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Abstract 
The generation and propagation characteristics of continental 
shelf waves (CSWs) associated with tropical cyclones on the 
North West Shelf (NSW) of Western Australia (WA) were studied 
using the Regional Ocean Modelling System (ROMS). The 
characteristics of these CSWs were explored using idealised 
numerical simulations with synthetic air pressure and wind fields.  
Results indicated that a cyclone's path, speed and intensity affect 
CSW generation and propagation. Realistic cyclone simulations 
(OzROMS) of CSWs associated with Tropical Cyclones Bianca 
and Carlos (2011) showed that cyclone path and continental shelf 
bathymetry influenced CSW height and propagation speed. 
 
 
 

Figure 1:  NWS idealised model horizontal and vertical grid.  

Figure 4: CSW height and speed for each simulation of a parallel 
cyclone moving 3.5 ms–1 at a different distance from the coast, 
across a quarter of the model domain. 22º S is close to shore.  

From the idealised model simulations:  
 

•  Tropical cyclones that travel parallel to the coastline, near to the 
continental shelf, generated the greatest CSW heights; 
•  Parallel-moving cyclones with a forward speed of ~ 7.5 ms–1 

travelling near to the continental shelf break generated the 
highest amplitude waves because of Greenspan resonance;  
•  Increasing the parallel cyclone forward speed corresponded to 

an increase in CSW height. If the parallel cyclone forward 
speed was too fast (i.e. > 10 ms–1), the CSW height decreased;  
•  A higher cyclone category is able to increase CSW height 

because of the greater alongshore component of wind stress 
and pressure gradient;  
•  If the cyclone discontinued travelling parallel to the coast, the 

CSW gained similar properties to CSWs generated by 
perpendicular or 45º travelling cyclones. These type of cyclones 
generated CSWs that had a lower wave height, which were 
even lower for faster moving cyclones; and  
•  Perpendicular cyclones that travel very fast (≥ 10 ms–1) are 

able to generate edge waves, which are unidirectional, because 
the influence of Coriolis is much less.  

From the OzROMS simulations:  

•  The greatest impact of CSWs on water levels generated by 
these cyclones occurred near or in the cyclone-prone regions;  
•  A cyclone’s path, as shown by Cyclones Bianca and Carlos, 

can reinforce the CSW signal and hence its extent of influence; 
and 
•  A significant decrease in continental shelf width between 

Exmouth and Carnarvon (WA) resulted in a decrease in CSW 
speed and height, suggesting scattering of the CSW’s energy.  
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Figure 6: Examples of model-simulated water levels during the 
passage of a cyclone moving  45º (left plots) and perpendicular to 
the coastline (right plots) with a forward speed of 3.5 ms–1. 

Idealised model simulations 

Figure 9: OzROMS-predicted CSW height generated by Cyclone 
Bianca (left graph) against measured height and (right graph) lag 
correlation plot of the arrival of the maximum peak of the CSW. 

Figure 7: CSW height for each simulation of a 45º (left graph) and 
perpendicular (right graph) cyclone travelling a different speed.  

Tide gauge data from the WA Department of Transport. 250-m 
resolution bathymetry data from Geoscience Australia. 
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Figure 8: OzROMS-predicted CSW generated by Tropical Cyclone 
Bianca over four different days. 

An idealised model of the NWS with ~ 4 km spatial resolution and 
30 vertical sigma layers was configured using ROMS. The model 
was forced by synthetic (air pressure and wind fields) tropical 
cyclones, which varied in speed, direction (parallel, perpendicular 
or at 45º to the coastline), distance from shoreline and intensity. 
The model’s open boundary barotropic velocity components were 
assigned 3% of the wind speed. Typical vertical profiles of 
temperature, salinity and velocity were used to create the initial 
conditions and boundary forcing. Tides were excluded in the 
idealised model simulations. Experiments of different category 
cyclones were performed based on the classification by the 
Australian Bureau of Meteorology.  
 
In addition to idealised model simulations, predicted hourly water 
levels from OzROMS were compared with tide gauge data to 
examine the CSWs’ propagation characteristics along the WA 
coastal shelf. Here we present results of CSWs generated in 
2011 by Tropical Cyclones Bianca and Carlos.  

Idealised model configuration and data analysis 

CSWs have been identified worldwide as significant and integral 
components of the physical marine environment (Schulz, Mied & 
Snow 2012). They propagate along continental slopes and 
shelves, parallel to the coastline, to the left (right) in the southern 
(northern) hemisphere, with their maximum amplitude occurring at 
the coast and decreasing offshore. CSWs have periods ranging 
from a few days to a few weeks and speeds in the range of 2–20 
ms–1 (Eliot & Pattiaratchi 2010). CSWs can travel long distances, 
influencing water levels and coastal currents far away from their 
generating region (Mysak 1980). These waves are defined under 
the broader category of a coastal-trapped wave (CTW), which 
also includes edge waves and Kelvin waves. 

  
The ocean responds to cyclones in many complex ways. One of 
the most significant effects of a tropical cyclone occurring on a 
regional scale is the CSW. The north-western region of WA 
experiences intense tropical cyclone activity. CTWs have also 
been observed extensively around Australia. Measurements made 
in the most southerly extent of the Great Barrier Reef have shown 
the existence of CTWs occurring behind a large continental shelf 
island (Griffin & Middleton 1986). An intensive observational study, 
the Australian Coastal Experiment, collected data on the dynamic 
aspects of CSWs in southern and eastern Australia (Merrifield & 
Middleton 1994). The CSWs along the south and east coasts are 
generated by the alongshore component of wind stress, primarily 
from mid-latitude cyclones (Griffin & Middleton 1991). The 
investigations of CSWs in Australia have shown that they 
propagate anti-clockwise along the Australian continent at 5–7 
ms–1 over distances up to 4000 km (Provis & Radok 1979). In this 
study we used idealised and OzROMS predicted water levels to 
examine the generation and propagation characteristics of CSWs 
along the WA coast. 
 

Introduction 

OzROMS simulations 

Figure 2: Simulation results of water levels during the passage of 
a cyclone moving 3.5 ms–1 parallel to the coast (left plots) over the 
whole domain and (right plots) a quarter of the domain. 

Figure 3: CSW height for each model simulation performed with a 
parallel cyclone travelling near the shelf edge (19º S) with  a 
different forward speed (left graph) cyclone across the whole 
domain and (right graph) cyclone for only a quarter of the domain.  

Figure 5: CSW height and propagation speed depending on a 
parallel cyclone's category moving 3.5 ms–1 near the shelf edge 
(19º S), which travelled a quarter of the model grid only. 
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