
EVALUATING RISK
of

COASTAL IMPACTS

from
SEVERE STORMS

for
SOUTH PACIFIC NATIONS

- an AusAID Project

Dr Graeme Hubbert
Global Environmental Modelling Systems

PO Box 149, Warrandyte,

Victoria, Australia 3113

E-mail:

graeme.hubbert@gems-aus.com

Dr Kathleen McInnes,
CSIRO Atmospheric Research

PMB#1 Aspendale,

Victoria, Australia  3195

E-mail:

kathleen.mcinnes@csiro.au



AusAID PROJECT GOALS
(for each participating nation)

•• develop a tidal model (section 3.5)develop a tidal model (section 3.5)
•• develop a storm surge model (section 3.6)develop a storm surge model (section 3.6)
•• evaluate the storm tide risk (section 3.7)evaluate the storm tide risk (section 3.7)
•• design of user-friendly interfacedesign of user-friendly interface
•• training of personneltraining of personnel



OUTLINE of PRESENTATION

ll GEMS/CSIRO background in risk assessmentGEMS/CSIRO background in risk assessment
ll Understanding the coastal impacts of severe stormsUnderstanding the coastal impacts of severe storms

through real examples through real examples (storm surge, waves, winds,
currents)

ll Background to the Background to the modellingmodelling of storm surges of storm surges
ll The GEMS modelling systemThe GEMS modelling system
ll Model simulation and verification for a real eventModel simulation and verification for a real event
ll Methodology for eMethodology for evaluativaluatingng risk risk probabilities of probabilities of

coastal impacts coastal impacts for mitigation and response planning
ll Current Current workwork



GEMS/CSIRO Background

ll GEMS has pioneered the present approach to oil spill and severeGEMS has pioneered the present approach to oil spill and severe
storm coastal impact risk assessment studies in Australia and hasstorm coastal impact risk assessment studies in Australia and has
carried out a large number of these studies (e.g. Darwin, Portcarried out a large number of these studies (e.g. Darwin, Port
HedlandHedland, Cape Lambert, , Cape Lambert, KarrathaKarratha, , OnslowOnslow, Derby, Cairns, Gold, Derby, Cairns, Gold
Coast, Dunk Island, Coast, Dunk Island, MorningtonMornington Island, Port Phillip Bay in Island, Port Phillip Bay in
Australia and soon for a number of locations in the South Pacific)Australia and soon for a number of locations in the South Pacific)

ll CSIRO has worked closely with GEMS on several recent studies,CSIRO has worked closely with GEMS on several recent studies,
has thoroughly tested the models, has contributed tohas thoroughly tested the models, has contributed to
improvements in the methodology and helped produce jointimprovements in the methodology and helped produce joint
scientific publicationsscientific publications

ll CSIRO provides valuable input concerning the latestCSIRO provides valuable input concerning the latest
understanding of the effects of climate change on weatherunderstanding of the effects of climate change on weather
systemssystems



GEMS Background

ll Other environmental problems to which the GEMSOther environmental problems to which the GEMS
atmospheric and ocean models have been applied are:atmospheric and ocean models have been applied are:

¢¢ Oil spill risk assessment studiesOil spill risk assessment studies
¢¢ Marine pollution risk assessment studies (sediments,Marine pollution risk assessment studies (sediments,

chemicals, sewerage etc.)chemicals, sewerage etc.)
¢¢ Sydney 2000 Olympics Sydney 2000 Olympics harbourharbour wind and current wind and current

predictionspredictions
¢¢ 1992 and 1995 America’s Cup wind, wave and current1992 and 1995 America’s Cup wind, wave and current

forecastingforecasting
¢¢ National oil spill response system (AMSA)National oil spill response system (AMSA)
¢¢ National Search and Rescue response system (AMSA)National Search and Rescue response system (AMSA)
¢¢ US Navy high resolution atmospheric and ocean forecastUS Navy high resolution atmospheric and ocean forecast

systemsystem



THE MESSAGE TO BE CONVEYED

ll That modern scientific methods of computerThat modern scientific methods of computer
modellingmodelling of storm surges, waves and coastal of storm surges, waves and coastal
flooding enable better understanding of theirflooding enable better understanding of their
coastal impacts and allow detailed risk assessmentcoastal impacts and allow detailed risk assessment
studies to be undertaken.studies to be undertaken.

ll That these coastal impact risk assessment studiesThat these coastal impact risk assessment studies
can form the basis for determining mitigationcan form the basis for determining mitigation
procedures, modify planning and developmentprocedures, modify planning and development
programs and be used to establish emergencyprograms and be used to establish emergency
response procedures.response procedures.

ll That we need to understand coastal impact risksThat we need to understand coastal impact risks
under the present climate and then incorporateunder the present climate and then incorporate
predictions of climate changespredictions of climate changes





Onslow during TC Vance (1 in 50 year level of 2 m)



Understanding the Coastal ImpactsUnderstanding the Coastal Impacts
of Tropical Cyclonesof Tropical Cyclones





TROPICAL CYCLONE ROSITATROPICAL CYCLONE ROSITA
(930 (930 hPahPa))

April, 2000April, 2000









Eco Beach Resort (18 months prior)











WAVE HEIGHTS DURING TROPICAL
CYCLONE ORSON

ll Wave heights measured at North Rankin platformWave heights measured at North Rankin platform
during Tropical Cyclone Orson (905 during Tropical Cyclone Orson (905 hPahPa) in 1989) in 1989
exceeded 13m significant wave height (average of theexceeded 13m significant wave height (average of the
upper 2/3 of wave heights experienced)upper 2/3 of wave heights experienced)

ll Maximum wave heights exceeded 20m duringMaximum wave heights exceeded 20m during
Tropical Cyclone OrsonTropical Cyclone Orson







STORM SURGESTORM SURGE
andand

COASTAL FLOOD MODELLINGCOASTAL FLOOD MODELLING
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DEVELOPMENT OF STORM SURGE
MODELS

ll The 1953 storm surge in the North Sea which killed over 800The 1953 storm surge in the North Sea which killed over 800
people in Great Britain and Europe stimulated the need forpeople in Great Britain and Europe stimulated the need for
ocean prediction modelsocean prediction models

ll Norman Heaps (Liverpool University) developed the world’sNorman Heaps (Liverpool University) developed the world’s
first 2D ocean model in the 1960’sfirst 2D ocean model in the 1960’s

ll Roger Roger FlatherFlather, Roger Proctor and others (, Roger Proctor and others (ProudmanProudman
Oceanographic Laboratories, U.K.) have continuedOceanographic Laboratories, U.K.) have continued
developing the model and it has been producing operationaldeveloping the model and it has been producing operational
storm surge forecasts for the U.K. since 1978.storm surge forecasts for the U.K. since 1978.

ll Until the 1990’s all storm surge models had fixed coastlinesUntil the 1990’s all storm surge models had fixed coastlines

ll Graeme Hubbert Graeme Hubbert developed one of the first coastal flooddeveloped one of the first coastal flood
modelsmodels



COASTAL INUNDATION MODELLING

ll Accurate flood Accurate flood modelling modelling is a complex mathematicalis a complex mathematical
process.process.

ll The first inundation models were developed in theThe first inundation models were developed in the
early 1990’searly 1990’s

ll Very few verified inundation models exist in the world.Very few verified inundation models exist in the world.
ll Using simple techniques can cause large errors inUsing simple techniques can cause large errors in

predicted flood levels as mass is not conserved.predicted flood levels as mass is not conserved.



GEMS MODELLING SYSTEM
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MODEL SIMULATION
and

VERIFICATION
with

TROPICAL CYCLONE VANCE
(915 hPa)

March, 1999
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Coastal Flooding from TC Vance - Beadon Creek = 3.3m



Onslow Township Study Region



6:30 a.m. Beadon Creek = 1.0m



7:00 a.m. Beadon Creek = 1.8m



7:30 a.m. Beadon Creek = 2.5m



8:00 a.m.Beadon Creek = 3.0m



8:30 a.m.  Beadon Creek = 3.3m



Coastal Flood Risk Assessment
- Comments

ll The 1 in 100 year sea level is not the sea level generated byThe 1 in 100 year sea level is not the sea level generated by
the 1 in 100 year cyclonethe 1 in 100 year cyclone

ll A large range of cyclones can produce a particular sea level inA large range of cyclones can produce a particular sea level in
conjunction with different phases of the tideconjunction with different phases of the tide

ll Records of storm intensities and tracks have improvedRecords of storm intensities and tracks have improved
significantly since the introduction of modern monitoringsignificantly since the introduction of modern monitoring
techniques such as satellite imagery and coastal radar.techniques such as satellite imagery and coastal radar.

ll Due to the relatively short record of tropical cyclones and theDue to the relatively short record of tropical cyclones and the
very sparse data on sea levels during cyclones it is notvery sparse data on sea levels during cyclones it is not
possible to derive return periods from direct data analysispossible to derive return periods from direct data analysis

ll A long term record must be simulated with tropical cycloneA long term record must be simulated with tropical cyclone
and storm surge modelsand storm surge models



Coastal Flood Risk Assessment
- Method

ll Bureau of Meteorology data is analysed toBureau of Meteorology data is analysed to
determine all cyclones occurring in thedetermine all cyclones occurring in the
region and to derive probabilityregion and to derive probability
distributions for:distributions for:

•• Central pressureCentral pressure
•• SpeedSpeed
•• Direction of approach to the coastDirection of approach to the coast
•• Radius of maximum windsRadius of maximum winds
•• Month of occurrenceMonth of occurrence

ll A random storm generator then generatesA random storm generator then generates
tropical cyclones with storm parameterstropical cyclones with storm parameters
within these probability curves.within these probability curves.



Coastal Flood Risk Assessment
- Method

ll The cyclone winds, together with tides, are used to driveThe cyclone winds, together with tides, are used to drive
the storm surge inundation model for a randomly chosenthe storm surge inundation model for a randomly chosen
coastal crossing time.coastal crossing time.

ll The SWAN wave model is driven by the same winds toThe SWAN wave model is driven by the same winds to
give predictions of the wave heights and wave setupgive predictions of the wave heights and wave setup

ll Several thousand years of randomly chosen cyclones areSeveral thousand years of randomly chosen cyclones are
generated in this manner producing a long record of seagenerated in this manner producing a long record of sea
levels for statistical analysis.levels for statistical analysis.

ll The results are The results are presented as spresented as sea level return periodea level return period grid gridss
and can be imported into any GIS systemand can be imported into any GIS system
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Progress towards South Pacific
Coastal Impact Risk Assessment

Studies

The sequence of events is as follows:The sequence of events is as follows:
ll Establish accurate coastal topography and bathymetryEstablish accurate coastal topography and bathymetry

for the region (completed for for the region (completed for EfateEfate thanks to SOPAC). thanks to SOPAC).
ll Establish and test GEMSURGE as a tidal model for theEstablish and test GEMSURGE as a tidal model for the

region (completed for region (completed for EfateEfate))
ll Analyse Analyse meteorological data to establish the  parametermeteorological data to establish the  parameter

curves for storm generation (completed for Vanuatu)curves for storm generation (completed for Vanuatu)
ll Test GEMSURGE and the wave model against knownTest GEMSURGE and the wave model against known

cyclones to verify that the models are set up correctlycyclones to verify that the models are set up correctly
and provide accurate predictions (in progress for TCand provide accurate predictions (in progress for TC
Uma Uma at Port Vila)at Port Vila)



ll Simulate up to 2,000 years of storm events toSimulate up to 2,000 years of storm events to
establish a database of sea levels and waveestablish a database of sea levels and wave
heightsheights

ll Analyse Analyse these data to produce sea level andthese data to produce sea level and
wave height return periodswave height return periods

ll Incorporate the results into a GIS system for easyIncorporate the results into a GIS system for easy
use by the useruse by the user



Cyclone Risk in Fiji Islands
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Tropical Cyclone Paula, 2001



Tropical Cyclone Paula, 2001



TC Paula Wave Model Predictions



TC Paula Wave Model Predictions



TC Paula Wave Model Predictions



Tropical Cyclone UMA
Vanuatu 1987









Large scale ocean currents from
TC Uma



EFATE



Wind driven storm surge from TC
Uma



What is next?

ll Detailed topography and bathymetry for 3 other SouthDetailed topography and bathymetry for 3 other South
Pacific NationsPacific Nations

ll Coastal impact risk assessment for Coastal impact risk assessment for EfateEfate


