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“There is thus ample reason 
for a never-ending succession of 
alternating trends by air-sea 
interaction in the equatorial belt, 
but just how the turnabout between 
trends takes place is not yet quite 
clear.”

J. Bjerknes
1969





Among the fruits of the Bjerknes hypothesis:

ENSO events can be predicted
ENSO events have been predicted

ENSO is understood to be
a coupled instability of the Atmosphere/Ocean system in the 

Tropical Pacific
Bjerknes Hypothesis + equatorial ocean dynamics



After Cane, Zebiak and Dolan - Nature 1986 and see 

Barnett, Graham, Cane, Zebiak, Dolan, O’Brien and Legler, Science 1988

Contours at 0.5°C







Factors limiting the current skill of forecasts:

• Model flaws

• Flaws in the way the data is used
(data assimilation and initialization)

• Gaps in the observing system

• Inherent limits to predictability
forecast skill is different in different decades -
some times are more predictable than others

Lead Time (months)

Chen, et al 2004 Nature



Global Impacts of 
the warm phase

El Niño



Global Impacts of 
the cold phase

La Niña
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Red = warm NINO3 SSTA - El Niño 
Blue =  cold NINO3 SSTA - La Niña



After Cane, Eshel and Buckland
Nature 1994



•The basic ENSO mechanism is the Bjerknes

Feedback + equatorial ocean dynamics

•ENSO events can be predicted

•But prediction skill is limited by
Model flaws, data assimilation methods, limited data, 

inherent limits to predictability

•ENSO events have global impacts
Many occur reliably, 

but most are just more likely with an El Niño or La Niña

Summary




