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General Properties and Mechanism
Why only Pacific Ocean has El Nino
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El NinoEl Nino--Southern OscillationSouthern Oscillation

ENSO is the largest interannual (year-to-year) climate 
variation signal in the coupled atmosphere-ocean system that 
has profound impacts on global climate.

(from University of Washington)
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Coupled AtmosphereCoupled Atmosphere--Ocean SystemOcean System

Normal Condition El Nino Condition

(from NOAA)
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El Nino and Southern OscillationEl Nino and Southern Oscillation
Jacob Bjerknes was the first one to 

recognizes that El Nino is not just an 
oceanic phenomenon (in his 1969 
paper). 

In stead, he hypothesized that the 
warm waters of El Nino and the 
pressure seasaw of Walker’s Southern 
Oscillation are part and parcel of the 
same phenomenon: the ENSO.

Bjerknes’s hypothesis of coupled 
atmosphere-ocean instability laid the 
foundation for ENSO research.

Jacob Bjerknes
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The ENSO CycleThe ENSO Cycle

El Nino and La Nina tends to appear in cycle, with one 
follows the other. 
The ENSO Cycle.
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Onset Phase

Growing Phase

Mature Phase

(from Rasmusson and Carpenter 1982)
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19971997--98 El Nino98 El Nino
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19821982--83 El Nino83 El Nino
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““MeasuringMeasuring”” ENSOENSO

Space-Based Observations In-Situ Observations
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Subsurface Ocean ObservationSubsurface Ocean Observation
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Delayed Oscillator: Wind ForcingDelayed Oscillator: Wind Forcing
The delayed oscillator 
suggested that oceanic Rossby
and Kevin waves forced by 
atmospheric wind stress in the 
central Pacific provide the 
phase-transition mechanism 
(I.e. memory) for the ENSO 
cycle.

The propagation and reflection 
of waves, together with local 
air-sea coupling,  determine the 
period of the cycle.

Atmospheric Wind Forcing

Oceanic Wave Response

Rossby Wave Kevin Wave

(Figures from IRI)
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Wave Propagation and ReflectionWave Propagation and Reflection

(Figures from IRI)

It takes Kevin wave 
(phase speed = 2.9 m/s) 
about 70 days to cross the 
Pacific basin (17,760km).

It takes Rossby wave  
about 200 days (phase 
speed = 0.93 m/s) to cross 
the Pacific basin.
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Why Only Pacific Has ENSO?Why Only Pacific Has ENSO?

Based on the delayed oscillator theory of ENSO, the ocean 
basin has to be big enough to produce the “delayed” from 
ocean wave propagation and reflection.

It can be shown that only the Pacific Ocean is “big” (wide) 
enough to produce such delayed for the ENSO cycle.

It is generally believed that the Atlantic Ocean may 
produce ENSO-like oscillation if external forcing are 
applied to the Atlantic Ocean.

Although the Indian Ocean is considered too small to 
produce ENSO.
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ENSO Simulation by ESS CGCMENSO Simulation by ESS CGCM
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Decadal Changes of ENSODecadal Changes of ENSO

(Figure from Fedorov and Philander 2000)
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How El Nino Changes When Climate Warms?How El Nino Changes When Climate Warms?How El Nino Changes When Climate Warms?

Hypothesis 1: Permanent El Nino   
(Philander 2003)

When global climate warms 
El Nino / La Nina alternations disappear
El Nino forever.

Hypothesis 2: Stronger ENSO Activity
(Huber and Gaballero 2003)
When global climate warms

Stronger El Nino / La Nina lternations
Stronger ENSO events.

03/1983 09/1955
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How Global Changes Affect El Nino?How Global Changes Affect El Nino?

A: 1980s and 1990s

B: 1960s and 1970s

D: 7000 years ago
(early Holocene)

How strong the wind is?

How deep the thermocline is?

ENSO Period ENSO Growth Rate

SST Gradient

(from Fedorov and Philander 2000)


