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Abstract.

Brazil Current transports from observations and a modebaadyzed to improve our understanding of its structure and
variability. The observed transports are derived from adkaimensional field of the velocity in the South Atlantizeong
the years 1993 to 2015 (hereinafter called Argo & SSH). Thanrteansport of the Brazil Current from 3.2 Sv (1 Sv
is 105m3s~1) at 25'S to 13.9:2.6 Sv at 32S, which corresponds to a mean slope of104 Sv per degree. The Hybrid
Coordinate Model (HYCOM) has somewhat higher transpoids thrgo & SSH (5.22.7 Sv and 18.%7.1 Sv at 28S and
32°S), but these differences are small when compared with #melatd deviations. Overall, the observed latitude depsrale
of the transport of the Brazil Current is in agreement withihind-driven circulation in the super gyre of the subtrap®outh
Atlantic. A mean annual cycle with highest (lowest) trangp austral summer (winter) is found to exist at selecatitlides
(24°s, 38'S and 38S). The significance of this signal shrinks with increasiagtuide, mainly due to the mesoscale and
interannual variability. In addition, it is found that thetérannual variability at 245 is correlated with the Southern Annular
Mode and the Nifio 3.4 index. A coupled EOF of the meridiorahs$port and the sea level pressure is used to improve the

understanding of the impact of these ocean indexes.
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1 Introduction

The circulation in the South Atlantic has been studied esit@ty because it is an important part of the Atlantic Mevithl
Overturning Circulation, which consists of a northwardsport of relatively warm and fresh upper ocean water oftesut
origin across the equator into the northern North Atlantid a southward transport of relatively cold and salty deefewa
from the North Atlantic into the South Atlantic. A summarytbg circulation in the South Atlantic as well as the pathwaiys
the flow and its role in the Atlantic Meridional Overturningr€ulation has been presented by Schmid (2014) and manysothe

(references can be found in Schmid, 2014).

Herein, the focus is on the structure and variability of thre8 Current, which is the western boundary current of the
subtropical gyre in the South Atlantic and is largely gowetiby the Sverdrup Equation (Pond and Pickard, 1983). This gy
is part of the super gyre (Gordon et al., 1992; de Ruijter2)9&ich connects the subtropical circulation in the Soutfidn
and South Atlantic Oceans. Mostly, the Brazil Current falkothe shelf break quite closely, but it is impacted by measlesc
variability along its pathway that can give rise to meandeas separate it from the shelf break temporarily (e.g.n8dfet al.,
1995; Bil6 et al., 2014; Mill et al., 2015; Lima et al., 2018)s the Brazil Current reaches the confluence with the Mak/ina
Currentit is forced away from the shelf break and ultimafeds into the eastward South Atlantic Current (e.g., Gorii®89;
Garzoli, 1993; Maamaatuaiahutapu et al., 1998). Just prithis eastward turn the southward transport increases$odile
contribution from the Malvinas Current. Determining saend variability of the Malvinas Current (e.qg., Vivier ana¥ost,

1999; Spadone and Provost, 2009) as well as what happens gastconfluence is beyond the scope of this study.

Another feature of the circulation in this region is a norémd/flow just east of the Brazil Current that originates néar t
confluence and is part of a recirculation cell that feeds liatckthe Brazil Current. This recirculation cell has beeratied
earlier (e.g., Stramma, 1989) and has been called the BTaribnt Front (e.g., Peterson and Stramma, 1991) as welleas t

Brazil Return Current (e.g., Boebel et al., 1997).
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The transports of the Brazil Current estimated in earliedigts vary from north to south (Fig. 1 shows them and provides
the references). They are within 1 Sv to 7 Sv (1 S¥(8mn3s~') between 19S and 22.5S in the upper 400 to 500 m and
increases to about 17 Sv at?@as the vertical extent and strength of the Brazil Currerrieimses. Farther south the Brazil
Current transports are mostly in the range of 10 to 30 Sv. Mb#te estimates from the earlier studies are based on quasi-
synoptic sections, while some of them are based on timessiedm moorings with current meters or Inverted Echo Sousder

(IES).

Previous studies of the temporal variability were typigéithited in terms of the length of the time series (e.g., Roebal.,
2013), the number of surveys (e.g., Mata et al., 2012) oveddras a time series at one location (e.g., Goni and Wainéd,)20
In addition, studies based on hydrographic measuremenitschase a level of no motion or make assumptions about the
barotropic flow (e.g. by prescribing a bottom velocity). Tame variations in the transports from the previous ssidgewell
as the limited knowledge about the temporal variabilityle Brazil Current motivated this study on the charactesstind

variability of this current at a wide range of latitudes.

Another motivation is that, as is well known, estimates efAtlantic Meridional Overturning Circulation transpodsrived
from various observational products and models often tesmgalar amplitudes of the variability, but can have sigesint dif-
ferences when the means are compared. For the north Aflinisievas shown, for example, by Msadek et al. (2014). Theesam
is the case in the South Atlantic. An important challengeitantic Meridional Overturning Circulation transporticalations
is the estimation of the transport in the western boundarseat (the Brazil Current in the Subtropical South Atlahtiall
estimates of this transport face the challenge of deriviiegcbntributions on and often also near the shelf break c&jlyj this
challenge is resolved by using climatology (e.g., Garzdile 2013; Majumder et al., 2016). The method used for estirg
the transport of the Brazil Current is described in Apperflliand the uncertainty of the estimates based on Argo & SSH is

quantified in Appendix B.
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In summary, this study will build on the earlier results wiitle focus on improving the knowledge about the mean trahspor
of the Brazil Current and its variability. In preparatiorr this analysis a monthly observations-based time serig¢breé-
dimensional fields of the horizontal velocity was derivetisltime series covers 23 years with a horizontal grid re&oiof
0.5°. The underlying dynamic of the observed variability on seasto interannual time scales is studied in conjunctiaih wi

several ocean indexes and sea level pressure as a proxe foirtt field that is forcing the subtropical gyre.

The paper is organized as follows. Section 2 describes tteeatal methods. Sections 3 and 4 analyze the structure and

variability of the Brazil Current transport. Section 5 suammes the results.
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2 Dataand methodology

Three oceanic data sets are used herein to derive an abduleedimensional geostrophic velocity field. They arefif@®
of temperature and salinity, subsurface velocities froratftoajectories and sea surface heights. In addition, welddiare
needed to estimate the Ekman velocity that needs to be add®&eé geostrophic velocity prior to studying the circulatio

Where these data sets come from and how they are used islasitrithe following.

The temperature and salinity profiles covering the year®20@015 come from an array of roughly 3000 floats that drift
freely in the world ocean as part of the Argo project (the ggé8000 active floats was reached in 2007). Details on the pro-
cedures regarding data acquisition and quality controbvdescribed in a previous study by Schmid (2014). The tim@ger
covered with hydrographic observations used in this easliely has been extended by about 1.5 years. The numberfidépro
with temperature and salinity collected in the study redkig. 2) in the sixteen years (2000-2015) since the startrgbAhat
could be used herein is 81,627. Profile data are availabbeigfmout most of the study region (Fig. 2a) and this data emesr

does not depend on the calendar month (not shown).

The trajectory data used for the estimation of the subsenatocity are from Argo and WOCE floats that were active in
January 26, 1989 to May 19, 2016. Details on the types of fioataded in the data set can be found in Schmid (2014). As
before, trajectories from floats drifting in the pressunege of 800 to 1100 dbar (930 of all floats) were used to deriee th
velocity field following the procedures described by Schi2id14). As for the profiles, the coverage of the study regigh w
high-quality velocities from the float trajectories is qugood (Fig. 2b) and the data coverage does not depend onl¢inelaa

month (not shown).

In addition daily sea surface height fields from AVISO aredu6®/1SO, France, 1996). The data set consists of delayed-
time absolute dynamic topography on a’l¢did covering the time period January 1993 to December 20& in situ data in

conjunction with the sea surface height fields are used tgalabsolute geostrophic velocities as described by Scf20it4).
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This product will be called Argo & SSH hereinafter. The volitnansports of the Brazil Current is derived from theseaiglo

fields as a monthly time series.

Wind fields from the NCEP reanalysis 2 (Kanamitsu et al., 2@08 used to derive the Ekman component of the transport,
as in previous versions of the Argo & SSH data sets. Majumtalr €2016) found that the Ekman transport computed from

different wind products has only a small impact on the tranispof the AMOC in the South Atlantic (their Figure 14).

Monthly velocity fields from the Hybrid Coordinate Ocean Mb@dHYCOM, (Chassignet et al., 2003) are obtained from
Global 1/12 Reanalysis and Analysis (GLBuU0.08 experiments 19.0, 19019, 91.0, 91.1). This model has a Mercator-
curvilinear grid with 32 levels and uses the Navy CoupledadcBata Assimilation (NCODA) system for assimilation. Al-
though HYCOM is a Hybrid co-ordinate model where depth (&@prdinates are used in the mixed layer and density in the

lower layers, the output from the model is provided on deptbrdinates.

Finally, the Southern Annular Mode (SAM, (Marshall, 2008)lex, the Nifio 3.4 index (Trenberth, 1997) and the Atlantic
Multidecadal (AMO, e.g. (Enfield et al., 2001) and the seallpvessure from Modern Era Retrospective-analysis foe&es
and Applications (MERRA, Rienecker et al., 2011) are usedHe analysis and discussion of the dynamics. The SAM index
is defined as the normalized gradient of the zonal mean sebdessure between 48 and 68S, the Nifio 3.4 index is valid
for the region 120W to 170°W, 5°S to BN, and the AMO index is the detrended sea surface temperatnmaly in the

Atlantic basin between the equator andE0
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3 Mean characteristicsof the Brazil Current transport

The mean transports from Argo & SSH for the upper 800 m, avel@ifrom the monthly time series, reveals two bands of
the westward southern South Equatorial Current which aregbahe wind-driven subtropical gyre and feed into the Braz
Current at two main latitudes (near22and around 3B, Fig. 3a). Consistent with these westward transportscanesee

a well developed Brazil Current along the western boundaungrsof about 28S, while this current is poorly developed in
the mean transport field north of this latitude. A comparigdgth the mean surface velocity field presented by Oliveiral et
(2009) reveals a lot of similarity to the transport field ged herein: in the region south of abou?3aliveira et al.’s Figure 4
shows a well developed Brazil Current while it is poorly definin 23S to 28'S where they find that the mean kinetic energy
is lower than the eddy kinetic energy (Fig. 6 in (Oliveiraet 2009) variability of the location as well as weaknesshad t
Brazil Current in this area as already observed by Mata ¢2@alL2)

As is the case for Argo & SSH the HYCOM model also shows a stiergng of the Brazil Current in the region south
of about 28S (Fig. 3b). Differences in the structure of the Brazil Cuatrare visible when comparing HYCOM with Argo &
SSH. Tendentially, the Brazil Current in the model is clas¢he 800 m isobath. North of 25, the mean field from Argo &
SSH has the southward flow aboudtéast of the 800 m isobath. HYCOM has a corresponding bandutfieard flow there, in
addition to a more chaotic southward flow closer to the wadteundary. This is consistent with the meandering of theiBra

Current in this region, for which section 2 presented evigginom earlier studies.

Details on the latitude dependence of the transport of tlagiB€urrent (which has been derived following the method de
scribed in Appendix A) are shown in Figure 4. For Argo & SSH &dCOM the means are derived from monthly time series
over the full time period. Before going into details it hads®noted that many earlier studies used varying layer tleisées.
North of 27S they are mostly smaller than 800 m and can be as small as 4@0sopport of this latitude dependence of the
vertical extent of the Brazil Current the velocity stru@um the Argo & SSH fields in this region indicates that the Braar-
rent frequently is not well-defined below about 400 m. Thithesreason for the statistics in Table 1 which show that therme

transport in 20S to 27S in the upper 400 m is almost as large as in the 0-800 m layerabythe deeper layer (400-800 m)
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carries less than 19% of the transport in the upper 800 m #latitude range (both for Argo & SSH and HYCOM). This is
also in good agreement with the results of Rocha et al. (284 %ell as the dynamics governing wind-driven subtropigatg
(e.g., Luyten et al., 1983), their Figure 7). While the lagtiieidy is in the North Atlantic the method can be applied e$louth
Atlantic as has been done by Schmid et al. (2000), for exaripleher south the transport in the deeper layer contisbutare
than twice as much (32% for Argo & SSH, 36% for HYCOM in°3Bto 33S, Table 1) to the transport in the upper 800 m.
Based on these characteristics the transport in the upf@emAQill be used for the analysis in the region north of@%rom

here on.

When comparing the mean meridional transport of the Braaitéht from Argo & SSH (black line in Fig. 4) with histor-
ical estimates (grey symbols in Fig. 4), one can detect aetenydfor higher transports in some of the synoptic surveliss T
is especially common north of 3%. Potential causes for such differences could be the iiocius exclusion of the Ekman
transport, differences of the vertical integration limiespresentation of transports in the portion of the Bramifr€nt that is in

shallow areas, and the impact of mesoscale variabilitysé&éll be discussed in the following.

The computation of the contribution of the Ekman transpmthe transport of the Brazil Current reveals that the forimer
very small. Its magnitude amounts to less than 5% in 97% (9)e cases when compared with transports of the Brazil
Current that exceed 1 Sv (2 Sv). Therefore, the Ekman canitib to the transport of the Brazil Current can be considéoe

be insignificant for these comparisons.

As stated above, the transports from earlier studies ingg®n north of 27S are estimated with varying layer thicknesses
which mostly exceed 400 m. Because the transports from Ar§&# are derived for the upper 400 m the transports from the
earlier studies can be higher. However, this is unlikelyegdh® only reason for the differences (most of which are irréinge

if 2 to 6 Sv) because the 400-800 m layer contributes lessiBéto the transport in the upper 800 m (see above and Table 1).

10
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An analysis of the contribution of the transport in shalloater to the total transport of the Brazil Current revealg tha
this contribution is small when compared with the differesibetween the independent transport estimates in Figusees (
Appendix B). The derived estimates indicate that this dbation does not exceed 2 Sv throughout the study regioningdd
up the impacts of the shallow contribution and the layerdhéss for the region north of 23 results in a combined effect that
remains close to 2 Sv, which is still smaller than many of tlfifeiences between the transports from quasi-synopticesisr

and Argo & SSH that exist in this region.

Individual quasi-synoptic transects indicate that theggnificant mesoscale variability in this latitude rangjéefnating 1-
2 degree wide bands of southward and northward velocity 8@tto 30cms~! in XBT transects), both near 28 (Mata et al.,
2012) and 25S (Garzoli et al., 2013, transects, not shown in detail) €masridional velocities are often twice as high as the
monthly mean velocity in Argo & SSH. Therefore, one can gettaghly twice as large Brazil Current transport from indivadi
transects for a given month and year when compared with tiresymonding transport from a monthly mean velocity field.
Taking an average of such quasi-synoptic transports caeftite result in a larger Brazil Current transport when careg
with those from Argo & SSH. An example of the impact of thatiahility can be seen at 24S in Fig. 4 (gray dot with
large error bar). Adding this effect to the other two (lay@ckness and shallow water contributions) can explain rabdte

differences between the estimates from previous studig$\ego & SSH.

Transport estimates from individual hydrographic seditaken south of 25 mostly agree well with the means from Argo
& SSH. However, a few exceptions exist, including the 51.4886'S by Zemba (1991), which is about twice as high as the
mean from Argo & SSH. This large discrepancy is not very vgammie, because the mesoscale activity at this latitude ys ver
high due to the confluence of the Brazil Current and the Malyi@urrent (which typically is found within about 8f 38°S).

Therefore, snapshots from quasi-synoptic sections caitt iessignificantly larger transports than monthly avermge

11
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More straightforward is a comparison of the mean transggiintnates from the XBT lines (Garzoli et al., 2013, , gray dots
in Fig. 4) with those from Argo & SSH, because multiple estiesafrom transects at a given latitude will reduce the impact
of high variability. For example, at 35 the mean Brazil Current transport is 1286 Sv from Argo & SSH. When keeping
the variability at this latitude and the difference in ohsgion period and method in mind, this result agrees verywigh the
16.3+7.3 Sv derived from the XBT lines compiled by Garzoli et aD13) as well as the 147 Sv derived by Goni and Wainer

(2001) based on a TOPEX/POSIEDON ground track crossing tagilBCurrent near 355 (their Figure 7).

For the historical transport estimates the latitude depeoe between I$ and 32S corresponds to a mean slope of about
1.6 Sv per degree (Fig. 1). However the characteristicsguriei 4 indicate that one can analyze the regions north artl sou
of 25°S separately. In the northern region (300 23'S), the latitude dependence is relatively weak becauseahsgorts are
not impacted by the strong westward flow reaching the boyndahe southern region (between°@and 32S). The mean
transport in the northern region from the historical stadglarger than the corresponding transport from Argo & S&H a
also has a larger standard deviation 6305 Sv versus 1:80.8 Sv). For Argo & SSH the largest time-averaged transport i
this latitude range is 3:82.2 Sv at 28S. In addition, the mean of 149L.1 Sv at 22S from Argo & SSH is in good agreement
with the mean (2.3 Sv) derived near’®by Mata et al. (2012). Overall, the difference between tidependent estimates in

the northern region is not very large when keeping the stahdieviations in mind.

In the southern region the transport of the Brazil Curreatéases significantly from 348.2 Sv at 28S to 13.9:2.6 Sv at
32°S for Argo & SSH, and from about 9 Sv to about 21 Sv for the histdrestimates. For Argo & SSH and HYCOM slopes
of the transport within this latitude range are estimatedjylying a linear fit for each month of the full time seriese$a two
sets of slopes are then used to derive their means and sdashelaations. Due to the limited number of historical obs¢ions
a different approach is used to derive the uncertainty ostbpe. Four different estimates are derived by withholdiome
transport estimates from the calculation: slopes fromeslirfit are calculated with and without considering trantsplower

than 4 Sv (such transports were measured ne#@®,28ee Fig. 1) as well as with and without transports withst @orth of

12
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25°S. The resulting slopes for the historical data range frahd2.1 Sv per degree, with an average ofl073 Sv per degree.
For Argo & SSH and HYCOM the slopes are £@.4 Sv per degree and 19.9 Sv per degree, respectively. When taking
the standard deviations into account, it can be concludadthie three estimates of the slope are in good agreemerst. Thi
latitude-dependence is mainly due to the westward flow inatimel-driven subtropical gyre that reaches the boundarijis t

latitude range (Fig. 3).

In 33°S to 39S the time-averaged transport from Argo & SSH fluctuatesegstitongly around a mean of 143.5 Sv
(Table 1, black line in Fig. 4). It is not likely that this isused by changes in the southern South Equatorial Currecaplke
most of the water transported by this current reaches théeweboundary north of 3% (Fig. 3). One possible cause is the
Brazil Return Current (e.g., Stramma, 1989; Peterson araabha, 1991; Boebel et al., 1997). Other possible causéd beu
the location of the confluence of the Brazil Current and thdviias Current or the mesoscale variability in the confleenc
region (e.g., Gordon, 1989; Garzoli, 1993; Maamaatuaghwuet al., 1998). The separation of the Brazil Current Fiam
the shelf break can be used as a proxy to track changes indaigdo of the confluence (e.g., Goni et al., 2011), who shaaved
time series indicating that this separation typically asdo 34.5 to 40.5S). The method for detecting the separation described
in Goni et al. (2011) was used herein to determine if its lioceis correlated to the transport of the Brazil Current. Nots
correlation was found (not shown). Therefore, the mostyikeason for the large fluctuation is the strong mesoscalahiéity
in this region as indicated by the high eddy kinetic energy.(©liveira et al., 2009), their figure 6). Consistent wtiis, both
the velocity field from Argo & SSH and HYCOM have relativelyghi eddy kinetic energy in the region most impacted by the
Brazil Malvinas Confluence (from 3% on southward within about $%rom the western boundary), when compared with the

boundary region north of the confluence (not shown).

The standard deviations in Figure 4 tend to increase frorthrtorsouth in observation-based and model results and the

highest values are found in the confluence region. Natuyrddey transports from the eddy-resolving HYCOM model have

13



10

15

20

Ocean Sci. Discuss., https://doi.org/10.5194/0s-2017-59 .
Manuscript under review for journal Ocean Sci. Ocean Science
Discussion started: 4 August 2017 Discussions
(© Author(s) 2017. CC BY 4.0 License.

larger standard deviations than those from Argo & SSH. Aalldsok at the variability, after removing the mesoscal@alg

in the time series, follows in the next section.

4  Temporal variability of the Brazil Current transport

In the following the full time series (Fig. 5) is analyzed iongunction with the annual cycle derived from the anomadiethe
transport (Fig. 6). The anomalies have been derived by actirig the annual mean for each year from the individual imgnt

transports in that year.

4.1 Variability at 24°S

The transport from Argo & SSH in the upper 400 m at@4anges from 0.4 Sv to 4.8 Sv with a mean 02029 Sv (Table 2),
and reveals a relatively complicated variability, mostiyhaone to two transport maxima in each year (black line, bigop).
Typically, the transports are high in austral summer anditoaustral winter. This can be seen more clearly in Figurdd&c{o
line), which shows the annual cycle represented as the dyarhéhe transport. On average, the smallest transportrsccu
in July and the largest in March. The amplitude of the annyelecis 0.6 Sv, with transports ranging from 1.7 Sv to 2.8 Sv
(Table 3). The years for which a semiannual cycle is indit&ietwo transport maxima give rise to the dip of the anomaly to
about 0.1 Sv in October. However, in terms of indicating thespnce of a semi-annual cycle this feature does not reach th
level of significance. The alternating multi-year phases wignificant spectral density at semi-annual and/or aperéods is
reflected in the wavelet power spectrum (Fig. 7a). Longeiepe variability also has relatively high spectral depgprimarily

for periods of 2 to 4 years, that almost reach the level ofiigmce.

On average the Brazil Current transports from HYCOM are &8@&v larger than those from Argo & SSH, with a mean of
6.2+1.6 Sv and a range of 2.7 to 10.9 Sv (Table 2). With respectea@timual cycle, Figure 6 (red line) reveals two maxima
(February and September) and two minima (June and Decemtibi3 latitude. All of these are within a month of the exteem
values identified in the Argo & SSH record. It is noted, that #mnual cycle from HYCOM and Argo & SSH are very similar

from November until April, whereas the transport in HYCOMs to a lower value in austral winter and then increases more

14
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sharply in June to September. Consequently, the amplititteecannual cycle of 0.9 Sv is 50% larger than that for Argo &
SSH (Table 3). The characteristics detected in the anosmafithe transport from HYCOM are in good agreement with the

wavelet spectrum for this time series (not shown).

4.2 Variability at 35°S

The meridional transports of the Brazil Current at35n the upper 800 m from Argo & SSH are in the range of 7.9 to 3.2
with a mean of 16.%3.2 Sv (Table 2, black line in middle panel of Fig. 5). The HYKZ@me series has larger transports and
variability (red line in middle panel of Fig. 5) which yieldslarger mean and standard deviation (Table 2). As f6624ome
years in the Argo & SSH time series have two maxima of the pariavhile other years have only one. Figure 6 (black line)
exhibits the transport minimum in June and the maximum indb@wmer. While the amplitude of 1.2 Sv is twice as large as at
24°S the standard error is about four times larger (Table 3).stéwedard error in Figure 6 indicates that there is no sigarific
mean semiannual or annual cycle atS5Consistent with this, the wavelet power spectrum of thiedports reveals significant
powers at 3 to 9 month time scales with relatively rare phgsesrned by a period of 6 months and no phases with a period
of 12 months that reach the level of significance (Fig. 8a)weleer, in about 2000 to 2011, the power almost reaches tieé lev
of significance at the annual period. Phases with relatikii spectral density at periods of 2 years or more can beiseen

Figure 8a, however, they are less significant than 8824

Atransporttime series for the Brazil Current derived seéase height anomalies by Goni and Wainer (2001) and Gorli et a
(2011) also indicated that the interannual variability amesoscale variability are very strong which will make itdver detect
any annual cycle in observations that might exist. Goni.gR&l11) found a significant peak in a spectral analysis aatimaial
period and their time series has the relative minimum (maxinof the transport occurred in austral winter (summerpin f
four of the six years (Figure 7 of Goni et al., 2011) maximaiamgeneral agreement with those found in the Argo & SSH time

series.
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In contrast to Argo & SSH, HYCOM has a significant annual cyeith an amplitude that is about three times larger than
the amplitude from Argo & SSH (Fig. 6, middle). The good agneat in the timing of the maxima and minima detected in
Argo & SSH as well as HYCOM indicates that a significant anroyale might exist in the ocean but can not be resolved with
observations. It is noted here, that the wavelet spectram #YCOM reveals a significant signal at the annual periodi®12
to 2013 (not shown), which is similar to the time frame of amast significant annual cycle in the wavelet analysis forcArg
& SSH mentioned in the previous paragraph. A likely reasartlie weak signal at the annual time scale in Argo & SSH,
when compared with HYCOM, could be due to insufficient in sihservations in this region with relatively large mesoscal
variability (e.g., Oliveira et al., 2009). An indicationahArgo & SSH might be undersampling the variability in thégjion is
that the eddy kinetic energy in Argo & SSH at’&bis between one fifth and a quarter of the eddy kinetic ener¢gdMCOM
(not shown). This suggests that undersampling with indiseovations could reduce the ability of Argo & SSH with regpe

to fully resolving the annual cycle.

4.3 Variability at 38°S

At 38°S, the transport in the upper 800 m from Argo & SSH cover a widage of values than at 3S: 6.2 to 33.4 Sv, with

a mean of 20.74.8 Sv (Table 2; black line in bottom panel of, Fig. 5). Witlspect to the mean annual cycle, the amplitude
at 38S for Argo & SSH is the same as at&%(1.2 Sv, Table 3) while the standard errors are larger (2 x28us 1.3 Sv for
the monthly anomalies). While Figure 6 indicates that there significant mean annual or semi-annual cycle on avethge
wavelet power spectrum of the Brazil Current transport fAngo & SSH (Fig. 8c) reveals phases with significant semitgahn
and annual cycles. The latter dominates in the sense thas & Istrong signal in 1999-2002 and 2007-2013. The annulal cyc
from HYCOM agrees well with Argo & SSH with respect to the timgi(Fig. 6). In addition, the amplitude from HYCOM is
closer to that from Argo & SSH than at 35. This similarity is supported by the wavelet analysis f(fGOM (not shown)
which reveals periods with a significant annual cycle thatcmghose from Argo & SSH. At periods of 2 to 4 years the spéctra

density for Argo & SSH is larger than at 35 and smaller than at 28.
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Probably, a main reason for the absence of a clear mean aryalalis the high variability associated with the confluence
of the Brazil Current and Malvinas Current (e.g., Matand®3,950ni and Wainer, 2001). Similar to the situation at85the
potential for undersampling could play a role afS&s well. However, the eddy kinetic energy from Argo & SSHIaser
to that from HYCOM (reaching between 35 and 45% of the eddgticrenergy in HYCOM, not shown). Therefore, the issue
with undersampling the mesoscale variability might be &grificant at 38S. The location of the confluence is likely to play
an important role here. As mentioned in section 3, Goni €R8l11) reported that the Brazil Current Front, which can $edu
to trace the confluence, was between 38.8nd 40.3S in 1993 to 2008. On average it was neaf8which is the latitude

discussed here.

According to Vivier and Provost (1999) the annual migrasiai the Brazil Current Front are predominantly determined
by the strength of the Brazil Current which is mainly forcedthe local wind stress curl (Vivier et al., 2001). Similarly
Goni and Wainer (2001) came to the conclusion that the coatioim of changes of the transports of the Brazil Current and
the Malvinas Current drive the migration of the Brazil Cuntréront and that the former has a larger influence than ther.lat
With respect to long-term trends of the Brazil Current Fr@ohi et al. (2011) suggested that transport changes of th&lBr

Current and the Malvinas Current are not important for fabrnitigrations over the time period of about 15 years.

Spadone and Provost (2009) showed that the Malvinas Cungnthe highest transports in May to August negt40
During this season, the mean annual cycle indicates th&rtngl Current has relatively small transports at38The wavelet
transform amplitude for the Malvinas Current neaf@@resented by Spadone and Provost (2009), which overldpgivei
time series presented herein, has no similarity in termsnéial or semi-annual signals with the wavelet transformlaogez
derived for the Brazil Current transport at’® This is in agreement with the argument above that the dfdatation is

determined by the wind stress curl rather than the transpbthese two currents.
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4.4 Relationship to Ocean Indices

In an expansion of the analysis the interannual variabilitthe Brazil Current transport is studied. It is found thad tiffer-
ences of the transports between adjacent phases with higbwivalues are about 1 Sv atZland 2 to 3 Sv at 3% (Table 2).
Typically, the time between two relatively low or high trasts is in the range of 2 to 4 years. In addition, the transgbor
24°S increases, on average, over a six year time period (190@}2dips to a low point in 2002 from which it recovers quite

rapidly (Fig. 9¢). Another dip occurs in 2010.

In order to better understand what drives this variabititg, relationship between various ocean indices (SAM, Nid@8d
AMO, see section 2) and the transport at24s investigated. Correlations between SAM and the tramgiohe Brazil Cur-
rent are estimated for time series filtered with differeritaffi periods. When filtering with cut-off periods of 6 to 18omths,
the derived correlation coefficients are 0.5 with time lafy8 t 7 months, depending on the applied filtering (Fig. 9,1&&).
Filtering less strongly (2 month cut-off period) yields avier correlation and filtering more strongly (24 month cutgeriod)
results in a shift towards a lag of 9 months. While all of thesgrelations are significant with respect to the a 95% confide
level (estimated correlations that do not reach the levsligifificance are excluded from Table 4), the most robushess is
the correlation of 0.5 with a 6 month lag. In agreement wiih, ttihe largest minima (maxima) of SAM are typically follogve

by minima (maxima) of the Brazil Current transport.

A similar analysis for the Nifio 3.4 index yields a significaotrelation of 0.4 to 0.5 with a lag of 8 months for the time
series filtered with a 6 month or 12 month cut-off period. Tagsis larger than the corresponding lag derived for SAM oluhi
is not surprising since any teleconnections between thpecmbPacific and the subtropical South Atlantic can be etqubto
take more time than the dynamic impact of SAM on the subtad@outh Atlantic. When looking in more detail at the time
series (black and blue lines in Fig. 9), it is noted that th87/9998 EI Nifio was followed be a low transport of the Brazil
Current. The Brazil Current transport also decreased tifeepeak of the El Nifio conditions in 2002/2003 and 2009/2a10

is too early to be sure, but it seems like the strong EI NifioGdf372016 could be followed by another dip in the transport of
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the Brazil Current. Similarly, several phases with La Nioaditions are followed by relatively high transports of Bazil
Current. In the next section, the analysis on the role that!$#d ENSO play with respect to forcing the variability of the

Brazil Current transport is expanded.

For the AMO index, the correlations are less robust with allemaorrelation coefficients ranging from 0.3 to 0.4 and a
wider range of lags encompassing 1 to 5 months. While mosteset correlations with AMO reach the level of significance,
the result is not considered to be robust due to the largeerahiags (because of this, the AMO is not shown in Fig. 9). This

is not very surprising, because the AMO is an index based®odhditions in the North Atlantic.

At 35°S and 38S, the correlations are smaller and mostly have lags thatagell with those at 245. Table 4 only contains
few estimates for these latitudes because most of them versignificant. This is again, indicative for the importarafe

mesoscale variability in the vicinity of the Brazil Malvis@onfluence.

45 Relationship between sea level pressureand meridional transport

A coupled EOF analysis of the anomalies of the sea level pre¢SLP) in a large region, including the Southern and t@lpi
Atlantic and Pacific, and the meridional transport in thear00 m in the western South Atlantic (60 to°8Q 40 to 20'S,
which includes the Brazil Current) is performed to underdteneir covariability. The details on this method can benfihtfor
example, in Bretherton et al. (1992). The use of a bigger dofficet SLP is useful to understand large scale forcing and to
assess the possibility of any teleconnection pattern @tlét al., 1992). The coupled EOF method used herein isyvided

in climate studies to identify coupled patterns betweenfields.

Figure 10 shows the heterogeneous and homogenous cametadips (panels a, c) and the temporal expansion coefficients
(panel b) for the first mode. This mode explains 36% of theavaré. The spatial pattern of the heterogeneous correlation
(Fig. 10a) reveals a quite strong zonal symmetry througtimSouth Pacific and Atlantic, with the exception of the oegi

south of South Africa and the tropics. South of the centehefdubtropical gyres this pattern is associated with SANh bo
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in the Atlantic and the Pacific. In addition, the structureghie Atlantic reflects the variability in the subtropical gymwith
larger correlations near 48 in the region dominated by the Brazil Malvinas confluenc# e South Atlantic Current as
well as in the region where the southern South Equatoriatedtiis found. High correlations are also present in the evast
tropical Pacific, which are most likely due to teleconnausi¢e.g., Mo and Ghil, 1986; Lopez et al., 2016). This can le@ se
as a response of the southern hemisphere to El Nifio Souttseitiafon (ENSO, Karoly, 1989) This spatial pattern isuieb
in the sense that it does not depend significantly on theifijehe main impact of varying the filtering is that the vacda
explained as well as the correlation associated with ENStDedses with decreasing cut-off period (not shown). Thitots
surprising because remote signals loose their strengtiegspropagate over long distances. Therefore, local fgrplays a
more important role for short term variability than for lotegm variability. The spatial pattern of the homogeneousstation

(Fig. 10c) has the largest correlations in the region dotethhy the Brazil Current.

The time series of the temporal expansions reveals altegiatulti-year phases of relatively low and relatively hgioma-
lies for the transport and the sea level pressure (Fig. Rigerimposed on this signal is some higher-frequency biditja
of varying amplitude. Similar characteristics are presefite time series of SAM (red line in Fig. 9b). The correlatmf 0.7
between the temporal expansions is significant with regpebe 95% confidence level. Getting back to the role of ENSt@, o
can see large anomalies about half a year after the threeyssbEIl Nifio events during the studied time period (1999819
2002/2003, 2009/2010, blue line in Fig. 9a), both for thelsgal pressure and the transport (Fig. 10b). For SAM, thetmos
prominent peaks are in 1993, 1999/2000, 2001, 2010 and 26d3ife in Fig. 9a). Three of them are close to El Nifio events
(2001, 2010, 2015). In the temporal expansions, the twaeearhes can be associated with relatively large anomadiethée
transport (Fig. 10b). For example, the 2009/2010 El Nifieegirise to an increase of the transport. As the El Nifio weakens
SAM becomes stronger which prevents a drop-off of the trarisgnd, in fact, yields an additional increase of the trantsp
Similarly, the strong peak of SAM in 1999/2000, 2 years a#étetery strong El Nifio terminates a reduction of the transport

and gives rise to a secondary peak of the transport anomag/c@n conclude that SAM and EI Nifio together are important
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factors determining the interannual variability of the Bf&urrent transport. How this works is described in thédwing.

The impact of SAM on the transport of the Brazil Current carubderstood as follows. During periods of positive SAM,
the westerly winds are stronger because of a more strongglaiged low pressure system centered neagithich gives rise
to a relatively strong South Atlantic Current. Simultanglguthe subtropical high is stronger during the positivaggof SAM
which results in easterly surface wind anomalies (ThompsahWallace, 2000). This results in a strengthened sulaibpi
gyre and thus a stronger western boundary current, in teisttee Brazil Current. In an expansion of this argument,

Lopez et al. (2016) suggested that atmospheric Rossby vegiggsating in the tropical Pacific can travel south-eastiva
and reach the South Atlantic near the Drake Passage. Thess wdluence the sea level pressure in that region by giving
rise to a low pressure anomaly centered &5 @hich has an impact on the SAM index. The relationship betwbe Brazil
Current transport from Argo & SSH and EI Nifio as well as SAMridunerein is consistent with the mechanism proposed by

Lopez et al. (2016). A more detailed discussion on the teleection pattern is beyond the scope of this manuscript.
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5 Summary and Conclusions

The analysis of a three-dimensional field of the horizonéddeity derived from observations covering 1993 to 2015 et w
as velocity fields from HYCOM expands the knowledge of thetighand temporal variability of the transport in the Brazil

Current.

Consistent with previous studies, it is found that the meamsiport of the Brazil Current as derived from Argo & SSH eari
significantly with latitude, with smaller transports in therth (1.9:-0.8 Sv in 2@S to 2%8S), where this current originates and
larger transports in the south near the confluence regiaB{B75 Sv in 33S to 39'S). Between 255 and 32S, the transport
from Argo & SSH increases gradually with a slope of-£014 Sv per degree. This increase is primarily due to westivars-
ports of the southern South Equatorial Current that reattteasestern boundary largely within this latitude rangerinciple,
this is consistent with the Sverdrup balance. Farther soldhtransport varies quite strongly from latitude to lat&, with an
overall tendency to increase. This can be attributed to tlagiBReturn Current that feeds water back into the Braziir€ut

as well as the Brazil-Malvinas confluence.

The observations reveal an annual cycle with a transportrmanx in austral summer and a transport minimum in austral
winter at 24S, 38'S, and 38S (Figs. 5 and 6). However, it is found that the significancthefmean annual cycle decreases
with increasing latitude (Fig. 6). A wavelet analysis iraties that phases of an annual cycle exist at all three lastumlit their
prevalence decreases with increasing latitude (Figs. Band agreement with this, the time series (Fig. 5) alsoa&strong

interannual variability, both in terms of shifts in the amhmean and in the timing of the highest and lowest transports
With respect to the interannual variability it is found thia¢ meridional transport of the Brazil Current switchesrircel-

atively high to relatively low values roughly every two taufoyears in the time series from Argo & SSH that were smoothed

with a one year low-pass filter (Fig. 9b). The power spectreomfthe cross wavelet transform at’®shows weak signs for
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the presence of such variability that mostly do not quiteheae level of significance (Fig. 7c).

Time series smoothed with a filter using a 6 to 12 month cupeffod reveal a correlation of the Brazil Current transport
with SAM that is within the 95% confidence interval with a lafggomonths at 24S (section 4.4, Table 4). For the Nifio 3.4
index the correlations with the transport remain signifioghile being slightly smaller with a larger lag of 8 montherl
correlations between the transport and the AMO index are ewealler and the lags are not robust. These results are not
surprising, because cross-hemispheric correlationsXft®) or larger distances (for Nifio 3.4) can be expected taltés a

weaker influence.
The first mode of the coupled EOF between the meridional pramién the Brazil Current region and the sea level pressure

provides insight with respect to the atmospheric forcin@xplains 36% of the variance and supports the influence &l SA

and ENSO on the meridional transport (Fig. 10, section 4.5).
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Data availability. The Argo & SSH velocity fields and transport estimates fos gtudy will be made available online via
http://www.aoml.noaa.gov/phod/argo/argo_and_sciguge Until that is accomplished, the data will be made ad upon request to the

corresponding author.
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Figure 1. Previously published estimates of the Brazil Current tpants as a function of latitude. The line with a slope of abbét Sv

per degree is a fit to the transports measured {t81® 32’S. The sources of the transport estimates are: Fisher (18&Horini (1978),

Miranda and Castro Filho (1979), Miranda and Castro Fille8(), Evans et al. (1983), Evans and Signorini (1985) GoetwhGreengrove
(1986), Garzoli and Garraffo (1989), Gordon (1989), Stram({t989), Garfield (1990), Peterson (1990), Stramma et 8BQ)l Zemba
(1991), Garzoli (1993), Campos et al. (1995), Maamaatuggtu et al. (1998), Muller et al. (1998), Jullion et al. (BDMata et al. (2012),
Garzoli et al. (2013) and Bil6 et al. (2014).
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Figure 2. a) Availability of Argo profiles with temperature and satinin the study region for observations collected in the ge2600 to
2015. b) Availability of trajectory observations in thedjuregion for observations collected in January 9, 1992 tg Rj2016. c) Meridional
velocity in the surface layer from Argo & SSH for January 20IBe coastline as well as the 400, 800 and 1000 m isobathfianesThe
region encompassed by the red line indicates the searclicairb@ southward flow of the Brazil Current. The bin sizes@E& by 0.5.

30



Ocean Sci. Discuss., https://doi.org/10.5194/0s-2017-59
Manuscript under review for journal Ocean Sci.
Discussion started: 4 August 2017

(© Author(s) 2017. CC BY 4.0 License.

20S

25

30

35

40

45S

20S

25

30

35

40

45S

Ocean Science

Discussions

o
°
@
=}
>
Q
Q
®
»
(2]

EGU

60W

Figure 3. Climatological transport in the upper 800 m of the southeesSouth Atlantic based on Argo & SSH (a), HYCOM (b). Red
(blue) vectors indicate southward (northward) merididrerhisports. The 800 m bathymetry contour is also shownsltéae noted that for
HYCOM the resolution of 1/12has been reduced to match the resolution of Argo & SSH@ds the sake of visibility and comparability

of the vectors.
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Figure 4. Climatological mean of the meridional transports of theZir&urrent as a function of latitude from observations ¢klegrey)
and HYCOM (red). The black line with error bars shows the migam Argo & SSH for a layer thickness of 400 m north of°&7and
800 m elsewhere. Gray symbols with or without error bars esefprevious studies (see Figure 1 for references). The slgihdicate
if the integration depth is less than 800 m (circles), 800 mgges and dots) or greater than 800 m (triangles). Gray lears are shown
if the estimate is from several transects or a time serieay @ots are based on velocity transects derived by Garzali é€2013) for the
purpose of estimating the Meridional Overturning Circiaattransports in the South Atlantic. The red line represémé mean with error
bars as derived from a combination of the HYCOM reanalys#98t2012) and the HYCOM analysis (2013-2015). All errorshiadicate
the standard deviation associated with the mean.
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Figure 5. Time series of the meridional transports in the Brazil Coirigg 24'S, 35S and 38S from Argo & SSH (black) and HYCOM
(red). The depth range is 0 to 400 m at’34and 0 to 800 m at the other latitudes. The time series weretbed with a second order

Butterworth filter (2 month low pass). Gray dots are basedramsport estimates by Garzoli et al. (2013). Gray crossdisdte estimates

from other studies (see Figure 1 for references).
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Figure 6. Annual cycle of the anomaly of the meridional transportshie Brazil Current derived from the time series in Figure 524iS,
35°S and 38S from Argo & SSH (black) and HYCOM (red). Shading indicatemnslard errors.
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Figure7. Wavelet power spectrum at 28 for Brazil Current transport from Argo & SSH (a) and SAM (). shows the cross wavelet power
spectrum between the Brazil Current transport from Argo &1S®d SAM. The vectors in the lower panel indicate the phaierdince
between them. The thick black line is the 5% significancelleseg the red noise model, and the thin black line indicaitescone of
influence. The time series were smoothed in the same way éistheseries of the Brazil Current transport in Figure 5.
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Figure 8. Wavelet power spectrum at 35 (a, b) and 38S (c, d) for Brazil Current transport from Argo & SSH (a, ¢)) émd (d) show
the cross wavelet power spectrum between SAM (Fig. 7b) amdthzil Current transport from Argo & SSH for these two ladiés. The
vectors in the lower panel indicate the phase differencevdn them. The thick black line is the 5% significance levelgighe red noise

model, and the thin black line indicates the cone of influefite time series were smoothed in the same way as the tines séithe Brazil
Current transport in Figure 5.
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Figure9. Southern Annular Mode (SAM) and Nifio 3.4 index in compariagth meridional transports in the Brazil Current (BC) dexv

from the time series in Figure 5 for 28. (a) smoothed with a 6 month Butterworth filter. (b) smodthdéth a 12 month Butterworth filter.

(c) smoothed with a 18 month Butterworth filter. The lineanu has been removed from all time series to allow the déivatf cross

correlations. On average, the differences between theseseries and the original ones are 2021 Sv for the Brazil Current transports,

0.54+0.1 for SAM, and 27.20.1 for Nifio 3.4.
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Figure 10. First mode of coupled EOF of the anomaly of the meridionaigport (TVA) from Argo & SSH (in the box centered at’®)
45°W) and the anomaly of the sea level pressure (SLPA) from MERR# mean annual cycle was subtracted and the time series wer
filtered using a six month cut-off period. The spatial paiteof the heterogeneous correlation maps are presentel iFh@time series of
the expansion coefficients (b) and the homogenous cowglét) are shown as well. The correlation between the expartsiefficients is

0.7, which is significant with respect to the 95% confideneelldhPa = Hectopascal.
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Table 1. Statistics of transports in the Brazil Current region frongéd& SSH and HYCOM in various layers for two latitude ranges.

Argo & SSH
latitude range  layer minimum maximum mean standard deviati
[(m] [Sv] [Sv] [Sv] [Sv]
20-27S 0-400 1.3 5.6 2.7 1.4
20-27S 0-800 15 7.0 3.3 1.8
33-39S 0-400 7.2 15.3 11.1 25
33-39S 0-800 121 23.3 17.3 35
HYCOM
latitude range  layer minimum maximum mean standard deviati
[m] [Sv] [Sv] [Sv] [SV]
20-27S 0-400 25 10.5 6.0 2.6
20-27S 0-800 3.1 13.1 7.2 3.2
33-39S 0-400 14.9 20.2 17.2 1.6
33-39S 0-800 21.2 30.9 25.3 3.2
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Table 2. Statistics of transports of the Brazil Current from Argo &for the whole time series as well as for periods of relayiveiv or

relatively high transports. Estimates are derived frontithe series in Figure 5.

Argo & SSH

period latitude median mean minimum maximum standard stand

deviation error

[Sv  [Sv] [Sv] [Sv] [Sv] [Sv]
01/1993-12/2015 24 2.1 2.2 0.4 4.8 0.9 0.1
01/1993-12/2015 3% 16.4 16.5 7.9 26.2 3.2 0.4
01/1993-12/2015 3& 20.9 20.7 6.2 334 4.8 0.6
08/1993-12/1994 24 2.0 1.8 0.6 2.8 0.6 0.3
02/1995-04/1996 24 2.9 2.8 1.2 4.0 0.8 0.4
09/1996-11/2000 24 1.8 2.1 0.8 4.8 0.9 0.3
10/2000-11/2003 245 2.7 2.9 1.8 4.4 0.7 0.2
11/2005-10/2013 245 1.9 2.0 0.8 4.6 0.8 0.2
02/1995-08/1997 3B 13.6 14.7 7.9 24.0 3.6 1.3
10/2003-10/2006 3% 15.6 16.3 12.1 21.9 2.9 1.0
11/2005-08/2008 3% 18.1 18.0 10.9 23.9 3.2 11
09/2008-06/2010 3% 14.8 15.9 10.3 23.1 3.8 1.7
07/2011-01/2015 3% 17.6 17.5 12.7 22.6 1.9 0.6
HYCOM

period latitude median mean minimum maximum standard satand

deviation error

[Sv  [SV] [Sv] [Sv] [Sv] [Sv]

01/1993-12/2015 24 6.1 6.2 2.7 10.9 1.6 0.2
01/1993-12/2015 3% 22.5 22.5 10.2 35.6 5.0 0.6
01/1993-12/2015 3& 25.4 255 9.6 38.9 6.4 0.8
08/1993-12/1994 24 6.9 6.7 4.7 8.3 1.0 0.5
02/1995-04/1996 245 7.9 8.0 5.2 10.9 1.7 1.0
09/1996-11/2000 245 55 5.7 3.1 9.5 1.4 0.4
10/2000-11/2003 245 6.4 6.4 3.2 8.7 1.3 0.4
11/2005-10/2013 24 5.7 5.9 2.7 9.4 1.6 0.3
02/1995-08/1997 3B 22.2 21.8 13.9 29.6 3.9 1.4
10/2003-09/2006 3 19.9 20.7 13.1 31.4 5.3 1.8
10/2006-02/2009 3% 24.6 24.1 14.0 335 5.0 1.9
03/2009-08/2012 3% 20.1 20540 123 33.6 5.0 1.6
09/2012-04/2014 3% 24.2 24.5 18.3 335 3.5 1.6
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Table 3. Statistics and characteristics of the annual cycle of praris of the Brazil Current. Estimates are derived from timetseries in

Figure 5 (2001-2013 for Argo & SSH, see text and Fig. 6).

based on amplitude standard error  minimum  maximum
[Sv] [Sv] [Sv] [Sv]
24°S, 0-400 m, mean
Argo & SSH 0.6 0.3 1.7 2.8
HYCOM 0.9 0.6 5.2 7.0

24°S, 0-400 m, anomaly
Argo & SSH 0.6 0.3 -0.6 0.5
HYCOM 0.9 0.6 -0.8 1.0

35°S, 0-800 m, mean
Argo & SSH 1.2 1.4 15.1 17.6
HYCOM 3.8 1.8 18.4 26.0

35°S, 0-800 m, anomaly
Argo & SSH 1.2 1.3 -1.1 1.4
HYCOM 3.8 1.7 -3.5 4.1

38°S, 0-800 m, mean
Argo & SSH 1.2 2.2 19.4 21.9
HYCOM 2.4 2.7 22.9 27.6

38°S, 0-800 m, anomaly
Argo & SSH 1.2 1.8 -1.2 1.3
HYCOM 2.4 2.2 -2.1 2.6
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Table4. Correlations between various indexes and the transportadiBCurrent (BCT). The filtered time series for the Brazilr@nt and

Southern Annular Mode (SAM) are shown in Figure 9. AMO = AtlaMulti-decadal Oscillation index, CL = confidence limit.

filter correlation lag 95% CL

BCT at 24S and SAM

2 month 0.3 5 0.1
6 month 0.5 6 0.2
12 month 0.5 6 0.2
18 month 0.5 7 0.3
24 month 0.5 9 0.3

BCT at 24'S and Nifo 3.4 index

2 month 0.4 9 0.2
6 month 0.4 8 0.2
12 month 0.5 8 0.2
18 month 0.4 6 0.2
24 month 0.5 2 0.3
BCT at 24S and AMO
2 month 0.3 5 0.1
6 month 0.3 4 0.2
12 month 0.4 1 0.1
18 month 0.3 3 0.3

BCT at 35S and SAM
2 month 0.2 5 0.1
6 month 0.3 3 0.2

BCT at 38'S and Nifo 3.4 index
6 month 0.2 8 0.1
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Appendix A: Detailson how the Brazil Current transport is estimated

Transport profiles in grid boxes that have a water depth aftlean 1000 m in their center are excluded. This means that at
most latitudes, the Argo & SSH data set has a profile of thesprart within less than 0.2%f the 600 m isobath. The search
area for the Brazil Current is indicated by the red line inufeg2c that encompasses the region near the shelf break thiere
current is typically found. It extends east of the climagpéal mean core of the Brazil Current to allow for its meairalgr

The procedure is to pick the westernmost southward curcgrdtimating the transport unless it is not part of the carttus
southward flow. The latter situation is mostly encounterethe northern part of the domain, where a single grid box with
southward velocity might exist at the shelf break while tb&éds south and north of it do not support treating this boxeaisqs

the Brazil Current. An example of a situation like this ne@tR2was studied by Schmid et al. (1995). Many others also looked
at the zonal position of this current (some recent studighisriopic are (Bil6 et al., 2014; Mill et al., 2015; Lima et,&016).

The Brazil Current transports are derived by integratirggriteridional velocity within the identified longitude rangeeach

latitude.

Appendix B: Quantifying uncertainties of the Brazil Current transport

Previous studies showed that the velocity field from Argo &iS8produces the features of the circulation in the Soutarit
(Schmid, 2014) and can be used to derive the integratedpmatssassociated with the Meridional Overturning Circiolatat
multiple latitudes (Majumder et al., 2016). Because Argo &HSis used herein to study the variability of the transport in
the Brazil Current it is important to know what uncertaistexist. Quasi-synoptic XBT transects as well as output fiioen
HYCOM model are used to quantify the contribution of tranmgpo shallow water to the total transport of the Brazil @untr
in the study region. Because of its pathway (Fig. 3), thiggbution will depend on the latitude. An indication of tidan be
seen in Figure 4, where the agreements are best near thesoldtitudes where the confluence with the Malvinas Current
results in the separation of the Brazil Current from thefdbrelak. Based on the grid resolution of 9iB Argo & SSH and the

slope of the topography, 600 m is used in the following totghk Brazil Current transport into the shallow and open ncea
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contributions.

For the XBT transects, the analysis was done for two regieparated by the latitude of 23. This latitude can be seen as
representative for the transition from lower to higher sfaorts. In addition, this latitude is the one where the irgggn depth
transitions from 400 m to 800 m as explained in section 3. éngbuthern region, the the mean contribution of the shallow
regions to the Brazil Current transportis 2.2 Sv (based on 20 transects). In 12% of the cases the tramap@identical and
an additional 44% of the cases have differences that do reteek10% of the transport in the Brazil Current. In the narthe
region, the mean contribution of the shallow regions to tih@zB Current transport is similar with 1461.7 Sv (based on 8

transects). No further analysis is possible in this lagttahge because of the small number of transects.

For HYCOM, the focus for quantifying the impact of the traogpn shallow regions is on the three latitudes for which the
time series are analyzed in detail. At’S8 the impact of the shallow areas on the transport is néigiga mean difference that
is insignificant; identical transports in 86% of the casbsjzause the Brazil Current is separated from the shelf brees of
the time. At 24S, the impact of the shallow areas is slightly larger (meé#ferdince of 0.4-1.3 Sv; identical transports in 67%
of the cases). The largest impact exists &t35where the mean difference is 20.3 Sv (identical transports in only 14% of
the cases). Overall, there is no statistical significanetdependence of the differences. All of these transportatézhs are

smaller than the differences between the transports frol@BM and Argo & SSH (Table 1 and Fig. 5).



