
School of Civil,  
Environmental and 
Mining Engineering 

Predicting extreme water levels around Australia 
Charitha Pattiaratchi, E.M.S. Wijeratne, Ivan Haigh, Matt Eliot,  

Yasha Hetzel and Ivica Janeković 
1School of Civil, Environmental and Mining Engineering and The UWA Oceans Institute 

The University of Western Australia, Crawley, WA 
 
 
 

Acknowledgements 

Abstract 

Figure 5: Water level at Fremantle Boat Harbour during 
the 2004 Indian Ocean Tsunami (top) and a meteotsunami 
on 17 October 2002 (bottom). 

Figure 6: Meteorological and water level data from coastal 
stations near Fremantle Harbour, 17 August 2014. Top: 
wind speeds (gusts in red) at Fremantle Port; middle: sea 
level pressure at Rottnest Island; bottom: water level at 
Hillarys Boat Harbour (blue), Fremantle Boat Harbour 
(red) and Fremantle inner harbour (black). 

Figure 2. Illustration of the various physical processes that 
contribute to create extreme water levels. 

Figure 3: Filtered tide gauge records (left) showing a 
continental shelf wave traveling down the WA coast that 
was created by Tropical Cyclone Bianca. 

The project is funded through the Bushfire Natural 
Hazards Cooperative Research Centre.  

Accurate estimates of extreme water levels are 
critical for coastal planning and emergency 
planning and response. To better prepare for the 
future, coastal engineers and managers require 
estimates of exceedance probabilities for 
extreme water levels. Coastal regions experience 
sea level changes, which vary at timescales of 
hours, days, weeks, months, and annually 
gove rned by the as t ronomica l t i des , 
meteorological conditions, seismic events, local 
bathymetry, etc. Meteorological conditions 
contribute to extreme events through the 
generation of (1) storm surges both locally and 
remotely through continental shelf waves; (2) 
through wave set-up by generation of surface 
gravity waves; and (3) meteorological tsunamis 
generated during thunderstorm activity. In a 
recent study, we estimated the present-day 
probabilities of extreme water levels uniformly 
around the entire coastline of Australia.  
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•  Extreme water levels result from the 
combination of different physical processes 
including tides, storm surges, tsunamis, 
seasonal and interannual mean sea level 
variations.  

•  These signals may be forced by both local and 
remote forcing, with processes active over a 
temporal range from hours to decades.   

•  This work will improve the accuracy of 
predictions of extreme water levels by 
investigating the effects of several key 
processes that are often ignored. 

•  OBJECTIVES 
Develop better predictions and forecasts for 
extreme water levels arising from a combination of 
•  Tides 
•  Storm surges  
•  Surface gravity waves 
•  Continental shelf waves 
•  Tsunamis (meteorological) 

Figure 1: 1:1,000-year storm surge return levels for 2010 
(relative to AHD) at the model coastal grid points  resulting 
from the combination of extra-tropical and tropical 
cyclones. 

Background 

Objectives 

Missing pieces of the puzzle 

Figure 4. Illustration of the wave set-up at the coast due to 
hurricane Marie in Long Beach, California. 

Continental shelf waves 
When weather systems cross a coast the mass of 
water accumulated in the storm surge can be 
released as a continental shelf wave that travels 
anti-clockwise around the Australian coast. 
For example, waves generated off Broome in the 
Kimberley can be identified off Tasmania, 2–3 
days later. 
An improved hydrodynamic model will include the 
effects of continental shelf waves. 

Wave set-up  
Wave set-up is the increase in mean water level 
due to the presence of waves, and in some cases 
it can exceed that of the storm surge. 
This project will define the magnitude of the wave 
set-up component at various locations around 
Australia to estimate its importance to total water 
levels. 

On 17 August 2014, a travelling pressure jump of 
2 hPa generated wind gusts of up to 55 knots (102 
km per hour). In turn, water levels rose sharply in 
Fremantle’s inner harbour, where the AAL 
Fremantle broke its mooring and impacted on the 
Fremantle railway bridge. 

Meteorological tsunamis 
 
Meteorological tsunamis, or meteotsunamis, are 
caused by weather events such as squalls, 
tornadoes, thunderstorms, and frontal systems – 
generally anything that causes an abrupt change 
in atmospheric pressure. This change generates 
small wave heights (< 5 cm) in deep water, but 
like conventional tsunamis, these waves grow 
much taller as they move into shallow water and 
hit the shore. 
 
In Western Australia, meteotsunamis reaching a 
metre in height are common along the coast 
between Geraldton and Esperance. In one case, 
in January 2013, a single thunderstorm event 
generated a meteotsunami that travelled more 
than 500 kilometres along the coast. 


