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Abstract

In common with much of the world, urban and infrastructural development in the tropics has concentrated people and their settlements onto the coastal fringes where the hazards of floods and tropical cyclones (hurricanes) constitute a regular threat to safety and structures. Cyclone storm surge scenarios for coastal cities in northern Australia have demonstrated that critical infrastructure and community lifelines are particularly concentrated in the most hazardous zones. The same level of concentration of services is true for the small remote and isolated settlements in Australia’s northern outback, but critical infrastructure and lifelines are much more primitive and limited such that the communities are far more vulnerable to the hazards of the tropical wet season. Because these hazards are regular and predictable, communities have developed strategies of endurance and resilience. However the regular loss of roads, drainage, sewerage, airstrips, power, water supply, restricted food supply, and access to education and health facilities makes these remote communities critically vulnerable during the wet season, and curtails economic development as resources are regularly directed to repairing losses. These characteristics of northern Australia are shared by the equally remote and isolated developing communities of the South Pacific, where the loss of the most basic infrastructure exacerbates vulnerability and secondary disaster crises.

Introduction

Throughout the world, hazard vulnerability has increased as a consequence of population growth and large numbers of people moving into coastal lowlands. In particular there has been an enormous growth in hazard prone tropical and subtropical coastal areas.  Within the developing world this process is involving extensive urbanisation -- the proliferation of many new centres and the unprecedented growth of great industrial cities.  In developed countries such as Australia urban growth has mainly been in subtropical areas, but urbanisation during the latter half of the 20th century consisted of an emptying of much of the interior of the country. While more densely populated coastal areas have experienced a concentration of people and critical infrastructure into flood, cyclone and storm surge prone hazardous areas, the remaining remote centres both in the interior and around the sparsely populated northern coasts are vulnerable to the same hazards, but are sustained by the most basic infrastructure and lifelines. This paper examines these two connected issues of hazard prone critical infrastructure and the lack of all but the most basic lifelines and infrastructural support in remote and isolated small towns and communities.

Critical infrastructure in hazard zones

Most of the population of the tropical north of Australia is concentrated in five small cities (four of them on the coast of Queensland).  Outside these cities most of the rest of the population lives in small service centres that are either rural oriented or mining towns.  Almost all of them contain less than 20,000 people.  The majority have populations of a few thousand, and while a population of 1000 is the census threshold for the definition of a town there are many places in northern Australia that have just a few hundred people and provide basic urban services to the surrounding rural population and travellers and tourists.

Many of the places of Northern Australia are indigenous settlements with only a small non-indigenous service population. Other places are ‘open’ towns where the indigenous population is often significant or in the majority. The indigenous communities have their own councils and were funded through the Commonwealth Government Aboriginal and Torres Strait Island Commission, while the open towns are part (most are headquarters) of a larger rural shire that is reliant on a small rates base for much of its funding of infrastructure.

It is a relatively new network of settlements in which places are less than 150 years old with the communication network mostly constructed in the last 70 years. Towns and cities display most of their original settlement priorities, where the centre still contains much of the critical infrastructure at the point of entry and foundation -- the port and seafront.

During the late 1990s Cairns in far North Queensland was the focus of a multi hazard assessment. A classification and mapping of all buildings was linked to a Digital Elevation Model thus giving each structure an individual elevation (Zerger 1996).  Subsequently several other towns received a similar focus.  This level of detail enabled scenarios of storm surge impact to be constructed through a GIS (Granger et al 1999).  An example of one such scenario in Cairns is illustrated by table 1.  This estimates the number of buildings that would experience seawater inundation (surge height alone, without wave set-up).  The height is above AHD (Australian Height Datum), which is approximately a mid tidal level, about 1 metre below the high water level.  Thus the example scenario illustrated in table 1 of a 3 m storm surge is a probable outcome of the severe cyclone, category three or four.  In such an event there is an equal chance that the inundation could be greater or less than the impact indicated, depending on the state and the tide.

The scenario of a 3 m storm surge is proportionately similar to other scenarios that were measured at 1, 2, 4 and 5 metre heights. At each height increment the numbers of buildings expected to be inundated increased in a similar ratio of residential to non-residential buildings.  The coastal plain below 5 m slopes consistently inland away from the coast.  The GIS recorded every building, its use, construction characteristics and materials, and assigned to each structure its land height above AHD as well as the height of the building’s lowest floor above the land.

In each scenario of 1, 2 and 3 metres above AHD, the number of residential buildings increased gradually while commercial, lifeline, and critical infrastructural buildings increased much more rapidly to the state where most would be inundated by a 3 metre surge.  However, at this scenario level only 20% of residential buildings would be inundated.

Table 1. Cairns: Impact Scenario of Storm Surge Vulnerability of Buildings Below 3 Metres above AHD

	Type of Building
	Total Buildings
	Buildings below 3 ms
	Percent below 3 metres

	Accommodation - motels, hotels etc
	267
	162
	61

	Private Houses and Flats
	30529
	6164
	20

	Number of Timber and Fibro houses
	
	2559
	

	Sub Total Housing
	30796
	6326
	20

	Business and commercial premises
	1533
	1259
	82

	Industry - factories etc
	79
	68
	86

	Sheds and warehouses
	76
	43
	57

	Miscellaneous - business related
	19
	19
	100

	Sub total Business & Industry
	1707
	1389
	81

	Recreational facilities
	87
	41
	47

	Community facilities - churches, halls, libraries etc.
	210
	111
	53

	Sub total Community Buildings
	297
	152
	51

	Emergency services - police, fire, SES, etc.
	40
	25
	62

	Logistics - bulk gas, fuel, storage & transport
	395
	322
	82

	Health Services
	151
	98
	65

	Power Utilities
	25
	22
	88

	Water supply 
	34
	11
	32

	Telecommunications
	32
	14
	44

	Educational Facilities
	219
	113
	52

	Government Facilities & depots
	54
	37
	69

	Sub total Service Facilities
	950
	642
	68

	Total All Buildings
	33750
	8509
	25


Source: Queensland Department of Emergency Services/ Cairns City Council; 1995 survey by Granger et al.

Table 2 shows actual proportions of residential and lifeline support buildings that were inundated or isolated by a severe flood that swamped most of Townsville in January 1998.  While these actual figures are derived from sample surveys of households and service providers, they show a similar low proportion, 15% of residential buildings impacted and a high proportion, over 50%, of critical infrastructure inundated or inaccessible.

Table 2. Townsville January 1998 Floods: Businesses, Infrastructural and Community Premises

	Statement of Inundation Impact:

Survey of 115 Service & Commercial Premises in Flood Zone
	Flood Affected
	Not Affected
	Total

	Number of Facilities and Percent
	
	%
	
	%
	

	Inaccessible all or part Saturday to Monday
	57
	50
	57
	50
	115

	Operations were disrupted
	28
	52
	23
	43
	54

	Disruption from water inside building
	58
	50
	54
	47
	115

	Disruption from water around buildings
	56
	49
	54
	47
	115

	Disruption from dependency on other disrupted facilities
	50
	43
	50
	43
	115

	Staff unable to reach premises
	26
	50
	19
	37
	52

	Customers/users unable to reach or leave premises 
	21
	40
	13
	25
	52

	Loss of stock, equipment and plant
	74
	65
	39
	34
	114

	Damage and loss to storage capacity
	11
	22
	36
	71
	51

	Restoration of normal operations delayed
	59
	52
	26
	23
	114

	Residential Households: Sample
	150
	15
	850
	85
	1000


Source: Centre for Disaster Studies Survey

Note: Some questions were not applicable, but this column has not been included.

Critical infrastructure, and lifelines and the economic basis of towns and cities in northern Australia are concentrated in the low-lying and coastal fringe hazard zones.  After Cyclone Tracy in 1974, the rebuilding of Darwin enabled some relocation of critical infrastructure to occur, and some relocation is slowly taking place in the Queensland cities. However, the process is slow and population continues to grow in all these cities.

The problem of vulnerable critical infrastructure is not unique to northern Australia.  A whole section of the World Conference on Disaster Reduction held in Kobe in January 2005 was devoted to this issue (Buckle, Queste, Shinozuka, Tierney 2005). On the other hand, research carried out by Centre for Disaster Studies members in Phuket, Thailand immediately following the Indian Ocean tsunami (King and Gurtner, 2005) revealed rapid recovery of tourist facilities and beach areas on Phuket Island precisely because the lifelines and critical infrastructure were outside the hazard zone.  The disaster response was able to move in from an intact and functioning city.  This would not be the experience of most northern Australian towns in the event of a major disaster.

Small and Remote Centres

Between 1997 and 2000 the Centre for Disaster Studies carried out post disaster appraisals in six remote towns of northern Australia.  These places and the hazards they experienced were as follows.

1. Flooding of Cloncurry, a mining town in North Queensland following a major inundation of the town by its adjacent river in 1997.

2.  Extensive flooding of the Gulf of Carpentaria lowlands in 1998 that resulted in isolation and inundation of Burketown, Normanton, and Karumba.  Karumba is a fishing port and both Burketown and Normanton have predominantly indigenous populations.

3. Wujal Wujal, an indigenous community that is also a service centre for an equal number of alternative lifestyle non-indigenous people on the rugged rainforested coastal mountains at the base of Cape York peninsula, was isolated from several weeks after Cyclone Rona passed close by in 1999.

4. Broome, a tourist centre on the Kimberley coast of Western Australia was hit by severe cyclone Rosita in 2000.

In all of these events the remoteness of these places constrained response and recovery and exacerbated secondary problems such as food shortage, health crises and the use of scarce community facilities. All of the small towns and communities of northern Australia would experience loss of lifelines and critical infrastructure in a natural disaster.  Added to this vulnerability are problems associated with their small size and remoteness.  

These issues of vulnerability are:

1. Small populations that impose limitations on the range of services available.

2. Following from the small population, critical infrastructure is extremely basic and many services enjoyed by city populations are entirely absent.

3. Distances of many of these small centres from their nearest neighbours and cities are vast.

4. These vast distances are linked by extremely tenuous road links, some still unsealed that are easily damaged or washed out during natural hazard events.  Remote centres are often isolated for many weeks following floods or cyclones.  Airstrips are equally vulnerable and also become inaccessible for shorter periods after a hazard.

5. Many of the people living in remote Centres are indigenous, unemployment is very high, and most households are poor.  Stockpiling supplies of food, fuel etc is not an option the most households.

6. Most shops in remote Centres are small operations dependent on the road network and are unable to carry large stocks of food. Small centres run out of food during the flood or cyclone aftermath.

7. Water supplies, power and sewerage are extremely basic services in remote centres.  These services are frequently disrupted, resulting in secondary health crises.

Table 3. Small and Remote Towns of North Queensland: Total and Indigenous Population

	
	Total Population
	Aboriginal Population
	Torres Strait Islanders
	% Unemployed

	Aurukun
	778
	689
	3
	2.1

	Bamaga
	756
	20
	550
	7.7

	Ravenshoe
	406
	116
	0
	32.5

	Burketown
	220
	82
	0
	3.7

	Camooweal
	258
	119
	0
	15.6

	Charters Towers
	8893
	564
	51
	8.8

	Chillagoe
	193
	52
	0
	14.6

	Cloncurry
	2459
	583
	8
	9.2

	Collinsville
	2021
	36
	0
	20.5

	Cooktown
	1411
	167
	0
	11.3

	Croydon
	223
	88
	0
	17.0

	Dajarra
	203
	168
	3
	11.5

	Dimbulah
	429
	19
	6
	13.4

	Daintree
	142
	9
	0
	5.7

	Georgetown
	298
	9
	0
	.0

	Glenden
	1329
	24
	0
	4.6

	Herberton
	994
	69
	40
	16.3

	Hughenden
	1444
	141
	3
	6.7

	Injinoo
	337
	82
	111
	6.0

	Julia Creek
	519
	36
	0
	3.3

	Karumba
	1043
	12
	0
	10.9

	Kowanyama
	912
	814
	3
	.8

	Lockhart River
	504
	448
	6
	2.5

	Doomadgee
	754
	649
	0
	17.9

	Napranum
	777
	541
	137
	5.9

	Normanton
	1328
	640
	20
	9.7

	Pentland
	200
	14
	0
	21.7

	Pormpuraaw
	84
	6
	0
	9.8

	Richmond
	733
	72
	8
	4.9

	Seisia
	276
	133
	56
	.0

	Thursday Island
	2483
	53
	1440
	8.2

	Umagico
	231
	99
	101
	7.1

	Weipa
	2200
	68
	68
	1.3

	Wujal
	293
	280
	0
	.0


Source: Cdata96, ABS

Table 3 illustrates basic population characteristics of the small towns of northern Queensland.  The small size, indigenous population, and unemployment rates are fairly typical of most of the towns in the rest of northern Australia. The multi hazard assessment of Cairns by Granger and others (1999) developed a method for vulnerability analysis that ranked census collection districts in terms of population characteristics (derived from the census like those in table 3 above), lifelines and critical infrastructure, and hazard location and environmental characteristics. Granger has argued that the single most important vulnerability indicators are location in a hazardous location and total population. However, the very smallness of the remote centres (while reducing overall vulnerability because of a lack of population) increases the vulnerability of any individual, because such tiny population concentrations simply will not support a range of services. Meanwhile all consumable items, especially food and building materials are significantly more expensive than in coastal locations.

Granger’s vulnerability assessment was not intended to be used to rank different settlements against one another.  The divide between coastal cities and remote locations makes comparison impossible.  However a comparison of services and facilities was attempted to categorise vulnerability and development of small centres (King et al 2001).  An inventory of 103 services, facilities and settlement characteristics was assembled for 11 of the North Queensland small towns. These were compiled from local directories, council information and fieldwork. Not all facilities were actually in the places that were selected, but may sometimes be shared with other communities. Although the inventory appeared extensive, the 11 places are all open towns (indigenous communities are much more poorly served by private enterprise services), and most places have an extremely limited array of basic services. The result of relating population and services shows that there is a very high positive correlation between the number of services and the number of people in a place. The smaller the place the more constrained it is in what it can do, and therefore the more vulnerable it is as a community.

Figure 12. Relationship between Population and All Services and Functions for Eleven Selected Remote Towns of North Queensland
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Note: Pearson Correlation - All Services & Functions with Population 0.977 Correlation is significant at the 0.01 level (2-tailed).

Despite problems and issues of vulnerability, the people of these remote and isolated communities are extremely resilient.  People are used to having to rely upon their own resources, and maintain close relationships with neighbours, family and friends.  Building on this existing resilience is the surest way of reducing vulnerability.  Having identified issues of vulnerability in these post disaster studies the Bureau of Meteorology collaborated with the Centre for Disaster Studies during 2004 in a major study of the ways in which remote and indigenous communities receive and perceive hazard warnings and weather information. Parallel to this study an indigenous research student worked in the remote indigenous community of Mornington Island to gather aboriginal hazard and weather knowledge, and also identified strong levels of community resilience and knowledge of country. Vulnerability is balanced to some extent by resilience. The enormous problems of distance, remoteness, and lack of development in the outback centres of northern Australia, make it difficult to reduce vulnerability to natural hazards.  Even though many places are growing in size, the remote towns and centres of the North are still very small, and there is little likelihood that lifelines, services and critical infrastructure will significantly improve in the short to medium term.  Thus it is the resilience of these communities that is their greatest asset in preparing for and mitigating against natural disaster.

Conclusion

An extensive awareness and preparedness campaign is a priority in the small and remote centres of the north to empower people and communities in order to increase their resilience to hazards. But they are also severely disadvantaged in terms of socio-economic status, and the provision of services and infrastructure. The region desperately needs economic investment, development and subsidisation to raise the generally low standard of living in many of the smallest places (predominantly mining towns would be the one exception to the general pattern of disadvantage). This is obviously not really the concern of Emergency Services, but it is a major political issue and comes down to the extent to which government, and the nation, are willing to subsidise the remote regions. However, what is of concern to emergency managers is the severe constraint that is placed on mitigation for these small and cash strapped places. A different set of rules or expectations must be applied to the small centres in the outback. They will continue to need higher per capita support for disaster reconstruction because their infrastructure is so basic. They also need far greater support in dealing with the allied public health problems that follow a natural hazard.
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