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ABSTRACT 

Climate projections for northern Australia include higher temperatures, more extreme rainfall, 
sea-level rise and more intense cyclones within the next 50 years. Consequently, long sections 
of coastline, river deltas, wetland areas and off-shore islands will be susceptible to erosion and 
saltwater inundation, while inland areas are likely to have more bushfires, dust storms, extremes 
in temperatures, flooding and droughts. Many of these biophysical impacts have direct and 
indirect effects on the health and well-being of people living in affected regions, especially those 
who are sensitive to environmental change and who, for various reasons, have a low capacity to 
adapt. Such people include thousands of Indigenous Australians living in outstations scattered 
across northern Australia from the Kimberley, through to Arnhem land, the central deserts, far 
north Queensland and the Torres Strait. These communities are disproportionately vulnerable to 
the impacts of biophysical change due to a number of factors. Many Indigenous  people living in 
remote areas have a heightened sensitivity to ecosystem change due to the close connections 
that exist for them between the health of their ‘country’, their physical and mental well-being and 
the maintenance of their cultural practices. A biophysical change manifested in a changing 
ecosystem has, for example, the potential to affect their mental health in a way not usually 
considered in non-Indigenous societies. A lack of basic infrastructure, lower social and 
economic status and existing chronic health problems also contribute to many of these 
communities having lower adaptive capacity. Even though Indigenous Australians living in 
remote communities have been recognised as highly vulnerable in the international climate 
impacts literature, there is little domestic research that considers their specific vulnerability which 
could be used to guide policy makers. This paper reviews evidence of the likely health impacts 
for these communities and provides material to inform adaptation strategies.  
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1. CLIMATE CHANGE AND HEALTH: IMPACTS ON REMOTE 
INDIGENOUS COMMUNITIES IN NORTHERN AUSTRALIA 

1.1 Introduction 

 
The Intergovernmental Panel on Climate Change’s Third Assessment Report (TAR) nominated 
Indigenous peoples as one of the two most threatened groups (along with small island state 
populations) likely to suffer adversely from climate change (Intergovernmental Panel on Climate 
Change 2001). Principal factors leading to this vulnerability relate to Indigenous people’s 
exposure to climate hazards and their high reliance on natural systems to sustain their traditional 
livelihoods and cultural practices. Within the Australian and New Zealand chapter of the TAR, as 
well as in the federal government’s guide on impacts and adaptation (Allen Consulting Group 
2005), Indigenous  Australians living in remote communities are similarly identified. Many of 
these communities have significant vulnerability to climate change due to their sensitivity to the 
direct and indirect impacts of climatic change on various aspects of their lives, in combination 
with their low adaptive capacity.  

Over 100,000 Indigenous people live in remote areas of Australia, the majority in 
settlements in the north of the country. A large number of these communities have inadequate 
‘health hardware’ (water and power supplies, rubbish and sewage removal) and frequently have 
dilapidated housing, a lack of meaningful employment opportunities and inappropriate or 
insufficient health services (AIHW 2006). The shortage of doctors and nurses for Indigenous 
communities  (Ring & Brown 2002) provides a level of stress on the public health system that 
will be compounded by the health impacts caused by climate change. This problem is likely to 
be further exacerbated by the high population growth rates of the Indigenous population in the 
north (Taylor 2003). Any increase in the number of people living on floodplains and in coastal 
areas is likely to proportionately increase the number of people exposed to climate risks unless 
adaptation strategies are effectively implemented.  

Indigenous health concerns and needs are somewhat different to mainstream health 
service requirements (Braaf 1999; NTG 2005; Pittock 2003). Many Indigenous Australians living 
‘on country’ have heightened sensitivity to environmental change due to its impacts on their 
mental and physical well-being via disturbance of their cultural practices (Jackson 2005; Smith 
2004). This relationship suggests that biophysical changes are likely to have a range of indirect 
health impacts that need to be considered in addition to the various well-discussed impacts 
attributed to the changing climate on urban-based non-Indigenous populations. Therefore, when 
considering the likely health impacts from climate change on Indigenous Australians living in 
remote communities it is crucial to explicitly address the interconnections between the health of 
‘country’, culture and mental and physical well-being. For example, environmental change could 
affect traditional activities including ceremonial practices, hunting and bush tucker collection – 
impacts that have implications for mental health as well as nutritional intake (Rose 1996). Pre-
existing physical and psychological diseases caused by dispossession and poverty further 
challenge the ability of Indigenous communities to cope with the health impacts of climate 
change (Reid 1982) (Braaf 1999; IGWG 2004; Ring & Brown 2002). As yet there is little 
research published about the specific nature of this situation that could be used to guide policy 
for anticipatory adaptation strategies (Ellemor 2005). 
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1.2 Regional climate change projections  

 
What are the patterns of climatic changes that may occur and affect Indigenous communities’ 
health and well-being in northern Australia for the next 50 years?  Recent work that specifically 
focuses on regional (rather than state) based assessments include (Green & Preston 2006) and 
is summarised in Table 1. The regions in this assessment include: Kimberley, Kakadu/Arnhem 
land, Central desert, Gulf country and Cape York. Projections were estimated using the OZCLIM 
climate scenario generator (Page & Jones 2001), and results from a range of climate models 
and emissions scenarios were averaged to yield a central estimate of future climate change.1 In 
addition, historical cyclone track data from the Bureau of Meteorology were analysed to estimate 
the relative risk of cyclone exposure across various regions of northern Australia. Prior to this 
work, climate projections and/or impact studies for Australia have tended to use state-based 
boundaries or natural resource management areas (Hennessy et al. 2004; Preston et al. 2006; 
Walsh & Mitchell 2002).  
 
Table 1 Climate projections for regions in northern Australia (2050) 

 
Region Temp. 

increase 
Precip. 
change  

Low-lying areas potentially exposed to 
coastal erosion/salt inundation 

Areas exposed to 
cyclone risk  

Kimberley 
 

1.5-20C +/-2% Fitzroy R, Stokes Bay, Beagle Bay, 
Pender Bay, Walcott In., & 
Cambridge Gulf. 

High around 
Broome/Derby, 
elsewhere 
average/low. 

Kakadu/ 
Arnhem land 
 

1.9-
2.20C  

+/-4% Finniss R, Daly R, Hyland Bay, 
Keyling Inlet, Victoria R, Adelaide R, 
Chambers Bay, West Alligator R, 
South Alligator R, East Alligator R, 
Arafura wetlands, Maningrida, 
Milingimbi, Glyde R, Buckingham 
Bay, & Arnhem Bay.  

Above average 
Melville Is.  
elsewhere 
average/low. 

Central desert 
 

1.3-
1.70C  

+/-4% n/a n/a 

Gulf of 
Carpentaria 
 

1.3 – 
20C  

+/-4% Settlements around entire southern 
gulf shore inc. nearby settlement of 
Borroloola, Mornington Is., Roper 
River area, & Groote Is. 

Low/average 

Cape York & 
TSI 
 

1.3-
1.8C  

+/- 2% Mitchell river and coastal areas 
south (nearby settlement 
Kowanyama), Torres Strait Islands. 

Low 

 
 

                                                      
1 These central estimates of a range of change used to simplify the discussion of climate impacts, for details of 
projection methods, models used and data analysis techniques see: URL 
http://www.dar.csiro.au/sharingknowledge/files/regional_climate_projections2050.pdf 
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Figure 1 Map of remote Indigenous communities indicating climate projection regions  

 
 

1.3 Health impacts  

 
For Indigenous people living on country, climate change will have direct and indirect health 
impacts. These, of course, will overlay the existing poor health status of Indigenous people in 
this region – and some synergistic effects may arise (as with cardiovascular disease and 
susceptibility to heat waves). Existing chronic health problems include high levels of diabetes, 
heart and kidney diseases, respiratory diseases and infectious diseases (ECU 2006). A model of 
the direct and indirect pathways by which climate change can impact on health (after (McMichael 
2006)) is presented in Figure 2. 

 
Figure 2 Climate change and health: direct and indirect pathways  

 

 
The most recent assessment of the impacts of climate change on health for Australia is 
(Woodruff et al. 2005). This report identifies the effect on several health outcomes depending on 
various greenhouse gas emission mitigation strategies, but does not specifically assess impacts 

Climate 
change 
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economic, 
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disruptions Biological changes: 

processes, timing 

Changes to ecosystem 
structure and function 

Direct 
impacts 
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(indirect 
impacts) 
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floods, fires) 

(e.g. marine food web � 
fisheries productivity; 
constraints on mosquito 
geographic range) 

Changes to physical 
systems/processes  
(e.g. local air pollution) 

(e.g. mosquito biology;  
photosynthesis: crop yields) 

Arnhemland/Kakadu 

Central desert 

Cape York and 
TSI 

Gulf of 
Carpentaria 

Kimberley 
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for Indigenous populations. Currie (2001) highlights the potential impacts of environmental and 
climate change on infectious disease patterns in northern Australia. This paper suggests 
diseases affecting this region now, or in the future include: malaria, dengue, Murray Valley 
encephalitis, Japanese encephalitis, melioidosis, leptospirosis and scrub typhus.  
 

1.4 Aspects of climate change likely to affect health  

 
Changes in temperature, humidity, amount and timing of rainfall and sea-level rise all potentially 
affect morbidity and mortality via direct and indirect routes. Several demographic and socio-
economic factors act to amplify or mitigate the impacts of the changing climate. 
 
1) Temperature and humidity 
 
Across the north, climate change is expected to bring warmer ‘summers’ and milder ‘winters’ 
with more frequent and intense heat waves (Green & Preston 2006; Hennessy et al. 2004; 
Kovats et al. 2001). In southern central arid regions the increase in temperatures is likely to 
result in less winter respiratory infections and deaths. However, the majority of impacts 
associated with elevated temperatures are likely to be negative. The rate of temperature 
change, the length of hot periods, and the increase in higher night time temperatures can all 
contribute to physiological heat stress (CSIRO 2006).  

The average number of days above 35oC is expected to increase substantially in several 
sites in the Northern Territory. For example in Oenpelli there are presently 124 days over 35oC, 
by 2030 there are likely to be between 4 and 72 additional days over this temperature (Hennessy 
et al. 2004). For Alice Springs there are 90 days over 35oC currently, with an additional 6 to 35 
per year projected. Similar increases are projected for continuous runs of three days of elevated 
temperatures in this modelling work. At these temperatures there are real risks that an increase 
in heat waves will cause an increase in incidence of heat rashes, heat exhaustion and even heat 
stroke - which can lead to death. Elderly people and those with poor cardiovascular health and 
low physical fitness are at highest risk (McMichael et al. 2003). The latter concerns are 
disproportionately prevalent in Indigenous communities. 

Other health problems likely to increase include asthma (McMichael et al. 2003) and an 
respiratory problems associated with an increase in bushfires (caused by higher temperatures) 
due to higher levels of airborne particulates, as well as the direct health risk of the fire itself 
(Johnston et al. 2002). These respiratory diseases can be exacerbated by changing ecosystems 
that result in vegetation loss and increases in wind blown dust (Mctainsh & Lynch 1996). 

Indirect impacts of temperature change can also have significant impacts on health. The 
incidence of communicable diseases such as bacterial diarrhoea, which are more common in 
hot dry conditions, may increase, unless additional preventive actions are taken. Over 600 cases 
of diarrhoea cases were recorded in Alice Springs hospital a year. An increase in temperature of 
1.0-3.5oC by 2050 would lead to an estimated 5-18 percent increase on these figures 
(McMichael et al. 2003) although caution is needed with this estimate of diarrhoeal disease 
increase as it is very likely to be modified by many other factors (for example a new vaccine is 
now being used which will decrease rates (Currie, pers. comm. Oct 2006)). 

Mosquito-borne diseases, for example, malaria, are likely to be affected by various 
combinations of changing temperatures, humidity and rainfall. A key concern for the Torres 
Strait and Far North Queensland is an increase in infected people entering the region and 
infecting the local mosquito population (Currie, pers. comm. Oct 2006). Several deaths have 
occurred in the Torres Strait from malaria since 1990. Proximity to Papua New Guinea makes 
the inhabitants of the Torres Strait Islands vulnerable to malaria through wind-borne mosquitoes 
and potentially, the re-establishment of the disease if conditions become more favourable and 
preventative public health programmes are not in place (Currie 2001).  

Japanese Encephalitis (JE) has been found on Badu (Torres Strait), along with evidence 
of widespread JE virus activity throughout the outer islands possibly brought by wind-blown 
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mosquitoes from outside the region, potentially Papua New Guinea given its proximity to the 
northwest islands2 (Hanna et al. 1996).  

Dengue presents an obvious climate-related risk to Indigenous communities in northern 
Australia. Although the virus is not currently endemic, there are sporadic epidemics introduced, 
with occasional cycles over winter in the local mosquito populations in northern Queensland. 
Public health vigilance has, in recent years, precluded its occurrence in the Northern Territory. 
Scenario-based modelling of the future transmissibility of dengue under conditions of climate 
change indicates its likely spread southwards along both the eastern and western coasts of 
Australia (Woodruff et al., 2005). 

Several other climate-sensitive infectious diseases, including leptospirosis and scrub 
typhus, also pose potential hazards – although there has been relatively little research done on 
how these particular diseases are affected by climatic conditions and variations.  
 
2) Precipitation  
 
There are significant seasonal variations for all the regions in the north of Australia from climate 
change. More rain in the monsoon season increases the chance of drowning or injury from 
being hit by heavy objects (McMichael et al. 2003). Flash flooding can also indirectly create 
health impacts through damaging building, telecommunication and transport infrastructure. 

The impact of precipitation changes, along with temperature changes, on a range of 
other infectious diseases transmission rates is complex because those rates tend to be very 
locally specific, depending on a combination of several physical factors and the presence of the 
necessary ‘vector’ host (for example: fleas, mosquitoes; or birds or mammals). Increasing 
temperature and humidity is also likely to impact on the time taken for the pathogens to develop 
to an infectious stage in the vector host (Currie 2001; Patz & Olson 2006). Murray Valley 
encephalitis (MVE) is endemic in northern Australia where humans become infected if bitten by 
infected mosquitoes. MVE has been shown to have significant association with heavy rainfall in 
Alice Springs and Tennant Creek (Whelan et al. 2003).  

Storms and floods can facilitate the spread of infectious enteric diseases that cause 
diarrhoea in young children. More extreme rain could increase rates of melioidosis which is 
known to be associated with wet weather. Melioidosis is endemic to northern Australia and is 
associated with exposure to mud and pooled surface water. (Cheng et al. 2006) discusses 
several clustered cases that were found to be associated with extreme weather events and 
environmental contamination. (Currie & Jacups 2003)  suggests that an increase in heavy rain 
may result in a shift towards inhalation as the mode of infection which would lead to more severe 
illness.  

 
3) Coastal erosion, sea-level rise and cyclones 
 
Many coastal communities in the north of Australia are vulnerable to storm surges due to 
relatively shallow coastal waters which affect the erosive properties of storm surges. 
Communities living on islands, such as those in the Torres Strait, are particularly vulnerable. 
Several of these communities are likely to be among the first Australians who will need to adopt 
radical strategies to adapt to climate change. Some of these changes are likely to impact their 
physical and mental health. Several TSI communities are located on low lying islands that are at 
risk from inundation due to sea-level rise and extreme weather events (ARUP 2006; Bessen 
2005; Mulrennan 1992). Over the next century, middle-of-the-road estimates suggest a global 
average sea-level rise of about 50cm. However, averages conceal local short to medium 
variations (White et al. 2005), which can be of significance to the viability of coastal communities 
in low lying areas. 

In mid 2005, the combination of high tides with strong winds caused waves to enter 
several houses on Mer Island (TSI), and in one case this inundation threatened a child’s life who 
was asleep inside one of the flooded houses. Several other houses were inundated on Saibai, 
Boigu, Poruma, Iama, Warraber and Masig approximately six months later during the high tides 
in January and February of 2006 when water pooled on roads and in buildings for several hours 
until the tides receded (EPA Qld 2006).  

                                                      
2 The closest point between the Torres Strait Islands and PNG is approximately three kilometres. 
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During inundation incidents such as these when there may be a disruption of the water 
supply, the short-term risk of communicable disease transmission increases (McMichael et al. 
2003). Coastal erosion and storm surges also threaten infrastructure vital to emergency 
rescues, reducing the ability for emergency management agencies to act effectively. For 
example, some communities in the Torres Strait have airstrips that are currently being 
threatened by beach erosion.  

 
In the long term, there are also significant cultural impacts caused by Indigenous 

communities’ inability to feel able to maintain the health of their land and sea country. The 
psychological effect of such loss on individuals and families is likely to cause a heavy burden of 
distress and mental illness in many communities (Green 2006). In the TSI, many islanders are 
stressed because feel they do not know how they will maintain their cultural integrity if they need 
to relocate from their islands. This issue, despite being dealt with to some extent on other Pacific 
Islands where long term relocation strategies are being advanced (Preston et al. 2006) has not 
been discussed by Australian state or federal government to date. 

Around much of coastal northern Australia, beach and mangrove areas are important 
habitats and nurseries for several significant species of marine animals. Turtles, dugongs, 
crocodiles, stingrays and sharks - amongst many other species - have a significant cultural roles 
for many Indigenous Australians; and for some, form a significant supplement to their diet. 
Changes in food yields from the marine environment are likely, although the causal processes 
are complex. Likely synergistic factors compounding reduced nutrition from changes in marine 
species include loss of livelihoods and community displacement (McMichael et al. 2006). For 
food-insecure communities, a change in the abundance of these animals may contribute to 
dietary imbalance or malnutrition. In combination with water shortages, this situation may 
become a potential ecological disaster for some isolated communities. In low-lying flood plain 
areas – including many areas of Kakadu and Arnhem land, communities are vulnerable to flash 
flooding as well as the more gradual effects of ecosystem change as wetland areas are 
encroached by brackish water and mangroves.  
 

An increase in extreme events (created by high winds and cyclones) are likely to cause 
larger number of injuries and accidental death. Three Torres Strait Islanders were caught at sea 
for 22 days in the wake of Cyclone Monica, one of the most intense tropical cyclones ever 
recorded in Australia, which passed by the Torres Strait in April 2006. Although regional 
populations can adapt to local climate changes via a range of responses (including 
physiological, behavioural, cultural and technological), extreme events can stress populations 
beyond adaptation limits (McMichael et al. 2006). As previously noted, compounding this 
problem is the likelihood that in an emergency situation, high winds, floods or fallen trees may 
also reduce the ability for timely access to provide assistance. The existing problem of 
dilapidated housing, for example, will become even more serious if more frequent extreme 
weather events occur.  
 

1.5 Socio-economic context affecting adaptive capacity 

 
Numerous reports detail extreme socio-economic disadvantage of many remote Indigenous 
communities (ABS 2005; Altman 2000). Understanding this background is essential to 
contextualise any biophysical changes that may impact communities and individuals from 
climate change (Watson & McMichael 2001; Woodward et al. 1998). In comparison to non-
Indigenous communities, indicators relating to education, employment, housing and access to 
water and electricity all show features of disadvantage in these communities (ABS 2005; Pittock 
2003). For example, there were 1,882 temporary of dwellings in discrete Indigenous 
communities in 2001, and of the permanent dwellings, 31 percent needed major repairs or 
replacement. 153 of these dwellings had no organised sewerage supply (ABS 2005). The 
average size of Indigenous households in very remote areas is 5.3 persons. This level of 
overcrowding is thought to impact on children’s health especially (eg respiratory conditions, skin 
infections and meningitis) as well as mental health of the whole community (Currie & Brewster 
2001; ECU 2006). 
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The living conditions in many of these communities are characterised not only by 
overcrowding, but by inadequate washing facilities, poor sanitation and sewage disposal, limited 
food storage and sub-optimal food preparation facilities. Poor quality water can increase the 
prevalence of gastroenteritis, diarrhoea (McMichael et al. 2003), typhoid fever and hepatitis 
(ECU 2006) and potentially parasitic diseases (giardiasis, dysentery and diarrhoea) of which 
children are particularly at risk (Currie & Brewster 2001).  

Survey research shows that one fifth of Indigenous communities with 50 or more 
residents who were not connected to town water had not had their supply tested within the 
previous year, and a quarter of the communities had drinking water of poor quality that had 
failed testing at least once within the previous year (Trewin & Madden 2005). With projections 
for increasing droughts and temperatures in these regions, additional electricity demands (for 
running air conditioners) and water requirements (deeper bores, and greater bore maintenance) 
will place further strain on already stretched financial resources in outback communities. 
(Marshall 2006) suggests that without major investment in some of these communities, their 
overall ‘liveability’ might be under threat.  

Geographic remoteness will amplify climate change health risks and presents an 
additional challenge for developing anticipatory adaptation strategies. The availability of up-to-
date information about forecasted disasters (e.g. extreme weather warnings) is limited to phone 
in many communities. Access to and from many remote communities during extreme weather 
conditions or following disasters is limited by a lack of all-weather roads and 24 hour operational 
airstrips: currently many remote airstrips are only functional in daylight hours. Frequently access 
to health care is compounded by language translation problems. 
 

1.6 Conclusion  

 
The health status of remote Indigenous communities is likely to be adversely affected by climate 
change in a number of direct and indirect ways. This reflects both the vulnerability of Indigenous 
communities to environmental change and their reduced adaptive capacity. This situation 
presents a challenge to state, territory and local governments to provide adequate levels of 
advance planning, management and care to reduce climate-related risks.  

This paper has reviewed various initial areas of concern. However, strategies that seek 
to manage physical risks to health without taking account of the larger context of an Indigenous  
world view that may not necessarily separate the health of culture, country and physical and 
mental well-being may be of limited effectiveness.  

The factors that make this situation more complex include the lack of public health 
infrastructure appropriate to the likely scale of the problem. There is need for more funding for 
primary health care programmes, more doctors and nurses in communities with cross-cultural 
awareness, more preventative facilities to lower existing burden of disease (thereby increasing 
resilience) improvement of infrastructure in outstations and communities (water supplies, 
telecommunication, electricity, housing, waste disposal) and greater education about how to 
reduce chronic health problems and the provision of resources to implement appropriate 
activities to do so.  

 
 
 
 
 
 
 
 
 
 
 
Many thanks to Dr Anthony McMichael, Dr Bart Currie, Dr Rosalie Woodruff and Dr Benjamin 
Preston  for helpful comments and revisions to this work. 
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