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Abstract. This study presents a combined use of multi-sensor remote sensing and in-situ data for the analysis and

interpretation of oceanic features observed at the continental shelf and slope of the Campos Basin, southeastern
Brazilian coast. Ocean color (SeaWiFS), therma infrared (AVHRR), scatterometer (QUikSCAT) and SAR
(RADARSAT-1) data were integrated in a GIS environment in order to associate the different SA R backscatter
patterns to physical and biological forcing processes. The interpreted SAR features included processes such as
oceanic fronts, meandering and eddies, upwelling plumes, wind variability, algae bloom and natura films. The
correct interpretation of these features was only possible through the use of the multi-sensor synergetic approach
complemented by timely field verification.
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1. Introduction

The monitoring and dudy of the Continental Shelf and Sope present numerous chdlenges for
daa sampling and andyss Mesoscde oceanic phenomena normdly rise in such aess in
different spatid (10-100km) and time (hours to weeks) scales. For indance, the andyssof in-situ
and sadlite data should take into account various phenomena such as oceanic fronts associated
with large-scde western boundary currents, meanders, eddies, upweling plumes, and ther effects
on the ecosysem. Satdlite sensors operating in the vidble pat of the oectrum can be usad to
monitor ocean color variations and the associated biomass changes. Thermd infrared radiometers
ae ided to monitor thermd fedtures like oceanic fronts and upwdling plumes. However, the
mgor limitation for both types of sensors is the extendve and perdstent presence of douds.

Fortunatdy, microwave sensors such as scatterometers, dtimeters and  imaging  spaceborne
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Synthetic Aperture RADAR (SAR) pemit the acquistion of daly oceanic scenes regardless of
cloud coverage.

SAR imeges of the sea surface provide high resolution expressons of amospheric and
oceanogragphic fronts and eddies, surface currents, internd waves, wind variability, pollution,
dgee blooms naurd films and ran cdls (Johannessen, 2000). The physicd mechaniam that
dlows the detection of most oceanic fedtures in SAR images is the differentid dampening of
cpillary waves on the ocean surface. These capillary waves, which are only a few centimeters in
length, produce backscattering of the incident radar pulse due to a Bragg scatering mechaniam.
As a reault, ocean regions with lower surface roughness are darker in contrast with the
background radar sgna (clutter). Severd ocean surface processes produce regions of lower radar
backscatter, which in turn can lead to ambiguities during interpretation (Fingas and Brown,
1997). Examples of these processes are: (a) oil spills (b) naturd oil seepage, (€) naturd films, (d)
agee blooms, (e) very wesk or no wind, (f) shadow zones behind idands or land, (g) rain cdls,
among others.

The datasst used in this Sudy indudes visble (SeaWiFS), infrared (AVHRR) and microwave
(RADARSAT-1 and QuUIkSCAT) sadlites data acquired, on April 2002, during an agae bloom
event associated with a coasta upwelling, a western boundary current meandering and a shelf-
bresk eddy formation in Campaos Basin, Southeastern Brazilian coadt.

2. Study Area

The dudy aea is located in the Campos Basn, on the continentd shef and dope of the
southeestern  Brazilian Continentd Margin, in front of the SGo Tomé Cape (Fgure 1). It
concentrates 82% of the Brazilian oil and gas production and offshore exploration efforts. Intense
fishery activities d 0 teke place in the area.

The region's physography is characterized by the aborupt change of coadtline orientation
from a N-S dignment above S&o Tomé Cgpe to a NE-SW dignment between Szo Tome and
Cabo Fio Cgpe The bahymelry of this oceanic region is rddivey smooth with the isobeths
pardld to the coadline. The shelf bresk islocated a depths of 120m to 180m.

The oceanic flow in the region is paticularly disurbed by the presence of the Cgpe and by
the abrupt change of coadline orientation, inducing topographic deering of the flow and regular
mesocde activities such as eddies and meanders (Lima & d., 1999). The surface water wind-
driven flow is primaily influenced by the South Atlantic high-pressure amospheric cdl. The
main portion of the continentd shdf is dominaied by the Coastd Waer (CW,; 33<S<33.7 and
4<T<21°C). Frequent and intense wind driven upweling events are observed modly from
September through April associaed with the inshore bottom intruson of the South Atlantic
Central Water (SACW; 34.5<5<36; 6<T<20°C) (Kampd et d., 1997). The upweling plumes ae
conddered as one of the most important mechanisms respongble for the increese of biologica
productivity in the region. On the shdf bresk and dope the Tropicd Waer (TW; S36 and
T>20°C) is obsarved a the surface layers. This high temperature, high sdinity and low nutrients
water mass is formed a low lditudes and it is caried southward by the Brazil Current (BC)
(Miranda, 1982). Its flow is oriented from NE to SW dl year round in the region. However, the
presence of meanders and mesoscae vortices can induce large perturbation in the prevalling flow
(Stech et d., 1996).
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3. Dataset

The sadlite datast used in this dudy was acquired as close as possble to the time of the
RADARSAT-1 imeage acquistion (Table 1). It incdudes data obtained by the Advanced Very-
High Resolution Radiometer (AVHRR) on boad the Nationd Oceanic and Atmospheric
Adminigration (NOAA) sadlites the Seaviewing Wide Hdd-of-view Sensor (SeaWiFS)
aboard the NASA/Orbview-2 Sadlite, Synthetic Aperture Radar (SAR) board RADARSAT-1
and SeaWinds Scatterometer sensor on board the QUIKSCAT satdlite.

Sensor Resolution (m) | Acquisition Dateand Time(GMT)| Swath Width (km)
RADARSAT-1 50 Apnl 03,2002 - 21:11 300
SeaWIFS T100 Aprl 03, 2002 - 14:05 2200
AVHRR 1100 April 03,2002 - 21.09 2200
QuUIKSCAT 25000 Apnl 03,2002 - 20:30 1800

Table 1 - Sadlite dataset information.

RADARSAT-1 Data

The RADARSAT-1 is a right-dde-looking insrument operating in the C-band (5.6 cm) HH
polarization that can provide observeions a multiple resolutions and swath widths through a
large range of incidence angles. A ScanSAR Narrow (SCN) beam mode image was usad in this
dudy due to its ablity to cover Imultaneoudy dl the offshore fadlities operated by
PETROBRAS, with suitable resolution and incidence angles (20° to 40°). The near red time
processng and ddivery of the SAR image (4 to 6 hours &ter acquistion) dlowed the timdy in-
Situ verification of the agae bloom event.

SeaWiFS Data

SeaWiFS data were recorded in HRPT (High Resolution Ficture Trangmisson) and Store modes
by INPE's gation. The raw data were converted to a Leve-1A file. The data processing was done
with the routine SM10 and SeaDAS software (Fu et d., 1998), both digtributed by the SeaWiFS
Project (NASA), usng respective dandard dgorithms and masks. Chlorophyll-a (Chl) vaues
were obtained usang a globd dgorithm (O'Relly et al. 1998) and dally amospheric data acquired
from NASA GSFC's Didributed Active Archive Center (GDAAC).

AVHRR Data

AVHRR data were acquired by the OCEANSAT's attenna. Sea Surface Temperature (SST)
maps were derived from the themd infrared (bands 3, 4, and 5) cdibrated radiance vaues
through the application of the nightime NLSST (Non Linexr Sea Surface Temperaure)
amospheric correction globd dgorithm. The data used in this sudy were acquired by the
NOAA-14.

QUIkSCAT Data

Wind fidd intendty data were retrieved from the SeaWinds Scetterometer sensor on board the
QUIkSCAT sadlite. The SeaWinds Scetterometer can provide information about wind speed and
direction with an accuracy of 2m.s* for speed and 20° for direction. The dong track data were

usad in thisinvedigaion.
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In-situ Data
Held veification was caried out 15 hours aftr SAR image acquistion. Samples ad
photographs were acquired during a helicopter ingpection. The ar temperature was measured at
an offshore platform (P19).

The datasst was andyzed in a GIS environment that dlowed the synergetic interpretation
carried out in thisinvedigation.

4. Resaults and Discussion

The man feaures obsarved in the SAR image (Figure 2A) ae low backscater areas with
different petterns (a b, ¢, an d on Figure 2B) and linear features (dashed lines on Figure 2B)
related with roughness boundaries. Among the observed fegtures the most prominent one is a low
backscatter area (a on Figure 2B) locaed in front of SGo Tomé Cape. This fedture is associated
with a meoscde eddy adso detected in the SST and Chl imaeges (Figures 3A and 3B,
respectively). Smdler festures with smilar lower backscatter pettern are dso detected digned to
the expected circulation regime (b on Figure 2B).

The SST map (Figure 3A) shows the Brazil Current (red and orange tones) clearly defined
by the contrast between the shdf colder waters and the warmer Tropicd Waers. A cyclonic
eddy, with diameter of goproximatdy 50 km, is visble a the shdf bresk region offshore Sto
Tomé Cape. The SST range of the Tropica Waters carried southward by the Brazil Current (BC)
was 25-28°C; shdf waters surface temperatures varied from 22-25°C and upwdling waters from
19-22°C.

The drong therma gradient that characterizes the inshore front of the BC (Figure 3A) is
perfectly outlined in the SAR image as a roughness boundary, especidly northward the Séo
Tomé Cape (Figure 2). Vaiations in backscatter level associated with differences in SST can be
explaned by changes in the amospheric boundary layer sability and indirectly due to the higher
biologic productivity normaly associated with upweled colder waters (Clemente-Colon et al.,
2002).

The ar temperature in Campos Badin a the time of SAR image acquisition was 23-24°C. The
negative vaues of the difference between the Air Temperaiure and SST (AT<SST) over the
Tropicd Water are indicdive of ar indability and consequent higher sea roughness. The opposite
(AT>SST) is observed over the upwdling plumes where a podtive difference results in a higher
dability in the amospheric boundary layer and lower sea roughness The lower backscatter
regions limited by dashed lines (¢ on FHgure 2B) ae rdated to upweling plumes obsarvable in
the SST and Chl maps (Figures 3A and 3B).

In the chlorophyll concentration map (Figure 3B), we can obsarve patches of higher vaues
over the shdf. These patches are associated with the upwelling events. The large dark festure
observed in the SAR image (a on Figure 2 coincides with a Chl patch. It seems to be produced
by an advection of upweled weters formed north of S0 Tomé Cape, which is entrgpped in the
BC frontd zone and laer captured by the cyclonic eddy. In addition, the clockwise rotation of the
eddy and the shelf breek effect could be acting to enhance this feature.

The in-situ veification reveded the occurrence of an dgee bloom of filamentous blue-green
dgee (Figure 4 in the region of the SAR Fedture a This type of dgee is eadly detectable by
remote sendng due to their tendency to float in large aggregates a the sea surface. The amdler
features detected southwards S&o Tome Cape (b on Figure 2B) are probably related to the agee
bloom since they are dso located close to a Chl petch.
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The wind field intensity data Eigure 5B) show that the surface wind ranges from 3 to 7ms?,
in mog of the sudy aea providing suitable wind conditions for SAR features detection.
According to Steples and Hodgins (1998) the SAR ability to image ocean features is highly
dependant on the presence of adequate wind conditions (3m.st<wind intensty<8ms?). A lower
wind area (Im.s'<wind intensty<2ms?) in the southeastern portion of the study area coincides
with a lower backscater region detected in the SAR image (d on Figure 2B). These lower
backscatter features are probably related to a locd reduction of capillary waves on the ocean
surface due to adecrease in wind intengty.

5. Concludons

Combining information from severd sensors and satdlites acquired in such a time frame offered
opportunities to advance in the andyss and interpretation of remote sengng images. The use of
visghle (SeaWiFS), infraaied (AVHRR) and miccowave (RADARSAT-1 and QUikSCAT)
sadlites data dlowed the identification of the physcd and biologicd processes controlling the
main backscater features detected on the SAR image. These processes included oceanic fronts,
meandering and eddy, upwdling plumes, changes in the amospheric boundary layer gability and
wind conditions, as wdl as an dgee bloom and naurd films assodaed with high biologic
productivity.

The dl-weather and high-resolution orbitd SAR obsenetions can dealy save as a
complement nat only to lower resolution soaceborne thermd and ocean color imegery but dso to
in-situ observations.

Increesed avalability and use of SAR daa should contribute to an improvement of our
stientific knowledge of the Campos Basn by providing links among large, mesoscde and amdl-
scde ocean dynamics The gynergdtic use of dl this information may further lead to better
goplications of remote sendng techniques in aress such as  ocean-atmosphere  interaction,
physca/biologicd  oceanography, fisheries management, and pollution  monitoring, among
others.

In view of the avaladlity of ENVISAT daa the use of smultaneous multi-sensor
information is becoming an important sdentific issue to underdand the physcd/biologica
processes of the ocean and coastd aress.
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Fgure 1 - Study area polygon over the 3D perspective-view of the rdief.
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Fgure 2 - (A) RADARSAT-1 (SCN) image acquired on April 3, 2002, a& 21:11 (GMT). Main
features observed in the SAR image (B).

! 4 . J—I_I_I_Il!'u—!ﬂm
Fgure 3 — (A) Sea Surface temperature (SST) mgp (April 3, 2002, a 21:09 -GMT!) and (B)
Chlorophyll-a (Chl) map (April 3, 2002, & 14:05 - GMT) with the main fegtures observed
inthe SAR image. The 500, 1000 and 2000 isobaths are digolayed in the Chl mep.
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Fgure 4 - Algae bloom viewed by a helicopter (A) ingpection carried out 15 hours after the SAR
Image acquigtion. Zoom of an dgae patch (B).
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Fgure 5 - (A) RADARSAT-1 (SCN) image (April 3, 2002 a 21:11 — GMT). (B) Wind fidd
intendty map (April 3, 2002 a 20:30 - GMT) merged with the SAR image and the man
features observed.
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