( 1.Classification INPE-COM.10/PE| 2.Period ] 4.Distribution |
| C.D.U.:621.385R:551.46 ] Criterion
( 3.Key Words (selected by the author) h internal
OCFANOGRAPHY BRAZIL CURRENT THIR
REMOTE SENSING FRONT external X
FALKLAND CURRENT NIMBUS
. b\
5.Report NQ 6.Date ,Revissg by - A‘W
L INPE-1123-PE/091 September, 1977 »
\ orde de Mesqubta p
8. Title and Sub-title } 9.Authorized by W

STUDY OF THE BRAZIL AND FALKLAND CURRENT USING THIR
IMAGES OF NIMBUS V AND OCEANOGRAPHIC DATA ”)e
Nelson Jesus Parada

rL IN 1972 TO 1973 Pl Diretor »
10.Sector  DSE Code 11.N9 of Copies 17

L

(12.Authorship Y. C. Tseng, H. M. Inostroza and ——

R. Kumar 14.NQ of Pages 27 ‘W

_J

15.Price ]

cm— -
rL13.S1gnature of the responsible [5*»*»3 %dw |
)

16.Summary/Notes

An oceanographic study of the Western Edge of the Sub-tropi-
cal Convergence of the South-western Atlantic Ocean, called the Front,
which is a thermal discontinuity between the Brazil and Falklnad Currents,
was done utilizing the Temperature Humidity Infrared Radiometer (THIR) of
Nimbus V in the 10.5 to 12.5um channel and historical oceanographic data in
the period of 1972 to 1973. Some important results obtained are: the ocean
ographic Front could be detected from NIMBUS V THIR data: oceanographic
charts clearly showed that the transition zone where the Brazil and the
Falkland Currents meet, was the Front detected from satellite data; ocean
current speeds calculated with THIR data were of the same order of magni-
tude as those calculated oceanographically; fisheries statistics for Pago
Roseo showed that the maximum catches were in September of 1973, in the
period when the Front was observed most distinctly and clearly. The resultd
showed the great potentiality of satellite data to study surface thermal
structures, surface currents and oceanic fisheries.

! ;

17.Remarks Accepted for presentation and publication by the Program
Committee of the Eleventh International Symposium on Remote Sensing

of Environment, Anwn Arbor, Michigan, U.S.A., April, 1977.

- ‘ J




STUDY OF THE BRAZIL AND FALKLAND CURRENTS USING THIR IMAGES OF NIMBUS V_AND

OCEANOGRAPHIC DATA IN 1972 TO 1973*

Y.C. Tseng, H.M. Inostroza V. and R. Kumar

Instituto de Pesquisas Espaciais (INPE)
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq)
12.200 - S.J, dos Campos, SP, Brazil

ABSTRACT

An oceanographic study of the Western Edge of the Sub-tropical
Convergence of the Southwestern Atlantic Ocean, called the Front - a
thermal discontinuity between the Brazil and Falkland Currents, was done
utilizing the Temperature Humidity Infrared Radiometer (THIR) of Nimbus V
in the 10,5 to 12,5 um channel and historical oceanographic data of 1972
to 1973. Some important results obtained are: the oceanographic Front
could be detected from Nimbus V THIR data: oceanographic charts clearly
showed that the transition zone where the Brazil and the Falkland Currents
meet, was the Front detected from satellite data; ocean currents speeds
calculated with THIR data were of the same order of magnitude as those
calculated oceanographically; fisheries statistics for Pargo Rseo showed
that the maximum catches were in the period when the Front was observed
most distinctly., The results showed the great potentiality of satellite
data to study surface thermal structures, surface currents and oceanic
fisheries,

I, INTRODUCTION

The area of study is located at the western edge of the South
Atlantic Sub-Tropical Convergence, where the boundary (also called the
Front) between the Brazil and Falkland Currents has been observed. The
approximate coordinates are from 25° t0 45°S 1atitude and from 45° to

* This work was also published in the Proceedings of the Eleventh
International Symposium on Remote Sensing of Environment, Environmental
Research Institute of Michigan, Ann Arbor, Michigan, USA, April 1977,
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65°W longitude, whose oceanic part was estimated to be 2.5 x 10° Kkm?
(Fig. I.1). The Brazil Current, carrying water of high temperature and
high salinity, is a southern branch of the South Atlantic Equatorial
Current. The Falkland Current, which sometimes is considered a branch of
the South Atlantic West Wind Drift Current, extends northwards along the
Coast of Argentina to about 3505, where it meets the southwestern moving
Brazil Current, The Falkland Current carries water of low temperature and
Tow salinity of the Subantarctic region,

The boundaries between the cold and the warm currents have been found
to be good fishing areas (Uda, 1963 and 1952; Zusser, 1958; Laevastu and
Hala, 1970; Hynd, 1968). The Falkland Current maintains a high
phytoplankton biomass and has been found to be one of the most productive
areas of the world's oceans (Mandelli and Orlando, 1966), The greatest
abundance of demersal fish exists in the southern Brazil at Tatitudes of
more than 28°S (Yesaki, 1973), Besides, the Brazil and Falkland Currents
are, at present, very poorly described in the existing literature, For
these reasons it seemed that studying this current system could
contribute significantly to fisheries and oceanography,

Many investigations have found that the surface boundary between
warm and cold currents can be detected through remote sensing by studying
the cloud-free images, either in the infrared and/or in the visible
wavelength region, (Allison and Kreins, 19703 Maul, 1972 and 1974; Maul
and Gordon, 1973; Stevenson et al., 1974; Stevenson and Miller, 1972;
Szekielda, 1972; Szekielda and Mitchell, 1974), With the Temperature
Humidity Infrared Radiometer (THIR) of Nimbus V satellite, 10,5 to
12.5 um channel, it has been possible to detect the pronounced temperature
gradient of the surface boundary between the warm Brazil and the cold
Falkland Currents; sometimes to observe clearly the difference of the two
water masses associated with them and in some cases to visualize the
complexity of their mixing. The objectives of the study are summarized as
follows:
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1 - To visually interpret the available cloud-free Nimbus V THIR
(10,5 to 12.5 um channel) images from the end of 1972 to the
end of 1973 in the study region,

2 ~ To describe the most outstanding features of the boundary and
the two water masses of the Brazil and Falkland Currents.

3 - To describe possible displacement of the currents and attempt
to visualize the Mixing processes of the associated water masses
from the comparison of successive images.

4 - To compare the Nimbus THIR data with the oceanographic data
available from the Data Bank of INPE,

II. METHODOLOGY

152 cloud free images of Nimbus V (see Table II.1), Temperature
Humidity Infrared Radiometer (THIR), 10,5 to 12,5 um channel, were used
for this study. The boundary of the Brazil and Falkland Currents was
primarily determined by visual interpretation of enlarged photographs. In
this way a boundary 1ine (or Front 1ine) was obtained for every image. 75
boundary lines, obtained from enlarged photographs rated as excellent,
were superimposed in Mercator map into 12 groups according to 12 time
periods of the year, i.e. four seasons and each season being subdivided
into three time periods called the first, the second and the third periods
respectively, Each period was further subdivided into three shorter
periods called early, middle and late periods. Each short period covered
approximately 10 days. Image-100 (General Electric Company, 1975) was
used to help the visual interpretation, in those cases indicated in
Table II.T,

The oceanographic data of temperature, salinity and dynamic height
were used to supplement the interpretation of the boundary, More than two
thousand oceanographic stations distributed over ten time periods were
selected tor this study, The first two variables - temperature and salinity -
were considered as the ground truth - (sea truth) and compared with the
results obtained from image studies, The dynamic height was used to
calculate the geostrophic current in order to get an idea of the possible
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movement of the boundary., The study was done at first to describe the
outstanding characteristicsof the Front in each period, and then to
compare these with the oceanographic data, Due to the time and the scale
differences between these two approaches (satellite and conventional
oceanographic data) and the errors (measurement, assumptions,
approximations) involved, only the comparison of the order of magnitude
of the quantities was emphasized, rather than their absolute values,

In order to better describe the Front, the study area was divided
into three regions as defined in the previous work (Tseng, 1974), i.e.,
the northern region, the central region and the southern region. The
northern region extends. from 30° to 34°S latitude and from 48° to 54%W
longitude; the central from 34%s to 38°S latitude and from 51°W to 56°W
longitude and the southern from 3895 to about 46°S latitude and from 50%W to
60°W Tongitude.

Some terms used in Section III have been defined in order to
compare oceanographic and satellite data:

Mean Front (or mean boundary or mean): the arithmetic mean of the
Fronts (obtained from Nimbus V THIR data) in each
period,

Eastern Envelope: the line connecting the easternmost peaks (more
oceanic part) of the individual boundary (obtained from
Nimbus V THIR data) Tines,

Western Envelope: the line connecting the westernmost peaks (close
to the coast) of the individual boundary (obtained from
Nimbus V THIR data) lines,

Eastern peakline: the line connecting the peaks of the (surface)
isotherms (obtained from oceanographic data) in the
eastern part (more oceanic part) of the study area.

Western peaklines: the line connecting the peaks of the (surface)
isotherms (obtained from oceanographic data) in the
western part (close to the coast) of the study area,
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Transition zone: the zone lying between the Eastern and the
Western peaklines,

111, STUDY OF THE FRONT WITH THIR IMAGES AND WITH OCEANOGRAPHIC DATA

Natural. oceanographic phenomena such as the boundary between the
Brazil and Falkland Currents is so important to oceanography and fisheries
that, from space data, a cartographic description in 6 out of the 12
periods is given in this Section III, In this description, features such
as the position of the Front in the various periods of the year, its
geographical extension, its apparent East-West motion and its meanders,
are discussed, An attempt was also made to compare the order of magnitude
of the East-West possible displacement of the Front with respect to
geostrophic currents, A comparison of the Frontwithoceanographic charts
was done for those periods where oceanographic as well as satellite data
were available, More detailed description of the Front and its comparison
with oceanographic data can be found in Tseng (1976).

3,1 SUMMER SECOND PERIOD (FROM JANUARY 22 TO FEBRUARY 21, 1973)

Nine Front lines were selected from 20 cloud-free THIR images. Four
of them were in the early as well as in the late period; one was in the
middle period (Fig, III.1),

In the northern region, the Front was found on its mean position in
the middle of the early period, at an approximate distance of 160 km from
the coast (curve 1), and reached its westernmost position (curve 5) in the
middle period, with the minimum distance of 100 km from the coast, In
general, the Front had a tendency of being more oceanic during the early and
the late periods and was closer to the coast at the end of the early
period and in the middle period. In almost all cases studied, its
northern tip was hardly seen north of 32°S.

In the central region, the Frontwasfoundmoreoceanic'h)themiddleof
the early and late periods (curves 1 to 2 and 6 to 7); while in the rest of
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the periods, it was much closer to the coast (curves 8 to 9), An
outstanding meander existed in front of Rio de La Plata at about 37°S,
throughout the whole interval of the study, having its radius of
curvature of 400 km to its eastern side,

In the southern region, the Front was observed on its easternmost
position with its southern tipreaching the longitude of 50° in the early
period (curye 1), In the rest of the period, its northern part stayed
around the mean (curves 2 to 9), having small osci11ations. However, its
southern part had very wide fluctuations, especially at the latitude of
41%s, An outstanding meander existed around 53°% with a radius of
curvature of approximately 200 km on its western side,

The two Peaklines obtained from the oceanographic data were
superimposed on the Front lines. The Envelope and the Mean were properly
located between the East and the West Peaklines in the northern and the
central regions and showed a reasonable agreement between the satellite
and oceanographic data (Fig. III,2) Some general characteristics of the
Front obtained from both satellite and oceanographic data are outlined
in Table III,1,

3.2 AUTUMN FIRST PERIOD (FROM MARCH 22 TO APRIL 21, 1973)

Nine Front lines were chosen from 20 THIR images studied in this
period. Five of them were in the early period, one in the middle and three
in the late periods (Fig. III.3).

In the northern region, only three Front lines appeared, The Front
was found at its Mean in the early period (curve 1); at the end of the
middle period, it was on its easternmost position (curve 6), and at the
beginning of the late period, it reached the closest position from the
coast with a distance of 90 km from it (curve 7).

In the central region, the Front was observed on its Mean in the
early period (curve 1), was in the easternmost position with its southern
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edge still touching its Mean at the end of the early period (curve 5)
and in its westernmost position at the end of the late period (curve 9),
In general, the Front apparently had a tendency of being more oceanic at
the end of the early period and in all the middle period, while it was
closer to the coast in the late period.

In the southern region, the Front was observed at its Mean (curve 1)
and was on its easternmost position at the end of the early period, Early
in the late period, the Front reached its westernmost position (curve 8),
Two meanders were observed throughout all of the period: one was centered
at 38°30'S, with the center of curvature on the eastern side of the Mean;
the other at 41°S with the center of curvature on the western side,
Generally, the Front stayed more oceanic at the end of the early and
middle period and closer to the coast in all of the late period.

The Mean and the two Envelopes also stayed between the Peaklines,
up to 39°S, indicating a good agreement between the satellite and
oceanographic data (Fig. III.4).

3.3  WINTER
3.3.1 WINTER SECOND PERIOD (JULY 22 TO AUGUST 21, 1973)

Four Front lines were chosen from seven THIR images studied, One of
them was in the middle period; the other three in late period (Fig. III,5),

In the northern region, the Front was found at its Mean (curve 1) at
the beginning of the middle period, maintaining a distance of 180 km from
the coast and was on its easternmost position at the beginning of the
late period (curve 2), A meander was found in front of Rio de La Plata,
with its center of curvature to its western side and lasted for all of
this period, The shift of the bending poiht of the Front Lines seemed to
form an ellipse of 160 km in the East-West direction and 50 km in the
North-South direction, suggesting the presence of a counter clockwise
oceanic eddy in this period (Fig, III,5),
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In the southern region, the Front was observed on the west of the

Mean (curve 1) at the beginning of the middle period, and on its
easternmost position in the late period, Three meanders could be observed
around 3905, all with their centers of curvature to the east of the Mean,
The southern tip of the Front could not be observed clearly south of 40°s,
This was the shortest Front observed in the twelve periods of 1973 (see
Table III.1), A comparison between satellite and oceanographic data was
shown in Fig. III,6. The Eastern Peakline was not available in this case.

3.3.2 WINTER THIRD PERIOD (AUGUST 22 TO SEPTEMBER 21, 1973)

Twelve Front lines were chosen from 22 THIR images studied, Six of
them were in the early period, two in the middle period, and four in the
last period (Fig, III.7).

In the northern region, the Front was found at its mean position at
the beginning of the early period (curve 1), on its westernmost position
at the end of the early period (curve 5) and reached its westernmost
position at the beginning of the middle period, The northern tip could
be observed very clearly and distinctly down to 31%S in most of the cases
studied,

In the central region, the Front was found on the easternmost
position at the end of the middle period (curve 4) and on its westernmost
position at the end of the late period (curve 12). Many meanders could be
observed in front of Rio de La Plata in all of the period, In most of the
cases,their centers of curvature stayed on the western side of the Mean,

In the southern region, the characteristics of the Front were quite
similar to those in the central region, showing the complexity of the
East-West oscillation and the meandering at the Front in all this period,

A comparison between satellite and oceanographic data was made, as
shown in Fig, III.8, It was found that the Mean Front and the Envelopes
stayed between the two Peaklines shown in this Figure, The calculated
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speeds of the geostrophic current in the East-West direction were,
roughly, 0.7 and 0.4 km/hr at 34% and 36%s respectively: the same order
of magnitude as those calculated from the Front line (Table III,1),

3.4 SPRING
3.4,1 SPRING SECOND PERIOD (FROM OCTOBER 22 TO NOVEMBER 21, 1973)

Eight Front lines were chosen from nineteen THIR images studied, Five
of them were in the middle period and three in the late period (Fig. III.9),

In the northern region, only one boundary 1ine could be seen at
distance of about 90 km from the coast. The northern tip could not be seen
clearly in the latitudes north of 34%,

In the central region, the Front was found on its westernmost position
at the beginning of the middle period, and reached its easternmost position
at the end of the late period (curve 7), A meander could be observed in
the frontof Rio de La Plata with its center of curvature to the eastern
side of the Mean lasting for the whole period,

In the southern region, the Front was found on its easternmost
position at the beginning of the early period (curve 2), and on its
westernmost position at the end of the late period (curve 7), A meander
could be observed at 40°S with the center of curvature to the west of the
Mean. The fluctuations of the position of the Front were much wider in
this period. The Mean and the two Envelopes did not 1ie between the two
peaklines (Fig, III.10). This is the only exception from the six periods
studied,

3.4.2 SPRING THIRD PERIOD (FROM NOVEMBER 22 TO DECEMBER 21, 1973)
Five Front lines were identified from eight THIR images studied, One

of them was in the early, one in the middie and three in the late periods
(Fig. III, 11},
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In the northern region, the Front was found on its easternmost
position at the end of the early period (curve 1) and reached its
westernmost position at the beginning of the late period (curve 3) to a
distance of 110 km from the coast, The fluctuations of the position of
the Front were especially smaller when compared to other periods studied,

In the central region, the Front was found on its easternmost
position at the end of the early period (curve 1) and it reached its
westernmost position at the beginning of the late period (curve 3), A
meander occurred in front of Rio de La Plata, with its center of
curvature in the eastern side of the Mean, lasting for almost all the
period, The amplitude of the oscillations of the Front was the smallest
as compared to the other periods in 1973,

In the southern region, the Front was found on its westernmost
position at the beginning of the late period (curve 3) and reached its
easternmost position at the end of the late period (curve 5), A meander
was found at about 40°S with its center of curvature on the western side
of the Mean lasting for almost the whole period,

The mean Front and the two Envelopes stayed completely between the
two Peaklines showing a good agreement between the satellite and the
oceanographic data (Fig. IIL,12),

IV, DISCUSSION

To study oceanographic current boundaries would need a large number
of images and a lot of oceanographic data. The number of good quality
images is limited by such factors as excessive cloud cover, noise in the
spectral channel and/or detector, telemetry problems, grid point errors,
etc, For these reasons, some periods in this study had a lot of good
quality images, and others did not have enough, Besides the possible
errors mentioned, two more factors should also be taken into account, The
one is called microsurface effect; the other is the time difference between
the measurements made‘by oceanographic methdds and with satellites,
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With respect to the first, it is known that a layer of less than
1 mm of water is opaque to infrared radiation from8 to 14 um, and 98% of
the absorption occurs in the first 0,1 mm of the layer (Ewing, et al.,
1960). This means that the observed infrared radiation emerges from the
very top of the air - water interface (the microsurface) where transfer
processes 1ike evaporation, reflection, etc., take place and also where
microsurface properties, such as protein monolayer and dust or oil films,
are significant, The sea surface temperature is defined by conventional
methods as the mean temperature of a well-mixed layer at least several
decimeters deep, which is in reasonable agreement with the nature of
conventional sea surface temperature observations, Experiments have shown
(Ewing, et al,, 1960) that the microsurface is approximately 0.6°K colder
than the layer of 15 cm under the surface, It has also been observed that
the microsurface is remarkably stable, Thus, under clear-sky conditions,
radiometric measurements of sea surface temperature generally should be
approximately 0.6°K lower than conventional measurements,

With respect to the second factor, it can be said that the THIR
sensor scans the large area of the boundary in approximately ten minutes.
In suchashort period of measurement, data from not a single oceanographic
station could possibly be taken. For oceanographic vessels to cover the
same boundary area, they would have to stay months in sea, running distances
of more than one thousand kilometers to make oceanographic stations, When
these cruises end, oceanographers have to plot the data in a single chart
for every property measured for the whole area, After that, a chart
showing average conditions is issued, This chart, however, contains
probably a large distortion of the ocean structure than that obtained
from the satellite for the same area,

The oceanographic information of this area, in a scale adequate to
compare with satellite data (1:3500000 in this case), was poor and
fragmentary, For this reason, an Atlas of oceanographic structure
(Inostroza and Tseng, in preparation) was prepared, and was used as a
basic historical document for the image study, This Atlas consists of
150 charts of temperature, salinity, oxygen and nutrients in four levels:
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surface, 50 my, 100 m and 150 m, These charts represented the average
monthly conditions, and were used as the ground truth for this study,
because simultaneous ground observations corresponding to the satellite
passages were not available, Since the average conditions of the open
ocean do not change very much in this scale (almost in steady state,
Pickard, 1963), the average monthly temperature charts could reasonably
represent the ground truth data,

The results from the comparative studies between oceanographic and
satellite data have been quite stimulating, Because not only the Mean
Fronts, but also their Envelopes were located between the Eastern and the
Western peaklines obtained from the oceanographic data, The zone between
these two peaklines, defined as the Transition Zone, was the zone where
all the oscillations of the Fronts during the period of 1972 to 1973,
occurred, The peaklines represented a permanent oceanographic reality
of the southwestern Atlantic Ocean at the boundary of the Brazil and
Falkland Currents (not yet described in the existing literature)., The
Eastern and the Western Envelopes were fully obtained from the satellite
Nimbus THIR data. Why the positions of the Envelopes stayed practically
between these two peaklines in almost all the cases and not out of them?
The authors believe that the Fronts obtained from the satellite data in
this region are in the zone where they belong to, that is to say, in the
Transition Zone, because in this zone the temperature gradient, as
measured by the sensor, exists. Then it could be stated that .inspite of
the errors involved in the present sensor capabilities and the variables
in oceanographic and satellite data including time differences between the
two data sets, oceanographic charts show that the sensors give the
position of the Fronts, where they should be, i,e., where the temperature
gradients obtained from oceanographic data are,

Another idea, developed to correlate the oceanographic characteristics
and the satellite data, was to estimate the current speed, The authors
believe that to study the movement of the current is not easy at present,
because the capabilities of the present sensors are limited. For this
reason, charts of geostrophic currents were made, and their speeds were
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calculated and compared with those obtained from the satellite data (see:
Table III.1), speeds of the currents obtained from the pilot charts
cannot be properly compared with those obtained from the satellite and
the geostrophic currents (the scale of pilot charts was 5° x 50, while
that of the satellite and the geostrophic currents was 1° x 10). A
careful comparison of the current speeds (E-W or W-E direction) calculated
from the satellite and the oceanographic data showed that, at least at
34°S, they were practically equal in each corresponding period, Now, from
the seven periods studied and nineteen individual values of speed (Table
I1I.1), it was found that eighteen of them were between 0,2 km/hr (0,1
knot) and 1,7 km/hr (0,9 knot) (close to 95% of the cases studied), and
only one value was 2.4 km/hr (1.4 knot). It can be said that the current
speeds calculated from the satellite data are of the same order of
magnitude from 0.2 to 1,8 km/hr (0,1 to 1 knot). As those calculated from
the conventional oceanographic methods (in 95% of the cases) and, in some
Tatitudes, these values are practically equal (in the case of 34°S, for
instance).

A study of the commercial fisheries of Pargo Roseo in the coast of
Rio Grande do Sul demonstrated that the catches of this fish were maximum
in September of 1973, with 5 million kilograms and, in the other months,
the catches were much smaller (Yesaki and Barcellos, 1974), As the Front
lines of the third period of winter, obtained from the satellite data,
were very active and much wider in their fluctuations, the Front lines
and their characteristics could be important factors that affected,
directly or indirectly, those September catches. This would mean that
detecting the Front might bean important subject to study in the future,
that would give useful information for fisheries in this region,

V. CONCLUSIONS

Some important conclusions obtained from this study are summarized
as follows:
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Detailed analysis of seventy five THIR images (interpreted
visually and some with Image-100) have shown clearly the existence
of oceanographic Fronts in this study area,

The surface temperature charts obtained from the historical
oceanographic data showed the existence of a series of peaks,
associated with each isotherm in the west, as well as a series
of peaks, associated with each isotherm in the East., The Western
and the Eastern peaklines could be observed in all the periods
studied, Obviously, the first (Western) is associated with the
Falkland Current and the second with the Brazil Current, These
Peaklines, which have not been described in the present literature,
were considered as the permanent oceanographic reality in the
study region, They were obtained completely from the pure
oceanographic data, The Transition Zone was also obtained from

the pure oceanographic data,

The Envelope and the Mean Fronts were obtained frompure satellite data.
In comparison with the oceanographié data, it was ;ﬁbwh that these
Envelopes and the Mean Front were practically located between the
Western and the Eastern peaklines in each period. This is

encouraging and useful as it shows similarity between the results
obtained from conventional and from space oceanography.

Another relationship between the conventional and space
oceanography became evident from the calculation of current
speeds, The results showed that 95% of the current speeds,
calculated from both methods, were of the same order of magnitude,
and in one case, at 34% latitude, the calculated speeds were
practically equal in all the periods,

As pointed out earlier, the position as well as the characteristics
of the Front Tlines can be important factors that might affect,
directly or indirectly, the concentration of the fish, This fact
supports the conclusion that the boundaries between the cold
Falkland Current and the warm Brazil Current in the Southwestern
Atlantic ocean are good fishing areas,
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