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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 Current increases from 38.2 Sv (1 Sv isl05m3s~1) at 29’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 HYCONsfiare 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 ld¢itdependence of the transport of the Brazil Current is ieegent
with the wind-driven circulation in the super gyre of the sopical South Atlantic. A mean annual cycle with highesigst)
transports in austral summer (winter) is found to exist ktcted latitudes (245, 33'S and 38S). The significance of this signal
shrinks with increasing latitude (both in Argo & SSH and HYRID) mainly due to mesoscale and interannual variabilitythBo
Argo & SSH, as well as HYCOM, reveal interannual variability24'S and 35S that results in relatively large power at
periods of two years or more in wavelet spectra. It is fourad the interannual variability at 28 is correlated with the South
Atlantic Subtropical Dipole Mode (SASD), the Southern AlamMode (SAM) and the Nifio 3.4 index. Similarly, correlato
between SAM and the Brazil Current transport are also four3®%5. Further investigation of the variability reveals that th
first and second mode of a coupled empirical orthogonal foncif the meridional transport and the sea level pressyskaix
36% and 15% of the covariance, respectively. Overall, tealtg indicate that SAM, SASD and El Nifio Southern Osciflati

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 thre8 Current, which is the western boundary current of the
subtropical gyre in the South Atlantic. This subtropicatayis largely governed by the Sverdrup Equation (Pond arkbRic
1983) and is part of the super gyre (Gordon et al., 1992; dgeRul982) which connects the subtropical circulationhia t
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 risméeanders 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 liatckthe Brazil Current. This recirculation cell has beesat#ed

earlier (e.g., Stramma, 1989) and has been called the BTaribent 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 earlied&s varies from north to south (Fig. 1). This transport ithini
1Svto 7 Sv (1 Svid0%m3s—1) between 19S and 22.3S in the upper 400 to 500 m and increases to about 17 Sv’& 28
as the vertical extent and strength of the Brazil Currentgiases. Farther south the Brazil Current transports aréynioshe
range of 10 to 30 Sv. Most of the estimates from earlier studie based on quasi-synoptic sections, while some are based

time series from moorings with current meters or InvertelddE8ounders (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 stdrewell
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 @& Atlantic Meridional Overturning Circulation transpods-
rived from various observational products and models oftgaal similar amplitudes of the variability, but can haigmgicant
differences when the means are compared. For the Northtitldnis was shown, for example, by Msadek et al. (2014). The
same is the case in the South Atlantic. An important chadogAtlantic Meridional Overturning Circulation transpeoalcu-
lations is the estimation of the transport in the westermidlauny current (the Brazil Current in the Subtropical Soutlaitic).

All estimates of this transport face the challenge of dagwthe contributions on and often also near the shelf bregkically,

this challenge is resolved by using climatology (e.g., Gket al., 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 dynamics of the observed variability onsseal to interannual time scales are studied in conjunction

with several ocean indices and sea level pressure as a pothefwind 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 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 from an arraywgindy 3000 floats that drift freely in the world ocean as pért o
the Argo project (the goal of 3000 active floats was reach@®@v). Details on the procedures regarding data acquisitiol
quality control were described by Schmid (2014). An expamsif the time period by about 1.5 years over the one available
in the previous study yielded 81,627 profiles with good terapge and salinity collected in the study region (Fig. 2)iag
2000-2015. Profile data are available throughout most o$tiey region (Fig. 2a) and this data coverage does not degpend

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 pressumregeof 800 to 1100 dbar (930 of all floats) were used to deril@city
fields as monthly climatologies following the proceduresatided by Schmid (2014). As for the 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 & fHd covering the time period January 1993 to December 20&8.in
situ data in conjunction with the sea surface height fieldsuesed to derive absolute geostrophic velocities as desthip

Schmid (2014). The first step is to establish the relatignbkiween the dynamic height profiles (derived from Argo jsfi



10

15

20

and the SSH on a regular grid. Once this relationship has tbetemmined, gridded fields of synthetic dynamic height pesfi
can derived. The next step is to calculate the zonal and magtigeostrophic velocity. Finally, the monthly climatgly of

the subsurface velocity fields from the trajectory data &lis apply a barotropic adjustment to the geostrophic ugléelds.

As in Schmid (2014), wind fields from the NCEP reanalysis 2r#&maitsu et al., 2002) are used to derive the Ekman compo-
nent of the transport. Majumder et al. (2016) found that tken&n transport computed from different wind products hdg on
a small impact on the transports of the AMOC in the South Attatheir Figure 14). The resulting velocity field will beltsd
Argo & SSH hereinafter. The volume transports of the Brazitr@nt is derived from these velocity fields as a monthly time

series covering the years 1993 to 2015 (see Appendix A).

Monthly velocity fields from the Hybrid Coordinate Ocean Mb(HYCOM, Chassignet et al., 2003) covering the same time
period as the velocity field derived for this study are oledifrom the Global 1/12Reanalysis and Analysis which is avail-
able online (the downloaded fields are from GLBuU0.08 expenits 19.0, 19.1, 90.9, 91.0, 91.1). This model has a Mercator
curvilinear grid with 32 levels and uses the Navy CoupledddcPata Assimilation (NCODA) system for assimilation. Al-
though HYCOM is a hybrid coordinate model where depth (‘pddinates are used in the mixed layer and density cooelnat
in the lower layers, the output from the model is provided eptt coordinates. Information on the model experimentsdow
loaded for this study can be found at https://hycom.org&katver/gofs-3pt0/reanalysis/ and https://hycom.atgerver/gofs-

3ptO/analysis/.

Finally, the Southern Annular Mode (SAM, Marshall, 2003)léx, the South Atlantic Subtropical Dipole Mode (SASD,
Rodrigues et al., 2015) and the Nifio 3.4 index (TrenbertB7)8s well as the sea level pressure from Modern Era Rettigpe
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 gradiettimZzonal mean sea level pressure betwee$4Mhd 65S.

The Nifio 3.4 index is valid for the region 12 to 170W, 5°S to N. The SASD index is derived from the sea surface



temperature anomalies averaged within two regions (3&400-30W and 15-28S, 0-20W) by subtracting the estimates in

the northern region from those in the southern region.
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3 Mean characteristicsof the Brazil Current transport

The mean transport for the upper 800 m, as derived from thehtyoArgo & SSH time series, reveals two bands of the west-
ward southern South Equatorial Current, which are part@fitimd-driven subtropical gyre and feed into the Brazil @uatrat
two main latitudes (near 2% and around 35, Fig. 3a). North of about 26 the Brazil Currentis represented relatively poorly
in the mean field. Between 286 and 28S it becomes more visible and it is strongly developed farsoeith. A comparison
with the mean surface velocity field presented by Oliveiral ef2009) reveals a lot of similarity to the transport fiektiged
herein: in the region south of about5Oliveira et al.’s Figure 4 shows a well developed Brazilr€nt while it is relatively
poorly defined in 23S to 2%'S where they find that the mean kinetic energy is lower tharetlty kinetic energy (Fig. 6 in
Oliveira et al., 2009). The reason for this is the largerafaitity of the location of the Brazil Current as well as itsak@ess

in this area as already observed by Mata et al. (2012). A ibanitng factor to this is the eddy variability in this regicsn

example is the frequent occurrence of the so-called Vigdidy (e.g. Schmid et al., 1995; Arruda et al., 2013).

Similar to Argo & SSH, the HYCOM model also shows a strengthgof the Brazil Current from north to south, however,
this strengthening starts farther north than in Argo & SSkd.(Bb). The main branches with westward flow in HYCOM reach
the boundary near 23 and 28S. The latter is close to the northern edge of the southemchraith westward flow in Argo
& SSH. Differences in the structure of the Brazil Current aisgble when comparing HYCOM with Argo & SSH. Tenden-
tially, the Brazil Current in the model is close to the 800 whiath. North of 23S, the mean field from Argo & SSH has the
southward flow about?east of the 800 m isobath. HYCOM has a corresponding banduttiaard flow there, in addition to
a more chaotic southward flow closer to the western boundaiy.is consistent with the meandering of the Brazil Curient

this region, as mentioned in section 2 based on evidencedeutier 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 &lYCOM the means are derived from monthly time

series over the full time period of 23 years. Before going iétails it has to be noted that many earlier studies usegingar

10
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layer thicknesses. North of 23 the layer thicknesses are mostly smaller than 800 m andecas mall as 400 m. In support
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 thessiegi

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 fa¥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€éht 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 limrepresentation of transports in the portion of the Braailr€nt that is in

shallow areas, and the impact of mesoscale variabilitys&ééll 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®R#e 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 thersignificant mesoscale variability in this latitude rangkefnating
1-2 degree wide bands of southward and northward velocity magnitude 20 to 38ms~"! in XBT transects), both near 23
(Mata et al., 2012) and 25 (Garzoli et al., 2013). These meridional velocities aterofwice as high as the monthly mean
velocity in Argo & SSH. Therefore, one can get a roughly twasdarge Brazil Current transport from individual transdot a
given month and year when compared with the correspondangrort from a monthly mean velocity field. Taking an average
of such quasi-synoptic transports can therefore resultanger Brazil Current transport when compared with thosenfArgo
& SSH. An example of the impact of that variability can be sae24.5S in Fig. 4 (grey 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 transmtin@tes from the XBT lines (Garzoli et al., 2013, grey 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 on a TOPEX/POSEIDON ground tiassing the Brazil Current near @5 (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 39'S the time-averaged transport from Argo & SSH fluctuateseegtiongly around a mean of 14:3.5 Sv (Ta-
ble 1, black line in Fig. 4). It is not likely that this is caulsley changes in the southern South Equatorial Current, lsecaost
of the water transported by this current reaches the webtaindary north of 33 (Fig. 3). One possible cause is the Brazil
Return Current (e.g., Stramma, 1989; Peterson and Straf804; Boebel et al., 1997). Other possible causes couldée th
location of the confluence of the Brazil Current and the Madgi Current or the mesoscale variability in the confluengi®ne
(e.g., Gordon, 1989; Garzoli, 1993; Maamaatuaiahutapl, €t¥98). The separation of the Brazil Current Front fromshelf
break can be used as a proxy to track changes in the locatibie cbnfluence. For example, Goni et al. (2011) showed a time
series indicating that this separation typically occur84n5 to 40.8S). The method for detecting the separation described
in Goni et al. (2011) was used herein to determine if its liocais correlated to the transport of the Brazil Current. Nots
correlation was found (not shown). Therefore, the mostyikeason for the large fluctuation is the strong mesoscalaliéity
in this region as indicated by the high eddy kinetic energg.(®liveira et al., 2009, their figure 6). Consistent whist 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 33 on southward within about 25rom the western boundary), when compared with the

14
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boundary region north of the confluence (Supplemental Fig. 1

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 Currenairsports (Fig. 5) is analyzed. Three latitudes were seldotethis
analysis, the northernmost one is in the regime dominatetriall transports and the other two are in the vicinity of thazi-
Malvinas confluence. The main focus will be on the annualeyElg. 6), which has been derived by subtracting the annual
mean for each year from the individual monthly transporthat year to reduce the impact of the interannual varigbilihe

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, mostlithrone to two transport maxima in each year (black line, Big.
top). Typically, the transports are high in austral sumnmet law in austral winter. This can be seen more clearly in Feédu
(black line), which shows the annual cycle represented asatfomaly of the transport. On average, the smallest transpo
occurs in July and the largest in March. The amplitude of threual cycle is 0.6 Sv, with transports ranging from 1.7 Sv to
2.8 Sv (Table 3). The years for which a semiannual cycle igcatdd by two transport maxima give rise to the dip of the
anomaly to about 0.1 Sv in October. However, in terms of iatilig the presence of a semi-annual cycle this feature does
not reach the level of significance. The alternating mudtayphases with significant spectral density at semi-aramalor
annual periods is reflected in the wavelet power spectrumlsnbefore 2002 (Fig. 7a). Longer-periodic variability @lsas

relatively high spectral density, primarily for periodsdfo 4 years. Similar patterns can be seen in the waveletrspedbr

15
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HYCOM (Supplemental Fig. 2). Mostly, these do not reach évell of significance for both Argo & SSH and HYCOM, with

the exception of a period in 1997 to 1998 in Figure 7a. Intesahvariability is discussed in more detail in sectionsahd 4.5.

The wavelet power spectrum for SAM also reveals phases vgtiifieant energy at the semi-annual period, as well as quite
persistent phases of relatively high energy at periods etotwo years (Fig. 7b). A cross wavelet analysis revealgrafgiant
signal at the annual period in 1995-1998 (Fig. 7c) with highues of the wavelet coherence (Fig. 7d). In contrast tq that
second period (2007-2009) for which the significance levekiceeded at the annual period in Figure 7c has low valuégin t

wavelet coherence (Fig. 7d) because the annual cycle of SAMriy 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 respecte@timual cycle, Figure 6 (red line) reveals two maxima
(February and September) and two minima (June and Decemabiriys latitude. All of these are within a month of extreme
values identified in the Argo & SSH record. However, the seasoelatively high transportin Septemberin HYCOM is alisen
in Argo & SSH (i.e., the small change bringing the transpadraaly closer to zero in the same month in Argo & SSH is not
significant). In addition to that, the amplitude of the anmyale of 0.9 Sv is 50% larger than that for Argo & SSH (Table 3)
The characteristics detected in the anomalies of the toabhBpm HYCOM are in good agreement with the wavelet speutru
for this time series which has periods of high energy at smival and, to a lesser extent, at annual periods (Supptamen
Fig. 2, top).

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 6.0 to 31.1
with a mean of 12.62.6 Sv (Table 2, black line in middle panel of Fig. 5). As fo34some 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 miam

in June and the maximum in December. While the amplitude2Y.is twice as large as at Z& the standard error is about

four times larger (Table 3). The standard error in Figureddates that there is no significant mean semiannual or &nnua

16
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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. 8a). It is noted that, in 2002010, the power is relatively high at the annual period dnmbst
reaches the level of significance around 2009. The crossleteuealysis for Argo & SSH and SAM does not reveal a coher-
ent signal at the annual cycle (Fig. 8b, c). Phases withivelsthigh spectral density at periods of 2 years or moretdwis

Argo & SSH (Fig. 8a) as well as HYCOM (Supplemental Fig. 2wewger, the power is less high than aP34see section 4.1).

Time series of the Brazil Current transport derived from sedace height anomalies by Goni and Wainer (2001) and
Goni et al. (2011) also indicated that the interannual Wity and mesoscale variability are very strong which nakéiard
to detect any annual cycle in observations that might e@iehi et al. (2011) found a significant peak in a spectral sislgt
the annual period. Their time series has the relative minirfmaximum) of the transport in austral winter (summer) fourf
of the six years (Figure 7 of Goni et al., 2011). These minimé @axima 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) haggér transports and variability than the Argo & SSH
time series, which yields a larger mean and standard dewmiéfable 2). In addition to that, HYCOM has a significant aainu
cycle with an amplitude that is about three times larger tthenamplitude from Argo & SSH (Fig. 6, middle). The good
agreement in the timing of the maxima and minima detectedrgoA& SSH as well as HYCOM indicates that a significant
annual cycle might exist in the ocean but can not be resoliddabservations. It is noted here, that the wavelet spettru
from HYCOM reveals a significant signal at the annual penodinly in 2001 to 2013 (Supplemental Fig. 2), which is simila
to the time frame of an almost significant annual cycle in tla@elet analysis for Argo & SSH mentioned in the previous
paragraph. A likely reason for the weak signal at the anrioed scale in Argo & SSH, when compared with HYCOM, could
be due to insufficient in situ observations in this regiorhwilatively large mesoscale variability (e.g., Oliveitak, 2009).

An indication that Argo & SSH might be undersampling the ahility in the Brazil Current at 355 is that the eddy kinetic
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energy in Argo & SSH is between one fifth and one quarter of tiiy &inetic energy in HYCOM (Supplemental Fig. 1). This
suggests that undersampling with insitu observationsccaeduce the ability of Argo & SSH with respect to fully resioly

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 20.84.8 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&réhis no significant mean annual or semi-annual cycle &,38
the wavelet power spectrum of the Brazil Current transpommnfArgo & SSH (Fig. 8d) reveals more prevalent phases with
significant semi-annual and annual cycles when compardd 3@tS. The annual cycle at 38 has the strongest signal in
1999-2002 and 2007-2013. The cross wavelet power speckignge) indicates that some coherence with SAM may exist at
the annual period in 1995 to 2001, however, the coherentelpés not support this (Fig. 8f). At periods of 2 to 4 yearssaisa

of relatively high spectral density for Argo & SSH are moreyalent than at 3% and smaller than at 28. The annual cycle
from HYCOM agrees well with Argo & SSH with respect to the tilgiand amplitude (Fig. 6). This similarity is supported by
the wavelet analysis for HYCOM (Supplemental Fig. 2), whiebeals periods with a significant annual cycle that are odgo

agreement with those 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% e eddy kinetic energy in HYCOM, Supplemental
Fig. 1). Therefore, the issue with undersampling the medesa@riability might be less significant at @ The location of
the confluence is likely to play an important role here. As tizered in section 3, Goni et al. (2011) reported that the Braz

Current Front, which can be used to trace the confluence, etasekn 34.5S and 40.8S in 1993 to 2008. On average it was
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near 38S, which is the latitude discussed here.

According to Vivier and Provost (1999) the annual migrasiarf the Brazil Current Front are predominantly determined
by the strength of the Brazil Current, which is mainly fordeg the local wind stress curl (Vivier et al., 2001). Similarl
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 Cungnthe highest transports in May to August negt40
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’® This is in agreement with the argument above that the dfdacation 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 variahilitthe Brazil Current transport is studied. It is found the tliffer-
ences of the transports between adjacent phases with hiploarvalues are about 1 Sv atZ3land mostly 2 to 4 Sv at 35
(Table 2). Typically, periods of relatively low or high treports last 2 to 5 years. In addition, the transport &82#aches a
minimum in 2000 (black line in Fig. 9a) which is followed by arimum in 2002/2003. After a rapid drop-off followed by a
period of transports close to the mean state, another wansximum occurs in 2009/2010. When comparing4nd 38S
(black line in Fig. 9a, b), one can see periods that look similith respect to the timing of maxima and minima of transpor
anomalies as well as periods without any similarity. Fomegke, the positive anomaly in 1999/2000 and 2014 as wellas th

extrema in 2002/2003 and 2015 are present at both latitudels the two time series are very different in 2004 to 2012, f
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example. The differences betweert 34and 38S (black line in Fig. 9a, c) are even bigger, which is not vempssing because
38°S is very close to the confluence. It is noted that, mostly, @¥Chas 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 &t4dre investigated. The focus is on this latitude, becausddt enough away from
the confluence. Correlations between the indices and thefoat of the Brazil Current are estimated for time serig¢sréd
with different cut-off periods (Table 4). When filtering Wwitut-off periods of 6 months, the derived correlation codadfit
between the transport and SAM is 0.5 with a lag of 5 monthsaHd&t-month cut-off period the correlation and lag are simila
In agreement with this, the largest maxima of SAM (1994, 1998.0; red line in Fig. 9a) are followed by minima of the
Brazil Current transport a few months later. Similarly, lgest minima of SAM (2002, 2013) are followed by maximalad t
Brazil Current transport. The arrows in the cross waveletspm (Fig. 7¢) are pointing 10 to 20 degrees to the righhef t
downward direction in the area of relatively high power atmnnual periods exceeding four years, which confirms3SAal

is leading by about 5 months on interannual time scales.

For the relationship between the transport and Nifio 3.4fusid that the lag is 6-8 months (depending on the filtering)
with a correlation coefficient of 0.4. When looking at the gigeries, one can see that the largest El Nifio events (198,/19
2002/2003, 2009/2010; blue line in Fig. 9a) are followed kaxima of the transport. Correspondingly, strong La Nifianeve
(1999/2000, 2007/2008 and 2010/2011) are followed by lawdports. It is too early to be sure, but it seems like thengtée

Nifio of 2015/2016 could be followed by another dip in the g@art of the Brazil Current (Fig. 5).

In addition to the relationship to these remote indicescthreelation between the Brazil Current transport and SASB w

derived as well. For cut-off periods of 12 months or more,l#geis very small and the correlation coefficient is 0.5 to. 0.6

Because of the joint impact of SAM and El Nifio, a comparisors885D and the transport time series is difficult. Good
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agreements between SASD and the transport (Fig. 9a, cyablackllines) can be seen in the more quiescent phase with re-

spect to the remote indices (2004 to 2007) as well as duraggdmsport maximum in 2010 that follows the 2009/2010 EIlNif

At 35°S, the correlations between SAM and the transport are sitoillnose based on transports at4The main differ-
ence are smaller lags. When looking at the time series (rédkck line Fig. 9b), one can see multiple coinciding peaks, (
high transport when SAM is high), mainly during 1999 to 20@8jch can explain the small lags. A contributing factor can
be the role the subtropical wind field, for which SAM can bersag a proxy because 49 is used as the northern latitude to
derive this index. On the one hand, this wind field leads tosthengthening of Brazil Current on the way from’®4to 35S
(Fig. 4) due to the flow in the westward southern South EqiatGurrent (Fig. 3). Therefore, the variability of that zbflow
will have an increasing impact on the variability of the Bt&urrent itself as the flow strengthens on the way to thetsout
On the other hand, this wind field plays a role for the locatibthe confluence (e.g., Wainer et al., 2000) as well as for the
contribution of the Brazil Return Current to the transpdrtiee Brazil Current (e.g., Stramma, 1989; Peterson andriira,

1991, Boebel et al., 1997).

At 38°S (Fig. 9¢), no significant correlations between the Braailrént transport and the indices were found, which can be
attributed to the large variability in close proximity oftlkonfluence. In the next section, the analysis on the rot&thkl and

El Nifio Southern Oscillation (ENSO) play with respect tociag the variability of the Brazil Current transport is expad.

45 Relationship between sea level pressureand meridional transport

A coupled empirical orthogonal function (EOF) analysis loé atnomaly of the sea level pressure (SLPA) in a large region,
including the Southern and tropical Atlantic and Pacificg &me anomaly of the meridional meridional transport (TVA) i
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 metbad be found, for example, in Bretherton et al. (1992). Theafsa
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bigger domain for SLP is useful to understand large scalgrfgrand to assess the possibility of any teleconnectiotepat
(Wallace et al., 1992). The coupled EOF method used hereaiidsly used in climate studies to identify coupled patterns

between two fields.

Figure 10 shows first mode of the coupled EOF with the hetereges correlation maps which represent the spatial pattern
for SLPA as well as the homogenous correlation maps whictesemt the spatial pattern for TVA (panels a, b). The normal-
ized temporal expansion coefficients for the this mode, Wieplains 36% of the covariance, is shown in Figure 10c. The
spatial pattern of the homogeneous correlation (Fig. 1@is)the largest correlations in the region dominated by tlaeiBr
Current. The spatial pattern of the heterogeneous cooelétig. 10a) reveals a quite strong zonal symmetry througthe
South Pacific and Atlantic, with the exception of the regionth of South Africa and the tropics. South of the center ef th
subtropical gyres this pattern is associated with SAM, botthe Atlantic and the Pacific. In addition, the structurehe
Atlantic reflects the variability in the subtropical gyreitarger correlations in the region dominated by the Brialvinas
confluence and the South Atlantic Current (ne&t3)0as well as in the region where the southern South Equb@uiaent
is found (near 29S). High correlations are also present in the western tebitacific, mainly in the Nifio 3 region (within
five degrees of the equator between Wk0and 120W), which suggests that remote teleconnections from tlgeore(e.g.,

Mo and Ghil, 1986; Lopez et al., 2016) may play a role. Howgtés noted that SAM is not very sensitive to the inclusion or
exclusion of the Pacific region when deriving the meridigoralssure gradient (see definition of SAM in section 2). Tad f
will make it harder to determine how important teleconrmdiare for this mode. More on teleconnections will followeaf

looking at the second mode.

The patterns of the heterogeneous and homogeneous dometeaps are robust in the sense that they do not depend much
on the filtering. The main impact of varying the filtering isitthe covariance explained as well as the correlation aitimgo-
ral expansion coefficients decreases with decreasingfEpenod (not shown). This is not surprising because rers@gals

loose their strength as they propagate over long distamzethas can be masked by regional higher-frequency vaitialfiit
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is not removed by filtering. This leads to the conclusion tieatote forcing has a larger impact on long term variabiliigrt

on short term variability.

The time series of the normalized temporal expansion casffis reveal phases with high amplitude and good agreements
between TVA and SLPA in 1997 to 2003 and, to a lesser exte@8 20 2013 (Fig. 10c). During both phases, the timing of
the peaks are in good agreement, yielding an overall ctioalaf 0.7 for the temporal expansion coefficients. Thesaspb
coincide with relatively high amplitude of the SAM index ¢110d). In periods with relatively low amplitudes of SLPA@4
to 1996, 2004 to 2007 and 2012 to 2013) the relationship ket PA and TVA is weak or even absent and the SAM index
has a relatively small amplitude. However, there is somdaiity between SAM and TVA in these periods, which is cotesi$

with the correlations between SAM and the transport of thezBICurrent presented in section 4.4.

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 strongglaged low pressure system centered neéagithich gives rise
to a relatively strong South Atlantic Current. Simultanglgpthe subtropical high is stronger during the positivagaof SAM
which results in easterly surface wind anomalies (ThompswhWallace, 2000). This results in a strengthened sulaibpi

gyre and thus a stronger western boundary current, in tees ttee Brazil Current.

For the second mode of the coupled EOF, which explains 15%eo€tvariance, the spatial pattern of the heterogeneous
correlation (Fig. 11a) consists of strong zonal gradierthatropical Pacific, with the lowest values east of the higlval-
ues. A positive anomaly is centered near the Drake PassagedieAntarctica and the tip of South America. This pattern
is similar to the first Pacific South American Mode (PSA1, ohéhe teleconnection patterns described in previous s$udie
e.g., Mo and Ghil, 1986; Lopez et al., 2016). This mode has bescribed as a response of the southern hemisphere to ENSO

(Karoly, 1989) via a Rosshy Wave train from the tropical Reto the Drake Passage.
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The pattern of the homogenous correlation (Fig. 11b) isadtarized by smaller spatial scales than for the first mode an
the higher values near the western boundary are mainlydihd the region north of about 3. This explains why significant
lagged correlations between the transport of the Brazit€urand the Nifio 3.4 index were found at’34but not at 35S or

38°S (section 4.4 and Table 4).

The normalized temporal expansion coefficients for the sg@eonode exhibit a strong correlation, with a correlationfioe
cient of 0.8 (Fig. 11c). The largest peak occurs in 1997/E38Bcan be attributed to the very strong El Nifio during thabgle
(Fig. 11d). Another very strong El Nifio event occurred in 2@D16, which can be associated with the increase of thenexpa
sion coefficients near the end of the time period analyzedih€an added year in the time series would be needed to fully
capture this event). Both of these EI Nifio events had thegést signal in the eastern and central Pacific (in the Nifions
3 and 3.4). During the times with moderate (1994/1995, 22023 and 2009/2010) or weak (2004/2005 and 2006/2007) El

Nifio events the two temporal expansion coefficients alseeagery well.

The changes of the SLP prior and during the 1997/1998 EI Nviéateare described in the following. In February to April
1997 an area of low pressure in the western tropical Pacifakesms as it expands southward into the subtropical Pacific an
shifts eastward. This sets up a low anomaly of the SLP in th&epical Pacific that also shifts eastward until Auguste3d
changes trigger meandering in the gradient zone betweesuthteopical high and the low pressure farther south. Asethes
waves propagate eastward they cause changes in SLP in tinemodl South Atlantic that result in anomalous large oam
gradients of the SLP which will increase or decrease the wespectively. These changes, in turn, will have an impadhe

circulation and therefore the transport of the Brazil Cotre

Similar, but weaker, southward expansions of the low presisuthe western Pacific are also present in years without an E

Nifio, for example in 2000. The difference is that the the gues remains low in the western equatorial Pacific and tteat th

expansion has less impact on the subtropical South Paciiiekhas the circumpolar region with the strong meridionaPSL

24



gradients. As a result, eastward propagating waves do ten@xas far north and the impact on the subtropical Soutmitla

is smaller.

These results are in agreement with conclusions from a dbydyopez et al. (2016). They suggested that atmospheric
Rossby waves originating in the tropical Pacific can travekls-eastward and reach the South Atlantic via the Draksd@gs
(their Figure 5). The observations presented herein, atdithat this is a likely reason for a significant part of thealality 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-Malvinasituence. In HYCOM, the transport increases with latituse a
well. A comparison with Argo & SSH shows that the main difieces are that the transports in HYCOM tend to be higher, the

increase of the transport starts farther north, and theedbepween 255 and 32S is a bit larger (1.20.9 Sv per degree).

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). In agreement with thisyavelet analysis indicates that phases of an annual cyde atx
all three latitudes, but their prevalence decreases witfeasing latitude (Figs. 7 and 8). Consistent with this tiflme series
(Fig. 5) also reveals strong interannual variability, bitherms of shifts in the annual mean and in the timing of thghbst
and lowest transports. Mostly, the characteristics oféngaoral variability at these time scales in HYCOM are sintiiethose

in Argo & SSH. The main difference is that HYCOM has a weak semual cycle at 245 and a stronger annual cycle af'3S5
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(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. 9b). Table 2 shows dtesi®f such phases many of which are captured both by Argo &
SSH and HYCOM. The power spectrum from the cross wavelestoam at 24S and 33S for Argo & SSH (Fig. 7c and 8c)
and HYCOM (Supplemental Fig. 2) show weak signs for the presef such variability that mostly do not quite reach the

level of significance.

Time series smoothed with a filter using a 6 to 12 month cupeffod reveal correlations of the Brazil Current transport
with SAM that are within the 95% confidence interval with lasbout 6 months at 28 (section 4.4, Table 4). For the Nifio

3.4 index the correlations with the transport remain sigaiit while being slightly smaller with a larger lag of 8 masith

The first and second mode of the coupled EOF between the meaidiransport in the Brazil Current region and the sea
level pressure provides insight with respect to the atmesplfiorcing. The first mode (Fig. 10) explains 36% of the &ade
and supports the influence of the tropical Pacific on SAM wihiiesecond mode, which explains 15% of the variance indicate

that ENSO has an impact on the meridional transport (Fig.gshecially during strong events like the 1997/1998 El Nifio
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Figure 1. Previously published estimates of the Brazil Current fpans as a function of latitude. The line with a slope of
about 1.6 Sv per degree is a fit to the transports measured 98 1® 32’S. The sources of the transport estimates are: Fisher
(1964), Signorini (1978), Miranda and Castro Filho (197®)randa and Castro Filho (1981), Evans et al. (1983), EvadsSignorini
(1985), Gordon and Greengrove (1986), Garzoli and Gar@®89), Gordon (1989), Stramma (1989), Garfield (1990)eiRen (1990),
Stramma et al. (1990), Zemba (1991), Garzoli (1993), Camepat (1995), Maamaatuaiahutapu et al. (1998), Miller.e(#998),
Jullion et al. (2006), Mata et al. (2012), Garzoli et al. (2Pand 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 ge2000
to 2015. b) Availability of trajectory observations in theidy region for observations collected during January 1@92pril 2016. c)
Meridional velocity in the surface layer from Argo & SSH fanliary 2015. The coastline as well as the 400, 800 and 1000batfss are
shown. The region encompassed by the red line indicateg#retsarea for the southward flow of the Brazil Current. Tinesiies are 05

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. Grey symbols with or without error bars eymfprevious studies (see Figure 1 for references). The slgibdicate

if the integration depth is less than 800 m (circles), 800 mgges and dots) or greater than 800 m (triangles). Grey lears are shown
if the estimate is from several transects or a time seriesy @ots are based on velocity transects derived by Garzali é€2013) for the

purpose of estimating the Meridional Overturning Circidattransports 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
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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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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
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in Figure 5.
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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#e time series were filtered using a six month cut-off pkrio
and the mean annual cycle was subtracted. The spatialqmtitthe heterogeneous correlation maps are presented Tth@homogenous
correlation (b), the normalized time series of the expans@efficients (c) and the SAM index (d) are shown as well. Tdrestation between
the expansion coefficients is 0.7, which is significant witspgect 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




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 indices and the transportraZiBCurrent (BCT). Time series of the Brazil Current and thdices
for the 12 month filter are shown in Figure 9. SASD = South Aftasubtropical Dipole Mode; Sam = Southern Annular ModelyOn

significant correlations are shown. CL = confidence limit.

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: Detailson how the Brazil Current transport is estimated

Transport profiles in grid boxes that have a water depth sftlesn 1000 m in their center are excluded. This means thabstt m
latitudes, the Argo & SSH data set has a profile of the trarispitihiin 0.25” of the 600 m isobath. The search area for the Brazil
Currentis indicated by the red line in Figure 2c that encasspa the region near the shelf break where this currentitsatiyp
found. It extends east of the climatological mean core ofBrezil Current to allow for its meandering. The procedurtois
pick the westernmost southward current for estimatingriduesport unless it is not part of the continuous southwavd fline
latter situation is mostly encountered in the northern piithe domain, where a single grid box with southward vejoeitght
exist at the shelf break while the boxes south and north aj itat support treating this box as part of the Brazil Currént.
example of a situation like this near Zwas studied by Schmid et al. (1995). Many others also loakélge zonal position
of this current (some recent studies on this topic are Bildl.eR014; Mill et al., 2015; Lima et al., 2016). The Brazil i@ent

transports are derived by integrating the meridional viglagithin the identified longitude range at each latitude.

Appendix B: Quantifying uncertainties of the Brazil Current transport

Previous studies showed that the velocity field from Argo &38produces the features of the circulation in the Soutarfit
(Schmid, 2014) and can be used to derive the integratedomatissassociated with the Meridional Overturning Circiolatat
multiple latitudes (Majumder et al., 2016). As Argo & SSH &ed herein to study the variability of the transport in thaZ#ir
Current it is important to know what uncertainties exist.a®usynoptic XBT transects as well as output from the HYCOM
model are used to quantify the contribution of transportshallow water to the total transport of the Brazil Currenthie
study region. Due to its pathway (Fig. 3), this contributiat depend on the latitude. An indication of this can be sielRig-

ure 4, where the agreements are best near the southerdéstitthere the confluence with the Malvinas Current resulfsan
separation of the Brazil Current from the shelf break. Basethe grid resolution of 0%in Argo & SSH and the slope of the

topography, 600 m is used in the following to split the Br&ailrrent transport into the shallow and open ocean contoibsit
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For the XBT transects, the analysis was done for two regiepamited by the latitude of 23. This latitude can be seen
as representative for the transition from lower to highansports. In addition, this latitude is the one where thegration
depth transitions from 400 m to 800 m as explained in sectidn the southern region, the mean contribution of the shallo
regions to the Brazil Current transport is 2.2 Sv (based on 20 transects). Comparing transports ofrdml Eurrent with
and without the shallow region reveals that in 12% of the sdéisese transports are identical. An additional 44% of tisesa
have differences that do not exceed 10% of the transporeiBthazil Current. In the northern region, the mean contidout
of the shallow regions to the Brazil Current transport isilinwith 1.6+1.7 Sv (based on 8 transects). No further analysis is

possible in this latitude range because of the small numiteaasects.

For HYCOM, the focus for quantifying the impact of the traogyin shallow regions is on the three latitudes for which the
time series are analyzed in detail. At°E the impact of the shallow areas on the transport is néigigthe mean difference
is insignificant; identical transports in 86% of the casbsjause the Brazil Current is separated from the shelf brmeit 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 &t3awhere the mean difference is 0.3 Sv (identical transports in only 14% of
the cases). Overall, there is no statistical significanetitependence of the differences. All of these transportatezhs are

smaller than the differences between the transports frol@6IM and Argo & SSH (Table 1 and Fig. 5).
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