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Outline 
Global trends in tropical cyclones and sea level (of 

relevance to the South Pacific) 
Climate and tropical cyclones in the South Pacific 
Recent climate change predictions using models 
  -- see also Walsh et al (2012) Glob. Plan. Change 
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Global warming and TCs –  
current trends 

• Detection of long-term global trends difficult 
– Data best in Atlantic due to aircraft reconnaissance since 

1944 
• Large real upward trends over that time, but with strong decadal 

variability 

– All other basins basically reliant on satellite observations of 
numbers and intensity 
• Numbers only reliable since about 1970 

• Intensities only reliable since about 1980 

• No consistent global tropical cyclone trends that clearly exceed 
natural variability (see also Knutson et al. 2010 Nature Geoscience) 

 



Trends in the South Pacific region -- 
ENSO 

31-year running mean (to end of 2011) 
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Trends in the South Pacific region – Tropical 
cyclones < 970 hPa (severe TCs) 

Kuleshov et al. (2010) JGR 



Trends in the South Pacific region – 
Extreme sea level 

• Tend to follow mean sea levels (to our knowledge)  

• Some regions of the South Pacific not affected by TCs 
– Tidal variations dominant in those regions  

– Sea level variations due to ENSO also important 

N. White, pers. comm. (2011) 



S. Pacific TC interannual variation 

See also 
Kuleshov et al. 
(2008) GRL 



Simulation of interannual 
variability 

• GFDL ZETAC regional model 
– Non-hydrostatic, 18 km resolution 

– No convective parameterisation 
• Microphysics package (five species)  

• Mellor-Yamada 2.5 boundary layer 

– Forced by NCEP-2 reanalysis 
• relaxation on 2 h timescale on largest scales (wave 

numbers 0-2) to observed winds, temperature and 
relative humidity at all levels 

• January-March simulations with December run-in 



Domain selection 



SST/precip results  -  
contrasting years 

JFM 1982 JFM 1983 



1981-1982 

1982-1983 

Australian Severe Weather 170E 



ZETAC simulation 
JFM 
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Projections for the South Pacific -- 
ENSO 

• Continued weakening of 
the Hadley and associated 
Walker circulations 
– Consistent with current 

observed trends 

• Little confidence in 
projected changes in 
ENSO variability Collins et al. (2010) 



Projections for the South Pacific -- 
TCs 

• Strong decrease in total numbers projected in many 
models 
– Does this lead overall to decreases in incidence of severe 

cyclones? 

– Most severe ones become more intense (theory and 
simulations) 

• Little consensus regarding change in genesis 
locations and tracks 
– Consensus projected SST pattern suggests more formation 

further north (?), slightly further east (?) 



Projections for the South Pacific – 
Extreme sea levels 

• No studies in this region to date! 

• Projected 20 to 60 cm rise in global sea level 
to 2100 (but could be rather higher) 

• South Pacific regional variations 
– Wind forcing effect 

– Gravitational effect due to melting ice sheets 
(smallish – additional 4-8 cm in this region) 



Thoughts on mechanisms and 
uncertainties 

• Differences in simulated ENSO variability in a 
warmer world between models remain large – 
does theory offer a way forward? 

• Why the large decrease in tropical cyclone 
numbers in the Southern Hemisphere? 
– Increase in atmospheric stability? 

– Relation to the “relative SST” hypothesis? 

– No quantitative theory of tropical cyclone 
formation 



Summary 

• Models now have some ability to simulate 
interannual variation of TC formation  

• Decrease in projected TC numbers in SH 

• Most intense TCs more intense 
– May lead to decrease in total number of intense storms (?) 

• “Consensus” SST pattern change may lead to future 
TC formation occurring further north and east of 
current locations 

• Some South Pacific regional variations to projected 
global sea level rise 
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