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The Southern Ocean and, in particular, the Ross Sea are among the more productive water bodies of the world ocean. The
great impact of primary production on the global carbon cycle and, consequently, on the future climate justifies the large
efforts devoted to its accurate assessment. In this paper, we present the results obtained with in situ optical methods
(phytoplankton composition and pigment recognition), an active remote sensor (lidar fluorosensor) and passive remote
sensors (satellite radiometers), in the framework of the 13" Italian Antarctic Oceanographic Campaign (December 1997 —
January 1998). The synoptic picture gained by the integration of those different optoelectronics devices reveal interesting
features of the phytoplankton blooms taking place in the Ross Sea during the Austral summer 1997-98. In particular, our

primary production data are higher than previous estimates.
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1. Introduction

Scientific investigations in the Southern Ocean,
mainly in the western Ross Sea, are part of the Italian
Antarctic Research Program (PNRA), carried out during
short- and long-term experiments in the framework of
different projects (RossMIZE, CLIMA etc.). These
surveys are performed in order to supply information on
physical, chemical and biological processes affecting the
investigated area, where a high spatial and temporal
variability has prevented reliable, accurate and
comprehensive estimates of the contribution to the carbon
cycle of the Southern Ocean and, consequently, of its
importance as a food source for higher trophic levels.

In general, the Antarctic seawaters are characterized
by high turbidity, low salinity and high nutrient
concentration. This latter is responsible for the growth of
natural phytoplankton during the period of intense solar
illumination (Lazzara et al., 2000).

Among the water bodies surrounding Antarctica, Ross
Sea is one of the most productive continental shelf system
experiencing one of the most predictable and spatially
expansive phytoplankton bloom in all the Southern Ocean
(Comiso et al., 1993; Arrigo and McClain 1994; Arrigo et
al., 2000; Smith et al., 2000). The Ross Sea high
production plays a relevant role in the downward carbon
flux. The magnitude of the flux however depends on the
food web structure. Primary production may be respired
within the euphotic layer or can be channeled by vertical
export of sinking materials and/or through the biomass of

larger consumers. The flux of biogenic carbon towards
large metazoans (i.e. renewable resources) and into deep
waters (i.e. carbon sequestration) plays a pivot role for
regulating the concentration of atmospheric CO, and is
nowadays a matter of great concern. Primary production
by pico- to micro-plankton is the base of the trophic web
towards zooplankton, fishes, whales, seals and birds. Two
phytoplankton taxa dominate the phytoplankton
assemblage of the region: diatoms, which often occur in
the western and eastern portions of the southern Ross Sea
(see e.g. Sweeney et al., 2000) and prymnesiophytes (i.e.
Phaeocystis antarctica), which generally are found in the
open polynya of the western and south-central region (Di
Tullio and Smith, 1996; Arrigo et al., 1999; Dennett et al.,
2001). In general, the distribution patterns of Phaeocystis
antarctica and diatoms were found non-overlapping (but
not mutually exclusive) in the Ross Sea (Arrigo et al.,
1999; Smith and Asper, 2001).

Humic substances are known to play a major role in
many biogeochemical processes taking place in coastal
and offshore waters, including transportation and
speciation of trace metals (Mantoura et al., 1978). In the
Antarctic area, most of the inorganic particulate, released
after ice melting, is complexed by humic substances, thus
contributing to increase the phytoplankton productivity. In
contrast, the Southern Ocean from the lower latitudes up
to the Antarctic Convergence, collects impurities from the
entire hemisphere and is characterized by strong mixing
effects with water masses surrounding Antarctica
(Circumpolar Current). The study of the hydrological and
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biological seawater parameters in these areas is important
for a better understanding of the interactions with the
surrounding environment, including the atmospheric CO,
uptake (Tréguer and Jacques, 1992; JGOFS, 2003), which
in turn drive the climatic evolution of the planet.

Ocean color satellite images (Joint and Groom, 2000)
have proven to be powerful tools in giving a synoptic view
of the phytoplankton dynamics in the Southern Ocean.
Nevertheless, their estimates of primary production in
Antarctic surface seawaters should be taken with care: e.g.
Arrigo et al. (1998) found a value of 44 Tg C yr?
4-5 times higher than previous estimates, made from
extrapolated *C measurements. This could be in part
ascribed to the persistent cloud coverage that makes it
difficult to get continuous imagery from space. The
development of new algorithms, able to track the seasonal
and yearly variability of primary production in the
regional or larger scale, requires an improvement in
accuracy and coverage of the chlorophyll measurements in
the Ross Sea polynya and in the offshore waters of the
Southern Ocean. This aim can be achieved by means of in
situ standard techniques as well as data from active and
passive remote sensors.

In this paper, after a description of instruments and
methods, a biogeochemical characterization of the Ross
Sea during the Austral summer 1997-98 is given. In
particular, the chlorophyll-a (Chl-a) and Colored
Dissolved Organic Matter (CDOM) data, gathered by the
ENEA lidar fluorosensor (ELF) (Barbini et al., 2001a)
during the 13" Italian Antarctic Oceanographic Campaign
(December 1997 — January 1998), are both used to
improve the satellite estimates of primary production and
to describe the optical properties of the investigated
waters.

1. Instruments and methods

1.1. Sea-ice and Sea Surface Temperature (SST)
maps

The family of polar orbiting environmental satellites
from NOAA-6 to NOAA-15 mounts on board the
Advanced Very High Resolution Radiometer (AVHRR)
(Thomas et al., 1989) which operates in five spectral
channels: visible (channel 1), near-infrared (channel 2)
and thermal infrared (channels 3 - 5).

Raw AVHRR data covering the whole Ross Sea were
acquired by the NOAA receiving station installed at the
Italian base at Terra Nova Bay (TNB). AVHRR data
processing consists of the following steps:

1.  Calibration. The solar channels 1 and 2 are
calibrated into % technical albedo as described by the
NOAA manual. The thermal infrared data are converted
from raw counts to radiances with a linear relationship
based on the raw count value associated with the cold
space and the raw count value associated with the
temperature of an onboard blackbody. A slight
nonlinearity in channels 4 and 5 is corrected using a
quadric function of radiance. Lastly, the infrared radiances

are converted to brightness temperatures (°C) using the
inverse Planck function, i.e. they are derived via a
temperature-radiance look-up table.

2. Cloud Screening and Clearing. To ensure that SST
values are derived only for cloud free water surfaces, two
cloud tests are performed. They are based on the principal
characteristics of water bodies, considering the typical
spectral and textural parameters characterizing their dark,
warm, and homogenous surface. All pixels which are
flagged as “CLOUD” or “NO SST” are excluded from all
further processing.

3. Multichannel Sea Surface Temperature (MCSST).
The applied formula is based on the brightness
temperatures of AVHRR channels 4 and 5 (T4, T5) and is
described by McClain et al. (1985). This technique is
known as the “Split Window Technique” and corrects
atmospheric attenuation mainly caused by the water vapor
absorption in the atmosphere: if not accounted for, this
absorption can lead to a significant drop in derived
brightness temperatures and thus to a significant error in
SST computation.

4.  Composite SST maps. In order to reduce cloud
cover, composite SST maps are produced by means of
several MCSST images composed together by taking the
maximum temperature value at every pixel position.

Steps 1 to 4 are performed by means of specific
commands of the commercial software package TeraScan
(by SeaSpace Corp., Poway, California) in use both at
CNR and at TNB.

AVHRR channel 2 images are often used to obtain a
picture of the sea ice coverage (like in Fig. 1) while the
most important use of AVHRR is to produce SST maps
(like in Fig. 2).

/| 27 DEC 1997

Fig. 1. Satellite derived image of ice distribution in the
western Ross Sea area [AVHRR, December 27, 1997].
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1.2. Satellite maps of Chl-a concentration

Regional maps of Chl-a concentration can be obtained
from satellite imagery thanks to atmospheric corrections
(Fiorani et al., 1998) and bio-optical algorithms (O’Reilly
et al., 1998). Firstly, the water-leaving radiance is
calculated with the atmospheric corrections that remove
from the sensor measurements the contributions of air
molecules and aerosols. Secondly, the Chl-a concentration
is retrieved from the water-leaving radiances in the visible
bands with a set of empirical equations named bio-optical
algorithms (Fig. 3). If the data are calibrated through in
situ measurements, we can obtain quantitative estimations
of Chl-a concentrations within the surface layer of a given
water body.

Fig. 2. Composite SST map of the western Ross Sea
[AVHRR, December 19 to 26, 1997]. The color code
refers to temperatures in °C.
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Fig. 3. Satellite Chl-a concentration in the western Ross
Sea [SeaWiFS, December 19 to 26, 1997]. The color
code refers to concentrations in mg/m®.

The first observations of ocean color from space were
carried out by the Coastal Zone Color Scanner (CZCS)
(Hovis, 1980), which operated on board the Nimbus-7
satellite from 1978 to 1986. The Sea-viewing Wide Field-
of-view Sensor (SeaWiFS) (Hooker et al., 1992) can be
considered the follow-on sensor to CZCS. It was launched
on August 1, 1997 on board the OrbView-2 satellite and
started data acquisition on September 4, 1997. SeaWiFS
operates with 8 channels in the visible and near-IR range
of the electromagnetic spectrum; it is expected to greatly
improve our understanding of the oceanic processes as its
accuracy resulted better than 35% for Chl-a concentration

over the range of 0.05-50 mg m-3.

1.3. In situ phytoplankton composition

In order to investigate the in situ phytoplankton
composition, samples of 500 ml were preserved with
buffered formalin (final concentration: 4%) and stored in
dark glass bottles. Phytoplankton identity and abundance
were determined on 50-ml aliquots with an inverted
microscope according to the Uthermohl method as
described by Zingone et al. (1990). For the identification
of species the main taxonomy references were used
(Priddle and Fryxell, 1985; Medlin and Priddle, 1990;
Throndsen, 1993; Hasle and Syvertsen, 1996; Steindinger,
1996). Analyses were carried out on 117 samples collected

during the 13t Jtalian  Antarctic Oceanographic
Campaign. The samples were taken both at the sea surface
and at different depths in stations located in the TNB
polynya, along the Drygalsky Ice Tongue, in the Ross Ice
Shelf (RIS) and in the open Ross Sea.

1. 4. Spectroscopic phytoplankton pigment
recognition

A lamp spectrofluorometer (PTI Quantamaster) has
been used to collect excitation and emission spectra from
unfiltered water samples picked up every hour, both from
the sea surface and 5 m underneath. The instrument was
employed to obtain reference fluorescence emission
spectra, to be compared with the in situ sea water analysis
and finally to calibrate ELF remote data (Barbini et al.,
2001b). In this case, fluorescence spectra were processed
starting with a background subtraction, and proceeding
through a multiple Gaussian deconvolution of unresolved
or overlapped structures. Resolved peaks were then
integrated within a 10 nm bandwidth and normalized to
the relevant water Raman peak.

Moreover, excitation spectra were also performed, in
order discriminate and to follow changes in pigment
composition along the route. As an example, excitation
spectra (hem=680 nm) for seawater samples collected in
the TNB area is depicted in Fig. 4. The contributions of
Chl-a (430 nm), Chl-c (460 nm), Chl-b (480 nm),
carotenoids (380 and 520 nm) and phaeopigments (410,
505 and 590 nm) can be found at the spectral wavelengths
marked by the arrows.
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Fig. 4. Excitation spectra at the hydrographic station 4
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1.5. ELF Chl-a concentration

ELF (Barbini et al.,, 200la) is an optical radar
(Measures, 1992), based on Laser-Induced Fluorescence
(LIF) and LlIght Detection And Ranging (lidar). It has
been developed in the framework of PNRA for
oceanographic campaigns aboard the research vessel (RV)
Italica.

The main components of the light source are a
frequency-tripled Q-switched Nd:YAG laser and a beam
expander. Usually, the operational parameters are:
wavelength = 355 nm, pulse duration = 10 ns, pulse
energy = 10 mJ and repetition rate = 10 Hz. ELF transmits
the exciting beam and receives the generated radiation
through an optical window and a flat mirror in order to
reach the water surface at normal incidence. The optical
signal, after collection by a telescope, crosses a dichroic
mirror (rejection of the light backscattered at 355 nm) and
is then directed through a fiber bundle to 4 interference
filters (spectral selection) and thereof falls on
photomultiplier tubes (detection). The 4 optical channels
have a full width at half maximum (FWHM) of 5 nm and
correspond to Raman scattering of water (404 nm),
fluorescence of CDOM (450 nm), phycoerythrin (585 nm)
and Chl-a (680 nm), respectively. The electronic output is
digitized by analog-to-digital converters. A personal
computer, embedded in a Versa Module Eurocard (VME)
bus, controls all the operational parameters.

The beam footprint and penetration on the water body
are of about 0.1 and 10 m, respectively. Usually the data
are time integrated for 5 s. Taking into account the average
speed of the RV, each data point taken by ELF correspond
to an approximately 0.1 m wide, 12 m long and 10 m deep
track. At first, fluorescence signals are released in Raman
units, i.e. they are normalized to the water Raman peak.
Afterwards, they are converted into pigment
concentrations by calibration against conventional analysis
on the same water. During the 13" Italian Antarctic
Oceanographic Campaign the Chl-a extractions were
performed by De Vittor et al. (2000) according to the
spectrofluorometric technique described by Lorenzen and
Jeffrey (1980). The correlation coefficient between
fluorescence signals and Chl-a extractions was 0.91
(Barbini et al., 2001b).

After being processed and calibrated, Chl-a lidar
concentrations have been reported upon a digital
cartographic base to obtain a thematic map such as in Fig.
5, which represent an along-route color coded distribution.
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Fig. 5. Chl-a distribution measured with the lidar fluorosensor
along the ship route [December 19 to 26, 1997].

In the case of CDOM, the fluorescence data are
released in Raman units.

1.6. ELF-tuned primary production

As mentioned before, the data processing used to
obtain regional maps of Chl-a concentration from space
imagery has to be tuned through in situ measurements.
Unfortunately, these latter are quite rare in the Southern
Ocean (O’Reilly et al., 1998). Probably, this is the main
reason of the underestimation of primary production
observed in Antarctic waters (Arrigo et al., 1998). In order
to refine the satellite estimate, the SeaWiFS bio-optical
algorithm has been calibrated in the Ross Sea on the basis
of the ELF Chl-a data acquired during the 13" Italian
Antarctic Oceanographic Campaign, as explained by
Barbini et al. (2003). As expected, the values given by the
ELF-calibrated bio-optical algorithms are higher than the
standard SeaWiFS Chl-a concentration (average percent
difference of about 20%).

Once the corrected Chl-a concentration has been
obtained with the ELF-calibrated bio-optical algorithm, it
can be used for the calculation of the phytoplankton
primary production. For this purpose, the simple model
(Falkowski et al., 1998)

log,, EPP = 2,793+ 0.559l0g,, C 1)

where XPP is the daily depth-integrated primary

production in mgC m-2 d-1 and C the Chl-a concentration
in mg m, has been chosen because it represents a sort of
consensus algorithm for SeaWiFS and, as described
elsewhere (Barbini et al., 2003), its values are close to the
average of two recent and refined models (Behrenfeld and
Falkowski, 1997; Dierssen et al., 2000), at least in the
Ross Sea during the Austral summer 1997-98. In this latter
case, the estimated accuracy of XPP is about 65% (Barbini
et al., 2003).

1.7. ELF-tuned CDOM absorption coefficient

The retrieval of the CDOM concentration from
satellite imagery is a difficult task. A preliminary
algorithm has been suggested by Aiken et al. (1995). More
recently, an empirical algorithm (Miller et al., 2000) and a
semi-analytical algorithm (Siegel et al., 2002) have been
developed in order to obtain the CDOM absorption
coefficient at a given wavelength. The empirical algorithm
is expressed by

Rrs(412)] @

logi[acpom (355)]=ag +a; |0910[ Rrs(555)

where acpom(355) is the CDOM absorption coefficient at
355 nm, Rrs(412) and Rrs(555) are the remote sensing
reflectances measured by SeaWiFS at 412 nm and 555 nm,
respectively, and has the advantage to be easily tunable
with the large amount of in situ data provided by ELF. In
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fact, according to Hoge et al. (1995) the CDOM
absorption coefficient at 355 is given by

F
acpoy = 0.049+1.28 —20 ©)]
404

where Fg5q and Ryp4 are the CDOM fluorescence and

Raman scattering signals measured at 450 nm and 404 nm,
respectively. The calibration of the empirical algorithm is
the result of the linear fit of logqglacpom(355)].
determined by ELF, versus logqg[Rrs(412)/Rrs(555)],
obtained by SeaWiFS, when the acquisition space and
time of ELF was contained in the space interval and time

period of the corresponding SeaWiFS pixel. An example
of the retrieval of acpop(355) is given in Fig. 6.
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Fig. 6. ELF-tuned satellite CDOM concentration in the
Ross Sea [SeaWiFS, December 19 to 26, 1997].

2. Biogeochemical properties of the Ross Sea

Widely different seawaters masses have been
monitored during the oceanographic campaign, ranging
from offshore oceanic to inshore or polynya areas, due to
the favorable environmental conditions met during the
Austral summer 1997-98.

The presence of icebergs and pack were limited to few
occurrences a part from a belt around the TNB polynya,
thus resulting free seawater surface in most part of the
Ross Sea, as can be observed from the satellite frame of
Fig. 1. Moreover, the season was characterized by a
constant high solar radiation on the open sea, with an
average Photosynthetically Active Radiation (PAR) of

280 pmol m2s1 thus resulting in a constant and uniform
superficial temperature (Fig. 2), in the range of 0+-2 °C.

The continuous lidar monitoring and the sampling
activity on board of the RV Italica, was largely extended
in the present campaign, but we focus our attention to the
superficial components at nine hydrographic stations.
Details of the phytoplankton characterization are reported
in Table 1, while their geographical position is shown in
Fig. 7.

Table 1. Superficial phytoplankton composition and biomass concentration at different stations in the western Ross Sea.

Zone Station | Latitude Longitude Date Species Con[cc Zr;lt/rﬁtion ConcE:;: ]r ation

TNB 4 7512°.14 S | 16359°.95 E | 12/08/97 | Phaeocystis 1340 000 98.3
Drygalsky 69 7521°.16 S | 16456°.10 E | 01/26/98 | Fragilariopsis 84720 98.1
Drygalsky 76 7547°.36 S | 16527°.74 E | 01/27/98 | Fragilariopsis 50 880 80.4
Drygalsky 80 7629°.91S | 16359’.70 E | 01/28/98 | Fragilariopsis 71 600 54.4

RIS 103 7649°.88S | 176 00°.44 E | 02/02/98 | Phaeocystis 1320 000 96.3

RIS 107 | 7649°.93S | 16959’.74 E | 02/03/98 | Phaeocystis 400 000 44.1

RIS 112 7619°.88S | 17426°.92 E | 02/04/98 | Phaeocystis 3520000 87.2

TNB 148 | 7449.72S | 166 12°.69 E | 02/12/98 | Fragilariopsis 792 000 98.2

The phytoplankton structure in the TNB polynya, the
Drygalsky basin and the RIS can be better analyzed if we
distinguish the whole period in: 1) late spring, 2) early-
mid summer and 3) late summer as suggested by Fonda
Umani et al. (2002). In December 1997, a first
Phaeocystis cfr. antarctica bloom is recorded in the TNB
polynya, with the occurrence of both individual cells and
colonies (Station 4). The concentration reaches 1.5x10°
cell/l at the surface and in the upper 50 m. This small
prymnesyiophycaea is the dominant species and is
responsible of early spring and late summer blooms in the
open polynya of the western and southern central Ross Sea
(Di Tullio and Smith, 1996; Marino and Cabrini, 1997;

Aurrigo et al., 1999; Dennett et al., 2001). In January, after
the ice melting, diatoms represent the dominant
autotrophic fraction. The most abundant species along the
Drygalsky Ice Tongue (Stations 69, 76 and 80) were
Fragilariopsis cylindrus, Fragilariopsis curta and
Fragilariopsis kerguelensis (Cabrini and Cataletto, 2000).
Their occurrence gradually decreases in the coastal
stations along the RIS in the upper 100 m, while
Phaeocystis cfr. antarctica was completely absent. In the
community other diatoms (e.g. Actinocyclus actinochilus,
Stellarima microtrias, Asteromphalus hookeri, Corethron
criophilum,  Chaetoceros  dichaeta) and  other
undetermined nanoflagellates are found in low densities
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(always <50000 cell/l). In early February (3-7) 1998, all
along the RIS, a widespread bloom of Phaeocysts cfr.
antarctica is registered at the surface (Stations 103, 107
and 112), with the maximum of 3.5x10° cell/l at station
112. Few diatoms, nanoflagellates and dinoflagellates are
also observed. In the late summer (end of February), in the
TNB polynya, the diatom community prevails in the upper
100 m and presents the highest specific diversity (Station
148). Nevertheless, Fragilariopsis cylindrus,
Fragilariopsis  curta, Fragilariopsis  kerguelensis,
Pseudonitzschia  subcurvata and  Pseudonitzschia
pseudodelicatissima represent the most abundant species
in all the stations.
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Fig. 7. Geographic map of the western Ross Sea. The main
sampling sites are indicated, as reported in Table 1.

Excitation spectra collected during the cruise along
the Southern Ocean down to TNB are reported in Fig. 8,
almost at increments of 5 of latitude. Changes of pigment
compositions of the crossed seawaters become evident by
looking at spectra in sequence. Namely, the spectrum at 50
S (and to a minor extent the spectrum at 70 S) appears to
be the most structured of the whole ensemble, due to the
presence of all the Chl bands and of carotenoids, which
corresponds to a mixed phytoplankton population. On the
other hand, the spectrum at 55 S seems to be dominated by
a diatom-like phytoplankton, with a lacking of the Chl-b
band, while the spectrum at 65 S does not present the Chl-
c feature but is dominated by Chl-a and Chl-b, as expected
in the case of the chlorophytes. The spectrum at 75 S is
dominated by Chl-c excitation, with a second peculiar
peak at 520 nm, which can be attributed to xanthophylls
excitation, both features supporting the presence there of a
Phaeocystis-dominated phytoplankton as for station 4.
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Fig. 8. Excitation spectra of the seawater crossed in the
Southern Ocean: a) 50.91 S 172.88 E [25/11/97]; 54.95
$173.16 E [26/11/97]; 60.36 S 175.6 E [27/11/97]; and
in the Ross Sea: b) 65.0 S 179.17 E [28/11/97]; 70.51 S
179.01 E [30/11/97]; 74.99 S 169.48 E [01/12/97].

The ELF-tuned Chl-a algorithm has been applied to
the 8-day L3 water-leaving radiances of SeaWiFS to
obtain corrected primary productions in the western Ross
Sea during the whole observation period. A phytoplankton
bloom is seen to arise at a location northeast of the Ross
Island in the period December 3 to 10, 1997, reaching its
maximum concentration and spatial extent in the period
December 19 to 26, 1997. The bloom fills the open sea
located northeast of the Ross Island (Fig. 3). While the
main bloom decays, a minor delayed algal development
takes place in TNB (75.86 S 164.19 E) and in the Northern
area near Cape Adare (71.33 S 170.17 E). Primary
production peaks during the period December 19 to 26,
1997, when the main phytoplankton bloom attains its
maximum.

In order to compare the ELF-calibrated algorithm with
literature data, the average primary production in the
western Ross Sea (157.5 E — 180.0 E, 72.07 S - 78.75 S)
and in a larger region of the Southern Ocean (157.5 E —
180.0 E, 61.875 S — 78.75 S) has been plotted for the
Austral summer 1997-98 (Fig. 9). As expected, the most
productive month for the largest area of the Southern
Ocean is December. Conversely, for the Ross Sea, the
highest mean value is reached in February. This seasonal
feature, a late summer second bloom, corresponds to an
observation that has already been made in the Ross Sea
(Nelson et al., 1996; Arrigo et al., 1998) and has been
pointed out as peculiar at TNB since the Austral summer
1987-88 (Innamorati et al., 1990; Lazzara et al., 2000).
The study by Arrigo et al. (1998), probably the most
accurate and comprehensive on the Southern Ocean, made
a comparison of all available CZCS data (1978-86) with in
situ measurements. In the Ross Sea values between 470

and 640 mgC m-2 d-1 have been found during the Austral
summer (monthly averaged XPP for January, February and

March). Our data range from 660 to 1100 mgC m-2d-1in
the same period and the average value in the Ross Sea for
the six months between October 1997 and March 1998 is

about 700 mgC m-2d-1 corresponding to a yearly average
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of 350 mgC m2d-1, quite a high value, even if compared
with the recent values of 125 mgC m™ d* given by Smith
et al. (1996) and of 120-160 mgC m-2 d-1 provided by
Arrigo et al. (1998). Nevertheless, these values are
consistent with the high daily primary production obtained
by in situ measurements in the whole western Ross Sea
both in December 1989 (from 210 to 2544 mgC m-2 d-1;
Lazzara et al., 2000) and from November to December
1994 (from 100 to 3000 mgC m-2 d-1; Saggiomo et al.,
2000). Moreover, from a temporal data set at TNB,
production values estimated during the austral summer
1989-90 give an average of 1390 mgC m2 d-1 from
December to February (Lazzara et al., 2000) that gives

241 mgC m2dlona yearly base.
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Fig. 9. Primary production based on ELF-calibrated

SeaWiFS Chl-a concentration averaged in the Southern

Ocean (157.5 E - 180.0 E, 61.875 S—78.75 S) and in the

Ross Sea (157.5 E — 180.0 E, 72.07 S — 78.75 S) during
the Austral summer 1997-98.

The ELF-calibrated SeaWiFS algorithm for the
CDOM absorption coefficient at 355 nm has been applied
to the 8-day L3 products in the western Ross Sea during
the whole observation period. The average acpom(355) in
the western Ross Sea (157.5 E — 180.0 E, 72.07 S - 78.75 S)
and in a larger region of the Southern Ocean (157.5 E -
180.0 E, 61.875 S — 78.75 S) has been calculated for the
periods corresponding to six 8-day L3 SeaWiFS data
products covering the 13" Italian Antarctic Oceanographic
Campaign. A comparison with the primary production
temporal dynamics in the same period shows a delay of 8
days of CDOM with respect to primary production,
probably due to the senescence of the bloom with the
increase of microbic degradation, lysis and also photo-
oxidation, owing to the constantly elevated solar
irradiance. As for the primary production, acpop(355)

has been plotted monthly for the Austral summer 1997-98
(Fig. 10). The range of values we found compare well with
the literature (Miller et al., 2000). Recently, in a wide
study on European coastal waters (North Sea included),

Babin et al. (2003) found acpopnm(355) between 0.23 and
28m1,

06
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Fig. 10. CDOM absorption coefficient at 355 nm, based
on the ELF-calibrated SeaWiFS algorithm, averaged in
the Southern Ocean (157.5 E - 180.0 E, 61.875 S — 78.75
S)and in the Ross Sea (157.5 E — 180.0 E, 72.07 S —
78.75 S) during the Austral summer 1997-98.

The monthly average primary production and CDOM
emission (Figs. 9 and 10), a part from a good correlation,
has a clear seasonable behavior with maximum
productivity in December and January and a marked
increase in CDOM production in February.

3. Conclusions

The present merging among ground (in situ), lidar
fluorosensor and satellite radiometer data resulted in a
detailed description of the 1997-98 Austral summer,
demonstrating how useful can be optoelectronics device in
the environmental monitoring at various scales. The
information gathered presents a pronounced primary
production in the western Ross sea, compared to the
Southern Ocean, with a strong influence of natural algal
community in the polynya areas. A good correspondence
between phytoplankton abundance collected in situ and
lidar fluorosensor remote data was found.

The development of regional algorithms for satellite
radiometers, based on calibrated in situ and remote lidar
measurements can contribute to define new methodologies
in remote sensing and in situ concepts. This task passes
through a better definition of the optical properties
(absorption and attenuation of the main components) as
well as in situ reflectance and transmission of the seawater
investigated that will be implemented in future campaigns.
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