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Figure S2 - Southern eastward flows prior to the Drake Passage (100◦-80◦W)
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Figure S3 - Southern eastward flows at the eastern South Atlantic sector (10◦W-
25◦E) (Across box ”2” in manuscript Figure 2a)

Figure S4 - Southern eastward flows entering the Indian Ocean sector (26◦-
45◦E) (Across box ”3” in manuscript Figure 2a)
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Figure S6 - Sea surface height field - mean and trends (1920-2100)

Table S1 - Volume transport values corresponding to the time series in manuscript
Figure 2

Table S2 - Magnitude of changes in the meridional position of the SASG bound-
aries corresponding to the time series in manuscript Figures 5 and 6



Figure 1: | Vertical profiles corresponding to boxes/transects and volume trans-
port time series in manuscript Figure 2 |. 1920-2100 mean meridional (a, d, e, i, j,
k, l) and zonal (b, c, f, g, m) velocities. Red represents positive (eastward/northward),
while blue represents negative (westward/southward) velocities. Dotted gray contours
indicate the zero zonal/meridional velocity line. The x- and y-axis ranges of all profiles
are scaled, matching each other, in order to provide a perspective of relative flow width
and depth. The volume transport time series in manuscript Figure 2 are integrated in
the upper 985-m layer (slightly above 1-km), where the strongest core of surface ocean
currents are located – deeper layers are shown to provide a vertical perspective of their
distribution. Eastward/northward (westward/southward) volume transports in manuscript
Figure 2 were derived by taking into account only positive/red (negative/blue) velocity val-
ues to avoid counterflow interference. DP = Drake Passage, MC = Malvinas Current, SAC
= South Atlantic Current, BC = Brazil Current, AL = Agulhas Leakage, sSEC = southern
branch of the South Equatorial Current, NBUC = North Brazil Undercurrent, NBC = North
Brazil Current.



Figure 2: | Southern eastward flows prior to the Drake Passage (100◦-80◦W) |
Zonal velocities in the southern Pacific sector, averaged over 100◦-80◦W (box number
1 in manuscript Figure 2a). (a) 1920-2100 mean vertical profile; red denotes positive
(eastward) and blue denotes negative (westward) velocities. The black filled contour rep-
resents the zero zonal velocity line; and the black dotted contours indicate zonal velocity
lines along contour intervals of 4x10−3:10−2:74x10−3. The gray filled contour in the up-
per 1-km is reproduced from (c), for reference. (b) Hovmoller diagram (upper 985-m
mean) of anomalous zonal velocities (1920-1970 base period); red (blue) indicates posi-
tive/eastward (negative/westward) anomalies. The yellow dotted line marks the mean lat-
itude of transition between positive and negative anomalies (53.5◦S), in correspondence
to the yellow dotted line in (c), used as a reference to derive the southern and northern
volume transports in (e). (c) 1920-2100 total trends of anomalous zonal velocities, cor-
responding to the upper 985-m layer in (a). The gray filled contour marks the transition
from negative (blue) to positive (red) trends. The black filled contour corresponds to the
upper 985-m portion of the black contour in (a), indicating where the mean flow shifts from
eastward to westward velocities. (d) Time series of the total eastward volume transport
associated with the upper 985-m of the zonal velocities in (a), along 67◦-41◦S. (e) Time
series of the southern and northern portions of the total eastward transport in (d). The
value corresponding to their first time step (1920) is indicated, while the y-axis varies in
1-Sverdrup intervals (1 Sv = 106 m3.s−1). The gray dashed vertical line indicates the tran-
sition from the historical (1920-2005) to the RCP8.5 (2006-2100) period. The correlation
coefficient between both detrended, standardized time series is indicated (-0.74).



Figure 3: | Southern eastward flows throughout the eastern South Atlantic sector
(10◦W-25◦E) | Zonal velocities in the southeastern Atlantic sector, averaged over 10◦W-
25◦E (box number 2 in manuscript Figure 2a). (a) 1920-2100 mean vertical profile; red
denotes positive (eastward) and blue denotes negative (westward) velocities. The black
filled contour represents the zero zonal velocity line; and the black dotted contours indi-
cate zonal velocity lines along contour intervals of 14x10−3:2x10−2:154x10−3. The gray
filled contour in the upper 1-km is reproduced from (c), for reference. (b) Hovmoller di-
agram (upper 985-m mean) of anomalous zonal velocities (1920-1970 base period); red
(blue) indicates positive/eastward (negative/westward) anomalies. The black contour rep-
resents the temporal evolution of the mean zero zonal velocity line corresponding to the
upper 985-m average in (a). The yellow dotted line marks the mean latitude of transition
between positive and negative anomalies (45.3◦S), in correspondence to the full-depth
gray contour in (c), used as a reference to derive the southern and northern volume trans-
ports in (e). (c) 1920-2100 total trends of anomalous zonal velocities, corresponding to
the upper 985-m layer in (a). The gray filled contour marks the transition from negative
(blue) to positive (red) trends. The black filled contour corresponds to the upper 985-m
portion of the black contour in (a), indicating where the mean flow shifts from eastward
to westward velocities. (d) Time series of the total eastward volume transport associated
with the upper 985-m of the zonal velocities in (a), along 61◦-39◦S. (e) Time series of the
southern and northern portions of the total eastward transport in (d). The value corre-
sponding to their first time step (1920) is indicated, while the y-axis varies in 1-Sverdrup
intervals (1 Sv = 106 m3.s−1). The gray dashed vertical line indicates the transition from
the historical (1920-2005) to the RCP8.5 (2006-2100) period. The correlation coefficient
between both detrended, standardized time series is indicated (-0.74).



Figure 4: | Southern eastward flows entering the Indian Ocean sector (26◦-45◦E) |
Zonal velocities of the ocean currents leaving the Atlantic towards the Indian basin, aver-
aged over 26◦-45◦E (box number 3 in manuscript Figure 2a). (a) 1920-2100 mean vertical
profile; red denotes positive (eastward) and blue denotes negative (westward) velocities.
The black filled contour represents the zero zonal velocity line; and the black dotted con-
tours indicate zonal velocity lines along contour intervals of 14x10−3:2x10−2:154x10−3.
The gray filled contour in the upper 1-km is reproduced from (c), for reference. (b) Hov-
moller diagram (upper 985-m mean) of anomalous zonal velocities (1920-1970 base pe-
riod); red (blue) indicates positive/eastward (negative/westward) anomalies. The black
contour represents the temporal evolution of the mean zero zonal velocity line corre-
sponding to the upper 985-m average in (a). The yellow dotted line marks the mean
latitude of transition between positive and negative anomalies (43.2◦S), in correspon-
dence to the full-depth gray contour in (c), used as a reference to derive the southern
and northern volume transports in (e). (c) 1920-2100 total trends of anomalous zonal
velocities, corresponding to the upper 985-m layer in (a). The gray filled contour marks
the transition from negative (blue) to positive (red) trends. The black filled contour corre-
sponds to the upper 985-m portion of the black contour in (a), indicating where the mean
flow shifts from eastward to westward velocities. (d) Time series of the total eastward
volume transport associated with the upper 985-m of the zonal velocities in (a), along
66◦-36◦S. (e) Time series of the southern and northern portions of the total eastward
transport in (d). The value corresponding to their first time step (1920) is indicated, while
the y-axis varies in 1-Sverdrup intervals (1 Sv = 106 m3.s−1). The gray dashed vertical
line indicates the transition from the historical (1920-2005) to the RCP8.5 (2006-2100)
period. The correlation coefficient between both detrended, standardized time series is
indicated (-0.88).



Figure 5: | SASG structural changes (30◦-10◦W) | Climatological (1920-2100 mean)
and anomalous (with respect to the 1920-1970 base period) zonal velocities (m.s−

1

) cen-
tered at the South Atlantic subtropical gyre (SASG) (30◦-10◦W zonal average): (a) Clima-
tological vertical profile (Latitude x Depth), depicting the westward flow of the consecutive
sSEC branches at the northern limb of the subtropical gyre (blue) and the eastward SAC
flow at the southern limb of the subtropical gyre merged with the ACC flow in the South-
ern Ocean (red). Black contours mark the climatological zero zonal velocity line, whose
upper 985-m, 1920-2100 annual evolution is represented by gray contours (filling the
whole range of their southward migration since 1920), delimited by the 1920-1970 (blue
dotted contours) and 2080-2100 (red dotted contours) climatologies. (b, c) Hovmoller
diagrams of the upper 985-m average of raw (b) and anomalous (c) zonal velocities; red
(blue) denotes positive/eastward (negative/westward) raw velocity values (b) / anomalous
velocity values (c); the gray thick line in (b) (also reproduced in (c), for reference) marks
the temporal evolution of the zero zonal velocity line averaged over the upper 985-m; (d)
1920-2100 total trends of anomalous zonal velocities corresponding to the upper 985-m
in (a). The black thick contour is reproduced from (a), for reference, corresponding to
the upper 985-m mean zero zonal velocity line that separates west- from eastward mean
flows. The gray filled contour separates positive from negative trends over 1920-2100.
Red (blue) denotes positive (negative) trends, i.e., regions where eastward (westward)
anomalies tend to increase.



Figure 6: | Sea surface height field - mean and trends (1920-2100) | (a) 1920-
2100 mean sea surface height (SSH). Red (blue) represents positive (negative) SSH
values and the black filled contour marks the zero SSH line. (b) 1920-2100 total trends
of SSH anomalies (1920-1970 base period). Red (blue) background colors represent
positive/increasing (negative/decreasing) trends, while the red (blue) dotted contour rep-
resents the mean 1920-1970 (2080-2100) zero SSH line.



Table 1: | Volume transport values corresponding to the time series in manuscript
Figure 2 and the time series in Figures S2d, S3d and S4d | Mean transport averaged
over 1920-1970; change in transport corresponding to the total period of 1920-2100 (to-
tal trend); change in transport corresponding to the RCP8.5 period (2006-2100) and per-
centual change in transport (∗ representing the amount of increase/decrease with respect
to the 1920-1970 mean value). With exception of the 2006-2100 period from time series
(16), all long-term trends (expressed by ”changes”) shown are statistically significant at
the 99% confidence level.

Time series 1920-1970 mean 1920-2100 change 2006-2100 change Percentual change∗

( 1 ) 101.9 ± 0.4 Sv + 7.5 ± 2.2 Sv + 7.3 ± 2.1 Sv + 7 %

( 2 ) 158.9 ± 0.7 Sv + 18 ± 5.2 Sv + 16.2 ± 4.8 Sv + 10 %

( 3 ) 153.7 ± 0.6 Sv + 8.1 ± 2.4 Sv + 10.4 ± 3 Sv + 7 %

( 4 ) 33.3 ± 0.4 Sv - 7.2 ± 2.1 Sv - 5.6 ± 1.6 Sv - 18 %

( 5 ) 107.1 ± 0.8 Sv + 5.7 ± 1.6 Sv + 6.9 ± 2 Sv + 6 %

( 6 ) 103.9 ± 0.8 Sv + 4.8 ± 1.4 Sv + 6.5 ± 1.9 Sv + 6 %

( 7 ) 96.4 ± 1.8 Sv + 5.4 ± 1.6 Sv + 8.8 ± 2.6 Sv + 9 %

( 8 ) 113.5 ± 1.7 Sv + 10.6 ± 3.1 Sv + 15 ± 4.4 Sv + 13 %

( 9 ) 51.7 ± 1.1 Sv + 3 ± 0.9 Sv + 6.3 ± 1.8 Sv + 12 %

( 10 ) 24.3 ± 0.5 Sv + 18.4 ± 5.4 Sv + 16.3 ± 4.8 Sv + 54 %

( 11 ) 84.1 ± 1.5 Sv + 24.6 ± 7.2 Sv + 25.2 ± 7.4 Sv + 28 %

( 12 ) 54.8 ± 0.4 Sv + 8.1 ± 2.4 Sv + 5.1 ± 1.5 Sv + 9 %

( 13 ) 20.7 ± 0.7 Sv + 10.2 ± 3 Sv + 7.8 ± 2.3 Sv + 32 %

( 14 ) 33.7 ± 0.6 Sv + 14.5 ± 4.2 Sv + 14.5 ± 4.2 Sv + 39 %

( 15 ) 7.2 ± 0.4 Sv + 5.9 ± 1.7 Sv + 7.3 ± 2.1 Sv + 91 %

( 16 ) 18.1 ± 0.5 Sv - 0.4 ± 0.1 Sv + 0.04 ± 0.01 Sv + 0.2 %

( 17 ) 15.7 ± 0.3 Sv - 2.4 ± 0.7 Sv - 1.6 ± 0.5 Sv - 11 %

( 18 ) 29.9 ± 0.6 Sv - 9.1 ± 2.6 Sv - 9 ± 2.6 Sv - 33 %

( 19 ) 34.8 ± 0.7 Sv - 11 ± 3.2 Sv - 10.3 ± 3 Sv - 32 %

( 20 ) 32.1 ± 0.6 Sv - 9.4 ± 2.8 Sv - 9.3 ± 2.7 Sv - 31 %

( 21a ) 48.5 ± 0.5 Sv - 1.2 ± 0.4 Sv + 0.4 ± 0.1 Sv + 0.9 %

( 21b ) 23.4 ± 0.6 Sv - 9.1 ± 2.6 Sv - 8.6 ± 2.5 Sv - 41 %

( 22a ) 30.7 ± 0.6 Sv - 6.7 ± 2 Sv - 6.1 ± 1.8 Sv - 21 %

( 22b ) 19.3 ± 0.5 Sv - 8.7 ± 2.5 Sv - 8.3 ± 2.4 Sv - 49 %

( 23a ) 38.6 ± 0.7 Sv - 11.7 ± 3.4 Sv - 10.8 ± 3.2 Sv - 31 %

( 23b ) 18.6 ± 0.5 Sv - 8.8 ± 2.6 Sv - 8.2 ± 2.4 Sv - 50 %

( 24a ) 57.2 ± 0.9 Sv - 15.6 ± 4.5 Sv - 12.7 ± 3.7 Sv - 24 %

( 24b ) 25.5 ± 0.6 Sv - 11.9 ± 3.5 Sv - 10 ± 2.9 Sv - 46 %



Table 2: | Magnitude of changes in the meridional position of the SASG bound-
aries corresponding to the time series in manuscript Figures 5 and 6 | Mean po-
sition averaged over 1920-1970; change in position corresponding to the total period
of 1920-2100 (total trend) and change in position corresponding to the RCP8.5 period
(2006-2100). Negative (positive) values express southward (northward) migrations. All
long-term trends (expressed by ”changes”) shown are statistically significant at the 99%
confidence level. ZZVL = zero zonal velocity line, SBL = sSEC bifurcation latitude.

Time series 1920-1970 mean 1920-2100 change 2006-2100 change

( ZZVL-40◦W ) 36.1◦ ± 0.2◦S - 2.2◦ ± 0.6◦S - 1.5◦ ± 0.4◦S

( ZZVL-30◦W ) 36.4◦ ± 0.1◦S - 2.3◦ ± 0.7◦S - 1.8◦ ± 0.5◦S

( ZZVL-20◦W ) 37.4◦ ± 0.04◦S - 1.2◦ ± 0.4◦S - 0.8◦ ± 0.2◦S

( ZZVL-5◦W ) 38.8◦ ± 0.03◦S - 0.3◦ ± 0.09◦S - 0.1◦ ± 0.04◦S

( SBL-25 m ) 18◦ ± 0.2◦S + 0.3◦ ± 0.1◦S + 0.6◦ ± 0.2◦S

( SBL-50 m ) 19◦ ± 0.1◦S + 0.2◦ ± 0.07◦S + 0.4◦ ± 0.1◦S

( SBL-100 m ) 19.8◦ ± 0.2◦S + 0.4◦ ± 0.1◦S + 0.5◦ ± 0.2◦S

( SBL-250 m ) 23.5◦ ± 0.1◦S + 0.8◦ ± 0.2◦S + 1.1◦ ± 0.3◦S

( SBL-500 m ) 26.4◦ ± 0.4◦S + 2◦ ± 0.6◦S + 2.5◦ ± 0.7◦S

( SBL-500 m ) 28.1◦ ± 0.2◦S + 2.5◦ ± 0.7◦S + 3.2◦ ± 0.9◦S


