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The Complexity of ENSO

Lessons learnt from initialized 

predictions
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Outline

Å Emergence of ENSO as a coupled ocean -atmosphere mode 

Å ENSO characterization from Observations and Reanalyses.

Å Conceptual models of ENSO: implications for predictability

Å ENSO prediction

Å Example: the 2014 and 2015 El Niño

Å New directions

Å Summary
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El Niño

La Niña

Southern Oscillation Index (SOI)

Nino3.4 SST index

Origins of ENSO
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El Niño: Bjerknes feedback

Å Bjerknes positive feedback 
(strongest in spring and 
summer ) allows ENSO to 
grow

Å Generalized Bjerkness
feedback as interaction 
between SST and deep
convection operates at 
many time scales

Courtesy of Jerome Vialard
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ENSO:El Nino -
Southern Oscillation

Largest mode of  interannual climate variability 

Best  known source of  predictability at seasonal time scales

It affects global patterns of atmospheric circulation, with changes in rainfall, temperature, 
hurricanes, extreme events

Impacts on marine ecosystems, on agriculture, health,é

Impact on Earth Energy Cycle and ocean as a climate thermostate .
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A bit more history

1966
ÅBjerknes : ENSO as a coupled O -A mode

1975

ÅWyrtki : importance of ocean Kelvin waves. Sea level as first observing 
system for prediction

1980ôs

ÅFirst attempts at modelling and prediction with simple models (Zebiak and 
Cane 1987)

Early 
1990ôs

ÅDevelopment of GCMs: Simulating ENSO as a big challenge

ÅTOGA-TAO observational campaign 

Late 1990ôs

ÅFirst prediction system with GCMs, data assimilation, probabilistic

ÅConceptual models for ENSO

2000ôs
ÅENSO in climate change: conceptual models and projections 

Present
ÅENSO diversity: predicting ENSO and its impacts remains challenging
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Relevance of Observations and Climate 
Reanalyses

1975; Wyrtki sets Equatorial tide 
gauges to monitor Kelvin waves

~ 1993 - TOGA-TAO program to 
monitor subsurface temperature

~ 1993 onwards: satellite 
altimeter to monitor sea level

~ 2005: Argo uniform sampling of 
subsurface temperature and salinity

SST Observations

When Observations are integrated with laws of 

physics we obtain climate reanalyses, a essential 

resource of the understanding, modelling and 

prediction of ENSO

Observations of the Atmosphere

Observations of the Ocean
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20 years of Equatorial Anomalies

Note the strong 1997 -8 El Nino and 1998 -9 La Nina in Taux , D20 and SST

After them, ENSO  has shown short -cycles of Central Pacific anomalies (no reaching the East Coast)

Until 2014, when a strong Kelvin wave  was generatedé.

Taux Anomalies D20 Anomalies SST Anomalies
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Daily Equatorial Anomalies: Jan 1997 - Jan 1998

March 1997@ Strong Westerly Wind bursts  (WWB) in the West Pacific.

Associated eastward propagating groups of  Kelvin waves. The latest reaching the Eastern Coast

SST anomalies develop in the West (as a displacement off the warm pool), and in the East, when the Kelvin waves 
arrive and depress the  thermocline

May/June 1997: More  WWB . Or is  this already ENSO?  Bjerknes feedback in action.

Taux Anomalies D20 Anomalies SST AnomaliesSL Anomalies




