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Abstract.

The Brazil Current transports from observations and therldy®oordinate Model (HYCOM) model are analyzed to improve
our understanding of its structure and variability. A tinegigs of the observed transport is derived from a three-dsoaal
field of the velocity in the South Atlantic covering the yea@93 to 2015 (hereinafter called Argo & SSH). The mean trartsp
of the Brazil Currentncreasesrom 3.8+2.2 Sv (1 Sv isl0®m?3s~!) at 25'S to 13.9:2.6 Sv at 32S, which corresponds to a
mean slope of 1#40.4 Sv per degree. Transport estimates derived from HY COllisfiere somewhat higher (5:2.7 Sv and
18.747.1 Sv at 28S and 32S, respectively) than those from Argo & SSH, but these diffiees are small when compared with
the standard deviations. Overall, the observed latituged@ence of the transport of the Brazil Current is in agregmih the
wind-driven circulation in the super gyre of the subtrop®auth Atlantic. A mean annual cycle with highest (lowestjisports
in austral summer (winter) is found to exist at selectedudgs (24S, 33’S and 38S). The significance of this signal shrinks
with increasing latitud€both in Argo & SSH and HYCOM) , mainly due to the mesoscale and interannual variabBibgh
Argo & SSH as well as HYCOM reveal interannual variability at 24°S and 33'S that results in relatively large power
at periods of two years or more in wavelet spectra. It mostly des not quite reach the level of significance because the
duration of the multi-year phases with high (low) transports varies quite a bit.It is found that the interannual variability at
24°S is correlated with th&outh Atlantic Subtropical Dipole Mode (SASD), the Southen Annular Mode (SAM) and the
Nifio 3.4 index.Similarly, correlations between SAM and the Brazil Current transport are also found at 33’S. Further
investigation of the variability reveals that the first and second mode of a coupled empirical orthogonal function (EOF)
of the meridional transport and the sea level pressure expla 36% and 15% of the covariance, respectively. Overall,
the results indicate that SAM, SASD and El Nifio Southern Osdiation have an influence on the transport of the Brazil

Current.
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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 pathwailys
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 tmeZl Current, which is the western boundary current of thie-s
tropical gyre in the SoutAtlantic. This subtropical gyre is largely governed by the Sverdrup Equation (Pond and Ricka
1983)and is part of the super gyre (Gordon et al., 1992; de Ruijter,2)9¢hich connects the subtropical circulation in the
South Indian and South Atlantic Oceans. Mostly, the Braailrént follows the shelf break quite closely, but it is imfetby
mesoscale variability along its pathway that can give isméeanders that separate it from the shelf break tempoxariy,
Schmid et al., 1995; Bil6 et al., 2014; Mill et al., 2015; Liragal., 2016). As the Brazil Current reaches the confluente wi
the Malvinas Current it is forced away from the shelf breal attimately feeds into the eastward South Atlantic Current
(e.g., Gordon, 1989; Garzoli, 1993; Maamaatuaiahutapl,et@98). Just prior to this eastward turn the southwanasipart
increases due to the contribution from the Malvinas Curiieatermining source and variability of the Malvinas Cutréng.,
Vivier and Provost, 1999; Spadone and Provost, 2009) asaselthat happens east of the confluence 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 latckthe Brazil Current. This recirculation cell has beesat#ed

earlier (e.g., Stramma, 1989) and has been called the BTaribnt Front (e.g., Peterson and Stramma, 1991) as welleas t
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Brazil Return Current (e.g., Boebel et al., 1997).

The transport of the Brazil Current estimated in earlier studies varies from north to south (Fig. 1). This transport is
within 1 Sv to 7 Sv (1 Sv id0%m?s~!) between 19S and 22.5S in the upper 400 to 500 m and increases to about 17 Sv at
28°S as the vertical extent and strength of the Brazil Curresteiases. Farther south the Brazil Current transports astiyno
in the range of 10 to 30 Sv. Most of the estimates from thee&astudies are based on quasi-synoptic sections, while ebme

them are based on time series from moorings with currentnfietdnverted Echo Sounders (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) orvddras a time series at one location (e.g., Goni and Wain8d,)20
In addition, studies based on hydrographic measuremenitsohase a level of no motion or make assumptions about the
barotropic flow (e.g. by prescribing a bottom velocity). Taeye variations in the transports from the previous studrewell
as the limited knowledge about the temporal variabilityted Brazil Current motivated this study on the charactessind

variability of this current at a wide range of latitudes.

Another motivation is that, as is well known, estimates efAtlantic Meridional Overturning Circulation transpodtsrived
from various observational products and models often tesigdlar amplitudes of the variability, but can have sigediit dif-
ferences when the means are compared. For the north Aflnisievas shown, for example, by Msadek et al. (2014). Theesam
is the case in the South Atlantic. An important challenge¥iteintic Meridional Overturning Circulation transporticalations
is the estimation of the transport in the western boundarseot (the Brazil Current in the Subtropical South Atlahtiéll
estimates of this transport face the challenge of deriMiegcontributions on and often also near the shelf break cBjlyj this

challenge is resolved by using climatology (e.g., Garzidile 2013; Majumder et al., 2016).



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 Data and methodology

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

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

The temperature and salinity profiles come froman array of roughly 3000 floats that drift freely in the worltkan as part
of the Argo project (the goal of 3000 active floats was reach&2D07). Details on the procedures regarding data acoprisit
and quality control were described by Schmid (2014).expansion of the time period by about 1.5 years over the one
available in the previous study yielded 81,627 profiles witlyood temperature and salinity collected in the study region
(Fig. 2) during 2000-2015Profile data are available throughout most of the study re(i@. 2a) and this data coverage 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 pressuregeof 800 to 1100 dbar (930 of all floats) were useddave velocity
fields as monthly climatologiesfollowing the procedures described by Schmid (2014). Astlier profiles, the coverage of
the study region with high-quality velocities from the fldegtjectories is quite good (Fig. 2b) and the data coverags dot

depend on the calendar month (not shown).

In addition, daily sea surface height (SSH) fields from AVI&@ used (AVISO, France, 1996). This data set consists of
delayed-time absolute dynamic topography on & §f#d covering the time period January 1993 to December ZDli&in situ
data in conjunction with the sea surface height fields ard tesderive absolute geostrophic velocities as describesihynid

(2014).The first step is to establish the relationship between the dyamic height profiles (derived from Argo profiles)
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and the SSH on a regular grid. Once this relationship has beedetermined, gridded fields of synthetic dynamic height
profiles can derived. The next step is to calculate the zonalna meridional geostrophic velocity. Finally, the monthly
climatology of the subsurface velocity fields from the trajetory data is used to apply a barotropic adjustment to the

geostrophic velocity fields.

As in Schmid (2014), windfields from the NCEP reanalysis 2 (Kanamitsu et al., 2002aegl to derive the Ekman com-
ponent of the transport. Majumder et al. (2016) found thatElkman transport computed from different wind products has
only a small impact on the transports of the AMOC in the Soulhmic (their Figure 14)The resulting velocity field will be
called Argo & SSH hereinafter. The volume transports of the Brazil Current is derived frowse velocity fields as a monthly

time seriegovering the years 1993 to 2015 (see Appendix A).

Monthly velocity fields from the Hybrid Coordinate Ocean Mb@HYCOM, Chassignet et al., 2008pvering the same
time period as the velocity field derived for this studyare obtained from the Global 1/2Reanalysis and Analysishich
is available online (the downloaded fields are fromGLBu0.08 experiments 19.0, 19.1, 90.9, 91.0, 91.1). Thisehbas
a Mercator-curvilinear grid with 32 levels and uses the N&oupled Ocean Data Assimilation (NCODA) system for as-
similation. Although HYCOM is a hybrid coordinate model whedepth (‘z’) coordinates are used in the mixed layer and
density coordinates in the lower layers, the output fromrtiael is provided on depth coordinatésformation on the
model experiments downloaded for this study can be found atttps://hycom.org/dataserver/gofs-3ptO/reanalysis/ ath

https://hycom.org/dataserver/gofs-3pt0/analysis/.

Finally, the Southern Annular Mode (SAM, Marshall, 20@8)Jex, the South Atlantic Subtropical Dipole Mode (SASD,
Rodrigues et al., 2015) andhe Nifio 3.4 index (Trenberth, 1997) as well as the sea lexesjure from Modern Era Retrospective-
analysis for Research and Applications (MERRA, Rieneckaf.e2011) are used for the analysis and discussion of the dy

namics. The SAM index is defined as the normalized gradietiieofonal mean sea level pressure betweéB 4hid 638S. The



Nifio 3.4 index is valid for the region 12@/ to 170°W, 5°S to 3N. The SASD index is derived from the sea surface tem-
perature anomalies averaged within two regions (30-4(, 10-30W and 15-23’S, 0-20W) by subtracting the estimates

in the northern region from those in the southern region.



10

15

20

3 Mean characteristics of the Brazil Current transport

The mean transport for the upper 800 m, as derived from the mothly Argo & SSH time series, reveals two bands of the
westward southern South Equatorial Current, which aregf#ine wind-driven subtropical gyre and feed into the Br&zifrent

at two main latitudes (near 28 and around 3GB, Fig. 3a)North of about 26°S the Brazil Current is represented relatively
poorly in the mean field. Between 26S and 28S it becomes more visible and it is strongly developed farthresouth. A
comparison with the mean surface velocity field presente@lieira et al. (2009) reveals a lot of similarity to the tsport
field derived herein: in the region south of about@®liveira et al.’s Figure 4 shows a well developed Brazilrént while it

is relatively poorly defined in 23S to 23S where they find that the mean kinetic energy is lower tharedy kinetic energy
(Fig. 6 in Oliveira et al., 2009)he reason for this is the largervariability of the locatiorof the Brazil Current as well as its
weaknessn this area as already observed by Mata et al. (204 2pntributing factor to this is the eddy variability in this

region, an example is the frequent occurrence of the so-calll Vitéria eddy (e.g. Schmid et al., 1995; Arruda et al., 2013

Similar to Argo & SSH, the HYCOM model also shows a strengtheing of the Brazil Current from north to south,
however, this strengthening starts farther north than in Argo & SSH (Fig. 3b). The main branches with westward flow
in HYCOM reach the boundary near 22°S and 28S. The latter is close to the northern edge of the southern brrech
with westward flow in Argo & SSH. Differences in the structure of the Brazil Current are \silvhen comparing HYCOM
with Argo & SSH. Tendentially, the Brazil Current in the mdbdeclose to the 800 m isobath. North of 25 the mean field
from Argo & SSH has the southward flow abodteast of the 800 m isobath. HYCOM has a corresponding bandutfisard
flow there, in addition to a more chaotic southward flow cldsehe western boundary. This is consistent with the meamgler

of the Brazil Current in this regioms mentioned insection Zbased onevidence from earlier studies.

Details on the latitude dependence of the transport of tleiBCurrent (which has been derived following the method
described in Appendix A) are shown in Figure 4. For Argo & SStdl &iYCOM the means are derived from monthly time

series over the full time perioaf 23 years Before going into details it has to be noted that many esstigdies used varying

10
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layer thicknesses. North of 23 the layer thicknessesare mostly smaller than 800 m and can be as small as 400 m. pogup
of this latitude dependence of the vertical extent of thezBi@urrent the velocity structure in the Argo & SSH fields gt
region indicates that the Brazil Current frequently is nellvdefined below about 400 m. This is the reason for thessiesi

in Table 1 which show that the mean transport ifQ®o 27S in the upper 400 m is almost as large as in the 0-800 m layer.
Overall, the deeper layer (400-800 m) carries less than Ifa¥edransport in the upper 800 m in this latitude range (lfoth
Argo & SSH and HYCOM). This is also in good agreement with tesutts of Rocha et al. (2014) as well as the dynamics
governing wind-driven subtropical gyres (e.g., Luytenlet®983, their Figure 7). While the latter study is in the NoAt-
lantic the method can be applied in the South Atlantic as leas lone by Schmid et al. (2000), for example. Farther south
the transport in the deeper layer contributes almost twscmach (36% for Argo & SSH, 32% for HYCOM in 39 to 33'S,
Table 1) to the transport in the upper 800 m. Based on thegaateaistics the transport in the upper 400 m will be used for

the analysis in the region north of 23 from here on.

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

shallow areas, and the impact of mesoscale variabilitys&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®RHe cases when compared with transports of the Brazil
Current that exceed 1 Sv (2 Sv). Therefore, the Ekman catitito to the transport of the Brazil Current can be considéoe

be insignificant for these comparisons.

11
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As stated above, the transports from earlier studies indgp@n north of 27S are estimated with varying layer thicknesses
that mostly exceed 400 m. Because the transports from Arg8& &e derived for the upper 400 m the transports from the
earlier studies can be higher. However, this is unlikelyedhe only reason for the differences (most of them are indhge

of 2 to 6 Sv) because the 400-800 m layer contributes lessli®frto the transport in the upper 800 m (see above and Table 1).

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 differembetween the independent transport estimates in Figusees (
Appendix B). The derived estimates indicate that this ¢bation 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 tlileinces between the transports from quasi-synopticessr

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). These meridional velocities aterotwice as high as the monthly mean velocity in
Argo & SSH. Therefore, one can get a roughly twice as largeiB€urrent transport from individual transects for a given
month and year when compared with the corresponding tranBpm a monthly mean velocity field. Taking an average of
such quasi-synoptic transports can therefore result ingeidBrazil Current transport when compared with those fArgo
& SSH. An example of the impact of that variability can be sae24.5S in Fig. 4 (gray dot with large error bar). Adding
this effect to the other two (layer thickness and shallowawabntributions) can explain most of the differences betwie

estimates from previous studies and Argo & 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

12
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mean from Argo & SSH. This large discrepancy is not very vgame because the mesoscale activity at this latitude is very
high due to the confluence of the Brazil Current and the Malsi@urrent, which typically is found within about 8f 38°S.

Therefore, snapshots from quasi-synoptic sections cailt insignificantly larger transports than monthly average

More straightforward is a comparison of the mean transmtinates from the XBT lines (Garzoli et al., 2013, gray dats i
Fig. 4) with those from Argo & SSH, because multiple estirsdtem 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 (Table 2). When
keeping the variability at this latitude and the differemgebservation period and method in mind, this result agueeg
well with the 16.3t7.3 Sv derived from the XBT lines compiled by Garzoli et alD13) as well as the 147 Sv derived by

Goni and Wainer (2001) based of@PEX/POSEIDON ground track crossing the Brazil Current neaf S§their Figure 7).

For the historical transport estimates the latitude depeoe between $ and 32S corresponds to a mean slope of about
1.6 Sv per degree (Fig. 1). However the characteristicsguariei 4 indicate that one can analyze the regions north artl sou
of 25°S separately. In the northern region {30to 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 & S8H 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 histdestimates. For Argo & SSH and HYCOM, slopes

of the transport within this latitude range are estimatedpplying a linear fit for each month of the full time seriese$a

13
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two sets of slopes are then used to derive their means andisthdeviations. Due to the limited number of historicalerbs
vations a different approach is used to derive the uncéytaiithe slope. Four different estimates are derived by hatting
some transport estimates from the calculation: slopes &dimear fit are calculated with and without considering $gzorts
lower than 4 Sv (such transports were measured ned8,Zee Fig. 1) as well as with and without transports withsf 0.
north of 28S. The resulting slopes for the historical data range frofrtd 2.1 Sv per degree, with an average ofti073 Sv
per degree. For Argo & SSH and HYCOM the corresponding slapesl.4-0.4 Sv per degree and 19.9 Sv per degree,
respectively. When taking the standard deviations int@act; it can be concluded that the three estimates of the slopin
good agreement. This latitude-dependence is mainly dueetvestward flow in the wind-driven subtropical gyre thathress

the boundary in this 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 iswsed by changes in the southern South Equatorial Currecdpise
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 araairfdta, 1991; Boebel et al., 1997). Other possible causédd beu
the location of the confluence of the Brazil Current and thévias Current or the mesoscale variability in the confleenc
region (e.g., Gordon, 1989; Garzoli, 1993; Maamaatuaggwuet al., 1998). The separation of the Brazil Current Fitamh
the shelf break can be used as a proxy to track changes ind¢agdo of theconfluence. For example, Goni et al. (2011)
showed a timeseries indicating that this separation typically occur34rb to 40.8S). The method for detecting the separation
described in Goni et al. (2011) was used herein to deterrhiteelocation is correlated to the transport of the Brazir@ut.
No such correlation was found (not shown). Therefore, thetrikely reason for the large fluctuation is the strong meates
variability in this region as indicated by the high eddy kineenergy (e.g., Oliveira et al., 2009, their figure 6). Ostent
with this, both the velocity field from Argo & SSH and HYCOM havelatively high eddy kinetic energy in the region most

impacted by the Brazil Malvinas Confluence (fronf33on southward within about $5rom the western boundary), when

14



compared with the boundary region north of the conflueScgplemental Fig. 3.

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. Natyrtdily transports from the eddy-resolving HYCOM model have
larger standard deviations than those from Argo & SSH. Aallésok at the variability, after removing the mesoscalaalg

in the time series, follows in the next section.

4 Temporal variability of the Brazil Current transport

In the following the full time series of the Brazil Current tr ansports (Fig. 5) is analyzed. Three latitudes were selecte
for this analysis, the northernmost one is in the regime donmated by small transports and the other two are in the
vicinity of the Brazil-Malvinas confluence. The main focus vill be on the annual cycle (Fig. 6), which has been derived
by subtracting the annual mean for each year from the individual monthly transports in that year to reduce the impact

of the interannual variability. The effect of this approach is similar to a high pass filter.

4.1 Variability at 24°S

The transport from Argo & SSH in the upper 400 m at34anges from 0.4 Sv to 5.1 Sv with a mean of2039 Sv (Table 2),
and reveals a relatively complicated variability, mostighaone 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{
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 inditatetwo 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 phasethsignificant spectral density at semi-annual and/or alnperéods

is reflected in the wavelet power spectrumeainly before 2002(Fig. 7a). Longer-periodic variability also has relativgigh

spectral density, primarily for periods of 2 to 4 yea®#milar patterns can be seen in the wavelet spectrum for HYC®™

15
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(Supplemental Fig. 2). Mostly, these do not reach the levefsignificance for both Argo & SSH and HYCOM, with the
exception of a period in 1997 to 1998 in Figure 7a. Interannuavariability is discussed in more detail in sections 4.4

and 4.5.

The wavelet power spectrum for SAM also reveals phases withignificant energy at the semi-annual period, as well
as quite persistent phases of relatively high energy at pesds of one to two years (Fig. 7b). A cross wavelet analysis re-
veals a significant signal at the annual period in 1995-199&(g. 7¢) with high values of the wavelet coherence (Fig. 7d).
In contrast to that, the second period (2007-2009) for whichhe significance level is exceeded at the annual period in
Figure 7c has low values in the wavelet coherence (Fig. 7d) ¢euse the annual cycle of SAM is very weak during that

time (Fig. 7b).

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 Decemti}s latitude. All of these are within a month of extreme
values identified in the Argo & SSH recoddowever, the season of relatively high transport in in Septeber in HYCOM
is absent in Argo & SSH (i.e., the small change bringing the nsport anomaly closer to zero in the same month in Argo
& SSH is not significant). In addition to that, the amplitude of the annual cycle of 0.9 Sv is 50% larger tian for Argo
& SSH (Table 3). The characteristics detected in the an@wali the transport from HYCOM are in good agreement with the
wavelet spectrum for this timgeries which has periods of high energy at semi-annual andp & lesser extent, at annual

periods (Supplemental Fig. 2, top)

4.2 Variability at 35°S

The meridional transports of the Brazil Current atS5n the upper 800 m from Argo & SSH are in the range of 6.0 to 3.1
with a mean of 12.62.6 Sv (Table 2, black line in middle panel of Fig. 5). As for34some years in the Argo & SSH time

series have two maxima of the transport while other years baly one. Figure 6 (black line) exhibits the transport miaim
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in June and the maximum in December. While the amplitude2i.is twice as large as at Z& the standard error is about
four times larger (Table 3). The standard error in Figuredidates that there is no significant mean semiannual or &nnua
cycle at 35S. Consistent with this, the wavelet power spectrum of taedports reveals significant powers at 3 to 9 month
time scales with relatively rare phases governed by a pefiédnonths and no phases with a period of 12 months that reach
the level of significance (Fig. 8al) is noted that, in 2001 to 2010, the power is relatively highat the annual period and
almost reaches the level of significance around 2009. The @®wavelet analysis for Argo & SSH and SAM does not
reveal a coherent signal at the annual cycle (Fig. 8b, clPhases with relatively high spectral density at periodsyd&rs or
moreexist for Argo & SSH (Fig. 8a) as well as HYCOM (Supplemental kg. 2), howeverthe power is less high than at

24°S (see section 4.1).

Time series of the Brazil Current transport derived from sea surface height anomalies by Goni and Wainer (2001) and
Goni et al. (2011) also indicated that the interannual Wélitg and mesoscale variability are very strong which nmakénard
to detect any annual cycle in observations that might e&ishi et al. (2011) found a significant peak in a spectral asiglgt
the annuaperiod. Their time series has the relative minimum (maximun) of the transport in austral winter (summer)
for four of the six years (Figure 7 of Goni et al., 2011). Theseninima and maxima are in general agreement with those

found in the Argo & SSH time series.

The HYCOM time series (red line in middle panel of Fig. 5) hasrger transports and variability than the Argo & SSH
time series, which yields a larger mean and standard deviatn (Table 2). In addition to that, HYCOM has a significant
annual cycle with an amplitude that is about three timelattygan the amplitude from Argo & SSH (Fig. 6, middle). Thedoo
agreement in the timing of the maxima and minima detectedrgo& SSH as well as HYCOM indicates that a significant
annual cycle might exist in the ocean but can not be resolvédoliservations. It is noted here, that the wavelet spetfram
HYCOM reveals a significant signal at the annpatiod, mainly in 2001 to 2013 (Supplemental Fig. 2)which is similar

to the time frame of an almost significant annual cycle in tla@elet analysis for Argo & SSH mentioned in the previous
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paragraph. A likely reason for the weak signal at the annomed scale in Argo & SSH, when compared with HYCOM, could
be due to insufficient in situ observations in this regiorhwitlatively large mesoscale variability (e.g., Oliveitak, 2009).
An indication that Argo & SSH might be undersampling the variability in the Brazil Current at 35 °S is that the eddy
kinetic energy in Argo & SSH is between one fifth and one quarteof the eddy kinetic energy in HYCOM (Supplemental
Fig. 1). This suggests that undersampling with insitu observationtd reduce the ability of Argo & SSH with respect 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 Sy, with
a mean of 20.84.8 Sv (Table 2; black line in bottom panel of Fig. 5). Withpest to the mean annual cycle, the amplitude
at 38'S for Argo & SSH is the same as at@ (1.2 Sv, Table 3) while the standard errors are larger (¢.8eBsus 1.3 Sv
for the monthly anomalies). While Figure 6 indicates tha&r¢his no significant mean annual or semi-annual cgti@g’s,
the wavelet power spectrum of the Brazil Current transpornfArgo & SSH (Fig. 8d) revealsiore prevalent phases with
significant semi-annual and annual cycldsen compared with 3%3S. The annual cycle at 38S has the strongessignal
in 1999-2002 and 2007-2018he cross wavelet power spectrum (Fig. 8e) indicates that s® coherence with SAM may
exist at the annual period in 1995 to 2001, however, the cohence plot does not support this (Fig. 8f). At periods of
2 to 4 years phases of relatively high spectral density for Ago & SSH are more prevalent than at 33S and smaller
than at 24°S. The annual cycle from HYCOM agrees well with Argo & SSH withrespect to the timing and amplitude
(Fig. 6). This similarity is supported by the wavelet analysis for HY COSUpplemental Fig. 3, which reveals periods with

a significant annual cycle thate in good agreement withthose from Argo & SSH.

Probably, a main reason for the absence of a clear mean acyulalat 38S is the high variability associated with the
confluence of the Brazil Current and Malvinas Current (Matano, 1993; Goni and Wainer, 2001). Similar to the situati
at 38’S, the potential for undersampling could play a role &S38s well. However, the eddy kinetic energy from Argo &

SSH is closer to that from HYCOM (reaching between 35 and 45%eeddy kinetic energy in HYCOMSupplemental
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Fig. 1). Therefore, the issue with undersampling the mesoscaiabitity might be less significant at 38. The location of
the confluence is likely to play an important role here. As tizared in section 3, Goni et al. (2011) reported that the Braz
Current Front, which can be used to trace the confluence, atagekn 34.5S and 40.3S in 1993 to 2008. On average it was

near 38S, which is the latitude discussed here.

According to Vivier and Provost (1999) the annual migrasiari the Brazil Current Front are predominantly determined
by the strength of the Brazil Current, which is mainly fordegl the local wind stress curl (Vivier et al., 2001). Simiiarl
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 thzlBr

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

Spadone and Provost (2009) showed that the Malvinas Cunasthe highest transports in May to August negt$40
During this season, the mean annual cycle indicates th&rdwal Current has relatively small transports at S8The wavelet
transform amplitude for the Malvinas Current neaf@p@resented by Spadone and Provost (2009), which overldpgive
time series presented herein, has no similarity in termsobal or semi-annual signals with the wavelet transformlande
derived for the Brazil Current transport at°3 This is in agreement with the argument above that the dtdotation is

determined by the wind stress curl rather than the transpbthese two currents.

4.4 Relationship to Ocean Indices

In an expansion of the analysis the interannual variabdftyhe Brazil Current transport is studied. It is found tHza dif-
ferences of the transports between adjacent phases withahid) low values are about 1 Sv at’34andmostly 2 to 4 Sv
at 35’S (Table 2). Typicallyperiods of relatively low or high transports last 2 to 5 years In addition,the transport at
24°S reaches a minimum in 2000 (black line in Fig. 9a) which is fédwed by a maximum in 2002/2003. After a rapid

drop-off followed by a period of transports close to the mearstate, another transport maximum occurs in 2009/2010.
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When comparing 24'S and 3%S (black line in Fig. 9a, b), one can see periods that look sihar with respect to the tim-
ing of maxima and minima of transport anomalies as well as paods without any similarity. For example, the positive
anomaly in 1999/2000 and 2014 as well as the extrema in 200208 and 2015 are present at both latitudes, while the
two time series are very different in 2004 to 2012, for examgl. The differences between 24 and 38S (black line in
Fig. 9a, c) are even bigger, which is not very surprising beagse 38S is very close to the confluence. It is noted that,

mostly, HYCOM has relatively high (low) transports in the phases of high (low) transports identified in Argo & SSH.

In order to better understand what drives this variabittg relationships between various ocean indices (SAM aifid Ni
3.4, see section 2) and the transport &tS4re investigated.he focus is on this latitude, because it is far enough away
from the confluence.Correlations between the indexes and the transport of theilBCurrent are estimated for time series
filtered with different cut-off period§Table 4). When filtering with cut-off periods of 6 months, the derived correlation
coefficient between the transport and SAM is 0.5 with a lag of 5months. For a 12-month cut-off period the correla-
tion and lag are similar. In agreement with this, the largestmaxima of SAM (1994, 1999, 2010; red line in Fig. 9a) are
followed by minima of the Brazil Current transport a few mont hs later. Similarly, the largest minima of SAM (2002,
2013) are followed by maxima of the Brazil Current transport. The arrows in the cross wavelet spectrum (Fig. 7¢) are
pointing 10 to 20 degrees to the right of the downward directon in the area of relatively high power at interannual

periods exceeding four years, which confirms that SAM is leaidg by about 5 months on interannual time scales.

For the relationship between the transport and Nifio 3.4 it isfound that the lag is 6-8 months (depending on the fil-
tering) with a correlation coefficient of 0.4. When looking & the time series, one can see that the largest El Nifio events
(1997/1998, 2002/2003, 2009/2010; blue line in Fig. 9a) dmdowed by a maximum of the transport. Correspondingly,
strong La Nifia events (1999/2000, 2007/2008 and 2010/204(g followed by low transports. It is too early to be sure,

but it seems like the strong El Nifio of 2015/2016 could be falived by another dip in the transport of the Brazil Current
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(Fig. 5).

In addition to the relationship to these remote indexes, theorrelation between the Brazil Current transport and
SASD was derived as well. For cut-off periods of 12 months or wre, the lag is very small and the correlation coefficient
is 0.5 to 0.6. Because of the joint impact of SAM and El Nifio, aamparison of SASD and the transport time series is
difficult. Good agreements between SASD and the transport (B. 9a, cyan and black lines) can be seen in the more
quiescent phase with respect to the remote indexes (2004 t8(7) as well as during the transport maximum in 2010 that

follows the 2009/2010 El Nifio.

At 35°S, the correlations between SAM and the transport are similato those based on transports at 24S. The main
difference are smaller lags. When looking at the time serie§ed and black line Fig. 9b), one can see multiple coinciding
peaks (i.e., high transport when SAM is high), mainly during1999 to 2008, which can explain the small lags. A con-
tributing factor can be the role the subtropical wind field, for which SAM can be seen as a proxy because 48 is used as
the northern latitude to derive this index. On the one hand, his wind field leads to the strengthening of Brazil Current
on the way from 24°S to 33’S (Fig. 4) due to the flow in the westward southern South Equatial Current (Fig. 3).
Therefore, the variability of that zonal flow will have an increasing impact on the variability of the Brazil Current itsef
as the flow strengthens on the way to the south. On the other haln this wind field plays a role for the location of the
confluence (e.g., Wainer et al., 2000) as well as for the coifiution of the Brazil Return Current to the transport of the

Brazil Current (e.g., Stramma, 1989; Peterson and Strammal991; Boebel et al., 1997).

At 38°S (Fig. 9c¢), no significant correlations between the Brazil Grrent transport and the indices were found, which
can be attributed to the large variability in close proximity of the confluenceln the next section, the analysis on the role

that SAM andEl Nifio Southern Oscillation (ENSO) play with respect to forcing the variability of the Brazil €eant trans-
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port is expanded.

4.5 Relationship between sea level pressure and meridion@ahnsport

A coupled empirical orthogonal function (EOF) analysisité anomaly of the sea level pressure (SLPAj a large region,
including the Southern and tropical Atlantic and Pacifia] #reanomaly of the meridional meridional transport (TVA) in

the upper 800 m in the western South Atlantic (60 t6\8040 to 20'S, which includes the Brazil Current) is performed to
understand their covariability. The details on this methad be found, for example, in Bretherton et al. (1992). Theaisa
bigger domain for SLP is useful to understand large scalgrigrand to assess the possibility of any teleconnectiotepat
(Wallace et al., 1992). The coupled EOF method used heraiidsly used in climate studies to identify coupled patterns

between two fields.

Figure 10 shows first mode of the coupled EOF with the heterogeous correlation maps which represent the spatial
pattern for SLPA as well as the homogenous correlation maps kich represent the spatial pattern for TVA (panels a,
b). The normalized temporal expansion coefficients for thehis mode, which explains 36% of the covariance, is shown
in Figure 10c. The spatial pattern of the homogeneous corration (Fig. 10b) has the largest correlations in the region
dominated by the Brazil Current. The spatial pattern of the heterogeneous correlation (Fig. 10a) reveals a quite strong
zonal symmetry throughout the South Pacific and Atlantic, wth the exception of the region south of South Africa and
the tropics. South of the center of the subtropical gyres ths pattern is associated with SAM, both in the Atlantic and the
Pacific. In addition, the structure in the Atlantic reflects the variability in the subtropical gyre, with larger correla tions
in the region dominated by the Brazil-Malvinas confluence ad the South Atlantic Current (near 40°S) as well as in
the region where the southern South Equatorial Current is faind (near 20°S). High correlations are also present in the
western tropical Pacific, mainly in the Nifio 3 region (within five degrees of the equator between 17%/ and 120°W),
which suggests that remote teleconnections from this regimo(e.g., Mo and Ghil, 1986; Lopez et al., 2016) may play a

role. However, it is noted that SAM is not very sensitive to tke inclusion or exclusion of the Pacific region when deriving
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the meridional pressure gradient (see definition of SAM in setion 2). This fact will make it harder to determine how

important teleconnections are for this mode. More on teleconections will follow after looking at the second mode.

The patterns of the heterogeneous and homogeneous corral@t maps are robust in the sense that they do not depend
much on the filtering. The main impact of varying the filtering is that the covariance explained as well as the correla-
tion of the temporal expansion coefficients decreases withedreasing cut-off period (not shown). This is not surprisiig
because remote signals loose their strength as they propagaver long distances and thus can be masked by regional
higher-frequency variability if it is not removed by filteri ng. This leads to the conclusion that remote forcing has a layer

impact on long term variability than on short term variabili ty.

The time series of the normalized temporal expansion coefiients reveal phases with high amplitude and good agree-
ments between TVA and SLPA in 1997 to 2003 and, to a lesser exrte2008 to 2013 (Fig. 10c). During both phases, the
timing of the peaks are in good agreement, yielding an overbtorrelation of 0.7 for the temporal expansion coefficients
These phases coincide with relatively high amplitude of th&AM index (Fig. 10d). In periods with relatively low am-
plitudes of SLPA (1994 to 1996, 2004 to 2007 and 2012 to 2018ptrelationship between SLPA and TVA is weak or
even absent and the SAM index has a relatively small amplituel. However, there is some similarity between SAM and
TVA in these periods, which is consistent with the correlatbns between SAM and the transport of the Brazil Current

presented in section 4.4.

The impact of SAM on the transport of the Brazil Current can be understood as follows. During periods of positive
SAM, the westerly winds are stronger because of a more stroigdeveloped low pressure system centered near 58
which gives rise to a relatively strong South Atlantic Current. Simultaneously, the subtropical high is stronger dur-

ing the positive phase of SAM which results in easterly surfee wind anomalies (Thompson and Wallace, 2000). This
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results in a strengthened subtropical gyre and thus a strongr western boundary current, in this case the Brazil Current

For the second mode of the coupled EOF, which explains 15% ohé covariance, the spatial pattern of the heteroge-
neous correlation (Fig. 11a) consists of strong zonal graelint in the tropical Pacific, with the lowest values east of the
highest values. A positive anomaly is centered near the DraPassage between Antarctica and the tip of South America.
This pattern is similar to the first Pacific South American Mode (PSAL1, one of the teleconnection patterns described in
previous studies; e.g., Mo and Ghil, 1986; Lopez et al., 20L6This mode has been described as a response of the south-

ern hemisphere to ENSO (Karoly, 1989) via a Rossby Wave traifrom the tropical Pacific to the Drake Passage.

The pattern of the homogenous correlation (Fig. 11b) is chacterized by smaller spatial scales than for the first mode
and the higher values near the western boundary are mainly fited to the region north of about 32°S. This explains
why significant lagged correlations between the transport bthe Brazil Current and the Nifio 3.4 index were found at

24°S but not at 35°S or 38’S (section 4.4 and Table 4).

The normalized temporal expansion coefficients for the secal mode exhibit a strong correlation, with a correlation
coefficient of 0.8 (Fig. 11c). The largest peak occurs in 194R98 and can be attributed to the very strong El Nifio dur-
ing that period (Fig. 11d). Another very strong El Nifio eventoccurred in 2015/2016, which can be associated with the
increase of the expansion coefficients near the end of the terperiod analyzed herein (an added year in the time series
would be needed to fully capture this event). Both of these B\ifio events had the strongest signal in the eastern and
central Pacific (in the Nifio regions 3 and 3.4). During the tines with moderate (1994/1995, 2002/2003 and 2009/2010)

or weak (2004/2005 and 2006/2007) El Nifio events the two teomal expansion coefficients also agree very well.

The changes of the SLP prior and during the 1997/1998 EI Nifiovent are described in the following. In February to

April 1997 an area of low pressure in the western tropical Paific weakens as it expands southward into the subtropical

24



10

15

Pacific and shifts eastward. This sets up a low anomaly of theL® in the subtropical Pacific that also shifts eastward
until August. These changes trigger meandering in the gradint zone between the subtropical high and the low pressure
farther south. As these waves propagate eastward they causbanges in SLP in the subtropical South Atlantic that
result in anomalous large or small gradients of the SLP whichwill increase or decrease the wind, respectively. These

changes, in turn, will have an impact on the circulation and herefore the transport of the Brazil Current.

Similar, but weaker, southward expansions of the low presse in the western Pacific are also present in years without
an El Nifo, for example in 2000. The difference is that the th@ressure remains low in the western equatorial Pacific
and that the expansion has less impact on the subtropical StluPacific as well as the circumpolar region with the strong
meridional SLP gradients. As a result, eastward propagatig waves do not extend as far north and the impact on the

subtropical South Atlantic is smaller.

These results are in agreement with conclusions from a studyy Lopez et al. (2016). They suggested that atmospheric
Rossby waves originating in the tropical Pacific can travel guth-eastward and reach the South Atlantic via the Drake
Passage (their Figure 5). The observations presented hengindicate that this is a likely reason for a significant partof

the variability of the transport of the Brazil Current.
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5 Summary and Conclusions

The analysis of a three-dimensional field of the horizonédbeity derived from observations covering 1993 to 2015 et w
as velocity fields from HYCOM expands the knowledge of thetigpand 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 £314 Sv per degree. This increase is primarily due to westward
transports of the southern South Equatorial Current thathes the western boundary largely within this latitudeyearin
principle, this is consistent with the Sverdrup balancethea south, the transport in Argo & SSH varies quite strgrighm
latitude to latitude, with an overall tendency to increaleis can be attributed to the Brazil Return Current that $eedter
back into the Brazil Current as well as the Brazil-Malvinasftuenceln HYCOM, the transport increases with latitude
as well. A comparison with Argo & SSH shows that the main diffeences are that the transports in HYCOM tend to be
higher, the increase of the transport starts farther north, and the slope between 255 and 32'S is a bit larger (1.9+0.9

Sv per degree).

The observations reveal an annual cycle with a transportrmanr 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)n agreement with this, awavelet analysis indicates that phases of an annual cydeatall
three latitudes, but their prevalence decreases withasang latitude (Figs. 7 and 8). In consistency with this,tthe series
(Fig. 5) also reveals strong interannual variability, biotlerms of shifts in the annual mean and in the timing of thghbst
and lowest transportdlostly, the characteristics of the temporal variability at these time scales in HYCOM are similar

to those in Argo & SSH. The main difference is that HYCOM has a weak semiannual cycle at 24S and a stronger
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annual cycle at 35S (Fig. 6).

With respect to the interannual variability it is found thia¢ meridional transport of the Brazil Current switchesinel-
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. 9jable 2 shows statistics of such phases many of which are capéd both by Argo
& SSH and HYCOM. The power spectrum from the cross wavelet transform as2ahd 35S for Argo & SSH (Fig. 7c
and 8c) and HYCOM (Supplemental Fig. 2) showweak signs for the presence of such variability that mosiydt quite

reach the level of significance.

Time series smoothed with a filter using a 6 to 12 month cupeffod reveatorrelations of the Brazil Current transport
with SAM that are within the 95% confidence interval with lags of about 6 monthsat 24°S (section 4.4, Table 4). For the

Nifio 3.4 index the correlations with the transport remagmgicant while being slightly smaller with a larger lag of &nths.

The first and second mode of the coupled EOF between the merial transport in the Brazil Current region and
the sea level pressure provides insight with respect to themospheric forcing. The first mode (Fig. 10) explains 36% of
the variance and supports the influence of the tropical Pacifi on SAM while the second mode, which explains 15% of
the variance indicates that ENSO has an impact on the meridioal transport (Fig. 11), especially during strong events

like the 1997/1998 EI Nifio.

27



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.

Competing interests. none

28



10

15

Acknowledgements. This paper was in part funded by the Climate Observationdivi, Climate Program Office, National Oceanic and At-
mospheric Administration (NOAA), U.S. Department of Commoeeand the Atlantic Oceanographic and Meteorological katooy of the
National Oceanic and Atmospheric Administration. Thisesesh was also carried out in part under the auspices of tbpeZative Institute
for Marine and Atmospheric Studies (CIMAS), a cooperatiaitute of the University of Miami and the National Oceaaie Atmospheric
Administration, cooperative agreement NA10OAR432013 &hthors would like to thank the researchers and techisigimolved in the

Argo project for their contributions to generating a highatity global sub-surface data set.

Argo data were obtained from a Global Data Assembly Centrgd&DAC, doi: 10.17882/42182). Altimeter products wereduced by
Ssalto/Duacs and distributed by AVISO, with support frone€fwww.aviso.altimetry.fr/ducasfublicly available output from a global
high-resolution HYCOM run with data assimilation (see hycan.org and section 2) is usedrunding for the development of HYCOM
has been provided by the National Ocean Partnership Progndrthe Office of Naval Research. Data assimilative prodigiteg HYCOM
are funded by the U.S. Navy. Computer time was made availabtee DOD High performance Computing Modernization Progrdhe
velocity product derived from surface drifters is avaihbt http://www.aoml.noaa.gov/phod/dac/dac_meanvel.pphe Southern Annular
Mode (SAM) index was obtained from http://www.nerc-basulficd//gjma//sam.html. The El Nifio index was obtaineaifi NOAA and
can be found at http://www.esrl.noaa.gov/psd/data/dmdices/list/. The MERRA products are available at

http://disc.sci.gsfc.nasa.gov/mdisc/data-holdingsfadimerra_products_nonjs.shtml.

29



References

Arruda, W. Z., Campos, E. J., Zharkov, V., Soutelino, R. &d &ilveira, I. C.: Events of equatorward translation of\iteria Eddy., Cont.
Shelf Res., 70, 61-73, doi:10.1016/j.csr.2013.05.004320

AVISO: AVISO User Handbook for Merged TOPEX/POSEIDON protiu, CLS, ref.: AVI-NT-02-101, 1996.

Bil6, T. C., da Silveira, I. C. A., Belo, W. C., de Castro, BndaPiola, A. R.: Methods for estimating the velocities of Brazil Current in
the pre-salt reservoir area off southeast Brazif @26’S)., Ocean Dynamics, 64, 1431-1446, doi: 10.1007/s10 236-6¥61-2, 2014.

Boebel, O., Schmid, C., and Zenk, W.: Flow and recirculatibAntarctic Intermediate Water across the Rio Grande Ris&eophys. Res.,
102, 20,967-20,986, 1997.

Bretherton, C. S., Smith, C., and Wallace, J. M.: An interpanson of methods for finding coupled patterns in climatada Climate, 5,
541-560, 1992.

Campos, E. J. D., Gongalves, J. E., and Ikeda, Y.: Water niesaacteristics and geostrophic circulation in the SougwBBight: Summer
of 1991., J. Geophys. Res., 100, 18,537-18,550, 1995.

Chassignet, E. P., Smith, L. T., Halliwell, G. R., and BleBk; North Atlantic simulation with the HYbrid Coordinate €an Model (HY-
COM): Impact of the vertical coordinate choice, refereneedity, and thermobaricity., J. Phys. Oceanogr., 33, 25626, 2003.

de Ruijter, W. P. M.: Asymptotic analysis of the Agulhas armd®! Current systems., J. Phys. Oceanogr., 12, 361-382.19

Evans, D. L. and Signorini, S. R.: Vertical structure of th@8l Current., Nature, 315, 48-50, 1985.

Evans, D. L., Signorini, S. R., and Miranda, L. B.: A note oa ffransport of the Brazil Current., J. Phys. Oceanogr., 231338, 1983.

Fisher, A.: The circulation and stratification of the Brazilrrent., M. S. thesis, pp. 86, New York University, 1964.

Garfield, N.: The Brazil Current at subtropical latitudé¥h,D. thesis, Univ. of Rhode Island, 1990.

Garzoli, S. L.: Geostrophic velocity and transport vatipin the Brazil/Malvinas Confluence., Deep-Sea Res., 1879-1404, 1993.

Garzoli, S. L. and Garraffo, Z.: Transports, frontal moticend eddies at the Brazil-Malvinas currents confluenceepE®ea Res., 36,
681-703, 1989.

Garzoli, S. L., Baringer, M. O., Dong, S., a, R. C. P., and Yaa, South Atlantic meridional fluxes., Deep-Sea Res. |, 71532, doi:
10.1016/j.dsr.2012.09.003, 2013.

Goni, G. J. and Wainer, |.: Brazil Current front dynamicaifraltimeter data., J. Geophys. Res., 106, 31,117-31,124,. 20

Goni, G. J., Bringas, F., and DiNezio, P. N.: Observed lowgdiency variability of the Brazil Current front., J. Geophiges., 116, 1-10,
doi:10.1029/2011JC007 198, 2011.

Gordon, A. L.: Brazil-Malvinas Confluence - 1984., Deep-Res., 36, 359-384, 1989.

Gordon, A. L. and Greengrove, L. C.: Geostrophic circulatié the Brazil-Falkland confluence., Deep-Sea Res., 33;53%3 1986.

Gordon, A. L., Weiss, R. F., Smethie, W. M., and Warner, MThermocline and Intermediate Water communication betwhkerSouth
Atlantic and Indian Oceans., J. Geophys. Res., 97, 7223, 71892.

Jullion, L., Heywood, K. J., Garabato, A. C. N., and Stevéhs.: Circulation and Water Mass Modification in the Bradiddvinas Conflu-
ence., J. Phys. Oceanogr., 40, 845-864, doi: 10.1175/PapeU74.1, 2006.

Kanamitsu, M., Ebisuzaki, W., Woollen, J., Yang, S.-K., lanl., Fiorino, M., and Potter, G. L.: NCEP-DEO AMIP-II Redysis (R-2).,
Bull. Amer. Meteor. Soc., 83, 1631-1643, 2002.

Karoly, D. J.: Southern Hemisphere circulation featureseisited with El Nifio-Southern Oscillation events., Jn@ie, 2, 1239-1251,
1989.

30



10

15

20

25

30

35

Lima, M. O., M. Cirano and, M. M., Goes, M., Goni, G., and Bgeén, M. O.: An assessment of the Brazil Current barocliniecitire and
variability near 22S in distinct ocean forecasting and analysis systems., rODgaamics, 66, 893 — 916, doi: 10.1007/s10 236—-016—
0959-6, 2016.

Lopez, H., Dong, S., Lee, S.-K., and Campos, E.: Remote inflei®f interdecadal Pacific Oscillation on the South AtlaiMieridional
Overturning Circulation variability., Geophys. Res. Let3, 8250-8258, doi:10.1002/2016GL069 067, 2016.

Luyten, J. R., Pedlosky, J., and Stommel, H. M.: The vemtilahermocline., J. Phys. Oceanogr., 13, 292—-309, 1983.

Maamaatuaiahutapu, K., Gargon, V. C., Provost, C., and ieid.: Transports of the Brazil and Malvinas Currents airtiConfluence, J.
Mar. Res., 56, 417-438, 1998.

Majumder, S., Schmid, C., and Halliwell, G.: An observai@nd model-based analysis of meridional transports in tuthSAtlantic, J.
Geophys. Res., 121, doi: 10.1002/2016JC011 693, 2016.

Marshall, G. J.: Trends in the Southern Annular Mode fromeobstions and reanalyses., J. Climate, 16, 4134-4143,.2003

Mata, M. M., Cirano, M., van Caspe, M., Fonteles, C., Gonj,aad Baringer, M.: Observations of Brazil Current bardclinansport near
22°S: variability from the AX97 XBT transect., CLIVAR Exchanges8, 5-10, 2012.

Matano, R. P.: On the Separation of the Brazil Current froenGloast., J. Phys. Oceanogr., 23, 79-89, 1993.

Mill, G. N., da Costa, V. S., Lima, N. D., nd L. A. A. Guerra, M. @nd Paiva, A. M.: Northward migration of Cape Sao Tomégijmiyazil.,
Cont. Shelf Res., 106, 27-37, doi: 10.1016/j.csr.201810H.2015.

Miranda, L. and Castro Filho, B. M.: Condi¢Bes de movimergogjrofico das dguas adjacentes a Cabo Frio (RJ)., Bolnmokesnogr., S
Paulo, 28, 79-93, 1979.

Miranda, L. and Castro Filho, B. M.: Geostrophic flow corafit$ of the Brazil Current at $., Ciencia Interamerica, 22, 44-48, 1981.

Mo, K. C. and Ghil, M.: Statistics and dynamics of persistambmalies, J. Atmos. Sci., 44, 877-901, 1986.

Msadek, R., Johns, W. E., Yeager, S. G., Danabasoglu, Gudp#, T. L., and Rosatiglu, A.: The Atlantic Meridional HeBransport at
26.58N and Its Relationship with the MOC in the RAPID Arraydahe GFDL and NCAR Coupled Models., J. Climate, 26, 43356435
doi: 10.1175/JCLI-D-12-00 081.1, 2014.

Mduller, T., Ikeda, Y., Zangenberg, N., and Nonato, L.: Direasurements of western boundary currents off Brazil @etv20S and 28S.,
J. Geophys. Res., 103, 5429-5437, doi 10.1029/97JC03 998, 1

Oliveira, L. R., Piola, A. R., Mata, M. M., and Soares, |. DraBil Current surface circulation and energetics obsefrad drifting buoys.,
J. Geophys. Res., 114, 1-12, do0i:10.1029/2008JC004 9009, 20

Peterson, R. G.: On the volume transport in the southweSteuath Atlantic (abstract), EOS, Trans., Amer. Geophysobnr1, 542, 1990.

Peterson, R. G. and Stramma, L.: Upper-level circulatiaénSouth Atlantic Ocean., Progress in Oceanography, &3, 1£991.

Pond, S. and Pickard, G.: Introductory Dynamical Oceargigra Pergamon Press, 1983.

Rienecker, M. M., Suarez, M. J., Gelaro, R., Todling, R.,Baister, J., Liu, E., Bosilovich, M. G., Schubert, S. D., de%, L., Kim, G.-K.,
Bloom, S., Chen, J., Collins, D., Conaty, A., and da Silva, MERRA: NASA's Modern-Era Retrospective Analysis for Rasgh and
Applications., J. Climate, 24, 3624-3648, doi:10.1175/30-11-00 015.1, 2011.

Rocha, C. B., Tandon, A., da Silveira, I. C. A., and Lima, J.M\: Traditional quasi-geostrophic modes and surface ggesstrophic
solutions in the Southwestern Atlantic., J. Geophys. RdsS, 2734-2745, doi:10.1002/jgrc.20 214, 2013.

Rocha, C. B., da Silveira, I. C. A., Castro, B. M., and LimaAJM.: Vertical structure, energetics, and dynamics of thraZ Current
System at 225-28'S., J. Geophys. Res., 119, 5269, doi:10.1002/2013JCR)2044.

31



10

15

20

25

Rodrigues, R. R., Dampos, E. J. D., and Haarsma, R.: The nop&NSO on the South Atlantic Subtropical Dipole Mode., limate, 28,
2691-2705, doi: 10.1175/JCLI-D-14-00 483.1, 2015.

Schmid, C.: Mean vertical and horizontal structure of thetsapical circulation in the South Atlantic from three-dinmsional observed
velocity fields., Deep-Sea Res. |, 91, 50-71, doi: 10.10d€/014.04.015, 2014.

Schmid, C., Schafer, H., Podesta, G., and Zenk, W.: The idigldy and its relation to the Brazil Current., J. Phys. @oga, 25, 2532—
2546, 1995.

Schmid, C., Siedler, G., and Zenk, W.: Dynamics of InterragglWater Circulation in the Subtropical South Atlantic.PAys. Oceanogr.,
30, 3191-3211, 2000.

Signorini, S. R.: On the circulation and the volume transpbithe Brazil Current between the Cape of Sao Tomé and Gaaadbay.,
Deep-Sea Res., 25, 481-490, 1978.

Spadone, A. and Provost, C.: Variations in the Malvinas énirvolume transport since October 1992., J. Geophys. R#&4,,1-21,
doi:10.1029/2008JC004 882, 2009.

Stramma, L.: The Brazil Current transport south of 23 S.,[@8ea Res., 36, 639—-646, 1989.

Stramma, L., Ikeda, Y., and Peterson, R. G.: Geostrophisprart in the Brazil Current region., Deep-Sea Res., 37518386, 1990.

Thompson, D. W. J. and Wallace, J. M.: Annular Modes in thedsdpical Circulation. Part I: Month-to-Month Varialiifi, J. Climate, 13,
1000-1016, 2000.

Trenberth, K. E.: The Definition of El Nifio., Bull. Amer. Meie Soc., 78, 2771-2777, doi: 10.1175/1520-0477(1997)0987.

Vivier, F. and Provost, C.: Direct velocity measurementthanMalvinas Current., J. Geophys. Res., 104, 21,083-31 1999.

Vivier, F., Provost, C., and Meredith, M. P.: Remote and lLd&azcing in the Brazil-Malvinas Region., J. Phys. Oceanadgft, 892-913,
2001.

Wainer, I., Gent, P., and Goni, G. J.: The annual cycle of theziBMalvinas Confluence region in the NCAR climate systexdel., J.
Geophys. Res., 105, 26,167-26,177, 2000.

Wallace, J. M., Smith, C., and Bretherton, C. S.: Singuldueralecomposition of wintertime sea surface temperatude580-mb height
anomalies, J. Climate, 5, 561-576, 1992.

Zemba, J. C.: The structure and transport of the Brazil @urbetween 27 and 36 south., Ph.D. thesis, Woods Hole Oceanographic

Institution, 1991.

32



18S 1
20 .
22 1
24 7
26 1
28 .
30 r .
32 ¢ 1
34 | -
36 .
38S .

-30 -25 -20 -15 -10 -5 0

transport [Sv]

latitude

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({1989), Garfield (1990), Peterson (1990), Stramma et 8BQ)l Zemba
(1991), Garzoli (1993), Campos et al. (1995), Maamaatudgtu 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 thedjregion for observations collected in January 9, 1992 tg R|2016. 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.
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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) merididrerhsports. 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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800 m elsewhere. Gray symbols with or without error bars esefprevious studies (see Figure 1 for references). The slgibdicate

if the integration depth is less than 800 m (circles), 800 mgses 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 Coirig 24'S, 35S and 38S from Argo & SSH (black) and HYCOM
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35°S and 38S from Argo & SSH (black) and HYCOM (red). Shading indicatemnslard errors.
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Figure 7. 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 frogoA& SSH and SAM while (d) shows the coherence. The vectorsdridwer
panel indicate the phase difference between them. The litédk line is the 5% significance level using the red noise ehaghd the thin
black line indicates the cone of influence. The time seriegwmoothed in the same way as the time series of the BraziéQur2ansport

in Figure 5.
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meridional transports in the Brazil Current (black) dediieom the time series in Figure Bositive (negative) anomalies for the Brazil
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Figure 10. First mode of coupled EOF of the anomaly of the meridionaigpert (TVA) from Argo & SSH (in the box centered at°®)
45°W) and the anomaly of the sea level pressure (SLPA) from MERR¥# time series were filtered using a six month cut-off pkeod
the mean annual cycle was subtracted. The spatial pattéthe deterogeneous correlation maps are presented ifitfe)homogenous
correlation (b), the normalized time series of the expansio coefficients (c) and the SAM index (d) are shown as well.he correlation
between the expansion coefficients is 0.7, which is sigmifieath respect to the 95% confidence level.
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Figure 11. Second mode of coupled EOF of the anomaly of the meridioaalsport (TVA) from Argo & SSH and the anomaly of the
sea level pressure (SLPA) from MERRA. The spatial pattefii@heterogeneous correlation maps are presented in{e)hdmogenous
correlation (b), the normalized time series of the expansinefficients (c) and the Nifio 3.4 time series (d) are showweds The corre-

lation between the expansion coefficients is 0.8, whichgreificant with respect to the 95% confidence level. See FifQrfor additional
information.
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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 &8nd HYCOM for the whole time series as well as for periods of
relatively low or relatively high transports. Estimates derived from the time series in Figure 5. L (H) the date calumdicates low (high)

transport while N indicates that a transport is not cleaityhtor low.

Argo & SSH

period latitude median mean minimum maximum  standard stahd

deviation error

[Sv] [Sv] [Sv] [Sv] [Sv] [Sv]

01/1993-12/2015 25 2.2 2.3 0.4 5.1 0.9 0.1
01/1993-12/2015 Kie) 12.3 12.6 6.0 21.1 2.6 0.3
01/1993-12/2015 3B 20.9 20.8 6.2 334 4.8 0.6
L; 07/1993-09/1994 245 1.8 1.6 0.6 24 0.6 0.3
L; 06/1996-01/1998 245 1.7 1.8 1.0 2.9 0.5 0.2
H; 02/1998-04/1999 24 3.1 3.2 1.9 4.8 1.0 0.5
L; 05/1999-02/2001 245 1.7 1.7 1.0 2.7 0.5 0.2
H; 03/2001-11/2003 245 2.8 3.0 1.8 4.4 0.7 0.2
L; 11/2005-02/2009 245 1.9 1.9 0.8 3.9 0.7 0.2
H; 03/2009-06/2010 24 3.4 3.3 1.7 5.1 1.2 0.6
L;03/2011-10/2013 245 1.9 1.9 1.1 2.5 0.4 0.2
H; 01/1994-02/1995 3% 13.6 13.7 9.4 17.8 25 1.5
L; 03/1995-03/2000 35 11.4 11.4 6.6 18.3 2.3 0.6
H; 08/2002-01/2004 3% 14.2 15.2 11.2 21.1 3.1 1.6
L; 02/2004-11/2005 35 10.0 10.5 8.5 13.1 1.3 0.6
H; 12/2005-06/2008 3% 14.9 14.3 10.0 18.7 25 0.9
L; 07/2008-09/2011 35 11.5 11.9 8.5 17.8 25 0.8
H; 10/2011-09/2014 3% 13.6 13.6 9.4 16.9 1.6 0.6
H; 02/1994-11/1997 3& 22.8 23.1 16.0 334 4.6 1.4
L;12/1997-01/1999 38 18.4 17.9 135 21.4 2.3 1.3
H; 03/1999-11/2001 3% 21.7 22.1 14.7 30.7 4.7 1.7
L; 12/2001-12/2002 38 16.3 16.4 6.2 24.7 5.2 3.1
H; 01/2003-05/2004 3% 23.3 225 15.8 27.6 2.9 1.5
L; 06/2004-10/2005 38 16.2 16.9 12.2 235 2.9 1.5
H; 01/2007-10/2009 3% 19.5 19.4 12.3 27.5 4.0 1.4
L;01/2011-07/2012 38 16.3 16.7 8.8 25.9 4.7 2.3
H; 08/2012-11/2013 3& 24.1 24.3 19.1 28.8 2.5 1.3
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Table 2 continued

HYCOM

period latitude median mean minimum maximum standard stand

deviation error

[Sv] [Sv] [Sv] [Sv] [Sv] [Sv]

01/1993-12/2015 25 6.1 6.2 2.7 10.9 1.6 0.2
01/1993-12/2015 3B 225 225 10.2 35.6 5.0 0.6
01/1993-12/2015 3B 254 255 9.6 38.9 6.4 0.8
H; 07/1993-09/1994 24 6.8 6.4 4.7 7.5 1.0 0.5
L; 06/1996-01/1998 245 5.3 5.4 4.2 7.0 0.8 0.4
H; 02/1998-04/1999 24 6.6 6.4 4.0 9.5 1.8 1.0
L; 05/1999-02/2001 245 5.1 5.3 3.1 8.2 14 0.6
H; 03/2001-11/2003 24 6.5 6.6 4.1 8.7 1.1 0.4
N; 11/2005-02/2009 245 5.9 6.0 2.7 9.3 1.7 0.6
N; 03/2009-06/2010 245 5.7 6.1 3.9 9.4 1.5 0.8
L;03/2011-10/2013 245 55 5.6 3.1 9.2 1.6 0.6
H; 01/1994-02/1995 3% 27.3 26.6 19.8 35.6 5.0 2.9
L; 03/1995-03/2000 35 22.5 22.0 10.2 30.0 4.7 1.2
H; 08/2002-01/2004 3% 24.8 25.3 19.2 324 4.1 2.0
L; 02/2004-11/2005 35 17.5 18.6 13.1 29.4 4.5 2.0
H; 12/2005-06/2008 3% 24.1 23.1 14.0 314 4.8 1.8
L; 07/2008-09/2011 35 20.8 21.0 12.3 33.6 5.7 1.9
H; 10/2011-09/2014 3% 23.7 23.5 18.3 33.5 3.5 1.2
H; 02/1994-11/1997 3& 29.7 28.7 18.9 38.9 53 1.6
L; 12/1997-01/1999 3& 18.8 20.7 11.6 31.6 6.5 3.8
H; 03/1999-11/2001 3& 27.8 26.8 13.2 37.5 6.5 2.3
L; 12/2001-12/2002 38 19.5 20.3 9.6 31.3 6.5 3.9
H; 01/2003-05/2004 3& 28.0 27.5 21.1 34.8 4.0 2.1
L; 06/2004-10/2005 38 19.4 20.4 14.5 314 4.3 2.2
H; 01/2007-10/2009 3% 24.9 248 15.7 36.8 6.3 2.2
L;01/2011-07/2012 3& 215 22.2 10.4 35.3 7.3 3.5
H; 08/2012-11/2013 38 28.2 27.9 18.3 38.8 5.7 3.0
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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 (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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Table 4. Correlations between various indexes and the transportrafiBCurrent (BCT).Time series of the Brazil Current and the
indexes for the 12 month filterare shown in Figure SSASD = South Atlantic Subtropical Dipole Mode; Sam = Southem Annular

Mode. Only significant correlations are shown. CL = confidencetlimi

filter correlation lag 95% CL
BCT at 24S and SAM

6 month 0.5 5 0.2

12 month 0.4 6 0.2

BCT at 24S and SASD

6 month 0.4 5 0.1
12 month 0.5 1 0.2
18 month 0.6 0 0.4
24 month 0.6 2 0.2

BCT at 24'S and Nifo 3.4 index

6 month 0.4 8 0.2
12 month 0.4 8 0.3
18 month 0.4 6 0.2
BCT at 35S and SAM
6 month 0.4 3 0.3
12 month 0.5 2 0.2
18 month 0.5 1 0.1
24 month 0.5 0 0.3
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Appendix A: Details on 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 thesgrart within less than 0.2%f the 600 m isobath. The search
area for the Brazil Current is indicated by the red line inUfegg2c 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 meairaigr

The procedure is to pick the westernmost southward curcgrstimating 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 th&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 studidghisriopic 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 Curren t transport

Previous studies showed that the velocity field from Argo &S8produces 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 trangpo 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 totgpk 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. &sthuthern region, the mean contribution of the shalloworegi
to the Brazil Current transport is H2.2 Sv (based on 20 transects). In 12% of the cases the trasigpe identical and an
additional 44% of the cases have differences that do noteekt8% of the transport in the Brazil Current. In the northern
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#fertince 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@8M and Argo & SSH (Table 1 and Fig. 5).
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