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1 Heat Budget Analysis

The long-term surface heat budget over the ocean is given by:

QT = H + E + RL + RS + Focean (1)

where QT is the net heat gain in the ocean mixed layer, H is the surface sensible heat flux
(positive into the ocean), E is the turbulent latent heat flux (positive into the ocean), RL is
the net longwave radiative warming, RS is the net shortwave radiative warming and Focean is
the heat flux supplied by ocean circulation and mixing (de Szoeke et al. 2010). Assuming the
long-term net heat gain of the mixed layer zero, the Focean term is calculated as the residual
that balances the heat budget in equation 1.

1.1 Heat budget associated with the first mode

In Fig. S1 the shortwave and longwave radiative fluxes, the total turbulent flux (sensible plus
latent) and the residual ocean term of the heat budget associated with the first mode of inter-
model spread in Tropical Atlantic SSTs are shown. The main term contributing to the SST
warming associated with this mode is the shortwave radiative flux (Fig. S1a). The warming
due to this term is principally concentrated in the eastern boundaries of the tropical oceans.
There is also a significant warming due to this term in the Southern Ocean, especially over
the Atlantic and Indian portions. Conversely, the lowgwave radiation flux shows a cooling
tendency, especially over the eastern margins of the oceans and in the Southern Ocean (Fig.
S1b). These fluxes are consistent with the reduced cloud cover in those areas (Fig. 3c), which
allows more shortwave radiation and less longwave radiation to reach the ocean surface. The
fact that the shortwave flux dominates the surface net radiative budget suggests that, in the
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tropics, the decrease in cloudiness is in the form of low-level clouds, which would increase
albedo strongly, while altering less the longwave radiation loss to space (Karlsson et al. 2008).
Given its stronger values, the net radiative budget is dominated by the showrtwave radiation
term. The turbulent heat flux tends to cool the ocean (Fig. S1c). This flux is dominated by
the latent heat flux term (not shown) and is related to the increased evaporation related to the
higher SST values associated with this first mode (Fig. 2a). The residual ocean term shows a
weak and not consistent contribution to the total budget (Fig. S1d).

Fig. S 1: Projection of shortwave net radiative flux (a), longwave net radiative flux (b),
downward turbulent heat flux (sensible plus latent) (c) and residual ocean term (d) onto PC1.
Units are W/m2. Positive values tend to warm the ocean.
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1.2 Heat budget associated with the second mode

In Fig. S2 the shortwave and longwave radiative fluxes, the total turbulent flux (sensible plus
latent) and the residual ocean term of the heat budget associated with the second mode of inter-
model spread in Tropical Atlantic SSTs are shown. Unlike for the first mode, the shortwave
radiative flux cannot explain the overall pattern of SST associated with the second mode. This
term tends to cool the ocean in the western Tropical Atlantic and over the north Atlantic.
However, the longwave radiative flux compensates this northern cooling. Both together, they
can only explain part of the cold SST pattern in the westernmost part of the north Tropical
Atlantic. The turbulent fluxes tend to warm the north Atlantic, especially over the Tropical
part and the subpolar gyre region, where the colder SSTs (Fig. 5a) reduce the ocean latent heat
release, which is the main contributor to the turbulent fluxes (not shown). Conversely, most of
the northern Atlantic cooling is related to the ocean residual, especially in the subpolar gyre
region, strengthening the hypothesis that this mode is principally related to ocean processes, in
particular to a weakened AMOC (Fig. 6b). In addition, the cooling due to the ocean residual
term in the tropical Atlantic (20N) could be related to the enhanced subtropical north Atlantic
overturning cell (new Fig. 6b), which could bring intensified upwelling and poleward Ekman
transport at this latitude in response to the intensified trade winds (Fig. 5b). This is, in fact,
a footprint of a weakened AMOC on the Tropical Atlantic SSTs as was discussed by Zhang
(2007).

1.3 Heat budget associated with the third mode

In Fig. S3 the shortwave and longwave radiative fluxes, the total turbulent flux (sensible plus
latent) and the residual ocean term of the heat budget associated with the third mode of
inter-model spread in Tropical Atlantic SSTs are shown. The positive values of the shortwave
radiative flux South of 30◦S are coherent with the positive SST anomalies in the Southern
Ocean (Fig. 8a). In addition, the positive values in the western tropical north Atlantic and
south tropical eastern Pacific and south central Atlantic, which dominate the net radiative
flux (not shown) are consistent with positive SST anomalies in those regions. However, the
positive values over the equatorial Atlantic and, more prominently, equatorial Pacific do not
match the local SST anomalies. Instead, in those regions, the residual ocean term seems to be
the main contributor. Such cooling could be connected to intensified easterlies in these regions
(Fig. 8d), which could enhance equatorial upwelling. These enhanced easterlies are not related
with a significant cooling due to turbulent fluxes (Fig. S3c).
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Fig. S 2: Same as Fig. S1 but for PC2.

4



Fig. S 3: Same as Fig. S1 but for PC3.
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