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High population growth along 
the coastal strip of 
eastern Australia.  Gold 
Coast population 
projected to double in 
next 20 years.

IPCC (2001): Precipitation 
extremes are projected to 
increase more than the mean and 
the intensity of precipitation 
events are projected to increase.  
The frequency of extreme 
precipitation events is projected 
to increase almost everywhere.  

SE Queensland and Northern 
NSW most flood prone 
regions of Australia.

Floods cause the most 
damage of all natural 
disasters.

Greater community exposure 
to extreme weather 
events.

Working with Local Govt to 
Incorporate Climate Change into 

Flood Risk Assessment



Increased storm surge risk

Changes 
to weather patterns

and storms

Coastal Inundation and 
climate change

Warming
Climate

and Oceans

Rising sea
levels



Background

•Uncertainty

� scenarios & models

•Model limitations 

� resolution – too coarse,

� rainfall amounts grid averaged – larger grid  � lower 
rainfall

� rainfall physics is “crude”

� do they represent the weather?

•Require daily output for extremes 

� limits models to those from CSIRO (impact on 
uncertainty)

� not entirely independent



Weather types producing extreme rainfall 
in northern NSW & SE Qld region

WinterSummer
QS1 QS2

QS3 QS4

QS5

QW1 QW2

500 hPa



Summer Winter

Type
NCEP
(obs)

C-CAM
Control

C-CAM 
2030

C-CAM 
2070

Type
NCEP
(obs)

C-CAM
Control

C-CAM
2030

C-CAM
2070

1 75 83 83 86 1 75 50 39 53

2 12 13 15 10 2 15 35 45 38

3 8 2 2 3

4 3 <1 <1 <1

5 2 <1 0 <1

Un-
class.

<1 <1 <1 <
Un-

class.
10 15 16 10

No. of 
days

216 231 243 208
No. of 
days

75 93 88 104

Does CC-Mk3 have the same 
weather as observed? 



Changes in synoptic type for 
summer rain events
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Changes in synoptic type for 
summer coincident wind & rain 
events

x2.5

Changes in the Changes in the freqfreqy y 

of synoptic types for of synoptic types for 
coincident wind/rain coincident wind/rain 
events events 

Implications for 
coastal inundation



•Allows realistic representation of coastal and terr ain effects.

•Provides improved representation of weather events eg. 
fronts

•Assumes climate models able to represent the observ ed 
statistical characteristics of the main rainfall pr oducing 
weather systems – circulation, moisture.

� High rainfall “ingredients”

– High moisture & a rapid ascent rate

– High time-averaged precipitation efficiency and,

– Long duration of the precipitation-producing system.

•Extreme events chosen from CC-Mk3

� 100 events – current, “2030”,”2070”

•Comparison with observed climate of extreme rainfal l

•Model-derived statistics

� Change compared to current climate

Dynamical Downscaling



Downscaled rainfall results – 2 studies

Nested in Mk3
8km grid
1 day events

Nested in CC-Mk3
4 km grid
1-3 day events
Better DEM

2070

Average of 10 most 
extreme events

Daily r’fall

2030current

current 2040



Changes in intensity of extreme
rainfall events – S.E. Qld and Nth NSW
• 30% increase in intensity of 1-in-40 year rainfall 

(700 mm ® 900 mm) for small areas
• Return period decreases from 40 years to 15 years
• More frequent events decrease in intensity
• Intensity increases for areal averages to ~5000 km2

• Rainfall increases largest in regions that experience the heaviest rainfall

56 km 2 rainfall



Projected extreme rainfall changes

• Increase in intensity of 1-in-40 year rainfall 
for small areas

• Return period decreases

• More frequent events may decrease in intensity

• Intensity increases for areal averages to ~5000 km2

• Rainfall increases largest in regions that experience 
the heaviest rainfall – ie. mountainous regions

•Similar results for Central Coast of NSW.



2D
Hydraulic

Co a sta l Ocean
Model Wave

Mo d el

Hyd rolo g ical
Mo d el

1D
Hydrau lic

Mod e l

CSIRO

3D 
Atmospheric 

Model

A Modelling System for Assessing 
Flood Risk due to Climate Change



Methodology

Experimental – to illustrate concept only.

URBS Sensitivity studies based on TC Wanda (1974) 
rainfall.

� Rainfall intensity: 1%� in precip � 1.37 %� in 
discharge

� Temporal pattern

� Spatial pattern

Used results from extreme events modelling for 
3900km2 catchment, 12, 24, 48 hr events (19% ��� � ) 

� 26% increase in flow hydrograph for Albert-Logan

� Also 15% increase in discharge

Control study based on GCCC-supplied discharges 
for Pimpama, Commera & Nerang,  plus URBS 
discharges for A-L.

Applied increased discharges to Albert Logan only 



Coastal Inundation – TC Wanda + 
Climate Change

Albert/Logan
Channel

Broadwater

Albert/Logan
Channel

Broadwater

Control
15% flood
26% flood



Time Evolution of Flooding

24 hrs 60 hrs 96 hrs



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



210$27,464,888
26% increase in flow – 20 

cm SLR

230$29,893,186
26% increase in flow – 30 

cm SLR

183$23,784,585
26% increase in flow – 10 

cm SLR

160$20,883,762
26% increase in flow – no 

SLR 

145$18,728,651
15% increase in flow – no 

SLR

100$ 13,028,669Control

% 

Cost 

(1996 Prices)Scenario

Damage assessment

Based on 1996 census and building 
material prices



Changes to flood mitigation scheme

� Raising the Hinze Dam 

Changes in standards/planning scheme

� Define floor heights for new housing developments

Management of flood emergencies

� Ensure that flood evacuation routes remain flood-
free

Raising the community level of flood awareness

� Communication

Future local govt. applications



Conclusions & future work

•CC-Mk3 represents weather conducive to summertime 
extreme rainfall – not so good for winter.

•Dynamical downscaling using RAMS has added value

� Good quantitative agreement 

� Regional variations in change patterns – highest increases 
over the mountains (similar results for SEQ-Nth NSW & 
Central Coast of NSW)

•Climate change effects much greater in 2070 than 20 30

•The future 

� More models – hopefully international (uncertainty) (2006)
– a 2nd set of simulations underway using CC-Mk2 (good 

representation of current extreme rainfall weather & winds)

� Improved statistics (eg. GEV) � greater application
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Thank You 

Contact

Name: Debbie Abbs
Phone: (eg. +61 3 9239 4660)
Email:deborah.abbs@csiro.au


