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sSEC 
bifurcation

• AMOC = Atlantic Meridional Overturning Circulation

• BC = Brazil Current

Context:

(Bower et al., 2019)

• sSEC = southern South Equatorial Current

• SASG = South Atlantic subtropical gyre

• NBUC = North Brazil Undercurrent

AMOC upper limb

Marcello et al. (2018)
Marcello et al. (2019)

Weakened AMOC upper limb compensated by strengthened South Atlantic subtropical gyre in CESM1-LE simulations

• Under human-caused global warming:
- The AMOC is expected to slow down;
- And wind-driven subtropical gyres from the Southern Hemisphere

are suggested to be spinning-up and shifting southward due to
large-scale atmospheric circulation changes.

• The South Atlantic is the ocean basin where the upper-ocean return
flow of the AMOC (i.e., the AMOC upper limb) is primarily formed –
Pacific and Indian ocean contributions are merged into the basin-
wide circulation and take a ride along the SASG to be advected
towards the North Atlantic to replenish deepwater formation sites.

• Therefore, the AMOC upper limb and the SASG are coupled up to
the South Atlantic western boundary.

• When the sSEC bifurcates, the NBUC carries the AMOC upper limb
extension northwards, and the BC closes the subtropical gyre
circulation to the south.

• If the AMOC upper limb is supposed to be weakening
and the SASG circulation is supposed to be
strengthening and drifting southward,

what is then, the resulting scenario?

How do wind and thermohaline forcings 
combine to reshape the large-scale South 

Atlantic circulation?



Weakened AMOC upper limb compensated by strengthened South Atlantic subtropical gyre in CESM1-LE simulations

• The CESM1 Large Ensemble - https://www.cesm.ucar.edu/community-projects/lens

• A single-model large ensemble – tool designed to isolate the uncertainty coming from internal variability and to therefore estimate the
climate system response to external forcing, exclusively.

• And we know that the dominant factor among external forcings influencing the climate system (such as variations in solar radiation,
orbital parameters and volcanic eruptions) is the rise of GHGs from burning fossil fuels to sustain humanity’s modern lifestyle.

• Individual ensemble members are generated under the same external forcing conditions, and differ only in terms of random tiny
perturbations in their initial condition (in their atmospheric temperature field). This is enough to ensure that each member follows a
unique climate trajectory due to how energy is exchanged between all climate spheres/components (atmosphere, hydrosphere,
cryosphere, lithosphere and biosphere), departing from that initial condition.

• This means that individual ensemble members differ only in terms of internal climate variability.
• The diverging trajectories of individual ensemble members generates ensemble spread – because the resulting sequences of

unpredictable internal variability are randomly phased between them.
• By averaging all ensemble members and obtaining the ensemble mean, internal climate variability (i.e., the noise) is cancelled, and

what is left is the response that is common to all of them: the externally-forced response – dominated by human-caused global
warming.

https://www.cesm.ucar.edu/community-projects/lens
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• Figures S2, S3, S4.
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However, the degree to which the real SASG interior transport is in Sverdrup balance might be compromised by density-driven
changes in the AMOC and by the inflow of interocean waters with distinct physical properties.

The Sverdrup balance implies an intensification
of the SASG basin interior transport at its southern
portion along with a poleward expansion of the gyre
over the whole zonal extension of the basin.

More specifically, the SASG interior is projected
to spin-down between ~15∘–45∘S and to spin-up
south of that, as a result of the local WSC
anomalies. Though note that Sverdrup dynamics
prevail only far from the western boundary139, and
therefore do not directly illustrate the
strengthening of the BC (happening from 20∘S
downstream); which is, according to this theory,
indirectly represented by the compensating
northward transport in the basin interior.

Moreover, the climatological wind-driven BC is known to be weak among global WBCs, since the larger portion of the sSEC normally
forms the NBUC along the AMOC upper limb129,143. In a warming climate with a declining AMOC, the opposite holds true: as the
NBUC weakens, the sSEC then feeds the BC to a larger extent. Since the mean BC transport is not well explained only by surface wind
variations, the same is expected for changes in its projected transport98.

Overall, the WSC and Sverdrup transport change patterns are consistent with the notion of a southwestward strengthening of the
SASG, where the positive anomalies of the WSC and of the horizontal velocities’ absolute magnitude are correlated at r = 0.52

Finally, as wind anomalies act to pile up waters at the western and southern portions of the SASG, the sea level tends to rise over these
regions. That is because spatially varying SSH trends reflect the geographical redistribution of upper-ocean water masses68,70,92,144–146. In the mean
climatology (Supplementary Fig. 8), wind-driven convergence forms a SSH hill at the SASG center, with its anticyclonic geostrophic circulation revolving around
a maximum SSH. Under future climate change, the SASG center is displaced poleward, while the sea level tends to drop over its weakened northern boundary.

Overturning and gyre circulations are fundamentally linked140, and the SA is especially sensitive to both low-frequency buoyancy-
forced variations due to perturbed AMOC dynamics and wind-forced changes102. It is far out of our scope to categorically investigate
the reasons for a projected AMOC slow-down, still, changes in high-latitude AMOC forcing are expected to call for compensating effects
involving upstream surface AMOC pathways28–30. As the AMOC weakens, it changes the meridional transport along the whole
extension of the AMOC upper limb, including the subtropical oceans — hence potentially compromising the extent to which the wind
field determines the flow in the ocean interior141. And this is particularly meaningful for the SA — where the AMOC upper limb travels
precisely along the subtropical gyre interior, which is the target region described by the Sverdrup theory. Therefore, interbasin
transfers142 and flow compensations as adjustments to changes in overturning might partially offset the changes induced by the
shifted wind pattern via Sverdrup dynamics.
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• Deformed SASG:
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