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Abstract Ocean frontal systems may act both as barriers and mixers between different water masses, the
latter thanks to very energetic structures with relatively short temporal and spatial scales. Here, we explore
the high‐frequency temperature variability in the Brazil‐Malvinas Confluence through the joint analysis
of novel high‐resolution SeaSoar measurements and sea surface temperature imagery. Surface
spatiotemporal correlation scales range between 1.5 and 6 days and between 20 and 50 km, with the shortest
scales along the shelf‐break path of the Brazil Current and over the confluence and the longest ones along
the Malvinas Current. The spatial scales display minima along the front, at the surface because of the
presence of brackish shelf waters and at the subsurface due to both mesoscale and submesoscale
thermohaline intrusions. The smallest cross‐frontal vertical correlations, in the 5‐ to 10‐m range, are
associated with submesoscale processes. Overall, temperature variability is enhanced at depth in the
frontal system.

Plain Language Summary The analysis of correlation scales may be used to recognize the spatial
and temporal coherence of ocean properties, which allows identifying the main forcing mechanisms and
dynamic processes in a certain oceanic region. This is of special relevance in frontal systems, which may
possibly appear as barriers between different water masses but, because of enhanced activity with relatively
short temporal and spatial scales, may also behave as water mixers. Here, we use high‐resolution satellite
imagery and in situ novel measurements to examine the temporal and spatial temperature correlation scales
in the Southwest Atlantic Ocean; our focus is on the Brazil‐Malvinas Confluence, a very intense open‐ocean
frontal system that has extraordinary importance in the global overturning circulation. Our results show
that indeed the frontal system is the locus of high‐frequency small‐scale processes, which likely act as an
efficient mechanism for the down‐gradient transfer of properties. Further, these processes are smaller and
faster at the subsurface (down to at least 200 m) than at the sea surface. Our results emphasize the necessity
of understanding and monitoring these subsurface processes if we are to properly represent those
regional processes that bear global implications.

1. Introduction

Frontal regions are characterized by multiple‐scale turbulence (Fu, 2007; Lumpkin & Johnson, 2013). In the
Southwest Atlantic Ocean, the dominant frontal system is the Brazil‐Malvinas Confluence (BMC), generated
at the encounter of the Brazil Current (BC) and Malvinas Current (MC; Figure 1). The meandering and ret-
roflection of these currents leads to an intricate multiscale and highly energetic region, filled with mesoscale
and submesoscale structures such as eddies, rings, filaments, and intrusions (Bianchi et al., 1993; Legeckis &
Gordon, 1982; Lentini et al., 2002, 2006; Provost et al., 1999). Therefore, this region is thought to be charac-
terized by short temporal and spatial scales of variability (Barré et al., 2006).

TheMC (subantarctic) and BC (subtropical) waters present intense contrasts in sea surface height (SSH), pri-
mary production, and sea surface temperature (SST). These sharp gradients have allowed assessing the spa-
tial and temporal variability of the surface BMC using satellite imagery (Garcia et al., 2004; Goni & Wainer,
2001; Gonzalez‐Silvera et al., 2006; Goni et al., 2011; Machado et al., 2013; Saraceno et al., 2004, 2005). In
particular, high SST horizontal gradients, of the order of 0.1°C/km, are found in the main frontal systems:
the shelf‐break Brazil region, the BMC front, the Subantarctic Front (SAF) and the Brazil Current Front
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(BCF; Saraceno et al., 2004). Less pronounced SST gradients also show up at the mesoscale and submesos-
cale structures formed downstream of the BMC (Barré et al., 2006).

Regarding surface temporal variability, most studies have focused on the semiannual and interannual scales,
characterized by the migration of the latitude where the BC diverts from the shelf (Goni et al., 2011; Goni &
Wainer, 2001; Olson et al., 1988). Synoptic variability has been associated with the regional and mesoscale
structures, particularly with the position of the MC, the BC, and the BC overshoot (BCO; Goni & Wainer,
2001; Legeckis & Gordon, 1982). Garzoli and Garraffo (1989) and Ferrari et al. (2017) found that the BCO
moves zonally with time scales of 90‐150 days, and Provost and LeTraon (1993) have observed that the domi-
nant mesoscale features have temporal and spatial scales of 75–150 days and 100–500 km. Higher frequency
surface variations are also expected in the BMC, as for example, SST consecutive images show changes up to
±4°C/d (Barré et al., 2006). One potential source is the changing winds that can flush shelf water over much
of the frontal area, bringing potential temperature and salinity (θ, S) changes in only a few days (Combes &
Matano, 2018; Guerrero et al., 2014). Other studies on thermohaline changes in the Patagonian shelf‐break
front have found 1‐ to 5‐day correlation times for temperature in the upper 100 m, which have been asso-
ciated with synoptic atmospheric storms (Carranza et al., 2017; Garzoli & Simionato, 1990; Valla &
Piola, 2015).

Contrary to sea surface studies, the subsurface variability of θ and S in the BMC remains barely explored.
Paniagua et al. (2018) have reported θ/S changes of 0.3°C/0.18 in 3 days at a slope mooring in the path of
theMC (near 41°S and 1000m depth). This high‐frequency variability has been ascribed to either the intense
mesoscale activity of the region, with eddies translating at velocities between 1 and 10 km/d (Mason et al.,
2017; Pilo et al., 2015) or to the east‐west and north‐south BMC migrations at speeds up to 10 km/d
(Garzoli & Bianchi, 1987; Legeckis & Gordon, 1982). Subsurface rapid changes may also be caused by

Figure 1. Mean sea surface temperature (°C) in the southwest Atlantic Ocean for 17–21 April 2017 as deduced from the
Operational Sea Surface Temperature and Sea Ice Analysis data. The location of the SeaSoar1/SeaSoar2 survey tracks is
shown by black/magenta lines, with Roman numbers indicating the cross‐frontal transects for each survey. Grey
vectors correspond to mean surface velocities from gridded altimetry for these days. Dashed black lines indicate the mean
position of the Subantarctic Front (SAF, ADT = −0.05 m) and Brazil Current Front (BCF, ADT = 0.3 m) as defined by
Ferrari et al. (2017). Solid black lines indicate the position of the BCF based on sea surface temperature gradients following
the methodology in Saraceno et al. (2004). White lines correspond to the 200‐, 500‐, 1,000‐, and 5,000‐m isobaths (GEBCO,
2008). The main streams are labeled: Brazil Current (BC), Malvinas Current (MC), Malvinas Return Current (MRC),
and Brazil Current Overshoot (BCO).
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thermohaline intrusions with lifetimes of 5–13 days (Bianchi et al., 1993, 2002) or baroclinic frontal instabil-
ities oscillating with periods of 3–5 days (Garzoli & Simionato, 1990).

Subsurface structures may be largely decoupled from the surface fields due to the development of the seaso-
nal thermocline (Provost et al., 1996; Saraceno et al., 2004) and the presence of localized thermohaline fron-
tal intrusions (Orúe‐Echevarría et al., 2019). However, their existence does influence the conditions at the
sea surface, especially affecting the water elevation and velocity (Maamaatuaiahutapu et al., 1999). Hence,
a proper knowledge of these subsurface scales is necessary not only to quantify the water transfer cross
the frontal system, of major relevance in the large‐scale redistribution of properties, but also to improve
the design of operational models.

2. Data and Methods

The RETRO‐BMC cruise was conducted onboard R/V Hespérides between 8 and 28 April 2017 in the BMC
frontal region (Pelegrí et al., 2019). Here, we analyze data from 12 cross‐frontal high‐resolution transects
aimed at finding the short temporal and spatial scales in the frontal region. These transects were done within
5 days, between 40.6°S–56.7°W and 39°S–53.6°W, as part of two surveys carried out with a winged and towed
undulating platform (SeaSoar), which included temperature, salinity, and pressure sensors (Annex I,
Supporting Information).

Each of the two SeaSoar surveys consisted of six near‐parallel transects, ranging from 55 to 90 km long, with
all tracks separated by 18 km (except tracks I and II of SeaSoar1, which were 27 km apart) and covering an
area of approximately 135 km zonally and 100 km meridionally (Figure 1). The individual transects were
oriented cross the frontal region, following tracks either 25°or 205°from the true north. The first survey
(SeaSoar1, 17–18 April) covered 620 km and was completed within 46 hr; the second survey (SeaSoar2,
19–21 April) started 40 hr after completion of SeaSoar1 and extended over 751 km in 52 hr.

The temperature and salinity data were gathered as a function of pressure for all cross‐frontal tracks as well
as in the five short transects between them. These raw data were linearly binned to 1‐dbar vertical intervals,
every 5 km along the SeaSoar tracks following the methodology in Sans (2018). Finally, the potential tem-
perature (θ) field was calculated and interpolated horizontally onto a regular 0.05° × 0.05° grid; hereafter,
whenever mentioning temperature, we will always implicitly refer to the potential values.

Both surveys were carried out from west to east, in the same direction of the mean flow over the frontal
region, as an attempt to minimize aliasing effects. Considering the distance between the first and last
cross‐frontal transect (90–100 km) and the time of the survey (40–50 hr), it turns out that the vessel moved
along the front with a mean speed of 0.5–0.7 m/s, similar to the characteristic along‐front sea surface velo-
cities (Figures 1 and S3, Supporting Information; Orúe‐Echevarría et al., 2019). Further confidence on the
results comes from the fact that during each survey, the frontal displacements were relatively small as com-
pared with the extension of the cross‐frontal tracks; the only large displacement occurred between 20 and 21
April 2017, in the western portion of the survey area, when the ship had already reached the eastern part of
the domain (Figure S4).

In addition to hydrographic data, we also use two satellite datasets for April 2017: Operational Sea Surface
Temperature and Sea Ice Analysis (OSTIA) SST and absolute dynamic topography (ADT, the difference of
SSH and the geoid). The OSTIA SST combines in situ data with infrared and microwave satellite data.
Both data sets are provided by the Copernicus Marine and Environment Monitoring Service (http://mar-
ine.copernicus.eu). The multiscale optimal interpolation scheme in the OSTIA SST product allows studying
the frontal variability at temporal/horizontal scales larger than about 1 day/10 km (Donlon et al., 2012;
Reynolds et al., 2013), while the ADT can only resolve temporal/horizontal scales longer than 20 days/40
km (Pujol et al., 2016).

The autocorrelation decreases with time and distance, over scales that depend both on external forcing and
local dynamics (Sumata et al., 2018). A correlation scale can be defined as to characterize the prevailing tem-
poral and spatial scales, with short scales identifying areas of high‐frequency changes. Throughout this
study, we fit the autocorrelation to a Gaussian function and define the correlations in terms of e‐folding
scales (Molinari & Festa, 2000; Annex II, Supporting Information). Using SST satellite data, we can deter-
mine the sea surface temporal and horizontal correlation scales. Similarly, the SeaSoar data allow
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estimating the horizontal correlation scales in the survey area and the vertical correlation scales along the
cross‐frontal sections. In contrast, the two SeaSoar provide temperature differences in about 3 days but do
not allow calculating the temporal subsurface time correlation. The signal‐to‐noise ratio (SNR) in the
autocorrelation functions is inferred from the fraction of explained variability (Sprintall & Meyers, 1991;
Hosoda & Kawamura, 2004; Annex II, Supporting Information).

3. Results
3.1. High‐resolution Three‐dimensional View of the Frontal System

The SST and surface geostrophic velocity fields show the MC flowing northward along the 500–1,000 iso-
baths and reaching 40°S with θ < 10°C and S < 34.5, where it encounters warmer and saltier subtropical
waters (Figure 1). These velocity fields, together with the salinity and temperature sections (Figures 2, S5,
and S6), also reveal the BC crossing the northeastern end of the study area and show relatively colder shelf
waters covering most of the northern and western sections. Surface salinity values confirm the presence of
widespread low‐salinity shelf waters over the study area (Figures S5 and S7). East of 55°W, the BC follows
south as a well‐developed elongated BCO that reaches as far as 44°S and 51°W.

Figure 1 also shows the intricate confluence of the SAF and BCF in the BMC region, that is, the collision of
the two boundary currents that leads to a single yet complex BMC frontal system. The three‐dimensional θ
and S fields (Figures 2 and S5–S8) illustrate this complexity, with one main transition from subantarctic to
subtropical waters at the isotherm/isohaline of 12°C/34.7 and a second transition at the isotherm/isohaline
of 17°C/35.3. Interestingly, the classical definition of the BCF (set to ADT = 0.3 m) coincides with the first

Figure 2. Three‐dimensional temperature view during (a) SeaSoar1 and (b) Seasoar2. The black vertical lines indicate the central point of the SeaSoar diving cycle.
The black arrows show vertical sections II and V of SeaSoar1, used to illustrate the vertical correlation scales in Figure 4. OSTIA SST for the (c) 17 and (i) 20 April
2017. Horizontal temperature fields at 10, 50, 100, 200, and 300 m for (d–h) SeaSoar1 and (j–n) SeaSoar2. The location of the SeaSoar1/SeaSoar2 tracks is
shown by black/magenta lines. (Additional horizontal temperature and salinity fields are shown in Figures S7 and S8). OSTIA = Operational Sea Surface
Temperature and Sea Ice Analysis; SST = sea surface temperature.
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transition and the entire region between the first and second transition is the one that displays most of the
interleaving. North of the second transition, which is observed on the northeastern end of the survey region
(crossed by tracks III–VI of SeaSoar2), the subtropical waters remain fairly unperturbed.

The frontal system is characterized by substantial thermohaline intrusions. In the western stations (I–III in
SeaSoar1 and I–II in Seasoar2), the subantarctic side remains fairly immaculate, but the subtropical side dis-
plays mesoscale features. There are at least two tongues or wedges of subantarctic waters intruding into the
subtropical region—a central one during SeaSoar1 and a western one during SeaSoar2—some 10–30 km
wide and stretching by as much as 100 km (Figures 2d–2h, 2j–2n, S7, and S8). These subsurface tongues
are smaller than the surface ones and have no surface expression in the SST and ADT images (Figures 1
and S3). In contrast, the eastern sections (IV–VI in SeaSoar1 and III—VI in SeaSoar2) reveal opposite sign
submesoscale intrusions, that is, warm/cold in the subantarctic/subtropical sides of the front. All mesoscale
and submesoscale intrusions are found between the 26.5 and 27.0 isopycnals, displaying temperature gradi-
ents sharper than at the sea surface (0.3–0.8°C/km; Figures S6 and S8).

3.2. Temporal Correlation Scales

For the entire Southwest Atlantic Ocean, the OSTIA SST temporal correlation scales range between 1.5 and 6
days (Figure 3a). The shortest scales (1.5–3.5 days) are associated with the shelf‐break in subtropical waters,
the BMC front and the BCO,that is, to frontal regions with intense currents and high mesoscale activity,
characterized by elevated eddy kinetic energy and rapid migrations of the frontal structures (Figure S4;
Legeckis & Gordon, 1982; Garzoli & Simionato, 1990; Saraceno & Provost, 2012). In other areas, including
the MC andMRC, fewer mesoscale structures develop (Artana et al., 2016), leading to less variability, longer
temporal correlation scales (5–6 days), and higher SNR (Figure S9a).

During April 2017 and in the limited region enclosing the SeaSoar survey area, the OSTIA SST temporal cor-
relation scales range between 2 and 4.5 days, with a mean monthly value of 3.0 ± 0.2 days (see the sampling
window in Figure 3b). Over the SeaSoar survey tracks, the OSTIA SST differences between 17 and 20 April

Figure 3. (a) OSTIA SST temperature temporal correlation scale (days); the black solid lines correspond to the 500 and 1,000m isobaths, while the black dashed line
indicates the mean position of the BCF for April 2017. (b) OSTIA SST difference between the 20 and 17 April 2017. Temperature differences between SeaSoar2 and
SeaSoar1 at (c) 10, (d) 50, (e) 100, (f) 200, and (g) 300 m. Negative values denote cooling; in each panel, the mean ± standard deviation temperature differences are
indicated. The black/magenta lines show the SeaSoar1/SeaSoar2 tracks.
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(precisely 3 days) range between −1.9°C and 2.1°C, with the greatest cooling over the western sections and
slight warming south of the SeaSoar tracks. We may also use the entire April data to generate, at each grid
point, time series of SST differences for 3‐day intervals (not shown), when averaged over the SeaSoar survey
area the mean standard deviation is 1.1°C and the mean maximum absolute difference is 2.6°C.

Both the OSTIA SST and 4‐m SeaSoar temperature differences indicate cooling over the frontal region,
though the SeaSoar data show greater values (Figures 3b and 3c); these discrepancies possibly reflect some
level of near‐surface homogenization due to a shallow summer mixed layer (Provost et al., 1996) and the
spreading of brackish shelf waters over the frontal region but may also respond to an increased uncertainty
caused by high cloud coverage in April 2017 (around 65%). The subsurface temperatures also display a gen-
eralized cooling between 17 and 20 April, with peak absolute values between 50 and 150 m (Figures 3d–3f).
At 300 m, the peak absolute differences are smaller (yet reaching values similar to 10 m) and remain
restricted to the central region, associated with the intrusion of subantarctic waters (Figure 3g).

The different character of the surface and subsurface fields in the frontal SeaSoar survey area is remarkable.
The characteristic 3‐day SST variability (mean 1.1°C and maximum 2.6°C from OSTIA for April and mean
2.2°C and maximum about 5 °C from the 10‐m SeaSoar data between 17 and 20 April) is substantially less
than the mean values in the 50‐ to 150‐m depth interval (mean 2.8°C and maximum about 7°C from the
SeaSoar data between 17 and 20 April).

3.3. Vertical Correlation Scales

We examine the vertical correlation scales through both individual and ensemble SeaSoar cross‐frontal sec-
tions. In every individual section, the distribution of the vertical correlation scales is patchy, with values ran-
ging between 10 and 25 m (Figure S10). Low values are related to large vertical changes in temperature,
either associated with the seasonal thermocline, with the edge of frontal structures or with intrusions of dis-
tinct water masses.

An inspection of all sections suggests that some differences are associated with the distance (and hence time)
from the initial encounter of the MC and BC. In Figures 4a and 4b, we illustrate the results for two sections:
one in the western boundary of the survey area, close to the encounter point of the BC and MC (section II of
SeaSoar1), and the other in the eastern margin (section V of SeaSoar1). The small correlation lengths (8–12
m) correspond roughly to those bands of high background vertical stratification; the SNR is large over the
entire domain, generally above 3 and reaching 7 in the unperturbed well‐stratified subtropical waters (see
Figure S9b, for section II of SeaSoar1). In the western section, the subantarctic side of the frontal system dis-
plays relatively high correlation values, indicative of the absence of intrusions, while the subtropical side
shows some large features, about 50–80 m thick and 60 km long (Figure 4a). In the eastern section, we still
find some large features in the subtropical side, but there are also small intrusions on both sides of the frontal
system, some 10–50 m thick and 10–20 km long (Figure 4b).

In order to best identify the longitudinal differences, we divide the sections into western (sections I–III in
SeaSoar1 and I and II in Seasoar2), close to the shelf‐break confluence point, and eastern (all other seven
sections), where the two colliding currents have been in close contact for a longer time. The division is set
about 55 km offshore from the 500‐m isobath, which we consider as the shelf‐break emergence of the con-
fluence (see the bathymetry and location of the BCF in Figure 1); considering along‐front mean velocities of
0.5–1 m/s (Orúe‐Echevarría et al., 2019), this represents that the water masses reaching the eastern sections
have been in contact for at least an additional 15–30 hr. Following this separation, we produce ensemble sec-
tions with the origin referenced to the location of the BCF, defined as the point where the 10°C isotherm
crosses 200 m (Garzoli & Bianchi, 1987). In this way, there are five western and seven eastern realizations
(one of the eastern sections did not cross the BCF) that can be combined to compute the mean and standard
deviation of the vertical correlation at each cross‐frontal coordinate and depth.

In Figures 4c and 4d, we show the mean (obtained using a 10‐m low‐pass vertical filter) and standard devia-
tion of the vertical correlation scales; only the portion of the vertical section with three or more realizations is
shown. The two ensemble sections have fairly similarmean values (14–18m). Themain difference appears in
the standard deviations: the western section shows a clear contrast across the front, between small values in
the subantarctic side versus high values in the subtropical side; contrarily, the eastern section shows little dif-
ference between both sides of the front, with substantially greater intermittency. These results are consistent
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with the view of the frontal system as the locus of subsurface mesoscale incursions at any position (in
section 3.1, we pointed at the existence of cold‐fresh subsurface tongues of subantarctic waters penetrating
northwards in the western and central tracks) and submesoscale thermohaline intrusions developing in
the central and eastern sections. These submesoscale intrusions appear to be enhanced after the two water
masses have been in contact for a sufficiently long time, of the order of one inertial period or 19 hr in our
survey area (Shcherbina et al., 2010), either because of the inherent instability of the frontal region or as a
result of the high salt‐fingering activity in the BMC (Bianchi et al., 2002).

3.4. Horizontal Correlation Scales

We first examine the sea surface horizontal correlation lengths for the extended BMC region during April
2017, as deduced using the OSTIA SST fields (Figures 5a and 5b). The maximum correlations (major axes
of the correlation ellipses) follow the pathway of thewestern boundary currents and its interior retroflections,
ranging between about 35 and 55 km. Over the shelf and in the eastern portion of the domain, these values
decrease, ranging between 20 and 30 km. The situation reverses for the minimum correlation lengths (minor
axes), with the largest values occurring over the platform and the smallest ones taking place along the path of
the major currents. Both results indicate that the boundary currents are largely asymmetric, with the longest
correlation lengths well aligned with the current, while the shelf and other interior regions of high kinetic
energy are dominated by shorter scales and more symmetric features (Figure S11). The SNR is fairly low,
always less than 1.5, slightly less than the mean values found by Hosoda and Kawamura (2004) using micro-
wave SST images (Figure S9); the largest SNR values occur over the platform and along the pathway of
the MC.

Figure 4. Vertical correlation scales (m) for (a) section II and (b) section V of SeaSoar1; black contours represent isother-
mals (°C). Mean (black contours) and standard deviation (colored) of the vertical correlation scales (m) for the (c) western
and (d) eastern stations. The black arrows show the position of the front.
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Over the SeaSoar survey area, the situation differs substantially at the surface and subsurface (Figures 5c–5f,
S11c, S12, and S13). The OSTIA SST field displays a band of minimum major and minor axis correlation
lengths along the frontal system (less than 25/15 km for the major/minor axes), surrounded by values that
are at least twice as large. In contrast, the subsurface SeaSoar data is noisy but shows fairly large values south
of the front (40–50 km for the major axis), in the subantarctic water domain, and much smaller values along
and north of the front (20–30 km for the major axis); nevertheless, the correlations in the southern domain
decrease as we move away from the slope, consistent with the idea of thermohaline intrusions developing
when the two water masses remain in contact for long enough (section 3.3). Remarkably, the band of mini-
mum surface values is included in the southern portion of subsurface maximum values, sustaining the idea
that this narrow surface band responds to brackish and relatively cold platform waters stretching along the
southern sector of the front (Orúe‐Echevarría et al., 2019). This is confirmed by the surface salinity values
(Figures S5 and S7).

4. Conclusions

We have combined high‐resolution remote‐sensing surface and SeaSoar survey subsurface temperature data
to explore the structure of the BMC, a very dynamic and intricate open‐ocean frontal system. The spatial
resolution of both data sets is about 5 km, although the spatial coverage of the subsurface data is much smal-
ler. The temporal resolution of the surface remote‐sensing data is 1 day, while for the subsurface data, we
only have two (3 days apart) realizations.

Figure 5. (a) Major and (b) minor axis lengths of the correlation ellipses, calculated using the April 2017 OSTIA SST data (the colors indicate the mean values and
the black contours the standard deviation); the white thick‐dashed line indicates the mean position of the Brazil Current Front for April 2017. Correlation‐ellipse
values: major axis lengths for (c) the OSTIA SST on 17 April and SeaSoar1 and (e) the OSTIA SST on 20 April and SeaSoar2, color coded as in (a); minor axis
lengths for (d) the OSTIA SST on 17 April and SeaSoar1 and (f) the OSTIA SST on 20 April and SeaSoar2, color coded as in (b); the SeaSoar data is at 10, 100, and 300
m, as indicated, and the grey line shows the position of the BCF on 17 April (c, d) and 21 April (e, f). The black/magenta lines show the SeaSoar1/SeaSoar2 tracks,
the white solid lines correspond to the 500‐ and 1,000‐m isobaths. OSTIA = Operational Sea Surface Temperature and Sea Ice Analysis; SST = sea surface
temperature.
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At the sea surface, the large areal coverage of the SST data allows separating the shelf and deep‐ocean
regions. Over the shelf, the temporal correlations are relatively large (5 days), yet the spatial correlations
are moderate (40 km) except in the northern shelf (50–55 km). These results reflect that, except for the north-
ern margin off La Plata River, the entire shelf is characterized by weak currents. Off the shelf, the results dis-
play three major regions: (1) the MC and its retroflection, characterized by long temporal (4–5 days) and
spatial (40–60 km) correlations, as expected for an intense and coherent current with relatively few mesos-
cale features; (2) the BC and its overshoot, represented by short temporal (1.5–3.5 days) but long spatial (40–
60 km) correlations, as foreseen for an intense but more intermittent current, with substantial mesoscale
variability; (3) the interior ocean away from the boundary currents, depicted by relatively long temporal
(5–6 days) and short spatial (25–45 km) correlations, reflecting smaller and less energetic structures.

The SeaSoar data permits having a closer look at the frontal region. The surface waters display both low tem-
poral (1.5–4 days) and spatial (20–30 km) correlations, with an outstanding narrow band of minimum spatial
correlation values, which we ascribe to brackish filaments stretching from the shelf along the front. At the
subsurface, the front is characterized by relatively long/short spatial correlations in its southern/northern
sides (40–50 vs. 20–30 km), although the southern correlation distances decrease as we move away from
the slope. These values are consistent with the idea of two colliding water masses, with small mesoscale
intrusions of subantarctic water at the collision and the downstream development of both sign submesoscale
thermohaline intrusions. Further comparison of the surface and subsurface patterns shows that subantarctic
waters are located right below the brackish filament.

The vertical correlation scales reflect the seasonal thermocline, the frontal structure, and the presence of
intrusions. The values range between 10 and 25 m, with the longest distances occurring in the subantarctic
waters close to the shelf. The observed subsurface distributions are again consistent with the presence of
mesoscale tongues of subantarctic waters close to the slope, penetrating north through the front, and subme-
soscale thermohaline intrusions further offshore.

Our results point at the frontal system as the locus of high‐frequency small‐scale processes, leading to the
down‐gradient transfer of properties. These subsurface processes, which are smaller and faster at the subsur-
face (down to at least about 200 m) than at the sea surface, are hardly represented in operational models. An
improved representation of the intrusion dynamics in frontal systems is needed if we wish to properly typify
those subsurface processes that bear global implications.
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