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Abstract
There has been considerable recent effort in understanding the weather and wave conditions leading to drowning fatalities along the exposed eastern coast of Australia. Analysis of drowning events has shown that long period swell conditions, even of low amplitude, can be extremely dangerous to rock fishers, swimmers and small craft navigating ocean bars. Some examples are described.
These swells have generally travelled a long distance from the weather system where they were formed. While they are in deep water, these low amplitude waves are not significant, but as they approach shallow water the wave height increases sharply and in the surf zone they can become extremely dangerous. 

Along the east coast of Australia the low pressure systems that generate these swells can be far off to the east, even beyond the date line, or to the far south of the continent. Hence they do not appear on the local weather charts and the weather conditions along the coast can be deceptively benign.

The Bureau of Meteorology has recently developed thresholds of offshore wave height and period which characterise these events. If the forecast conditions meet the thresholds, dangerous surf alerts are now included in weather forecasts.  The development of these thresholds will be discussed.

Background
The exposed east coast of Australia extends from Fraser Island in the north to Gabo Island in the south; a length of around 2000km. Figure 1 is a location map. The continental shelf is relatively steep and narrow and the wind and wave energy impacting the coastline is relatively high. The waves produce an energetic surf zone and the winds are capable of building large coastal dune systems (Short 1993). There is a network of waverider buoys operated by the State agencies.
The coastal zone is used extensively by the Australian community and international visitors for a wide range of professional and recreational activities include swimming, surfing, boating, fishing, yachting and rock fishing.   

Rock fishing is one of the most dangerous of these pastimes.  In 2002 the NSW Water Safety Taskforce agreed that research be conducted into the coronial files of all rock fishing fatalities between 1992 and 2000. The investigation (Jones, 2003) aimed to ‘provide details of the demographics of rock fishing fatality victims and the circumstances surrounding rock fishing fatality incidents so that better solutions to address the safety of the sport can be developed.’  There were 74 rock fishing fatalities in NSW in the nine year period of the study.  The investigation explored information related to the deceased, the incident and the environment and made several recommendations to address rock fishing safety, including the development of a system to warn rock fishers of adverse weather and sea conditions via the media.  
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Figure 1. Location Map.

Weather and sea conditions also contribute to boater and swimmer fatalities.  The east coast features numerous ocean bars. These shallow sand bars can form at the point where rivers, creeks, lakes or harbours meet the sea. There have been many incidents when small craft trying to cross bars have been swamped, and lives have been lost when “low to moderate” long period swells have moved onto the coast during fine weather and light wind conditions.   These waves are similar in nature to those which impacted La Reunion (Western Indian Ocean) in May this year (Science Daily 2007).
One significant event occurred along the exposed east coast on 6 July 2001. The 11-metre cruiser "Just Cruisin" was flipped over by the large breakers near Cape Moreton and the crew of four were lost at sea. A yacht was also wrecked by large waves on a sandbar near Fraser Island and the lone yachtsman was never found.  In New South Wales two rock fisherman were swept to their deaths, one at Eden and the other in Sydney (Callaghan 2004).

The Bureau of Meteorology issues Severe Weather Warnings for ‘damaging’ surf if waves five metres or greater are expected in the surf zone.  Under these conditions there can be damage to coastal structures and beaches vulnerable to large waves.  Prior to this study, if onshore waves between four and five metres were forecast or observed, an alert of  ‘dangerous’ surf could be included in the body of relevant weather forecasts and warnings.   These wave warnings are most often issued when storm systems form or intensify within the vicinity of the east coast. The storms are also often associated with local gale or storm force winds and heavy rain which naturally restrict outdoor activities.  The weather and wave conditions corresponding to the Jones data set and other drowning events were examined with the aim of revising the alerting thresholds.

Results And Discussion
The environmental factors investigated by Jones (2003) were sea conditions, wave height, wave direction and tide phase and tide height. The clearest indicators were phase of the tide and wave height.  The majority of fatalities (60%) occurred during a rising tide and 74% of fatalities occurred during significant wave heights of 1.4 – 2.4 metres. The significant wave height (Hsig) is the average height of the waves which comprise the highest one third of waves in deep water. According to Kulmar at al (2005), the average significant wave height along the NSW coast is approximately 1.6 metres.

The relationship between drowning fatalities and the peak period (TP1), the wave period at the peak of the energy spectrum, was also investigated.   The relative risk of fatalities is quantified by comparing the number of fatalities for each TP1 to the frequency with which that TP1 is observed.  That is the relative risk equals the ratio of the percentage of fatalities at TP1 and the percentage frequency of TP1.  The relative risk at various TP1 is shown in Figure 2 and shows that the risk doubled when TP1 increased from 10-12 seconds to greater than twelve seconds.  
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Figure 2:  The relative risk of rock fisher fatalities at various peak periods (TP1) 

Based on the above results, and the wave conditions observed during more recent multiple drowning events, the thresholds for dangerous wave alerts have been revised.  The thresholds now include waves with Hsig less than four metres, depending on the peak period, and are shown in Table 1. Both Hsig and TP1 are forecast for waves in deep water. For wave periods less than 12 seconds, the required angle of incidence is plus or minus 45 degrees from the normal to the coastline.   The long period wave events generally involve large weather systems, which can both be observed from satellites and generally forecast well by numerical wave models, providing forecasters with good guidance for their forecasts.
	Significant Wave Height [Hsig] (m)
	Peak Period [TP1]
(Seconds)
	Angle of incidence to coast
	Alert Status

	> 5
	na
	Onshore range
	Damaging wave warning

	> 4
	na
	Onshore range
	Dangerous wave alert

	3 - 4
	> = 10
	Onshore range
	New dangerous wave alert

	2.5 - 3
	> = 12
	Any
	New dangerous wave alert

	2 – 2.5
	> = 14
	Any
	New dangerous wave alert


Table 1:  Revised thresholds for dangerous surf alerts.

The weather and wave conditions at the time of a drowning fatality are not the only factors.  Other factors for rock fishers include experience, safety equipment and whether they are fishing alone.  Considerable effort has been expended during recent years to address these issues, including multilingual educational material and the installation of angel rings (or life buoys) at known rock fishing danger areas.  For boaters, the wearing of life jackets is now compulsory when crossing ocean bars. 

The Bureau is liaising with State Government agencies, emergency services and recreational clubs to raise awareness of the dangers of long period swells within the community.   
Other ongoing work includes forecast verification and development of appropriate thresholds for other vulnerable parts of the Australian coastline.
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