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Droughts and  climate change 

• What causes droughts?  

• Seasonality is important. 

• Drivers of rainfall variability. 

• What is the long-term outlook?  
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The three-headed dog of the Australian climate 
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Focusing on Australia Annual rainfall trends 
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A severe drought .. 

•  Is climate change induced?  

CSIRO.  The Australasia Drought 

The dam  storage went below 20%, less than 
 a year of water supply for Brisbane 
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Cai et al. 2010 
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Fu and Hu 2007 



The frequency doubles. 

The frequency doubles from one 
in 20 years to one in 10 years.  

Aggregation over 20 models 



CSIRO.  The Australian Drought 

Nature CC 
to appear 



(mm, total) 

We don’t 
understand the 
dynamics 



CSIRO.  The Australian Drought 

Changes due to a 2º poleward shift of  
climatological MAM rainfall 
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The IOD is trending up 
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Recent positive IOD years: 2002, 2004, 2006, 2007, 2008  

Cai et al. 2009b 

1997 extreme pIOD event  
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SON: IOD + El Niño 

Mechanism of the IOD and ENSO impact on  
Australia rainfall: SON 

Cai et al. 2010 

Reduced rainfall 
over the southeast 

Higher temperature  
over the southeast 
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Drought: a great pre-condition for bushfires 
See Tim Cowan’s talk this afternoon 

•  Black Saturday (7 February 2009) 
•  Temp = 46.4°C 
•  Relative Humidity ~10% 
•  Total death: 170+ 
•  ~2000 houses burnt  
 

 
 
  

Cai et al. 2009a 



Trend in the IOD: 19 climate models  

•  Some of the IOD trend is  attributable to climate change  
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Cai et al. 2009c 



The frequency doubles. 

The frequency of extreme positive IOD 
increases by a factor of 3 (from one in 23  
years  to one in 7 years). 
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The SWWA drought continues and there is a 
significant  reduction in inflows to dams  

2010 
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We are telling four stories 

Story 1: The IPO/PDO influences the impact of 
ENSO on eastern Australia. When the PDO is 
positive (since 1980), La Niño no longer brings 
rainfall to east Australia, leading to a severe 
drought. 

 
Story 2: The Indian Ocean Dipole is trending up, 

contributed by climate change, and is contributing 
to spring rainfall decrease, rising temperature, 
and severe bushfires over Southeast Australia. 

 
Story 3: The SAM trends up (with increasing 

pressure over Australia) leading to a long-tern 
rainfall reduction 

 
 

Poleward expansion  
of dry zone in a 
warming climate, 
contributes to 
the autumn rainfall  
reduction. 
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End 


