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El Niño’s Beauty and Wrath 
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A two- frequency system 

An oscillator with its own 

intrinsic frequency 

An external driver with a 

forcing frequency   

F1 

F2 



Cantor Set 
 

 1，1/2, 1/3, 2/3, p/q,…0 
 

between any two rational number, 
there are infinite rational numbers 

 
 



 

 

 

P. Bak, 1986. Physics Today 

Cantor set 

魔鬼台阶 



 (1754) 

When two tones( F1, F2)  are played simultaneously, a 

listener can sometimes perceive an additional tone 

whose frequency is a sum (F1+F2) or difference (F1-F2) 

of the two frequencies caused by the non-linearity of the 

inner ear.  This new tune is called a combination tone, 

also known as Tartini tones 

The Devil's Trill 惡魔的顫音 



A = cos(F1t),     B = cos(F2t)

C = A ×  B =
cos((F1  +F2 )t)+ cos((F1  -F2 )t)
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But, how all these have anything to do with El Niño? 

In summary 

 

two frequencies + NL   

 

Devil staircase & combination tunes 



El Nino/Normal 

Every few 

years, the 

trade 

winds 

weaken… 



dT

dt
= lT + wh   

dh

dt
= -wT ,   

Recharge Oscillator Model for ENSO  

Jin 1996, (Science) 1997(JAS) 

Like a swing! Two numbers: 

Growth rate  

   (Bjerknes index) 

Frequency 

   (Wyrtki index?) 



Seasonal Cycle: 

SST 

Over the WP/CT 
March 

September 



Science, 1994 
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El Niño Frequency Cascade 



f              1-f    1+f                 2-f      2+f 

E
l 
 N

in
o
 a

n
d
 W

N
P

  

C
ir
c
u
la

ti
o
n
 s

p
e
c
tr

a
 

  
  
 

El Niño Frequency Cascade 

Nonlinear interaction between El Nino 

And annual cycle       frequency cascade 
 
 
 

M. Stuecker,  F-F Jin,  A Timmermann  (2015, PNAS) 
 
  

nF1 ±mF2





ENSO & AC nonlinear interaction over Pacific warm pool  

Topical Pacific 

Extra precipitation 

less precipitation 



M. Stuecker, A Timmermann, F-F Jin, S. McGregor, H-L Ren 
 

1960 1965 1970 1975 1980 1985 1990 1995 2000 

EOF decomposition of the Surface Wind field 

PC2 emerges from the nonlinear interaction of ENSO and the Annual Cycle! 

PC2 SIMPLE = PC1(t)* cos (wAt) 

M. Stuecker, A Timmermann, F-F Jin, S. McGregor, H-L Ren (2013) 
 



ENSO directly alters the pace of 

the monsoon via its interaction with 

warm-pool annual cycle. 

El Niño’s Wrath on Monsoon 



Two existing hypotheses for ENSO’s Impact 

on Monsoon through WNP 

WNP WNP 

El Niño 



Wang & Zhang 2000: Pacific–East Asian Teleconnection: How 

Does ENSO Affect East Asian Climate? 

 

 



Xie et al. 2009: Indian Ocean Capacitor Effect on Indo–Western 

Pacific Climate during the Summer following El Nino 

 

IOBM El Niño        

WNP 
AC 



Wu et al 

2003 



Both air-sea interaction mechanism  

and capacitor mechanism fails to explain  

different time scales of ENSO and WNP 

circulation anomalies and the opposite responses 

during ENSO developing and decaying years 

 

 

 

 

 

 

what is the missing link? 

ENSO 

WNP Pressure  



Which Nonlinearity? 

Wind PC2 is an atmospheric combination mode of ENSO and the annual cycle! 

Wind PC2 is not generated if the 
annual cycle is removed from the 
forcing! 

Perpetual Experiment (PERP): 

Part 1: A combination mode (C-mode) of ENSO and the annual cycle 



 

The role of air-sea thermal dynamic feedbacks is secondary 

 

 

 

 

 

 

 

 

 

 

 

 

C-mode=Nion3.4(t)* cos (wAt) 



Increased Explained Variannce of Monsoon  
precipitation (China) due to El Nino-C 



2016 Summer Flooding of  

Yangtze River and  

Later Summer Flooding  

in Korea  ?! 

Good chance ! 



Jin et al 2014 (Nature) 

 EL Nino’s wrath revealed in hurricanes 



Tropical Cyclones (TC) data derived from best tracks archive from NOAA’s Tropical Prediction Center 

Eastern Pacific is the 2nd most active region in terms of 

Tropical Cyclones activity, during boreal summer, June-

November (Neumann, 1993) 



OCPI  µ (To -Ta )

New Formula for Potential Intensity of Hurricanes 







Intense Hurricanes coming to Hawaii & Mexico 

next year and in the future?! 



Conclusions 
• El Niño, as a natural created phenomenon, has 

its share of underlying beauty , once described 
in terms of math.  

•  ENSO  delivers its impact on monsoon  of Asia 
mainly through a unique path of frequency 
cascade, via its interaction with AC, which is a 
much simpler paradigm for ENSO-Monson 
relation.  It delivers  its heat to fuel hurricanes 
to Hawaii & Mexico as well. 

• Korea may face flooding next in coming summer 

 


