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1997 extreme El Niño  
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Indonesian wildfire, 1997 
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China 1998 floods, killing 1000s, and displacing 250m  

3  | 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.telegraph.co.uk/news/picturegalleries/worldnews/7849525/China-floods-hundreds-killed-and-thousands-displaced-by-deadly-flooding.html?image=3&ei=NuytVMicNKLCmAW44YGIBQ&psig=AFQjCNFbGJYQUsKQNSLV9UYBIXWlQz02_A&ust=1420770682876032


4  | 

Characteristics of extreme El Niño events on 
seasonal scales  
    1. Zonal SPCZ 

     2. ITCZ movement  to the equator 
     3. Eastward propagation of SST anomalies  
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Extreme El Niño 



Frequency of such eastward propagating events  

will increase  under greenhouse warming 

 

But we still don’t know how extreme El Niño will  

change  

Jan. 2014 
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Jan. 2015 



Characteristics of extreme El Niño events on 
weather scales  
  1. WWEs 
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Characteristics of extreme El Niño events on 
seasonal scales  
    1. Zonal SPCZ 

     2. ITCZ movement  to the equator 
     3. Eastward propagation of SST anomalies  
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NCEP data 



What the WWEs do? 

• Generate downing Kelvin waves that  

–drive strong eastward currents that displace the western 
Pacific warm pool  and convection eastward 

–  reduce equatorial upwelling in the eastern Pacific, and  

–deepen the eastern equatorial Pacific thermocline 

 

The combined effect is warming and convective 
anomalies that extend eastward, and in turn promote 
subsequent WWEs (WWE-SST coupled positive feedback) 
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Kessler et al. 1995; McPhaden 2002, McPhaden 1999; Vecchi & Harrison 2000; 

Lengaigne et al. 2003; Eisenman et al.  2005;Gebbie et al. 2007; Chen et al. 2015 



Characteristics of extreme El Niño events on 
weather scales  
  1. WWEs 

   2. Southwest Pacific southerly surges 
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Characteristics of extreme El Niño events on 
seasonal scales  
    1. Zonal SPCZ 

     2. ITCZ movement  to the equator 
     3. Eastward propagation of SST anomalies  
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1982 July 

Harrison 1984, Science 
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Super El Niño  Moderate  El Niño  

Hong et al. 2014 



Relationship between decadal variability and 
weathers 

16  | 

 



Decadal variability in the Pacific 
• Apart from the PDO, there is the tropical decadal variability 

(TPDV) 

• TPDV is a result of rectification, associated with ENSO nonlinearity 
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Rogers et al. 2004; Yeh & Kirtman 2004; Choi et al. 2009 
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Is there a relationship between WWEs and 
decadal variability? 

 

Using ACCESS for five sets of experiments forcing the atmosphere  

   with SST 

• CLIM seasonal cycle 

• CLIM +  +PDO*X 

• CLIM +  -PDO*X 

 

• CLIM + +TPDV*X 

• CLIM+ -TPDV*X  
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+ TPDV tend to damp WWEs ! 
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+PDO is conducive to WWEs; so what is the 
PDO? 
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Newman et al. 2003 

Results from fluctuations 

of Aleutian low (Pierce et al. 

2000; Alexander et al. 2002) 

 

Partly controlled by 

ENSO (Lau and Nath 1996) 

 

Re-emergence 

mechanism responsible 

for spectrum reddening 
(Deser et al. 2003) 

 

Accounting for these 

processes allow to 

accurately simulate PDO 
(Newman et al. 2003) 

 

 
 

 

 

 

PDO mechanism and ENSO 



Gyres fluctuations also contribute to 

PDO at multi-decadal timescales 
(Schneider and Cornuelle 2005) 

 

PDO not a single mode but rather 

the sum of several phenomena (Liu 

2012; Newman 2007) 

 

 

 
 

 

 

 

Schneider and Cornuelle 2005 

PDO mechanism continued….. 
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Newman et al. 2015  

WWEs 



An inference … 

• If  what we think is somewhere nearly correct, then 
during +PDO we should have more extreme El Niño than 
during –PDO 

 

• We looked at models in their multi-century runs. 
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positive PDO phase.  
 

Models 
Length  

(years) 

Length of 

+PDO/-PDO 

(years/years) 

Frequency of strong El  Niño (occurrences per 100 years) 

+PDO 

Niño3 >1.5 s.d. 

-PDO 

Niño3>1.5 s.d 

+PDO 

Niño3 >2 s.d. 

-PDO 

Niño3 >2 s.d. 

bcc-csm1-1-m 390 199/191 8.54 4.19 3.52 1.05 

bcc-csm1-1 490 252/238 5.16 7.15 2.38 1.26 

CanESM2 490 256/234 8.59 2.56 2.73 0 

CMCC-CESM 267 139/128 12.95 1.56 7.19 0.78 

CMCC-CMS 490 238/252 13.45 1.59 5.88 0.40 

CNRM-CM5 490 246/244 7.72 8.61 3.25 3.69 

FGOALS-s2 490 250/240 10.40 4.58 5.20 2.08 

GFDL-CM3 490 258/232 9.69 2.16 1.94 0.43 

GFDL-ESM2G 490 258/232 9.69 3.45 5.04 0.43 

GFDL-ESM2M 490 248/242 11.69 5.37 6.85 2.89 

GISS-E2-H 490 248/242 4.84 8.68 1.21 2.89 

GISS-E2-R 490 250/240 8.8 5.83 2.4 0.42 

MIROC5 490 241/249 12.45 1.20 7.05 0 

MPI-ESM-MR 490 244/246 7.79 4.88 2.46 1.63 

MRI-CGCM3 490 246/244 8.54 4.92 2.03 2.87 

NorESM1-M 490 251/239 10.76 2.93 3.98 1.26 

NorESM1-ME 242 116/126 14.66 3.97 6.90 0.79 

                                          Average 9.75 4.33 4.12 1.35 
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Seasonal mean 



Supplementary Figure 2 



   Summary + Implications 
• +PDO is conducive to WWEs 

• Because WWEs are coupled with El Niño anomalies 

• and becauseEl Niño partially forces +PDO  

a positive feedback operates between the PDO, WWEs, and El 
Niño  

 

The current hiatus,  in part driven by –PDO, is not conducive to 
extreme El Niño, which is a catalyst to end a hiatus, has the 
tendency to maintain itself. 

 

Models that better simulate ENSO and WWEs will be more skilful 
for PDO prediction, and vice versa. 
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Thank you! 
Contact: Wenju.cai@csiro.au 
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Supplementary Figure 2 
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