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Are Greenhouse Gases Changing  
ENSO Precursors in the Western North Pacific?  

(Wang and An 2002; Guan and Nigam 2008) 

ENSO evolution: 
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ENSO precursor: WNP 

Similar? 
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Why Western North Pacific (WNP)? 

SST DJF Mean 

Kuroshio Current 

Barotropic model w/ composite WNP heat source/sink 

(1) East Asian Winter Monsoon impact 



(2) Oceanic Kelvin wave -  
      zonal wind triggered 

Why Western North Pacific (WNP)? 

e.g. El Nino revival 



Is Global Warming enhancing 
ENSO precursors in the 
Western North Pacific? 

mainly caused by GHG 

    GHG forcing  



25-yr sliding correlation of SSTA 

WNP vs. Nino-3.4 



Historical forcing experiments 
(1850-2005): 

25-yr sliding correlation of SSTA 

 holy cow 



How good is CESM? 
Realistic ENSO pre-conditions! 

OBS  

CESM CESM1  



 holy cow 

CESM sliding correlation – WNP vs. Nino3.4 (Y+1) GFDL CM3 

GFDL ESM 
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Other Models (from CMIP5) 

 



Lead-lag correlation of NINO3.4 with SST 
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Observations CCSM4 CESM1-CAM5.1-FV2 



• NPO-like mode leads WNP to trigger ENSO  

• GHG appears to enhance (accelerate) this process 

Summary 
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And it’s only half the story! 



Back-up slides 
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WNP warming & dynamics 

Composite analysis: 
 
NCEP + 20CR 
      &  HadSST 



WNP warming & dynamics 

AMIP run (GISS) 



A way forward? 

Climate model with better physics leads to better ENSO simulation 
Particularly, transition phases… 
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What is the SFM (Seasonal Footprinting 
Mechanicm) or PMM (Pacific Meridional 
Mode)?  

Atmo-Ocean coupled climate variability 
 MCA  (Maximum Covariance 

Analysis, or SVD of Bretherton et al. 
1992) 

 similar to Multi-variate EOF  



Correlation for ENSO precursors 



CESM 350-year control run (natural variability) 

WNP warming & dynamics 

CESM free run 



Why Western North Pacific (WNP)? 

KW dynamic height composite 

leading to 
El Nino 

leading to 
La Nina 

Cold WNP composite Warm WNP composite 

(2) Oceanic Kelvin wave -  
      zonal wind triggered 



ENSO precursor: WNP 
Western North Pacific 
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