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• The tools used for climate change modelling of extreme rainfall
• Greenhouse “scenarios”
• Global Climate models

• Models for “downscaling”

• Impacts of climate change on weather-related natural disasters 
• Extreme Rainfall

• Combined rainfall and extreme sea level events
• Approaches for estimating flood risk 

• Tropical Cyclones

Outline
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Background

IPCC (AR4) & rainfall extremes 
• Intensity of rainfall events projected to increase – even in areas 

where mean rainfall decreases (longer periods between rainfall 
events). Chapter 10 (Global Climate Projections)

• Extremes of daily rainfall very likely to increase, except possibly in 
areas of significant decrease in mean rainfall (e.g. southern 
Australia in winter & spring). Chapter 11 (Regional Climate 
Projections: Australia – New Zealand)

Recent & current projects (CSIRO +)
• SEQ / NNSW (DCC, Gold Coast City Council)
• Central Coast NSW (DCC, UPRCT, Sydney Metro CMA, Sydney 

Water, Southern Rivers CMA, Hunter-Central Rivers CMA)
• Victoria & lower Murray-Darling Basin (DCC, SEACI)

• Fitzroy River catchment (QDNRM)
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Climate Change projections – uncertainty
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Projections contain uncertainty due to 3 sources:
1. Climate sensitivity
2. Emissions uncertainty
3. Disagreement on spatial patterns between models
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What is an atmospheric model?

• Complex computer program
• Incorporates equations representing: 

• physical processes

• dynamics
that drive ocean / atmosphere / land surface interactions

• Reproduces the way in which climate behaves from day to day, and
season to season
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Agreement between GCM’s on rainfall change

Relative changes in precipitation (in percent) for 2090–2099, relative to 1980–1999. 
Values are multi-model averages based on the SRES A1B (Mid) scenario.

White areas = less than 66% of models agree on the sign of the change.
Stippled areas = more than 90% agreement in the sign of the change.
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LOW MID HIGH

• IPCC 4th Assessment Report climate models 
• Change in mean rainfall for 2070, relative to 1990, expressed as a 

percent from 15 models using (a) low, (b) mid and (c) high global 
warming scenarios.

• Source: Suppiah et al. 2007: submitted to AMM

Projected change to mean rainfall in 2070
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Global & Regional Climate Models

• GCMs & RCMs do a good job at simulating global 
statistics of temperature-related extremes.

• GCMs produce too many days with weak rainfall & too 
little rainfall in extreme events.

• GCMs & RCMs have coarse spatial resolution & use 
parameterizations for unresolved process important for 
rainfall (e.g. cloud formation, deep convection).

• Not all GCMs & RCMs skilfully simulate the weather that 
produces extreme rainfall. 

• IPCC TAR (2001) recommends improvements to 
‘integrated hierarchy’ of GCMs & RCMs
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Median ARI-5 and ARI-100 change for 
2070 from 5 climate models

Agreement on the 
direction of 
change from 25 
events

Most models agree
on increase

Most models agree
on decrease

Agreement on the 
direction of 
change from 25 
events

Most models agree
on increase

Most models agree
on decrease
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Do the models simulate the weather types producing 
extreme rainfall in the SE Qld region?
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Dynamical Downscaling

• Far more realistic representation of 
coastal & terrain effects

• Improved representation of weather 
events (e.g. fronts, TCs, cut-off lows) 

• Better simulation of ingredients of 
extreme events (wind, moisture, 
ascent)

• Assumes host GCM represents 
observed statistical characteristics of 
main rainfall producing systems 
(circulation & moisture variables)

Nesting S tructure

D om ain
1800km  × 1800km
R esolution 22.5km

Dom ain
600km  × 600km
Resolution 7.5km

200 km

65 km

4 km
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Value Added by Dynamical Downscaling

Average fractional change in intensity of extreme rainfall 
for events of approximately ARI-4 to 40 years  

200 km
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2070

fraction

Decrease
in intensity
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Value Added by Dynamical Downscaling

Average fractional change in intensity of extreme rainfall 
for events of approximately ARI-4 to 40 years  
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24 hour rainfall:
Comparison between observations and model

observations RAMS nested in CC-Mk3
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Extreme rainfall projections for SEQ / NNSW

2030

2070

2hr 24hr 72hr

Average 
fractional 
change for 
events > ARI5
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Likelihood of increase in extreme rainfall – 2070

2-hr 24-hr 72-hr
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Products from dynamical downscaling:
30 min to 96 hr, ARI-1 to -500 years

Depth-area curves

Temporal curves

Return period curves

IFD also to be 
produced
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Products from dynamical downscaling:
30 min to 96 hr, ARI-1 to -500 years

Depth-area curves

Temporal curves

Return period curves

IFD also to be 
produced
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Return periods

Now using extreme value 
statistics to identify changes in 
particular ARIs - better able to 
translate our results to the 
hydrological community

1-in-40yr event becomes a
1-in-15 yr event in 2070.
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Changes in synoptic type for summer 
rain events
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Based on 1996 census and building material prices
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26% increase in flow 
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160$20,883,762
26% increase in flow 

– no SLR 

145$18,728,651
15% increase in flow 

– no SLR

100$ 13,028,669Control
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Impact of Climate Change on Flooding

Case Study for Nerang 
Catchment

• Currently 4500 properties are flood 
prone - $140M damages

• 20% increase in rainfall � 7000 
properties - $235M



CAWCR/CSIRO. AMOS Flood Workshop

Impact of Climate Change on Flooding

Case Study for Nerang 
Catchment

• Currently 4500 properties are flood 
prone - $140M damages

• 20% increase in rainfall � 7000 
properties - $235M
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Tropical Cyclones  

Observed Modelled current climateObserved Modelled current climate

A similar analysis of TCLVs for the 2030 (2010-2050) 
and 2070 (2050-2090) climates shows a decrease in the 
total number of storm occurrences by approximately 
13.5% for 2030 and 30.5% in 2070.

Cyclone days per year based on an analysis on a 2x2 deg grid
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Projected Changes in Tropical Cyclone Activity

Western Australia
44% decrease in TC numbers
Decrease in number of long-lived TCs
No change in decay region

Queensland
9% decrease in TC numbers
Increase in number of long-lived TCs
Storms tending to decay further south 

- average of 3 deg. latitude

•Lower central pressures

•Stronger winds – mainly in the Pacific

•60%(140%) increase in the number of 

the most severe storms by 2030(2070)
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Summary

• Extreme rainfall is likely to increase in many regions, especially 
mountainous regions. 

• Impact greatest for the 2-hr rainfall accumulations & less for the longer 
durations.

• Impact increases with time – greater at 2070

• PDF’s of changes in rainfall intensity, temporal pattern from 
downscaled simulations can be used to perturb historic events to
investigate flood risk

• Tropical cyclones may decrease in frequency but are likely to 
become more intense and move further south along Qld coastline.

• Storm surges are likely to be higher with an impact on coastal 
inundation.

• Major impacts on coastal flooding (and damages) due to a possible 
increase in the frequency of co-incident rainfall and storm surge 
events.

Climate change has major implications for the risks posed by severe 
weather events. This will be exacerbated by the impacts of population 
growth, especially along the east coast of Australia.
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