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Introduction to ENSO
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PREVIEW 
 
1. Observational Aspects of ENSO 
 

 The Background Climatology 
 Evolution of ENSO 
 Variability of ENSO Evolution 
 
2. Aspects of the Theories of ENSO 
 

 The Basic Processes 
  SST, Surface Winds, Thermocline Depth 
 Stable and Unstable ENSO 
 Regular and Irregular ENSO 
 ENSO in a Warming World 
 
3. Prediction of ENSO 
 

 The Physical Basis for Predictability 
 Predictability and Mechanism 
 Methods of Seasonal-to-Interannual 

 Prediction 
 Using Predictions 
 Institutions for Predictions   
 
 
  



I. OBSERVATIONAL ASPECTS OF 
ENSO AND ITS EFFECTS 
 

a. TOGA and the TAO/Triton Array 
 

 b. Climatology of the Tropical Pacific 
 

  SST 
  Winds 
  Precipitation  
 

 c. Defining Anomalies: The issue of non- 
stationary climatology 

 

 d. ENSO Evolution 
   

  Can we define “El Niño?” 
 

 e. Is there a standard ENSO?  
 

ENSO Variability 
 

 f. The role of higher frequency variability 
MJO 
High frequency noise 

 

 g. ENSO Effects on the Globe 
 

  500 mb fields 
  Temperature and Precipitation  
 

 h. ENSO and Decadal Variability 



a. TOGA and the TAO/Triton Array 
 
Before TOGA: 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 



The Goals of TOGA (1985-1995) 
 
1. To gain a description of the tropical oceans 
and the global atmosphere as a time-dependent 
system, in order to determine the extent to 
which this system is predictable on time scales 
of months to years, and to understand the 
mechanisms and processes underlying that 
predictability. 
 
2. To study the feasibility of modeling the 
coupled ocean-atmosphere system for the 
purpose of predicting its variations on time 
scales of months to years. 
 
3. To provide scientific background for designing 
an  observing and data transmission system for 
operational prediction if this capability is 
demonstrated by the coupled ocean-atmosphere 
system. 

 
 
 
 
 
 
 



 

 
 



b. Climatology of the Tropics 
 

Mean:  
 

 



 
 

Normal Conditions in Pacific-Summary: 
 
              W. Pacific           E. Pacific 
 
SST                Warm                  Cold 
 
SLP                 Low                    High 
 
PRECIP           High                    Low 
 
 
 

 



SST Climatology: 
 





Rainfall Climatology: 
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Wind Climatology: 
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Heat Flux into the Ocean Climatology  
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 c. Defining Anomalies 
 
�Average Each Month:  the Progression of 
Monthly Quantities is the Climatology 
 

�Implies that the Climatology Contains Both 
Higher and Lower Frequencies 
 

�The Annual Cycle is the First Harmonic of the 
Climatology (in a Fourier Sense) 

                                                       (Ken Takahashi) 

 
�An Anomaly is the Difference Between the 
Actual Value and the Climatology 
 



�But What if the Climatology is Non-Stationary? 
 
 
 
 
 
 
 
 
 
 
 
�In order to correctly define anomalies, we 
would have to have a model for the slowly 
changing climatology--- this we don’t have. 
 

rms SST Anomalies 
 



d.  ENSO 
 

 
 

 

 



 
 
WARM ENSO 
 
 
 
 
 
 
 
 
COLD ENSO 
 
 
 
 
 

 
 
 
 

 
Warm and Cold ENSO is sometimes called El 
Niño and La Niña 
 



ENSO Evolution: 
 

 
 
                                                                                             (Todd Mitchell) 
 



Southern Oscillation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



Anomalies 

                                                                                       Total Fields 

 









Warm Vs. Cold ENSO Evolution





-e. Is there a standard ENSO?  
 
 

 
 

NINO 3.4 
 
 
 
 



Niño 1+2 evolution – Comparison
for El Niño episodes

Most recent Niño 1+2 values (heavy black line) 
compared to values for 13 historical El Niño 
episodes. On the time axis year 0001 is the first year 
of a warm episode.

Recent Niño 1+2 values, 
derived from ERSST.v2, 
lie near the bottom of the 
distribution of historical 
El Niño episodes since 
1950.

 
 
 
�Does it make sense to define El Niño?



f. The role of higher frequency variability 
 

 



 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Strong M JO  during 2004Strong M JO  during 2004
200200 --hPa V elocity Potential Anom alieshPa V elocity Potential Anom alies
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g. ENSO Effects on the Globe  





 
 

 
 
 



 

h. ENSO and Decadal Variability 
 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



Vimont has reconstructed the “decadal” pattern 
from only interannual elements.  

 
 




