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Abstract

Purpose. The aim of the study is to analyze the features of mean long-term structure and intra-annual
variability of the characteristics of temperature fronts on the ocean surface in the Patagonian shelf
region.

Methods and Results. Mean daily values of the ocean surface temperature from the NOAA Ol SST data
and the geostrophic velocity components on the surface at the nodes of a 0.25° regular grid from
the CMEMS reanalysis for 1993-2020 were used. It is shown that at the western periphery of a large-
scale cyclonic meander formed by the currents in the Patagonian shelf region (south of 45°S), three
branches of the Subantarctic Front are traced; they correspond to the West Falkland Current and to two
jets of the East Falkland Current. North of 45°S, where one Falkland Current jet is observed, one branch
of the Subantarctic Front is identified. On the eastern periphery of the meander, the front corresponding
to the common stream of the Brazil Current and the Falkland Return Current is revealed. Besides, south
of 40°S, aseparate branch of the Subantarctic Front corresponding to one more recirculation of
the Falkland Current is observed. It is shown that at the meander western periphery, the branches of
the Subantarctic Front are most intensified in February — March, at its eastern periphery — in March —
April, and at the meander northern peak (in the zone of the Brazil — Falkland Confluence) — in April -
May and November.

Conclusions. It is found that on the western periphery of the cyclonic meander, south of 45°S, the main
branch of the Subantarctic Front approximately follows the 900-1000 m isobaths, north of 45°S —
the 150-170 m isobaths, and closer to the Brazil — Falkland Confluence — the 50-60 m isobaths.
At the meander eastern periphery, north of 40°S, the main branch of the front is very close to the 800-
1000 m isobaths, south of 40°S - to the 1000-2500 m isobaths. It has been established that
the differences between the seasonal cycles of intensity of the Subantarctic Front branches are related
to the dissimilar warming and cooling rates of surface waters separated by these branches.
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Introduction
It is known that the flow of the Northern Branch of the Antarctic Circumpolar
Current (NB ACC) when exiting the Drake Passage turns along an anticyclonic
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trajectory in the area of the Birdwood Bank and penetrates to the north * in the form
of several jets [1-11]. These jets go around the Falkland Islands in the form of
the Western (WFC) and Eastern (EFC) Falkland Currents and pass over
the Patagonian Shelf and the continental slope. North of 45°S, the WBC and EBC
practically merge forming the common Falkland (Malvinas) Current (FC). Part of
the FC flow in the area of 38-40°S turns to the south forming a large-scale cyclonic
meander over the Patagonian Shelf and the continental slope. The other part of
the FC flow goes north and meets the Brazil Current (BC) forming a confluence zone
of these currents at approximately 36-38°S. At approximately 45°S, the eastern
periphery of the cyclonic meander (Falkland Return Current, FRC) turns east and
then follows the northern boundary of the Falkland Plateau as NB ACC * [1, 3-6,
11-17]. The northward transport of cold subantarctic waters by the Falkland Current
leads to the formation of intense hydrological fronts in the Patagonian shelf region
and continental slope which are zones of increased bioproductivity according to [14,
15, 18-20]. High commercial importance of the Patagonian shelf waters has led to
increased interest in the variability of the frontal structure in this area. Most studies
[1,3,4,6,8,12,14-17, 21, 22] focus on the analysis of the structure of currents or
dynamic fronts. It is shown that FC is characterized by a multi-jet structure, with two
most intense jets being distinguished — coastal and seaward. Their cores (velocity
maxima) are located on relatively flat sections of the shelf slope where the bottom
depth is approximately 150-200 and 1400-1500 m, respectively [15, 17].

Some studies have shown that there is a connection between the FC jets and
the fronts in the sea surface temperature (SST) field. The maxima (in absolute value)
of its negative zonal gradients coincide with the maximum meridional current
velocities [14, 15]. However, studies that analyze the structural features and variability
of temperature fronts in the Patagonian shelf region are relatively few in number, and
the temperature fronts associated with the FC jet system have different names:
the Patagonian shelf front [14], the Falkland or Malvinas front [15] and
the Subantarctic Front (SAF) [2, 7, 23]. In the present paper, we will adhere to one
terminology and call all temperature fronts associated with the FC jets SAF branches.
Some inconsistencies in the structure and position of the SAF branches are observed
in the studies of different authors based on different data. Thus, in [23], based on
the World Ocean Atlas—1994 hydrological array, it is shown that the SAF position
in the temperature field along the Patagonian continental slope is stable throughout
the year and repeats the configuration of the 500-700 m isobaths. In [14], based on
satellite SST data from the NOAA/NASA Pathfinder array, several temperature fronts
are identified separating shelf waters from the colder waters transported by the FC,
with the most intense front located near the 200 m isobath. In [15], based on contact
measurements and MODIS Agua satellite images, it is concluded that the most
intense temperature SAF passes along the 1400 m isobath.

It should also be noted that the intra-annual variability of the SAF characteristics
has been poorly studied: relatively short data time series analyzed insufficiently to
obtain statistically reliable climate norms or front variability considered in individual
sections which does not allow estimating its features along the entire length of

! Sarukhanyan, E.l. and Smirnov, N.P., 1986. Water Masses and Circulation of the
Southern Ocean. Leningrad: Gidrometeoizdat, 288 p. (in Russian).

468 PHYSICAL OCEANOGRAPHY VOL. 31 ISS. 4 (2024)

The content is available under Creative Commons Attribution-NonCommercial 4.0
e [nternational (CC BY-NC 4.0) License



the front [7, 14]. Currently, it has become possible to use long-term data series of
ocean reanalyses and arrays obtained by optimal interpolation of contact and satellite
measurements with high spatio-temporal resolution to study the structure and
variability of fronts. The aim of this work is to refine mean long-term spatial
structure of fronts in the SST field and the climatic seasonal variability of their
characteristics in the Patagonian shelf region based on the NOAA OI SST array data
for 1993-2020.

Materials and methods
The paper examines the southwest Atlantic region located above the Patagonian
shelf and the continental slope between the Falkland Islands and 35°S, bounded on
the west by 50°W (Fig. 1, a). The bottom topography scheme is constructed using
data from the General Bathymetric Chart of the Oceans (GEBCO) available at:
http://www.gebco.net/data_and_products/gridded bathymetry _data/ with a spatial
resolution of 15 arc seconds.
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F ig. 1. Scheme of the bottom relief in the study area (a), spatial distribution of the mean long-term
values of velocity module |\79| and the geostrophic current vectors (b), temperature (SST) (c) and total

temperature gradient (TTG) (d) on the sea surface. Bold lines indicate locations of the 200 m and
1400 m isobaths. Horizontal lines show the parallels for which the climatic mean annual and monthly
distributions of ZTG and the meridional velocity component Vg are presented. Abbreviation decoding:
BC - Brazil Current, FC — Falkland Current, FRC — Falkland Return Current, WFC — West Falkland
Current, EFC - East Falkland Current, SAC — South Atlantic Current, NB ACC — Northern Branch of
the Antarctic Circumpolar Current, CC — coastal currents, SAF — Subantarctic Front, BCF — Brazil
Current Front, CF — coastal fronts
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Structure and variability of temperature fronts were studied using the NOAA
Optimum Interpolation Sea Surface Temperature (Ol SST) data available at:
https://www.ncei.noaa.gov/data/sea-surface-temperature-optimum-
interpolation/v2.1/access/avhrr/ which contains mean daily SST values at the regular
grid nodes with a step of 0.25° for 1993-2020 obtained by the method of optimal
interpolation of satellite and contact measurement data [24]. The formation of
temperature fronts on the surface is associated with water circulation (with advection
of cold and warm waters by oppositely directed currents). Therefore, to interpret
the spatial structure features of fronts in the SST field, the mean long-term structure
of currents obtained based on the Copernicus Marine Environment Monitoring
Service (CMEMS) reanalysis
(http://marine.copernicus.eu/?option=com_csw&view=details&product_id=SEAL
EVEL_GLO_PHY_L4_REP_OBSERVATIONS_008_047) was analyzed.
The reanalysis data represent mean daily values of geostrophic velocity components
on the surface at the regular grid nodes with a step of 0.25° for 1993-2020. It should
be noted that the reanalyses included in CMEMS are in good agreement with in situ
measurements in the Patagonian shelf region [17]. In [22], high consistency of
geostrophic velocities on the surface with actual velocity measurements is also
noted.

The geostrophic velocities from the array used in the present paper were
compared with the total velocities, including the wind drift component, according to
the ECMWF ORAS5 and GLORYS2V4 reanalyses included in CMEMS. It was found
that the positions of the main maxima of the geostrophic and total velocities
practically coincided. Minor differences in the velocity values between the total and
geostrophic currents are insignificant for solving our problem since we consider
the mean long-term structure of currents and the position of flows only for
interpreting the spatial structure of temperature fronts.

The same grid step of theinitial data arrays and the coincidence of
the coordinates of its nodes permits to compare the position of the cores of
geostrophic currents and temperature fronts correctly and the time period of the 28-
year data is sufficient to obtain statistically reliable mean SST and geostrophic
velocity characteristics 2.

Based on the initial mean daily SST values and the geostrophic velocity
components, their climatic mean monthly and long-term values were calculated at
each grid node and then used to calculate meridional, zonal and full horizontal SST

gradients, velocity module Ng‘ and current vectors direction.

In the region under consideration, temperature fronts and currents have mainly
a quasi-meridional orientation, therefore, when identifying fronts in the SST field,
the criterion of the maximum (in absolute value) of the zonal temperature gradient
(ZTG) was used, and when identifying the current core, the criterion of
the maximum of the meridional component of the geostrophic velocity Vg was used.
A positive or negative value of the ZTG shows an increase or decrease in
temperature in the direction from west to east. The front intensity is understood as

2 Monin, A.S., 1999. Hydrodynamics of the Atmosphere, Ocean and Earth's Interior.
Saint Petersburg: Gidrometeoizdat, 524 p. (in Russian).
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the value of the maximum of the gradient corresponding to the front. The position of
temperature fronts and current cores was determined on the ZTG and Vg samples
along parallels with a step of 0.25° at latitude.
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F i g. 2. Distributions of mean long-term values of ZTG (dashed curves) and Vg (solid curves) along
48.125°S (a), 44.125°S (b), 41.125°S (c) and 36.125°S (d) against the background of bottom profile
(shaded). Positions of temperature fronts are shown by dashed lines; and those of current jets — by solid
ones

Research results
Spatial distributions of the mean annual values of geostrophic velocity module
and vectors (Fig. 1, b) show that the position of the current jets in the Patagonian
shelf region is largely determined by the bottom topography features (Fig. 1, a).
Note that coastal currents are traced over the shallowest part of the shelf with
depths < 50-100 m and they are not associated with the large-scale cyclonic
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meander formed by the Falkland Current (Figs. 1, b; 2). In the southern part of
the study area (south of 45°S), where the shelf widens and relatively flat areas of
the continental slope (terraces) are observed (Fig. 1, a), the West and East Falkland
Currents are characterized by a multi-jet structure. Over the shelf with depths of
100-150 m, two weak West Falkland Current (WFC and WFC-1) jets can be
observed. Seaward, between the 200 and 500 m isobaths, awide flow
corresponding to a relatively weak jet of the East Falkland Current (EFC-1) is
observed. The most intense EFC jet passes over the continental slope
approximately along the 1400 m isobath (Figs. 1, b; 2, @). The position of the main
EFC jet in the mean long-term field of geostrophic velocity is in good agreement
with the data of actual measurements carried out in this region in different years
[15, 21]. Another weak EFC jet passes in the southern part of the Argentine Basin,
approximately along the 2400-2500 m isobaths (Fig. 1, b).

North of 45°S, where the 200 and 1400 m isobaths are located close to each
other (Fig. 1, a), the WFC and EFC jets merge forming one intense FC flow which
represents the western periphery of the cyclonic meander (Figs. 1, b; 2, b).
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F i g. 3. Spatial distributions of the mean annual values of velocity module |\79| and vectors of
geostrophic currents for different years

Inthe northern part of the meander, two FC recirculation zones were identified
due to the bottom topography influence. It clarifies earlier studies that identified
only one FC recirculation zone [1, 3-6, 11-17]. The first zone is located at
approximately 40°S, north of which a terrace between the 200 and 1400 m isobaths
is observed (Fig. 1, a). Here, part of the FC flow turns south in the form of a FRC
which passes over the continental slope approximately along the 2000-3500 m
isobaths (Figs. 1, b; 2, b; 2, ¢). South of 47°S, the FRC turns east and follows
the northern boundary of the Falkland Plateau as the NB ACC (Figs. 1, b; 2, a).
Another part of the FC flow continues to follow north along the western edge of

the terrace above the 100-200 m isobaths; it meets the Brazil Current at 35-36°S
472 PHYSICAL OCEANOGRAPHY VOL. 31 ISS.4 (2024)



and forms the second recirculation zone. Confluence of the BC and the FRC forms
an intense common flow (FRC+BC) which follows south over the continental
slope seaward of the 1400 m isobath to approximately 39°S (Figs. 1, b; 2, d).
Further south, in the region of 40-41°S, part of the FRC+BC flow turns to the east
and passes over the deep-water part of the Argentine Basin approximately above
the 5500 m isobath. The main part of the FRC+BC flow continues to follow to
the south above the 4500 m isobath (Figs. 1, b; 2, ¢) and between 43° and 44.5°S
turns to the northeast along an anticyclonic trajectory and then follows in an
easterly direction in the form of the South Atlantic Current (SAC)
(Figs. 1, b; 2, b, 2, ¢).

Main circulation features revealed in the mean long-term field of geostrophic
velocity are clearly seen in the distributions of current vectors and velocity module
for each year (Fig. 3). Despite the interannual variability of flow intensity,
the position of the main WFC, EFC, FC jets, the FRC+BC flow and two FC
recirculations (in the region of 40°S and between 35° and 36°S) controlled by
the bottom topography features is maintained throughout each year.

Multidirectional geostrophic flows lead to the formation of well-defined
tongues of cold and warm waters in the SST field (Fig. 1, c), at the boundaries of
which zones of increased total horizontal temperature gradients (TTG) or frontal
zones (Fig. 1, d) are formed. According to [8, 19, 20], jets of intense currents are
barriers that impede horizontal water exchange and separate water masses with
different transformation degrees.

Let us present the main features of the mean long-term structure of temperature
fronts formed on the peripheries of a large-scale cyclonic meander. It should be
noted that over the shallow part of the shelf with depths of <100 m, relatively weak
extremes of SST gradients of different signs associated with the advection of shelf
waters by coastal currents and called conventionally coastal fronts are observed
(Figs. 1, d; 2). Since the CF branches do not belong to the system of large-scale
cyclonic meander fronts, they are not discussed in this paper.

On the southwestern periphery of the meander south of 45°S, three fronts are
identified as the SAF branches. The eastern branch (the SAF itself), most intense of
them, passes approximately 0.5° west of the main EFC jet above the 900-1000 m
isobaths. The weaker central branch (SAF-1) is located within the EFC-1 flow above
the 300-400 m isobaths. The western branch (SAF-2) coincides practically with
the WFC jet and is observed above the 130-150 m isobaths (Fig. 2, a). North of
45°S, where the western periphery of the meander is formed by a single FC flow,
the SAF is also represented by asingle branch. Here, the front is located
approximately 0.25° west of the FC flow above the 150-170 m isobaths (Fig. 2, b).
In the northwestern part of the meander, the SAF passes above the 100 m isobath,
while its position shift to the west relative to the FC core position increases gradually
and at the 41°S latitude reaches 0.5° (Fig. 2, c). Closer to the Brazil — Falkland
Confluence, the SAF is located above depths of 50-60 m, noticeably weakens and
shifts to the west relative to the FC by almost 1° (Fig. 2, d). On the north-eastern
periphery of the cyclonic meander formed by the common FRC+BC flow, an intense
PHYSICAL OCEANOGRAPHY VOL.31 ISS.4 (2024) 473



front is observed in the SST field. It is formed as a result of the convergence of
the Subantarctic Front and the Brazil Current Front (SAF+BCF). This front passes
over the 800—1000 m isobaths and coincides practically in position with the core of
RB FC+BC (Fig. 2, d). Up to approximately 39-40°S, the SAF+BCF separates
the cold waters transported by the FC and the warm waters transported by
the FRC+BC flow. On the eastern periphery of the meander south of 40°S, a wide
zone of high ZTG values is observed. Within this zone, to the west of the main ZTG
maximum corresponding to the SAF+BCF, another ZTG maximum is distinguished
corresponding to another SAF branch (Fig. 2, ¢). Formation of two temperature
fronts in this section of the meander is associated with two southerly flows (the FRC
and the general FRC+BC flow). Here, the SAF separates the coldest waters
transported by FC from the south from warmer waters coming from the north with
the FRC and the SAF+BCF, in turn, separates the latter from even warmer waters
transported by the FRC+BC. The SAF+BCF branch coincides practically in position
with the FRC+BC core and the SAF is shifted to the west of the FRC jet by almost
1° (Fig. 2, c). These two fronts (SAF and SAF+BCF) persist up to approximately
45°S, with the SAF being observed over the continental slope along the 1000-
2500 m isobaths and gradually strengthening in the southern direction while
the SAF+BCF passes over depths greater than 4000 m and, conversely, weakens
gradually (Figs. 2, b; 2, c). It should be noted that the identification of two SAF
branches on the eastern periphery of the meander between 40° and 45°S clarifies
the earlier results of [14] which noted the existence of one seaward temperature front
south of 40°S characterized by weak positive SST gradients.

In general, the performed analysis of the relationship between the position of
the SAF branches and the bottom topography features showed that, in contrast to
previously obtained results [14, 15, 23], the main SAF branch passes over different
isobaths in different water area parts: in the southwestern part — over the 900-1000 m
isobaths, north of 45°S — over the 150-170 m isobaths, at the top of the cyclonic
meander — over the 50-60 m isobaths, on the eastern periphery of the meander up to
approximately 40°S — above the 800-1000 m isobaths and to the south — above
the 1000-2500 m isobaths.

It should be noted that, in general, on the large-scale meander peripheries,
the temperature fronts on the surface either coincide in position with the cores of
geostrophic currents or are located to the west, while the maximum shift does not
exceed 1° at longitude and is noted on the eastern periphery of the meander.

South of 47-48°S, where the FRC+BC flow turns east and follows the northern
boundary of the Falkland Plateau as NB ACC, the mean annual SST field exhibits one
main ZTG extreme corresponding to the SAF (Fig. 2, a).

Analysis of the mean monthly SST distributions showed that, despite the high
seasonal variability, well-defined tongues of cold and warm waters are observed
throughout the year (Fig. 4), as a result of which the main features of the mean annual
frontal structure are observed during all months (Fig. 5).

Distributions of the climatic mean monthly zonal SST gradients showed that
the SAF branches influenced by bottom topography, especially on the western
474 PHYSICAL OCEANOGRAPHY VOL.31 ISS.4 (2024)



periphery of the meander, have a stable position, with their intra-annual shifts at
longitude not exceeding 1° (Figs. 5, 6). At the same time, the intra-annual changes
in the intensity of the SAF branches differ significantly in various parts of the water
area. Thus, their values do not exceed 0.012 °C/km in the south (Fig. 6, @), increase
to 0.016-0.02 °C/km north of 45°S (Figs. 6, b; 6, c), decrease again at the top of
the meander and are 0.006 °C/km at 35-36°S (Fig. 6, d). The values of seasonal
changes in the SAF+BCF intensity decrease in the southerly direction from 0.04—
0.05 °C/km at 35-36°S t0 0.012 °C/km at 44°S (Figs. 6, b—d).
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F i g. 4. Distributions of the climatic mean monthly SST values in February (a), May (b), August (c)
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Differences in the periods of maximum intensification of fronts in different

areas of the western (Fig. 7, a) and eastern (Fig. 7, b) peripheries of the large-scale
meander are also noted.
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Seasonal variability features of front intensity in the SST field are associated
with differences in the rate of intra-annual shifts of isotherms in the tongues of cold
and warm waters (Fig. 4) caused by the combined influence of advection and
seasonal warming/cooling of surface waters separated by fronts.

The paper estimates the latitude shifts during the year of the 9-12°C and 15—
17°C isotherms, typical for cold and warm water tongues, respectively. For this
purpose, the difference in kilometers (Ap) between the extreme northern and
extreme southern positions of these isotherms in cold and warm water tongues,
respectively, in January relative to December, in February relative to January, etc.
was calculated (Figs. 8, a; 8, b).

Intra-annual variations of A¢ show that during the periods of maximum
warming (February — March) and cooling (August — September) of surface
waters * these isotherms change their latitudinal position slightly. In April -
May, when intensive cooling of waters takes place, the 9-12 °C isotherms shift
northwards almost 450-500 km. With warming up of surface waters in October —
February, they shift southwards. The maximum shifts reflecting the greatest rate
of warming for the 9-11 °C isotherms are observed in December with Ae values
reaching 400-600 km; for the 12 °C isotherm — in January with A¢ values of
~500 km (Fig. 8, a). Itis worth noting that the intra-annual variations of Ag for
the 15-17 °C isotherms in the warm water tongue are similar to the variations of
A for the 9-12 °C isotherms, but their values decrease and do not exceed 200—
300 km (Fig. 8, b). In general, during the year, the shifts of the northern boundary
of the cold water tongue according to the 11 °C and 12 °C isotherms and
the southern boundary of the warm water tongue according to the 17 °C isotherm
from the extreme southern to the extreme northern position reach 11°, 12°, and
8° latitudes, respectively (Fig. 8, ¢).

Note the following features analyzing the relationship between the seasonal
variability of the SAF branches intensity and the isotherms shift in the cold and
warm water tongues. On the southwestern periphery of the meander, the western
(SAF-2) and eastern (SAF) branches of the Subantarctic Front are most clearly
observed during the warm season of the Southern Hemisphere (Fig. 5, a). During
this period, SAF-2 separates the warmed shelf waters from the colder waters carried
by the WFC and the SAF separates the waters carried by the EFC-1 flow from even
colder waters carried by the main branch of the EFC (Fig. 4, a). These fronts become
most intense in February — March (Figs. 6, a; 7, a) when the maximum warming of
the waters in the southern part of the shelf is observed (SST values > 12.5-13 °C)
(Fig. 4, a). During these months, the northern boundary of the cold water tongue
along the 9-12 °C isotherms is located in the south and only changes its latitudinal

% Lomakin, P.D. and Skripaleva, E.A., 2008. The Circulation and Water Structure in the
Southwest Atlantic and Antarctic Adjacent Areas. Sevastopol: EKOSI-Gydrofizica, 116 p.
(in Russian).
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position slightly (Figs. 8, a; 8, ¢). During the cold season (from May to August),
the SST values over the southern part of the shelf do not exceed 7-9 °C (Figs. 4, b;
4, ¢). Temperature contrasts between the coastal waters and the waters carried by
the WFC and EFC decrease noticeably, which leads to SAF-2 and SAF weakening
(Fig. 6, a). During this period, the EFC-1 flow brings colder waters with
temperatures < 6-8 °C from the south (Figs. 4, b; 4, ¢). Judging by the rapid shift of
the 9-10°C isotherms to the north, it can be noted that the maximum decrease rate
of SST values in the cold water tongue is observed in May (Fig. 8, a). This leads to
an increase in temperature contrasts in the zone of the SAF-1 front central branch,
the greatest intensification of which is observed in May — June (Fig. 5, a).

North of 45°S, the SAF structure exhibits one branch throughout the year which
is the western boundary of the tongue of cold waters transported by the FC
separating them from the warmer shelf waters (Figs. 5, b — d). Here, the maximum
SAF intensification occurs in February — March (Figs. 6, b, c; 7, a) when
the maximum warming of surface waters is observed. During this period, the 9—
12 °C isotherms in the tongue of cold waters do not practically change their
latitudinal position and are maximally shifted to the south (Figs. 8, a, c).
The intensification of temperature contrasts supporting the front is due to more
intense warming of the shelf waters where the SST values increase in the northerly
direction from 16 °C to 21°C during this period, while they change from 12 °C to
17 °C to the east of the front in the tongue of cold waters (Fig. 4, a).

So, the main branch of the SAF intensifies in February — March on the entire
western periphery of the meander, whereas a longer period of front intensification
from November to May in [14] and from December to Marchin [7] was noted earlier.

At the northern meander apex, in the convergence zone of the Falkland and
Brazil currents which, according to [13, 25], intensify in antiphase in the Southern
Hemisphere winter and summer, respectively, the SAF intensity also changes with
a semi-annual period with maxima in April — May and November (Figs. 6, d; 7, a).
In April — May, the SAF intensification occurs during an intense cooling period
when the boundary of the cold water tongue along the 9-12 °C isotherms shifts
quickly north (Figs. 8, a, ¢) and the temperature of the shelf waters remains quite
high and exceeds 15 °C (Fig. 4, b). The second maximum of the SAF intensity (in
November) is observed during intense warming period when the 9-12 °C isotherms
in the cold water tongue shift quickly to the south (Figs. 8, a, ¢) and the temperature
of the coastal shelf waters rises to 17-18 °C (Fig. 4, d).

South of the Brazil — Falkland Confluence up to approximately 40°S, where
the SAF+BCF front is the boundary between the cold and warm waters carried by
these currents, it intensifies in June — July when the 11-12 °C isotherms in
the tongue of cold waters are shifted maximally to the north (Figs. 6, d; 7, a; 8, a, c).
South of 40°S, where the SAF+BCF serves as the western boundary of the warm
water tongue separating them from the colder waters carried by the FRC, it
intensifies in August — September (Figs. 6, b, ¢; 7, b). During this period, maximum
cooling of surface waters is observed and the 15-17 °C isotherms in the tongue of
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warm waters are shifted maximally to the north (Figs. 8, b, ¢). Front strengthening is
due to the fact that in August — September the temperature of the waters carried by
the FRC does not exceed 9-10 °C while the SST values in the tongue of warm
waters, despite the general cooling, remain higher and amount to 11-15 °C (Fig. 4,
¢). The Subantarctic Front which is located west of the SAF+BCF and separates
the waters carried from the north by the FRC from even colder waters carried from
the south by the FC intensifies in March — April (Figs. 6, b, c; 7, b). During this
period, cooling of surface waters begins, especially pronounced in the cold tongue.
According to the isotherms of 9-12 °C, its boundary shifts to the north by almost
500 km in April (Figs. 8, a, ¢) while the waters coming from the north with the FRC
are still noticeably warmer at this time (SST values > 13-15 °C). Note that the SAF
intensifies on the eastern periphery of the meander approximately a month later than
on the western one (Fig. 7). According to an earlier work [7], at the eastern boundary
of the cyclonic meander south of 42°S, the SAF intensified in May — June, i.e.
the delay in the onset of the maximum compared to the western periphery was
almost half a year. Analysis of the intra-annual course of the temperature change rate
ASST (difference between the SST values of the current and previous months)
showed that asimilar phase delay of one month was observed at the onset of
the maximum rate of water cooling west and east of the SAF at the western and
eastern peripheries of the meander, respectively (Fig. 8, d). The maximum rate of
water cooling (ASST ~ —2.5 °C) at the western periphery of the meander is observed
in April, at the eastern periphery —a month later, in May.

To the south of 48°S, above the northern boundary of the Falkland Plateau,
the main extremum of the ZTG in the SAF structure observed throughout the year
(Fig. 5, a) is maximally intensified in May (Figs. 6, a; 7, b) during the period of
intense cooling of surface waters.

Conclusion

Based on NOAA Ol SST data, the spatial structure of the Subantarctic Front in
the climatic field of sea surface temperature in the Patagonian shelf region has
been refined and its relationship with the bottom topography features and
geostrophic currents that form a large-scale cyclonic meander in this region has
been analyzed.

High spatial resolution of the used data array allowed identifying several
branches in the SAF structure in the mean long-term SST climatic field. For the first
time, the isobaths in the SST climatic field are shown, over which these SAF
branches pass in different parts of the water area. Three branches of the Subantarctic
Front were identified on the western periphery of the meander south of 45°S.
The main SAF branch (eastern) corresponds to the most intense EFC jet and passes
over the 900-1000 m isobaths. The central and western SAF branches correspond to
the weaker EFC-1 and WFC jets and pass over the 300-400 m and 130-150 m
isobaths, respectively. One branch of the SAF can be observed north of 45°S. It
corresponds to the FC which passes above the 150-170 m isobaths. At the top of
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the cyclonic meander, closer to the Brazil — Falkland Confluence, the SAF passes
above the 50-60 m isobaths.

For the first time it is shown that two FC recirculation zones leading to
the formation of two SAF branches on the eastern periphery of the meander are
observed as a result of topographic features (the presence of aterrace between
the 200 and 1400 m isobaths north of 40°S). One branch (SAF+BCF) is formed as
a result of the BC and the FRC convergence, the second one (SAF) is formed south
of 40°S and corresponds to one more recirculation of the Falkland Current. These
two branches can be traced to approximately 45°S. The SAF+BCF branch passes
above the 800-1000 m isobaths up to 40°S, further south — above depths of > 4000 m
and weakens gradually in the southern direction. The SAF is observed over
the continental slope along the 1000-2500 m isobaths and intensifies gradually in
the southern direction.

For the first time, the characteristics of the climatic seasonal cycle of each SAF
branch on the western and eastern peripheries of the meander were obtained. It is found
that the SAF branches have a stable position under the bottom topography influence,
especially on the western periphery of the meander, with their intra-annual shifts not
exceeding 1° at longitude. It is revealed that the values of intra-annual changes in
the intensity of the SAF branches differ significantly in different parts of the water area.
They do not exceed 0.012 °C/km in the south, increase to 0.016-0.02 °C/km north of
45°S, decrease again at the top of the meander and are 0.006 °C/km at 35-36°S.
Seasonal changes in the SAF+BCF intensity weaken in the southern direction from
0.04-0.05 °C/km at 35-36°S up to 0.012 °C/km at 44°S.

Differences in the periods of maximum intensification of the SAF branches in
different areas of the western and eastern peripheries of a large-scale meander are
revealed. It is shown that they are associated with differences in the rates of heating
and cooling of the waters separated by these branches. It is found that the SAF
branches intensify to the maximum on the western periphery of the meander in
February — March when maximum heating of the waters is observed on the shelf.
The SAF intensifies on the eastern periphery of the meander south of 40°S
approximately a month later, in March — April. The same one-month delay was
revealed at the onset of the maximum rate of water cooling on the western and eastern
peripheries of the meander. It is found that the SAF intensity changes at the northern
meander apex, in the Brazil — Falkland Confluence, with a semi-annual period with
the maxima in April — May during intensive cooling of waters and in November during
the intensive heating period. The SAF+BCF up to approximately 40°S intensifies on
the eastern periphery of the meander, south of the Brazil — Falkland Confluence, in
June — July when the maximum rate of surface waters cooling is observed and south
of 40°S — in August — September when the minimum SST values are observed.
The SAF intensifies to the maximum over the northern boundary of the Falkland
Plateau in May, during the period of surface waters intensive cooling.
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