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El Niño

…the phenomenon and its
consequences



precipitation anomalies

surface oceanic temperature anomalies

October 1997



What happened in 1997-98

• Temperature anomalies in the ocean at the
scale of the Pacific ocean associated with
precipitation and wind anomalies

• Climatic anomalies observed at the scale of 
the entire planet



A small story of El Niño

Christmas Gifts for Peruvian (and 
Californian) fishermen …

El Niño, warm current appearing during
Christmas period… or? 



A small story of El Niño

« Austral Oscillation »

Atmospheric phenomenon at the scale of 
the Pacific ocean

Sir Gilbert Walker

…or ?



A small story of ElNiño

Bjerknes’ hypothesis: 

El Niño and the austral Oscillation are the
same phenomenon  : ENSO

The media and the practice have imposed
the name « El Niño »

J. Bjerknes
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1) Introduction

2) State of knowledge about El Niño

3) Climatic, environmental and economical impacts 
of El Niño

4) Previsibility and predictability of El Niño

5) El Niño and beyond…



State of knowledge about 
El Niño



Two indices to define
Niño3: oceanicT anomaly 

SOI : atmospheric P anomaly



State of knowledge about 
El Niño

El Niño - questions:

• Who is la Niña ?

• Since when does El Niño exist? Is it regular?

• What are the observation means of El Niño ?

• What are the principal characteristics of an El Niño 
event?

• What are the mecanisms of El Niño ?

• What are the impacts of El Niño ?

• Is El Niño predictable and how can we anticipate it?



Who is La Niña ?

El Niño

La Niña



•Since when does El Niño exist? Is it 
regular?

El Niño is not a periodic phenomenon.
An El Niño occurs every 2 to 7 years as an 
average.



Has El Niño always existed?

Record of El Niño in corals, Andean glaciers, 
etc…

El Niño already existed 4000 years ago!!!



What are the observation means
for El Niño ?



To observe 

El Niño:

TAO

Buoys



To observe

El Niño:

XBT

Network



To observe El Niño:

Satellite data (1)

Satellites allow to observe numerous parameters:
- The surface temperature of the ocean
- The surface wind
- The precipitations and convective clouds
- The sea level...

Example: surface winds



To observe El Niño:

Satellite data (2)
L’altimétrie



To observe El Niño:

Satellite data (3)
Sea level anomalies of the sea observed during El Niño 

1997-98



To observe the ocean

future: the ARGO system



Alizés

Longitude

What are the principal characteristics of an 
El Niño event?

Normal december

december 1997



Anomalies en décembre 1997

Température 

Précipitations 

subsurface 
temperature



State of knowledge about El
Niño

What are the mecanisms of El Niño ?
Bjerknes’ idea: a coupled instability…

Yes but ?
What triggers El Niño ?
What « ends » El Niño ? 

==> the concept of « equatorial waves »
and the theory of the delayed oscillator



The equatorial waves

Onde de Kelvin downwelling
Onde de Kelvin upwelling
Onde de Rossby upwelling

130°E 180° 80°W140°W

tem
ps

Evolution du niveau de la mer sous l’effet d’un coup de vent d’ouest



The example of 
El Niño 1997-98

tim
e

longitude

trigger : gust of wind
Development : coupled
instability
End : delayed oscillator (and 
local wind)

130°E 180° 80°W140°W

SSTA>0

tem
ps

Onde de Kelvin downwelling

Onde de Kelvin upwelling

Onde de Rossby upwelling

Anomalies de vent d ’ouest

Delayed oscillator



El Niño Impacts
Rain and drought







El Niño Impacts: Hurricanes

El Niño modifies the atmospheric circulation (structure of the
vertical winds) and influences the occurrence frequency of the
hurricanes:

El Niño + hurricanes over the eastern Pacific
- hurricanes over the Atlantic

(6 hurricanes in French Polynesia in 1982-83 !)

La Niña + hurricanes over the Atlantic

George, september 1998



El Niño Impacts
Ecosystems and ressources

Nitrates

Normal year
Light

Primary Production

El Niño
Light

=> Impact for fisheries



El Niño Impacts
Marine populations

Marine populations and therefore…
fisheries, fauna from the Pacific islands...



El Niño Impacts
Health



El Niño Impacts
Health



• Evaluation of the economic price of  El Niño 
in1982-83

Affected Zones:
Peru, Indonesia, Australia…
South Africa, Nordeste, India…
African horn, western Africa

Impacts:
hurricanes
Floods 
Drought

Socio-economical 
consequences

El Niño Impacts



Previsibility and predictability
of El Niño

El Niño, a capricious child from nature…



Previsibility and predictability
of El Niño

Various techniques for predictability of El Niño 
(statistics, based on physical models)

Prediction system of the European Center

Atmospheric model

Ocean model

Information exchange
Ocean temperature
wind, rain, heat flux

Initial state created by
« data assimilation »



Previsibility and predictability
of El Niño

Jan 97

0.

+2.

+4.

Observations

Previsions

Time

Jan 98

Prevision of El Niño 1997-98 
by the system of the European center

Temperature 
anomaly
In the Eastern 
Pacific

Initial oceanic 
conditions

Ocean:
Memory of the 

ocean-
atmosphere

coupled system



Previsibility and predictability
of El Niño

Prevision of El Niño 1997-98
by the system of the European center



Previsibility and predictability
of El Niño

El Niño can be forecasted with some reliability (6 month) 
but …
the performances of the prevision systems are still
dissimilar (dependence of the amplitude, the sign, the
starting period…) : strategy of the models
-> need of better determining the initial conditions, local and 
non local 
-> need of better representing the atmospheric tropical
synoptic activity

What are the consequences of El Niño ?

In the tropics, the consequences are rather systematic, and 
thus predictable

Toward higher latitudes, the predictions are not
« deterministic » any more but « probabilistic », due to the 
« chaotic » character of the atmosphere



The Indian Ocean

Climatic Impacts

Consequences
Epidemic (RVF, Cholera, Malaria)
Floods (e.g. White Nil 1961-82)
Fires (Indonesia, 1997)
Tuna fishing (Marsac et Le Blanc, 1999)

+ rain

- rain

Africa Indonesia Africa Indonesia
from Webster et al., 1999



El Niño and beyond
tropical Atlantic Ocean

weak
precipitations in 

the Bresilian
Nordeste



El Niño and beyond

North-Atlantic 
oscillation



And the Climatic change ?



In summary...

El Niño, coupled climatic phenomenon between ocean
and atmosphere, impacts everywhere in the world.

Twenty years of international collaborative research to 
explore the scientific grounds and to start to elaborate 
prediction systems based on the coupled used of 
observations and models

El Niño is predictable several months in advance (as weel
as the expected impacts)

There exists other ocean-atmosphere coupled models. We 
now need to understand the mecanisms and learn how to 
predict the events. 
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