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 ENSO (El Nino and Southern Oscillation) 

-One of the most significant couplings between the ocean 
and atmosphere on an interannual timescale occurs in the 
tropical Pacific. 
 

 



 Ocean-atmosphere coupled system I 
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 Ocean-atmosphere coupled system II 
 



 ENSO (El Nino and Southern Oscillation) 
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ENSO Mechanism   



 ENSO (El Nino and Southern Oscillation) 
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 ENSO (El Nino and Southern Oscillation) 
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 ENSO (El Nino and Southern Oscillation) 
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 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 
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Suarez and Schopf (1988) Battisti and Hirst (1989) 

Delayed Oscillator Theory 

 ENSO (El Nino and Southern Oscillation) 
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ENSO Impact   



 Teleconnection 

 ENSO (El Nino and Southern Oscillation) 

Alexander et al. (2002) Lau (1996) 



 Teleconnection 

 ENSO (El Nino and Southern Oscillation) 

Horel and Wallace (1986) 



 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 



ENSO low-frequency Variability   



 ENSO (El Nino and Southern Oscillation) 

Diaz et al. (2001) 



 ENSO (El Nino and Southern Oscillation) 

Diaz et al. (2001) 



Sun and Yu (2009) 

 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 

- Tropical Mean state change 
 

- Atmospheric forcing structural change 
 

- Stochastic forcing  
 

- Influence of mid-latitude forcing 



 ENSO (El Nino and Southern Oscillation) 

1977-97 minus 1947-76 

Deser et al. (2004) 



 ENSO (El Nino and Southern Oscillation) 

Chang et al. (2006) 



 ENSO (El Nino and Southern Oscillation) 



:2009/10 El Nino 

Base period: 1971-2000 
Data source: NCEP, EMC 

Anomalous SST (Jan-Mar 2010) 

 ENSO (El Nino and Southern Oscillation) 



(Kug et al. 2009) 

:A different flavor of El Nino 

 ENSO (El Nino and Southern Oscillation) 



: EP El Nino: Conventional El 
Nino 
 
: CP El Nino: 
A different flavor of El Nino  

December-January-February (DJF) 
 
NINO4 SST index > 0.5C or  
 
NINO3 SST index > 0.5C 
 
Central Pacific El Nino: CP-El Nino:  
 
NINO4 SST index > NINO3 SST index 
 
Eastern Pacific El Nino: EP-El Nino: 
 
NINO3 SST index > NINO4 SST index 

 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 



 ENSO (El Nino and Southern Oscillation) 





ENSO and global warming   











20C3M: 20th 
century climate 
change 
simulation 
 
SRESA1B: The 
climate change 
run following 
the SRESA1B 
scenario 



 Mechanism 
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Thermocline feedback process 

- Thermocline depth flattening ~ reduces upwelling ~  
reduce thermocline feedback process  
 
- Vertical displacement of thermocline depth in the central Pacific  

Zonal advective feedback process 



ENSO and Warm pool   



Figure 1. The climatological winter (Oct.-Feb.) mean SST in the tropical Pacific of (a) Hadley SST, (b) ERSST, (c) SODA, the 
time series of warm pool SST averaged in the region [120E-170E, 10S-10N] of (d) Hadley SST, (e) ERSST, and (f) SODA for 
the period of 1950-2008. 

Increase of warm pool SST 



Warm pool corresponds to the area 
of the ocean where SSTs>28C  

Deep convection 

Tropical cyclogenesis region 

Modulation of Hadley and Walker cells 

Modulation of Monsoon circulation 

Modulation of ENSO and related 
teleconnections 

Local impact Remote impact 

Warm pool defines the location and 
magnitude of the “boiler box” of the 
heat engine of the earth (e.g., 
Pierrehumber 1995).  



Impact of warm pool 

 Increase of warm pool SST is able to change the ocean current 
connecting the western tropical Pacific and the eastern tropical 
Pacific Ocean by changing surface winds 
 
 

(Sun and Liu, 1996) 



Impact of warm pool 

 Changes in the warm pool SST on the low frequency timescales 
may determine the tropical Pacific mean state toward “El Nino-like” 
or “La Nina-like”.  
 

(Vecchi et al. 2009) 



Impact of warm pool 

 Increase of warm pool SST may change stratification in the warm 
pool region, which influence the momentum flux projecting into the 
ocean, resulting in changes in the oceanic baroclinic variability. 



Deser and Blackmon (1995, Journal of Climate) 

 1950/51-1991/92, Winter (Nov.-Mar.) 

 COADS data 

ENSO mode  

North Pacific mode 



 1949/50-2009/10, Winter (Nov.-Mar), ERSST 

ENSO mode 

North Pacific 
mode 



North Pacific Oscillation(NPO)-like  
atmospheric circulation 

North Pacific Gyre Oscillation-like  
SST anomalies 



NDJFM SLP Difference  
[1998/99-2009/10 minus 1949/50-1997/98] 
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A northward shift of 
Aleutian Low  



A northward shift of 
Aleutian Low  

An enhanced meridional 
variability of Aleutian 

Low 

11-yr mean Lat. of Aleutian low pressure 
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Modification of 
NPO variability 



Modification of 
NPO variability 

Modification of ENSO 
characteristics 

Seasonal Footprint Mechanism 
 (Vimont et al. 2002) 



NPO structure 
(1949-1994) 

+1 year lagged regressed SST anomalies 
with NPO PC (1949-1994) 

+1 year lagged regressed SST anomalies 
with NPO PC (1995-2009) 

NPO structure 
(1995-2009) 



Warm Pool SST 
Increase  

Changes in 
mid-latitude 
atmospheric 
circulation 

Modification of  
NPO variability 

Modification of  
ENSO variability 

Tropics-Midlatitude Teleconnection  
(i.e., Atmospheric teleconnection) 

Tropics-Midlatitude Teleconnection  
(i.e., Seasonal Footprint Mechanism) 



Thank you for your attention 



 ENSO (El Nino and Southern Oscillation) 


