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Bjerknes feedback
• Atmospheric teleconnection from
the Pacific causes the westerly wind
anomalies
• Westerly wind anomalies in the
western Atlantic generate
downwelling equatorial Kelvin waves
that propagate to the eastern basin
• Deepen the thermocline and
temporarily stall (or reduce)
upwelling‐induced SST cooling
• Warm SSTAs are produced in eastern
Atlantic
• Intensify the westerly wind
anomalies via a Gill‐type response to
prolong the stalling of the equatorial
SST cooling
Vallès‐Casanova et al 2020 (GRL)
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REOF analysis
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Regression analysis
• The early‐terminating variety is preconditioned and triggered by a negative phase of the Atlantic
Meridional Mode in boreal spring (e.g., Foltz & McPhaden, 2010).
• Both the persistent and early‐onset varieties appear to be forced by strong El Niño events in the
preceding boreal winter.
➢ The persistent variety seems to be initiated by oceanic advection of warm SSTAs off the coast of West
Africa (Richter et al., 2012).
➢ The early‐onset variety appears to be largely forced by interhemispheric wind anomalies that are
persistently forced during DJF and MAM by El Niño‐induced anomalous subsidence and increased sea
level pressure over TNA.
• The late‐onset variety is spontaneously triggered by atmosphere‐ocean processes internal to the
equatorial Atlantic (e.g., Keenlyside & Latif, 2007) and shows no clear source of external forcing in
boreal spring, thus suggesting low seasonal predictability compared to the other three varieties.
Vallès‐Casanova et al 2020 (GRL)
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The cause of the fragile relationship between the Pacific El Nino and the Atlantic Nino
Average between 200 and 800 mb

Tropospheric temperature mechanism
•

•
•

•
Not a basinwide warming

Anomalous warming in the eastern equatorial Pacific
during an El Nino produces a warming signal in the
troposphere
Tropospheric warming stabilizes the environment,
causing reduced moist convection
Boundary layer energy, in the form of latent heat that
originates via evaporation from the ocean surface, will
accumulate
“Back pressure” -> Reduces evaporation from the
ocean surface to the boundary layer, leading to a
warming of the ocean mixed layer

Chang et al 2006 (Nature)
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The cause of the fragile relationship between the Pacific El Nino and the Atlantic Nino
Compare 1982/83 and 1997/98 El Ninos
May-Jun 1983

Strong easterly wind

May-Jun 1998

Destructive interference
• El Nino may lead to cooling in the equatorial Atlantic
• Easterly wind stress anomaly along the Equator shallows the
thermocline
• Enhance the stratification and increase the vertical entrainment
rate on the eastern side of the basin
• Produce anomalous cooling at the surface
• The atmosphere responds to this cooling by further
strengthening the wind anomaly
• Forming a positive feedback between the ocean and
atmosphere
Cooling produced by the Bjerknes feedback competes with
the tropospheric-temperature induced warming

Weaker easterly wind

Chang et al 2006 (Nature)

C

Multiple causes of interannual sea surface temperature variability in the equatorial Atlantic Ocean
Westerly surface wind
stress anomalies in the
western equatorial
Atlantic force
interannual SST
variability in the Atlantic
cold tongue region with
a delay of 1,2 months or
5,6 months.
Non-canonical events

65-85% of equatorial Atlantic
variability remains
unaccounted for.

Canonical events

Non-canonical events

Easterly wind anomalies
Canonical events
ENSO-like dynamics, because the warming
follows westerly wind anomalies that reduce
upwelling in the eastern equatorial Atlantic
Richter et al 2012 (Nature Geo)
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Multiple causes of interannual sea surface temperature variability in the equatorial Atlantic Ocean
Non-canonical events are marked by widespread SST
warming in the northern tropical Atlantic in boreal spring

Non-canonical events
• Such warming in April is associated with
reduced surface latent heat flux and nearsurface winds
• This pattern is characteristic of the
meridional mode, which dominates
variability in the subtropical Atlantic

Benguela Nino

Mechanism:
• Off-equatorial downwelling Rossby waves
generated by the wind stress curl anomalies
associated with the meridional mode
• On reaching the western boundary, these
Rossby waves are reflected into downwelling
equatorial Kelvin waves and subsequently lead
to warming in the eastern equatorial Atlantic
Richter et al 2012 (Nature Geo)

D

On the Inconsistent Relationship between Pacific and Atlantic Ninos
1997/98 El Ninos
SSH averaged over 2S-2N & wind stress anomaly
downwelling Kelvin wave
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upwelling Kelvin wave
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Downwelling Rossby wave -> a westwardpropagating positive anomaly in SSH averaged
over 2N–5N (shading)
Negative wind stress curl anomaly (contour)
Lübbecke and McPhaden 2012 (JC)

• Bjerknes feedback (SST & westerly wind interactions)

• Tropospheric temperature mechanism (Atmospheric
thermodynamics)
• Ocean waves (Kelvin wave -> Rossby wave -> Kelvin wave)

