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Introduction

The study of sea surface temperature (SST)
variability Is essential because of its strong
influence on precipitation in the surrounding
contintent and the consequent social and
economic impacts (Lubbeckeand McPhaden
2013). In the Tropical Atlantic, one of the main
modes of sea surface temperature variability is
the Atlantic Equatorial Mode, which s
associated with the variability of the Atlantic
Cold Tongue. The region of largest interannual
variability, where the Atlantic Cold Tongue
forms, Is also a region of consistent biases in
climate models. In this study, we investigate the
interannual variability of the Tropical Atlantic
and its changes in the recent decades Iin terms
of the Bjerknes Feedback Index (IBJ) in a set of
seven ocean reanalyses for the periods 1980-
1999 and 2000-2010.

Objectives

This study aimed to investigate the Equatorial
Atlantic variability in the period 1980-2010 and
assess the robustness of the Bjerknes Feedback
across seven reanalysis products in the Atlantic,
as well as potential changes in this feedback
after 2000, in terms of the Bjerknes Feedback
Index (Jin et al. 2006).

Methods

The expression for the Bjerknes Feedback Index
(IBJ) derived by Jin et al. (2006) is shown below.
The IB] has frequency units and describes the
growth rate of sea surface temperature (SST)
anomalies In the eastern equatorial Atlantic
region (Fig. 1).
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Eq 1. Bjerknes Feeback Index (IB]) as derived by Jin et al (20006).
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Fig 1. JJA standard deviation of SST and ATL3 region (3°N-3°S; 20°W-0°),
which is used as the index region of the equatorial mode.
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Results and Discussion

The analysis of the individual terms of the
Bjerknes Feedback Index (IBJ) for the two time
periods (Fig. 2) reveals a consistent weakening of
the TD and TF terms across all reanalysis
products. The total IBJ is more damped (nhegative
but larger absolute value) in 2000-2010 than In
1980-1999, although within the error bounds; this
occurs due to the abnormally large DD in SODA,
which In turn iIs associated with an equatorial
undercurrent extending all the way up to the
surface in this reanalysis product. If all reanalyses
but SODA are considered, the ensemble means
for P1 and P2 are —0.44 = 0.11 year. and —1.45
+ 0.35 year.; In this case, the error bars do not
overlap and the difference in the total I[B]
between P1 and P2 is statistically significant at
the 95% level.

Thermal Damping (TD)

Fig 2. Schematic
representation of the
Bjerknes Feedback and its
components; NSHF = net
surface heat flux; UVEL,
VVEL, WVEL = zonal,
meridional and vertical
currents, respectively; Z20
= thermocline depth.
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Fig 3. Individual components and total IBJ for each reanalysis and their
ensemble mean, for P1: 1980-1999 and P2: 2000-2010.
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Fig 4. ]JJA standard deviation of SSTs in P1 (a) and the percentual reduction in P2
compared to P1 (b). Stippling in (b) indicates regions where the difference
between the two periods is significant at the 95% level of a Welch's t-test
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Fig 5. Regression of ATL3 SST anomalies and zonal wind stress elsewhere in the basin, for (a)
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1980-1999 and (b) 2000-2010. White contours denote the regions where regressions are significant
at the 95% level and stippling in (b) indicates regions where the difference between P1 and P2 is

significant at the gooo level.
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Fig 6. Regression of mean equatorial zonal wind stress and thermocline depth
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(Z20), for (a) 1980-1999 and (b) 2000-2010. White contours denote the regions

where regressions are significant at the 9590 level.

The weaker Bjerknes Feedback in P2 is then a
result of increased thermal damping (TD) and
weaker thermocline feedback (TF). Consistent
with the more damped IBJ, there is a decrease in
the standard deviations of JJA SST anomalies in
P2 (Figure 4). An analysis by Prigent et al. (2020)
indicates that the increased thermal damping is
mainly due to an increased latent heat flux.The
weaker thermocline feedback, on the other hand,
Is found to be related to a weaker response of
western zonal wind stress anomalies to ATL3 SST
anomalies (Figure 5) and weaker response of the
equatorial thermocline to anomalous equatorial
zonal wind stress (Figure 6). The weaker wind-SST
response in P2 could be related to a warmer
northern Tropical Atlantic and a northward shift in
the ITCZ (e.g., Amaya et al., 2017; Prigent et al.,
2020). The reason why there is a decrease in the
ATL3 thermocline response to anomalous wind
stress Is not clear, since no changes Iin ATL3
thermocline anomalies or its mean state are
found for P2 in our data.

Conclusions

« The Bjerknes Feedback Index indicates a more
damped equatorial mode In the recent period,
consistent with previous studies reporting a
decrease In SST variability in the equatorial
Atlantic.

* The weaker feedback is due to stronger thermal
damping and weaker thermocline feedback.

* Nonetheless, the IBJ is a linear simplification of
the underlying dynamics and may not fully
capture the complexity of variability iIn this
region. Further studies should consider a mixed
layer heat budget analysis of the weaker
variability after 2000.
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