophic conditions with a much lower surface
value. Longhurst et al. [1995] defined chlorophyll vertical
profiles as representative of biogeochemical provinces
assuming a gaussian shape. In the South Subtropical Con-
vergence Province, profiles exhibit a deeper SCM (50 m)
and a ratio of the subsurface maximum to the surface value
not exceeding a value of 2. Note that the gaussian profile is
based on very few measurements in the Atlantic sector. In
the western area, the chlorophyll profiles collected during
the Atlantic Meridional Transect cruises (Alex Poulton, pers.
com.) present a strong spatial variability due to the intense
mesoscale activity in this region. Nevertheless, profiles with
a SCM within the 15–35 m layer appear as characteristic of
the region and seem consistent with those from theConkright

Figure 2. Chlorophyll a profiles (mg.m�3) at 40.5�S for
the western (48.5�W), central (15.5�W) and eastern
(10.5�E) regions of the South Atlantic SCZ.

Figure 3. Simulation of the cycle of a Rossby wave: For
the three profiles, variation as a function of the vertical shift
(by 1 m increment upward and downward) of the COC4

derived chlorophyll a concentration.
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et al. [1998] climatology. The South Atlantic Subtropical
Convergence Province is definitely a severely undersampled
region of the world ocean with respect to chlorophyll. The
choice of the Conkright et al. [1998] climatology therefore
appears as the only possible choice.
[17] The cells uplifting (and downpushing) mechanism

we described is a crude representation of the effect of a
Rossby wave. Physical processes such as accumulation,
dispersion or variations in the mixed layer depth, and bio-
logical changes related to photosynthesis or any loss terms
are not considered here. We should expect a phase opposi-
tion between the ocean color and SLA signatures. However
looking at the phase relationship between ocean color and
SLA data (Figure 1), we note that a diversity of cases can be
present. This seems to indicate that other mechanisms are
candidate to explain the chlorophyll enhancement: advection
of chlorophyll and the Rototiller effect [Siegel, 2001]. First,
geostrophic current anomaly associated with the Rossby
wave disturbance can meridionally advect phytoplankton.
In the vicinity of the SCZ characterized by large chlorophyll
meridional gradients, this mechanism could also be impor-
tant to explain the ocean color signal. Secondly, on one
hand, since nitrate limitation in the SCZ is not apparent in
the climatology [Conkright et al., 1998], we can suspect that
the vertical injection of nitrates might not induce a sub-
stantial increase in chlorophyll concentration. On the other
hand, we cannot exclude the eddy pumping of co-limiting
nutrients such as iron, silicate, phosphate, which would
certainly contribute to chlorophyll enhancement.
[18] In conclusion, we demonstrate the potential effi-

ciency of the cells uplifting mechanism as to account for
the SeaWiFS chlorophyll anomalies (amplitude of ±0.06 mg
chl.m�3) associated with Rossby wave propagation. How-
ever, only a coupled physical-biological model will allow to
examine the relative importance and interplay of the multi-
ple mechanisms underlying the Rossby wave enhancement.
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Table 1. Chlorophyll a Concentrations for the Three Profiles at 40.5�S. CSURF Refers to the Value Provided by the Climatology

[Conkright et al., 1998]

Chlorophyll a (mg m�3) CSURF CSAT
1 CSAT

2 COC4

Vertical shift (m) 0 +2 �2 0 +2 �2 0 +2 �2 0 +2 �2
48.5�W 0.22 0.31 0.03 0.30 0.38 0.17 0.38 0.45 0.29 0.43 0.49 0.35
15.5�W 0.03 0.12 0.03 0.11 0.20 0.06 0.24 0.30 0.19 0.29 0.34 0.24
10.5�W 0.20 0.27 0.03 0.27 0.34 0.16 0.34 0.40 0.27 0.39 0.44 0.32

CSAT 1 and 2 are satellite estimates computed as in Gordon and Clark [1980] and André [1992], respectively. COC4 is derived with the OC4v4 algorithm
and the simulated light field (see text). The vertical shift is relative to the position of the initial profiles.
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