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SeaWiFS satellite ocean color data from the Southern Ocean

J. Keith Moore', Mark R. Abbott', James G. Richman', Walker O. Smith?, Timothy
J. Cowles', Kenneth H. Coale®, Wilford D. Gardner®, Richard T. Barber®

Abstract.  SeaWiFS estimates of surface chlorophyll
concentrations are reported for the region of the U.S. JGOFS
study in the Southern Ocean (~ 170 °W, 60 °S). Elevated
chlorophyll was observed at the Southern Ocean fronts, near
the edge of the seasonal ice sheet, and above the Pacific-
Antarctic Ridge. The elevated chlorophyll levels associated
with the Pacific-Antarctic Ridge are surprising since even the
crest of the ridge is at depths > 2000 m. This elevated
phytoplankton biomass is likely the result of mesoscale
physical-biological interactions where the Antarctic
Circumpolar Current (ACC) encounters the ridge. Four
cruises surveyed this region between October 1997 and March
1998, as part of the U.S. JGOFS. Satellite-derived
chlorophyll concentrations were compared with in simu
extracted chlorophyll measurements from these cruises.
There was good agreement (©* of 0.72, from a linear
regression of shipboard vs. satellite chlorophyll), although
SeaWiFS underestimated chlorophyll concentrations relative
to the ship data.

Introduction

The U.S. JGOFS (Joint Global Ocean Flux Study) site
along 170 °W is an ambitious effort to improve our
understanding of the role ocean biota play in the global
carbon cycle and climate system. Four cruises surveyed the
region along 170 °W between October 1997 and March 1998.
The Antarctic Polar Front (PF) was the primary focus of these
cruises. Two other major Southern Ocean fronts are found in
this region. The Subantarctic Front (SAF) is north of the PF,
and the Southern Antarctic Circumpolar Current Front
(SACCEF) is south of the PF [Orsi et al., 1995]. Studies were
carried out to evaluate carbon fluxes and their critical
controlling processes. Here we present SeaWiFS (Sea-
viewing Wide Field-of-view Sensor) surface chlorophyll data
for the JGOFS region, which provides a larger spatial context
for interpreting the shipboard observations.
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Results

The mean SeaWiFS-derived surface chlorophyll
concentrations (composite averages of the version 2, Level 3
daily files obtained from NASA) during the JGOFS cruises
are shown in Figure 1 (areas in black had no chlorophyll data
due to cloud or ice cover). Figure 1E shows the topography
of the region [Smith and Sandwell, 1994], the mean path of
the PF [Moore et al., 1999], and the mean paths of the SAF
and SACCEF [Orsi et al., 1995]. The Pacific-Antarctic Ridge
dominates the topography of the region. Elevated chlorophyll
levels are seen primarily in three areas: near the receding ice
edge, at the major fronts, and above the Pacific-Antarctic
Ridge. A seasonal progression of phytoplankton biomass is
also apparent, with low chlorophyll concentrations during
carly austral spring (Figure 1A), a bloom period (Figure 1B &
1C), and low values during fall (Figure 1D).

Remarkable in Figure 1 are the elevated chlorophyll
concentrations above the Pacific-Antarctic Ridge relative to
surrounding waters. This pattern was extremely consistent,
evident to some extent during each cruise. This topographic
effect is surprising since the crest of the ridge is at depths of
2000 m or more (Figure 1E). These phytoplankton blooms
may be caused by mesoscale physical-biological interactions
where the ACC encounters the ridge. Two physical
processes, meander-induced upwelling at the Southern Ocean
fronts and increased eddy activity, are likely to increase
nutrient input from below the surface layer (including
micronutrients) at the ridge.

Mesoscale meandering of the PF increases where it
encounters large topographic features [Moore et al., 1999].
Surface drifters released in January 1998 indicate that
mesoscale meandering is intensified near the ridge (Figure 2).
Note that the tracks closest to the ridge crest have sharp turns
and meanders with wavelengths of ~ 50-100 km, while the
tracks farthest from the ridge crest exhibit broad, slow,
meandering with wavelengths of ~ 300-500 km. Mesoscale
meandering causes localized areas of upwelling/downwelling,
which in turn can have strong effects on ocean biota {Flierl
and Davis, 1993].

Large amounts of relative vorticity are input to the
water column where ocean depth changes rapidly, such as
along the Pacific-Antarctic  Ridge, through the
shrinking/stretching of vortex lines. This relative vorticity is
likely dissipated through nonlinear processes such as eddy
actions. Elevated eddy mixing would increase nutrient flux to
the surface layer, including micronutrients such as iron, from
sub-surface waters. This increased eddy mixing would occur
both within the PF and the SACCEF, and in open ocean waters
away from the fronts. Phytoplankton blooms were observed
along the Pacific-Antarctic Ridge with the Coastal Zone Color
Scanner [Sullivan et al., 1993]. We have observed similar
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Figure 1. Mean surface chlorophyll concentration for each of the four JGOFS cruises are displayed (1A, 1B, 1C,
and 1D). Also shown is the topography of the region [Smith and Sandwell, 1994], the mean path of the Antarctic

Polar Front (PF) [Moore et al.,

1999], and the mean paths of the Subantarctic Front (SAF) and the Southern

Antarctic Circumpolar Current Front (SACCF) [Orsi et al., 1995] (1E).

increases in chlorophyll concentration in SeaWiFS imagery
where the ACC encounters other large topographic features,
such as Kerguelen Plateau, the North Scotia Ridge, and the
Southeast Indian Ridge.

During the Survey I cruise (10/20-11/22/97), the sea
ice extended to ~ 63 °S (Figure [A). The mean SeaWiFS-
derived chlorophyll concentratlon during this cruise over the
region was 0.24 mg/m (the region is defined as the area from
180-150 °W by 55-70 °S). Along 170 °W, the mean
SeaWiFS chlorophyll concentration was 0.21 mg/m3 (mean
values for along 170 °W include the area 170.5-169.5 °W by
55-70 °S). Higher chlorophyll values are seen near the ice
edge, in the vicinity of the PF, and above the Pacific-Antarctic
Ridge from ~155-150 °W (Figure 1A & 1E). The high
chlorophyll concentrations (> 1.0 mg/m’) just west of the
JGOFS line from ~180-173 °W did not appear until the last
week of the cruise period. Mixed layer depths were generally
quite deep (at times > 150 m). Towards the end of the cruise,
mixed layers depths of 60-80 m were observed.

By the time of the Process I cruise (12/3/97-1/3/98),
the sea ice had retreated and a bloom was present at the PF
across the whole region (Figure 1B & 1E). Mean chlorophyll
concentration for the region had increased to 0.48 mg/m and
along 170°W to 0.50 mg/m Elevated chlorophyll values

north of 55 °S were in the approximate location of the SAF
(Figure 1B & 1E). A large phytoplankton bloom near the
retreating ice edge was visible from ~180-165 °W (Figure
1B). This bloom was situated in the vicinity of the SACCF
above the Pacific-Antarctic Ridge and may be the result of the
combined influences of topography and sea ice retreat (Figure
IB & 1E). The retreating ice edge provides micronutrients
such as iron (in dust accumulated over the winter) to the water
cofumn [Martin, 1990; Sedwick and DiTullio, 1997] and
improves the irradiance-mixing regime for phytoplankton
[Smith and Nelson, 1985]. This cruise was marked by
shallow mixed layers (< 30m) with low salinity surface water.

During the Survey II cruise (1/8-2/7/98), the sea ice
had retreated below 70 °S (Figure 1C). Regional mean
chlorophyll concentration had declined to 0.32 mg/m’, and
along 170°W was 0.36 mg/m’. Elevated chlorophyll in the
vicinity of the PF and the SAF was seen east of the JGOFS
study site between  ~165-150 °W (Figure 1C). A
phytoplankton bloom was visible from ~170-167 °W between
~63-65 °S. This bloom was sampled during the Survey II
cruise. It was located directly above the Pacific-Antarctic
Ridge (Figure 1C & lE) and was not continuous with the
blooms farther south, which are likely associated with the
retreating ice edge. This bloom appears to be a continuation
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of the bloom initiated during the Process I cruise; it had
dissipated by the first week of February. Mixed layer depths
remained shallow during this cruise.

During the Process II cruise (2/14-3/18/98), regional
mean chlorophyll concentration had declined to 0.19 mg/m’,
and along 170 °W to 0.18 mg/m® (Figure 1D). Elevated
chlorophyll values were again seen above the Pacific-
Antarctic Ridge (Figure 1D & 1E). This was a persistent
pattern, seen in all weekly images over the cruise period.
Mixed layer depths were generally deeper than during the
preceding cruises, often exceeding 80 m depth north of the
PF, with some values south of the PF < 50 m.

Shipboard extracted chlorophyll measurements were
compared with co-located satellite data collected within 24
hours of the ship sample. Both underway and station
shipboard chlorophyll samples were used. For station data
where samples from different depths were available, we
estimated optical depth with a chlorophyll-based
approximation of K, [Morel, 1988]. Shipboard samples from
the upper two optical depths of the water column were
averaged for comparison with satellite data. The ship samples
were compared with the version 2 chlorophyll data from
NASA. The Level 3 standard mapped images (9-km
resolution) and Local Area Coverage (LAC, 1-km resolution)
files were used. The LAC data was processed using the
global chlorophyll algorithm and the SEADAS software.

The comparison of satellite-derived chlorophyll
concentrations with the shipboard chlorophyll measurements
reveals generally good agreement (Figure 3). SeaWiFS
tended to underestimate chlorophyll relative to shipboard
measurements, as did the previous generation ocean color
satellite in this region [Sullivan et al., 1993]. A Model II

linear regression of shipboard vs. satellite chlorophyll gives
the equation Chly, = 0.52(Chlgy) - 0.03, with * = 0.72 where
n = 84 (95% confidence interval for the slope was 0.47 to 0.64
and for the intercept -0.0066 to -0.066). The generally good
between

agreement satellite-derived and  shipboard
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Figure 2. The tracks followed by surface drifters released
during January 1998 as part of the Survey II cruise are shown
over the topography of the region [topography from Smith
and Sandwell, 1994].
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Figure 3. A comparison of satellite-derived estimates of
surface  chlorophyll  concentration  with  shipboard
measurements of extracted chlorophyll is displayed.

Satellite data was collected within 24 hours of the co-located
ship data.
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measurements of chlorophyll indicates that SeaWiFS is
accurately distinguishing between areas of high and low
biomass and, thus, reliably captures the mesoscale features
described in this paper.

Conclusions

There was good agreement between the SeaWiFS
surface chlorophyll concentrations along 170 °W and the
regional average during all four JGOFS cruises. Thus the
JGOFS line along 170 °W was broadly representative of this
sector of the Southern Ocean. Three areas of elevated
chlorophyll concentrations were identified from the satellite
imagery: at the receding ice edge, near the Southern Ocean
fronts, and above the Pacific-Antarctic Ridge. Each of these
high biomass areas was studied intensively at some point
during the JGOFS cruises. Synthesis of the JGOFS results
with satellite and modeling studies should greatly improve our
understanding of the role of marine biota in the carbon cycle
of the Southern Ocean and in the larger global climate system.
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