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El Nino: Coupling between the Atmosphere and Ocean in the Presence of Nonlinearity   	
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El Niño La Niña 

East Pacific (Nino3) SST Anomalies	



The ENSO Phenomenon	





Ocean-Atmosphere Coupling���
The Bjerknes Feedback 	





Ocean-Atmosphere Coupling���
The Oceanic Adjustment To Changing Winds  	





Ocean-Atmosphere Coupling���
The Oceanic Adjustment To Changing Winds  	





Ocean-Atmosphere Coupling���
The Oceanic Adjustment To Changing Winds  	





Equilibrium State Versus Time-Mean State 	
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A Box Model for the ENSO System	
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Tropical Pacific Climate as a Function of Te. 	



24 25 26 27 28 29 30 31 32 33 34

25

26

27

28

29

30

31

32

33

34

25

26

27

28

29

30

31

32

33

34

Te - Tb (° C)

 

SS
T 

(°
C

)

Te (° C)

Te T1

T1eq

T2

T2eq

Pitch-fork
bifurcation

Hopf bifurcation

(a)

7 8 9 10 11 12 13 14 15 16

!

24 25 26 27 28 29 30 31 32 33 34
0

1

2

3

4

5

6
 

 

s=1/3,nonlinear

Te (° C) 

Am
pl

itu
de

 (°
C)

 

 
0

1

2

3

4

5

6

 

(b)	



Equilibrium 
and Time-
Mean SST	



Amplitude of 
ENSO	





 Oscillations in the Model	





 Oscillations in the Model	





 Oscillations in the Model���
different regimes	
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 Oscillations in the Model	
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 A New Way to Look at El Nino 	
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Tsub, q, h1, and h2 as a function of Te. 	
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Tropical Pacific Climate as a function of Te	
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Tropical Pacific Climate as a Function of Te ���
Sensitivity to Parameter S	
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Implications of the Box Model Results 	
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Why no trend has shown up  in the zonal 

SST contrast in the observations? 	



Vecchi et al. 
2008 	




