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Abstract

Mass evacuations will be necessary from low-lying areas of Cairns, Far North Queensland, Australia, ahead of a threatening cyclone surge.   Aiming to minimise lost of life through drowning in extreme inundation events over closely populated areas, developed research methods and recommendations are given.  Public knowledge, precautionary evacuations and a flooded road network are central to safety.  A detailed research process of mass evacuation issues in Cairns in the mid 1990s is contrasted with a 2005 review of preparedness.

Modelling predicts a maximum surge height of 5 metres, defining evacuation and ‘safety’ zones.  A 5-metre mound of highly agitated seawater and smashing debris would inundate about half of Cairns.  Three surge levels were defined, then the ‘temporary coastlines’ of a 1, 2 and 5 metre surge were mapped from digital elevation data.  The worst surge, combined with escaping floodwaters, will directly threaten more than 70,000 people, all needing safe shelter.  

Widespread rains preceding the cyclone are likely to make most Cairns exit roads impassable to urban traffic, possibly days before cyclone landfall.   Working with road engineers and planners, flood points in the road network were identified and mapped, thus defining ‘safe’ exit routes. 

Recommendations include full public knowledge of the risk, via displays in shops and shopping centres, so residents and tourists can assess their risk as the cyclone season approaches, and are prepared to act if threatened.  

Early, precautionary ‘self’ evacuation to private billets is advocated, in line with social sustainability principles, acknowledging the merit of precautionary evacuation as practice.  Local authorities now advise people: ‘Know friends in high places’.  Methodological development, mapping and recommendations are given.   This is to empower and motivate an informed and prepared community to move early, taking responsibility for their own and others’ safety, and responding to extreme but knowable threats of catastrophic natural disaster.  The explored approaches can be generalised to other situations of like vulnerability, such as tsunamis.

Introduction:  Natural Hazards with Lead Times

This paper reports on a three year study in cyclone surge and precautionary mass evacuations for Cairns, a small coastal city of Far North Queensland, Australia during the mid 1990s, with a situation review in 2005.  There has been a policy paradigm shift (COAG 2004) early in the third millennium, from a political and administrative reluctance to make the full threat and needed precautionary evacuation fully known, to a committed effort to have an informed, aware, self-help community prepared to evacuate as a practice if a surge threatened.

In 1997 there was no widespread public awareness of cyclone surge threat (Goudie and King 1997, Berry and King 1998).  Many disaster managers were slow to accept widespread flooding would probably precede a major cyclone.  Land-based flooding is a key evacuation factor in Cairns, where nearly all the exit routes to safe ground are blocked by floodwaters every 10 -20 years.  

Fortunately, cyclone surges have a warning time of days, although cyclones behave erratically.  Timely evacuations are complicated by infrequent surge strikes in Australian centres, high population turnover and the rapid growth of coastal populations and infrastructure.  In 2005, consulted Disaster Managers felt inappropriate development is still occurring.  

There has been a ‘top-down’ paradigm shift in disaster management at the national and state level.  In 2004 the Federal Government released its guidelines on national disaster mitigation.  Indicative of other states, Queensland has developed State Planning Policy (QG 2003a) to ensure planning does not allow development in or near natural hazard zones without proper safeguards, and has changed the local disaster management structure (QG 2003b).

Theory and Method

In theory, emergency managers have long been required by the Federal Government to consider details of community preparedness (EMA 1993).  

The theory explored in this paper is that there has been a shift in emphasis in disaster management from response and recovery to preparedness and mitigation, but there is an ‘implementation gap’.  The global paradigm shift toward ecologically sustainable development requires public participation.

Federally, the overarching COAG document (2004) has a section headed: “Paradigm Shift – a fundamental change from passive to active in our acknowledgement of and preparedness for major natural impacts”.  Theoretical reasons based on sustainability for policy shifts toward mitigation are attractive because mitigation is cheaper that an unimpeded impact: every mitigation $1 spent on flooding saves about $2.10 (COAG 2004, p24).  There is clear evidence in Queensland (QG 2002, QG 2003 a&b) that there is legislative and strong policy change toward a more sustainable approach to emergency management.  

In Australia we can now imagine aware, informed, self help communities and families, acting to maximise their own safety, guided by effective warnings.  This shift resonates internationally.  The World conference on disaster reduction in Kobe, Japan in January 2005 had thematic segments on: ‘innovations in public awareness, vulnerability reduction, institutional framework for disaster reduction, flood risk management, community resilience, disaster risk management, efficient risk communication, early warnings, risk mitigation, culture of safety, knowledge sharing, improve preparedness, capacity building, people centred’ (UN Kobe 2005).  Others detailed community based hazard mapping, aiming to bridge the risk perception gap (ADRC 2005).  Communication links of local residents, local government and experts and media are needed (Government of Japan 2004 pp30).  An informed, community-centred approach to disaster mitigation seems to be a consensus theme (UNCRD 2004). 

Knowing the general disaster management trends in 2005, the next section details a 1995-97 cyclone or storm-surge study, focused on mass evacuation needed for Cairns.  The following recurrently reported to the Counter Disaster Committee, lead by the Deputy Mayor, then published (Goudie and King 1999).  I re-contacted the relevant Cairns Emergency management officers in 2004/05 to see what progress had been made in recommendation implementation. 

Results

Cairns cyclone surge and the road network

A three year study in Cairns from 1995 -1997 set out to define the role and implications of the road network flood points ahead of a cyclone surge, aiming to produce recommendations to minimise loss of life.   There are 12 flood points in the Cairns road network likely to block all exit routes, and at least six flood areas in central Cairns (Figure 1).  The low points in the road network are likely to cause system failure for late evacuations.  

The magnitude of the problem

Transport planning will be successful if no-one is trapped and drowned.  Prior to a surge, about 11,000 vehicles and 36,000 people (ABS 1996 census, Table 1) will be located in the main Cairns floodplain.  Under ordinary road conditions at 60 Kph, one road lane can carry about 800 cars per hour (Turton 1992).  Moving traffic through floodwaters is very slow - barring breakdowns.  Further, the only exit routes from most northern beach suburbs may be cut many hours or even days before the cyclone path is clear.  Map 1 shows how constricted vehicle movement is likely to be in central Cairns.  

Table 1 Cairns total evacuation.  5m HAT surge (figures are rounded)

	Catchment name
	# Of people
	# Of  HH
	Tot.  veh.

	Cairns total evacuations (5m)
	54,000
	17,000
	19,000

	Central Cairns. 
	36,500
	11,500
	11,300

	Northern Beaches   Total
	17,000
	6000
	8000

	Cairns total evacuations (2m)
	44,000
	13,000
	14,000

	Central Cairns. 
	33,600
	10,000
	10,000

	Northern Beaches   Total
	10,000
	3000
	4300

	Cairns total evacuations (1m)
	33,500
	9800
	5500


Detail of evacuation numbers

The following analysis is based largely on the 5m-surge height above Highest Astronomical Tide (HAT).  Figure 1 has three ‘time’ layers: flooding, attempted evacuation, surge over about 5 hours: a low mound of seawater lagging just behind the eye of the destructive cyclonic winds.  The heavy dotted lines show the “temporary coast line” at 1,2 and 5m surge. 
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Figure 1.  Central exit routes and detail of potential evacuees.

From hundreds of cyclone surge inundation maps constructed from digital elevation data, this research identified three response layers: 

1.  The obvious and known ‘coast-edge’ low points to 1m, 

2.  A general surge to 2 metres, 

3.  An ‘upper edge’ from 2 -5 metre surge.

Understanding that belated exit from the district was highly unlikely, the research trended to the concept that people in low areas would need to ‘fold over’ to higher shelter.  Precautionary evacuation is recommended because cyclones have erratic paths, and their effects are not fully predictable.  

Core Recommendation: Fold Over from Low to High Shelter

An evacuation to minimise loss should begin with early and widespread precautionary ‘self evacuation’ to relatively safe public or domestic shelter on higher ground: vulnerable people ‘folding over’ from low, threatened areas to designated shelters, friends, relatives or networked contacts living on higher ground.  Exit roads are likely to be blocked by land-based floodwaters or landslides.  Destination shelter would ideally be strong, and away from large trees and major debris sources, with socially similar households.  About half the Cairns households may be surge-prone, so the bulk of the community should be involved in surge preparation.  Early public involvement will help clarify community needs and encourage co-operative behaviour.  This will minimise direct and formal demands on the disaster response when the next major cyclone threatens Cairns.

Eight Support Recommendations for a ‘Safe’ Surge 

1.  Strong political support for public education.  In 2005 there is clear political support.  Along with the disaster management groups undertaking public education, there are mailouts on cyclone issues each year.  The Cairns City Council web site has an area:  “Disaster Arrangements”, which in part states: “Copies of the Cairns Counter Disaster Plan are held at all local libraries, and are available for reading during library opening hours.  The Plan also includes the Evacuation Sub Plan, Lifelines Sub Plan and the Welfare Sub Plan.

(http://www.cairns.qld.gov.au/council/services/disaster_arrangements.html).  Unfortunately, there is no web link to e-copies of these public documents.

2.  Seasonal use of maximum urban flood contour signs.  Modelling of a category 5 surge of 5m, with funnelling (McDonald Wagner 1988), wave reach and added flood height from land-based flooding should be used to define a  ‘local contour of safety’  - the local maximum flood height, which could be prominently indicated where it crosses major roads.  We can then encourage people to negotiate their own billets above that line, but within their own general urban sector, minimising cross-town movements.  In 2005 new laser survey data is being made available to allow more accurate surveys and predictions and to consider natural disaster threats in development applications.

3.  Local ‘spotters’ placed at known flood points to report as waters rise.  When a large cyclone is in the vicinity, radio or mobile phone information from spotters should trigger evacuations before routes are severed as a severe cyclone approaches.  In 2005 this is seen as a role of council workers, SES volunteers, Police and other agencies, however safety considerations apply.  It is unclear if the ‘flood spotter’ recommendation is formalised.


4.  Sponsorship and public involvement.  In 2005 the local disaster risk management group has good community representation.


5.  Local inundation maps in retail outlets.  It is essentially an issue of personal, family and ‘portable property’ survival, so it is likely to be studied with interest each year from October to March.  In 2005 it was still considered that this may not be practical for legal or other reasons.   What has also changed from 1996 is that there is a vast amount of information on the web.  The Council posts out information sheets to each household each year, facilitated by recent legislation.

6. Self-organisation in the tourism industry for their staff and guests.  All accommodation providers in the tourism industry are best placed to know of individual tourists in the district, and most likely to know where most of them are during their Cairns stay.  The industry has many buses, ‘adequate’ up-slope shelters. In 2005, the tourism industry is represented on the relevant disaster management committee. Workshops are needed to educate the tourism industry of their responsibilities.  They are largely aware and accepting of their role, but may not be very willing to admit to threats.


7.  ‘Local billet brokers’  

For the many low-lying residents in Cairns who do not have their own informal networks to arrange overnight billeting, there is a clear need to have ‘billet brokers’ (Goudie 1996).  This role could be fulfilled by interested and active members of various community groups in Cairns.  

To clear the Central Cairns flood plain, about 25,000 people will need relatively safe shelter.  Many of these people have not developed social networks in Cairns because many people have not lived in Cairns for long.  Developing effective procedures to link the vulnerable with like households on higher ground is crucial to early evacuation efforts, and may be relatively easily achieved by involving community service groups to develop a ‘billet link’ phone service and database.  In 2005, this may be seen as the role of Apex, Rotary, Lions service clubs, but there is no developed structure from this recommendation.

8.  Sirens
 

Development and implementation of an effective siren-based public warning system is recommended to avoid ignorance of life-threatening danger.  Television information is usually not localised or specific enough.  In the Cloncurry floods, about 70% of the flood effected households gained “no warning at all”, while 53% in a thousand household Townsville survey (King and Goudie 1998) did not stay tuned to radio or TV during the Townsville 1998 flood.  The ‘unique’ floods of Cloncurry and Townsville showed how reliance on the media does not work effectively.  Mobile sirens already exist in the community on police and emergency vehicles.  Thus the infrastructure costs should be modest.

In 2005 there is still a widespread feeling that sirens are ineffective against undisclosed threats in a large population.  However, there is current a trial of mass SMS text messaging in Australia.  This may be a highly effective way to warn people in the threat zone of approaching major hazards, although there may still be legal and legislative issues to resolve.  Use of police and emergency vehicle loudspeakers on vehicles is seen as useful, but there is fear of creating panic and possible disruption to the orderly evacuation plan.

A Pilot to Refine Current Understanding?

If evacuation is delayed until a surge is almost certain, land-based flooding is likely to cause panic, especially in the northern beach suburbs.  In 2005 the eight recommendations have not been refined, publicly tested or implemented.  “Make friends in high places’ was a slogan developed and used from the late 1990s on, perhaps the only direct outcome of the recommendations.  This paper has shown that there is a recent surge in legislative and policy shift toward mitigation, in part through community awareness and self-help strategies.  The implementation of this appears to lag.  In 1998 I wrote: For a pilot test of the eight recommendations to be worthwhile, the primary requirement of active, funded, near-aggressive and public political support is needed.  This view was vigorously supported by the July 1998 Australian Geological Society Organisation convened group: that strong, active political support is mandatory for widespread precautionary responses.  This means effective full time staff, adequate funding (and sponsorship?), and clear messages from the political arena that each level of government acknowledges the danger and is properly funding likely ways to minimise loss of life through drowning. In 2005, the 10 hours per week executive officer of the Cairns Counter Disaster Group said that effective preparation for a mass evacuation ahead of a cyclone surge: “requires a good understanding and rehearsals by the population”, but would be “expensive and time consuming to achieve”.

There were twelve more detailed recommendations, such as people tying a bed sheet near their front door when they left, so emergency crews could save time in any final checks.  This level of detail can be viewed via the Goudie King 1999 web link. 

Discussion

Law and policy now seek to develop an informed and resilient, self-help population using predicted threats to practice precautionary evacuations.  But there is a gap between policy and practice.  As policy implementation occurs, disaster mitigation and management will become a normal part of urban planning, and threats and responses a normal part of life in vulnerable areas.  

Precautionary, practice evacuations evokes ‘threat fatigue’ for some emergency managers, saying some people who chose ‘not to fuss’ were ‘proved right’ when the threat diminished.  A sometimes accepted wisdom was: ‘overreacting’; ‘crying wolf’, rather than ‘practices’, embedded in the precautionary principle. 

From the 1990s a strong issue of debate in risk communication has been “the right to know” (Barum 1991).  With long evacuation lead times and unpredictable weather, sometimes leaving things until ‘certainty’ may be too late.  Escape routes may be flooded, or too narrow to mass transport a panicking population under extremely adverse conditions (Goudie and King 1999).   The ‘precautionary’ approach is supported internationally (ECAP 1997).

Precautionary Evacuations

Following evacuation of 250,000 Dutch ahead of a flood threat in 1995, 85% of people surveyed “believe that evacuation was appropriate,” although predicted flooding did not eventuate (Handmer 2001, p 24).  Good skills in dealing with the mass media appear to have helped in the effective precautionary evacuation.

In Cairns, government policy requires development planning to consider extreme natural events and people’s well-being (QG 2003a) and a deep set of policies to ensure that personal and community safety and sustainability is maximised (IPA 1997, COAG 2004), but as disaster managers, we move so slowly to implement what seems so necessary.  Effective warning systems are an obvious need, but there is still Australian debate about mobile sirens.  If the threat is coming quickly in the dead of night, what else will work?  In the case of mass evacuations where there is the likelihood of roads blocked by floods, shouldn’t the vulnerable population be encouraged to practice precautionary evacuations?

The disaster risk manager is just one of many seeking attention in an environment of information overload (Handmer 2001, Rohrmann 2000).  Extreme events are rare, but potentially catastrophic.  Fortunately for the future occupants of Cairns, Geoscience Australia is beginning a process of looking at three catastrophic events in Australia, fulfilling parts of the COAG reforms.  Cairns has been chosen to detail of a catastrophic cyclone and surge over Cairns.  If this process does produce an informed, resilient self-help community, there will be greater peace of mind and inherent safety for Cairns residents and visitors, with lessons of great benefit to other surge-vulnerable communities.   

Recommendations and Conclusions 

The tension between residents’ ‘right to know’, the profound complexities of mass evacuation issues, and the fear of being sued if there is damage during an ‘unnecessary’ practice evacuation combine with concerns over flood or surge information on real estate prices to make mass evacuations one of the most difficult issues of disaster management.  Geoscience Australia, having chosen to fully study issues of cyclone surges in Cairns, exemplify a courage that all emergency managers need to fully embrace the core goal of mitigation: to minimise loss of life and property.

To achieve that goal, all government levels need to fund and implement the concepts of a fully informed and self-help oriented community to act in a precautionary way, as a practice, ahead of any major plausible threat.  Effectively communicating the looming threat to an informed community is far more likely to get safety-oriented responses than a community who is ignorant of the risk, and therefore likely to reject the call to move to a safer place.  Once a community is informed of the possible hazards in their area, all modern forms of risk communication should be used, including mobile sirens, to alert people to the looming danger in a timely manner.  All this can only happen if community based hazard mapping, awareness, involvement and communication are properly funded and aggressively supported by emergency managers and the political process at all levels.  Almost certainly, prior road flooding is the system failure of critical infrastructure, which will cost the Cairns community dearly unless there are precautionary evacuations.  This paper shows system failure can be foreseen and circumvented through courageous political commitment to community safety, leading to an informed community responding to effective risk communications, encouraging self help and early, precautionary mass evacuation.
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