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Data: HadISST

(Takahashi et al., 2011)

NINO34_approx=0.51*E+0.62*C

(Matveeva et al., 2018)

E mode in CMIP5 (23 models)

ENSO regimes



Observed* 

nonlinear Bjerknes 

feedback 

(SST/rain/wind)

The response in convection and wind stress to SST 

is more than 3 times for E > 1.5, i.e. strong eastern 

Pacific warming -> stronger Bjerknes feedback

Piecewise linear fit: Multivariate 

adaptive regression splines

Takahashi and Dewitte, 2016

Linear regression 

of SST (colors), 

OLR (contours) 

and wind stress 

on the E index in 

observations
* Similar in CM2.1 but 

shifted westwards

Data: OLR (1974-2013), WAS-Wind (1950-2010)
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High positive heat content anomalies (build up) is neither

sufficient not necessary for a strong El Niño to take place…

Menkes et al. (2014) (Takahashi and Dewitte, 2016)

The contribution of instantaneous winds to the WWV has increased from the 

2000s (Neske and McGregor, 2018), which means that the predictive value of the 

WWV has considerably reduced.
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Evolution of the 4 strong El Niño events of the last five decades

E mode pattern

C mode pattern



Data: ERSSTv3b, ERSSTv5, HadISST and COBE



Equatorial waves (cm) during the 1997/98 and 2015/16 El Niño events

Data: Mercator Reanalysis



Motivations

Document evolution of moderate El Niño events: « 

What’s missing » for a moderate event to evolve as a 

strong event, in particular for those starting with a 

warming in the eastern Pacific (E region)?

Document seasonal evolution of Bjerknes feedback (in 

this study Bjerknes feedback Covariability between SST 

and wind stress)



Data:
SST (HadISST) (1950-2016)

Wind stress (NCEP-NCAR: 1950-2016, ERA40: 1958-2008, ERA 

interim: 1979-2016)

CGCMs: GFDL_CM2.1 and CESM (PI runs)

Method:
Definition Moderate El Niño events:

All events except 1982/82 and 1997/98->19 Moderate events



Method:
SVD analysis:

We diagnose the dominant statistical mode that maximize the 

covariance between SST and wind stress across the moderate El Niño 

events during the developing phase (Feb(0)-Nov(0)):

El Nino yearFeb. to Nov.



SSTA composite and Standard devation among moderate El Niño events

Data: SST (HadISST)

(1950-2016)

E pattern

With 2015

Without 2015



First EOF mode of SST anomalies (x,t) during the developing phase 

among moderate El Nino events



Dominant SVD mode between the SST (HadISST) and wind stress (NCEP) 

during the developing phase (x,t) accross moderate El Nino events (1950-

2016) along the equator



Dominant SVD 

mode between SST 

(HadISST) and wind

stress (NCEP) 

among moderate El 

Nino events (1950-

2016) at a given

calendar month

April June

Aug. Oct.



Dominant SVD 

mode between SST 

(HadISST) and wind

stress (NCEP) 

among moderate El 

Nino events (1950-

2016) at a given

calendar month

April June

Aug. Oct.

Aug.



Dominant SVD mode between the SST (HadISST) and wind stress (NCEP) 

during the developing phase (x,t) accross moderate El Nino events (1950-

2016) along the equator



Dominant SVD mode between the SST (HadISST) and wind stress (NCEP) 

during the developing phase (x,t) accross moderate El Nino events (1950-

2016) along the equator



Dominant SVD mode between the SST (HadISST) and wind stress (NCEP) 

during the developing phase (x,t) accross moderate El Nino events (1950-

2016) along the equator



Shematic of the seasonal evolution of the air-sea mode

?



Dominant SVD mode between the SST (HadISST) and 

Kelvin/Rossby wave amplitudes (SODA) during the

developing phase (x,t) accross moderate El Nino events

(1958-2008).



Equatorial waves (cm) during the 1997/98 and 2015/16 El Niño events

Data: Mercator Reanalysis



Zonal and meridional wind

stress anomalies (arrows) 

from ASCAT. Contours = 

zonal wind stress 

anomalies
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Climatology

Easterlies

Zonal wind stress anomalies at (110°W; Eq) during the 2015/2016 El Niño



Evolution of the Kelvin wave (cm) in linear model simulations:

Control Run

Experiment in which

Tx is cancelled out

east of 120°W 

between Jun-Oct

2015 



GFDL_CM2.1 (control run)

(73 moderate El Nino events)

CESM  (control run)

(294 moderate El Nino events)

OBS.

SSTA composite and Standard devation among moderate El Niño events



Conclusions
The large inter-event variability in the far eastern Pacific (E region) during the 

development of moderate El Niño is associated to an air-sea mode peaking in 

Austral winter. This existence of this air-sea mode implies the evolution of moderate 

El Niño either into “canonical” or “Modoki” events

While along the equator this air-sea mode consists in a positive feedback (Bjerknes

feedback), off Peru the equatorwards winds yields to equatorial easterlies that 

peaks in September prior the ENSO peak that damp the growth of SST anomalies 

in the E region (negative feedback)

It suggests the importance of eastern boundary current dynamics for El Niño 

development. It could contribute to the diversity in evolution of moderate El Niño 

event, in particular by damping EP El Niño events with potential to evolve as 

extreme events, and explain why CMIP-class models tends to overestimate the 

number of extremes El Niño events.

Products Number of extremes El 

Niño events per century

Observations ~2-3

CMIP5 (30 models) 4.6

CESM 5.2

GLDL_CM2.1 7.4





Shematic of the seasonal evolution of the air-sea mode


