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There are already constraints on development of the 
North, including poor soils, strong rainfall seasonality, 
long distances between development centres, 
vulnerable transport, extreme weather events, land 
tenure insecurity, and lack of reliable sources of 
water and energy.5,10 Climate change will add to 
these constraints through more extreme and variable 
climate. It is possible that the North will have to 
undertake adaptation to climate change sooner and 
to a greater extent than the rest of the nation, if it is 
to remain liveable and economically viable. However, 
with proper recognition of the reality of climate 
change, by taking a Pan Northern approach, and by 
building collaboration with Asian neighbours, there 
can be opportunities and the negative impacts can 
be minimised. 
The North will need to pioneer adaptable lifestyles 
under climate change, including structural changes to 
working hours and the school year and behavioural 
changes linked to understanding of the risks, including 
the need to avoid heat stress, especially among the 
outdoor workforce. 

Climate-adaptive  
northern development
NCCARF’s evidence-based Policy Information Briefs 
address key challenges to effective adaptation to 
Australia’s variable and changing climate. They provide 
high-level policy advice designed for use by policy-makers 
at Commonwealth and State level. This Brief addresses 
the option of realising northern development through 
climate adaptation. It was developed through consultation 
workshops in Cairns and Darwin together with extensive 
exchange with relevant stakeholders and experts.

There may be limits to what adaptation can achieve. 
For example, however hard we try to build climate-
adapted urban communities with green infrastructure 
and passively cooled building design solutions, 
for most North Australian urban communities 
air conditioning will be an essential and growing 
necessity under climate change.7,11 Improving energy 
efficiency of buildings and appliances as well as 
seeking renewable energy sources will then be 
essential to ensure that the addition to the global 
greenhouse gas burden is minimised.11

Around 30% of the population of the North is 
Indigenous. Their unique cultures include deep 
understanding of and connection to the natural 
environment and its sustainable management. 
Indigenous communities of the North need to be 
drawn into the conversation around adaptation, so 
that their knowledge contributes to the development 
of adaptation strategies, and the outcomes align well 
with the goals and aspirations of those communities. 



The climate context
Australia north of the Tropic of Capricorn 
has long been seen as economically under-
utilised, with a “vast potential”.3 Successive 
federal governments have proposed, and 
invested in, a range of initiatives to progress 
development in the region including 
large-scale agriculture and infrastructure 
projects.3 Climate change presents a 
potential challenge to these initiatives that, 
if considered strategically, could deliver 
some opportunities and niches for future 
development aspirations.

Projected long-term climate change in the 
Monsoonal North and Wet Tropics, which span a 
large proportion of the land area and population of 
Northern Australia4, include:
• Very high confidence that temperatures 

will increase in all seasons. Under a high 
greenhouse gas scenario (RCP8.5) temperatures 
increase by 2.7 to 4.9°C by 2090.

• Very high confidence of more hot days 
and warm spells. Darwin and Broome could 
experience temperatures over 35°C for around a 
third of the year under an intermediate scenario 
(RCP4.5), and two thirds of the year under a 
high scenario (RCP8.5), by late in this century.

• High confidence in increased evapotranspiration.
• High confidence in more extreme fire 

behaviour when and where fires occur. 
• Very high confidence that mean sea level will 

continue to rise. By 2030 sea level is projected 
to rise 0.06-0.18 m above the 1986-2005 level.

• Possible, but unclear, changes in mean rainfall.
• High confidence in increased intensity of extreme 

rainfall events.
• Medium confidence in fewer but 

more intense cyclones.

Figure 1: Annual mean surface air temperature (°C), for 
(a) present climate and (b) median warming in 2090 under 
RCP8.58 © CSIRO and BoM 2015. Reproduced by permission 
of CSIRO Australia, © CSIRO.*
*Disclaimer - CSIRO does not guarantee that the material or 
information it has provided is complete or accurate or without flaw 
of any kind, or is wholly appropriate for your particular purposes 
and therefore disclaims all liability for any error, loss or other 
consequence which may arise directly or indirectly from you relying 
on any information or material it has provided (in part or in whole).  
Any reliance on the information or material CSIRO has provided is 
made at the reader’s own risk.
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Current impacts and issues
Northern Australian communities set their 
lives to short-term seasonal patterns: a hot, 
wet summer with the possibility of cyclones 
around the coastal fringe, and a cooler and 
dry winter with expansive dry season fires 
throughout the interior.

Many communities living along the coast are 
vulnerable to storm surges due to relatively 
shallow coastal waters and low-lying land close 
to high water mark.6 Large tides combined with 
cyclonic winds present a significant concern 
for inundation. Floodplain ecosystems and their 
ecological assemblages and public infrastructure 
and transport systems, including roads, 
communications, power, and water, are vulnerable.
Northern Australia is hotter than the national average, 
and experiences long periods of high humidity in the 
tropical monsoon zone, which exacerbate the effect 
of hot temperatures on human well-being. As a result, 
heat stress and related effects on health, productivity 
and well-being are likely to be felt more acutely in 
the North, particularly among the dominant outdoor 
manual workforce distributed throughout the region. 
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Figure 2: Shoreline protection in Darwin. © Tom Brewer.

Future stresses from 
climate change 
Projected temperature increases would 
result in loss of productivity and consequent 
increases in production costs14 for economic 
development projects in Northern Australia. 
Other outcomes include decreased well-
being; increased moodiness, violence, 
suicide rates and occupational injury; 
increased incursion of exotic pests and 
diseases such as dengue fever; increased 
incidence of asthma; and increased 
incidence of gastro-intestinal disease, fatigue 
and electrolyte imbalance associated with 
outdoor activity. Climate-related health 
challenges are expected to be more severe 
in remote and Indigenous communities 
where health services and infrastructure are 
less accessible.6 

If sea levels rise at the projected rate for the high 
greenhouse gas scenario, a significant portion of 
coastal Northern Australia will be inundated by the 
end of this century, particularly along low-elevation 
coasts in the Gulf of Carpentaria and Northern 
Territory. High-intensity cyclones, storm surge and 
associated coastal erosion will also be a concern in 
the future, particularly relating to cultural sites and 
where there are large populations with extensive 
infrastructure (e.g. Darwin, Townsville and Cairns).
Changed bushfire intensity could affect local 
ecosystems not adapted to intense burning, 
and pose risks to people and infrastructure. 
Controlled burning regimes will likely be affected. 
Increased risk of fires and resultant human 
exposure to increases in atmospheric particulates 
(PM2.5 and PM10) are also expected. 
Climate change will place additional stress 
on terrestrial and aquatic environments, 
affecting habitat distributions of a range 
of species, with effects on bush foods 
utilised in remote communities.2

Projected more intense wet and dry periods 
together with increased evapotranspiration and 
limited water storage could lead to water scarcity 
at certain times, and potential limitations on 
water availability for water-intensive industries 
and urban areas, depending on their location.9

Adaptation strategies 
The strategies outlined here seek to foster 
climate adaptation suited to the context of 
Northern Australia while at the same time 
including the potential for innovation and 
development, and promoting reduction in 
greenhouse gases. 

Human health and social well-being
Human health and social well-being will be adversely 
affected by climate change including through 
increases in mortality and morbidity due to increases 
in heat stress, extreme weather events and chronic 
disease burden. Active management of individual 
and societal health will foster population growth and 
productivity. Achievable measures discussed during 
the two workshops include the following:

Community education, awareness and incentives 
• Basic climate, heat acclimatisation, and building 

code education for residents and new arrivals.
• Mainstreaming active cooling practices in addition 

to appropriate hydration, including ingesting 
crushed ice, water immersion and the use of 
cooling vests/towels. 

• Adapting workplace practices to enable 
self-paced work and other alterations 
to exertion, exposure and recovery in 
response to environmental conditions.

• Communication tools to raise awareness of 
heatwaves/heat stress, health related biosecurity 
concerns, cyclones, and other climate related 
hazards and events.

• Changing rules and facilities in workplaces, 
schools, sporting and recreational venues and rural 
and remote communities to enable social practices 
that reduce exposure and exertion and enable 
recovery, such as night-time work and regionally 
appropriate clothing to minimise heat stress.
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Adaptive design
• Appropriate shelters and emergency 

accommodation in cyclone prone communities. 
• Water and energy efficient building and landscape 

design, including increased renewable energy use 
and water recycling systems.

• Automation of outdoor activities to minimise heat 
exposure of workforce.

• Use of shaded parking, breezeways, urban 
green space and pools and climate appropriate 
vegetation, including native species that are robust 
to cyclonic winds.

• Mainstream scientific evidence of projected climate 
change effects into regional and local planning to 
reduce exposure of future communities to climate 
risks and heightened insurance premiums. 

Economic development
Designing a climate-adapted economy is vital to 
enduring prosperity in Northern Australia. Climate 
change could significantly limit the economic potential 
of Northern Australia, yet climate projections are barely 
considered in the current development agenda.12 

Essential to any economic 
adaptation is recognition that 
Indigenous people hold legislated 
rights to about 58% of land 
across northern Australia through 
tenure, native title and Indigenous 
protected areas. Hence, their engagement is 
essential in decision-making processes. 
Achievable measures discussed during the workshops 
include the following:

Agriculture
• Irrigation systems that are robust to hot 

dry seasons and limited rainfall in the wet 
season, and based on a mixture of surface 
water and aquifers to spread risk.

• Flexible labour strategies that offer night 
time working and minimise outdoor 
activities by using robotics.

• Mosaic agriculture that distributes risk, 
focuses on optimal growing locations and 
avoids areas threatened by salt-water 
intrusion, cyclones and storm surge. 

• Shortened supply chains and investment prioritised 
in enterprises with high value add for domestic and 
international markets such as coastal aquaculture.

• Research, including genetic, on climate 
appropriate commercial species.

Energy and Water
• Decentralised and diversified energy and water 

generation, storage and networks, including 
renewables, to distribute risk and focus on optimal 
production regions.

• Secure water supplies in communities that depend 
on seasonal rainfall, incorporating understanding of 
aquifer recharge rates.

• Industrial water pricing.
• Urban infill rather than urban growth.

Tourism
• Improved community services and 

infrastructure, including climate-smart 
development, to drive tourism.

• Scientific evidence of possible effects of 
climate change and climate threats, such as 
fire, heat stress and cyclones, on tourism 
experience delivered as a decision-support 
tool, to reduce future uncertainty.

Environmental adaptation
Indigenous people are a significant proportion 
of the Northern Australian population. They have 
cultural and custodial rights to their land and 
waters that have supported their customary 
economies for millennia. The tourism industry, a 
significant contributor to the Northern Australian 
economy, is highly reliant on natural landscapes 
for its viability. Ensuring healthy ecosystems is, 
therefore, central to the social and economic 
future of Northern Australia. Achievable adaptation 
measures include the following:
• Consider future biodiversity distributions in 

development plans to ensure refuges and corridors 
for species with limited range.

• Continue active landscape management through 
traditional burning practices coupled with climatic 
and meteorological predictions.

• Expand carbon farming and ecosystem services 
and recognise and enhance the role of Indigenous 
Rangers in leading carbon abatement.

• Develop sustainable models for responding to 
biosecurity risks.

• Strengthen regulatory frameworks and laws 
relating to environmental assets, including those 
that aid adaptation, such as mangroves (e.g. 
through blue carbon sequestration, coastal 
buffering, biodiversity refuges).
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Adaptation actions  
and policy
Population growth and productivity are central 
to development of Northern Australia. On the 
one hand, projected effects of climate change 
will make Northern Australia less liveable, the 
workforce less productive, and infrastructure 
more vulnerable. On the other, climate change 
offers opportunities to Northern Australia, 
but these are unlikely to be realised if the 
reality of climate change is not recognised 
and understood. Climate adaptation is central 
to successful development of the region. 
Northern Australia has the potential to be a 
climate adaptation innovator. 

Northern Australia and its Asian neighbours
The location of Northern Australia adjacent to Asia 
raises the potential for biosecurity risks but also 
offers the opportunity for active collaboration and 
cooperation with neighbouring nations on biosecurity 
concerns likely to be exacerbated by climate change 
and threaten human health, ecosystems13 and 
viability of agricultural production. This collaboration 
could extend to research and implementation of 
control strategies. 
Northern Australia and adjacent areas of Asia are 
likely to share common experiences around climate 
change, related to increasing heat stress on humans, 
crops and livestock, stresses on energy and water 
resources, and more intense tropical cyclones. This 
raises opportunities for cost-saving collaboration 
around adaptation, for example in the area of 
emergency management and post-disaster recovery, 
and also an economic opportunity, if Northern 
Australia builds on the potential to market its 
technical and engineering experience and expertise 
around adaptation.
Remote Indigenous communities
Indigenous people living in remote areas are 
vulnerable to climate change because of 
exposure to the impacts and lack of resources 
and infrastructure to adapt. Building resilience 
will require close collaboration with Indigenous 
communities, together with prioritising community 
health and well-being including health services, 
housing, education, jobs, welfare, social justice, 
and landscapes relevant to protection of cultural 
practices and customary food sources. 

There are opportunities as well as risks for 
Indigenous communities. The capacity of climate 
change-related income generators, such as 
carbon farming, sequestration and offsets, to 
generate income and build resilience in remote 
Indigenous communities needs to be understood 
and harnessed.
Utilities and infrastructure
If climate-adapted and sustainable development is 
to be achieved in Northern Australia, there will need 
to be development of water and energy resources, 
and improvement of transport infrastructure. Urban 
communities such as Darwin, Townsville and Cairns 
will have a large demand for air conditioning under 
future climate change. Limited advantage can be 
gained from retrofitting housing to improve cooling1, 
but new housing design have the potential to be 
aimed at improving both cooling design and energy 
efficiency. At the present time, Northern Australia 
has natural advantages available in solar radiation 
and other renewable energy sources such as biogas 
(methane from cattle). These advantages could form 
the basis for growth in and export of expertise in 
these technologies. 
Research and development
Compared to other areas of Australia, the North 
is likely to have to undertake adaptation to climate 
change sooner and to a greater extent, if it is to 
remain liveable and economically viable. This could 
be turned to advantage by becoming a leading 
innovator in adaptation – “Australia’s adaptation 
powerhouse”. In the first instance, there is likely to 
be a requirement for investment in research into 
understanding the impacts, including heat stress, 
disease burdens and effects of extreme events on 
physical, psychological and community health, and 
building adaptation strategies such as building design, 
green infrastructure and distributed low-carbon 
energy systems. This innovation leap will require a 
stable, integrated, and inclusive governance system 
for private sector confidence and delivery of climate-
adapted development.
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Figure 3: East Arm shipping port, Darwin. © Tom Brewer.
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Citation
The information to support policy makers provided 
in this brief was developed through a workshop and 
extensive exchange with experts and stakeholders.
This Brief was prepared by Tom Brewer from 
Charles Darwin University. Please cite as:
Brewer T. (2016) Climate-adaptive Northern Development. 
Policy Information Brief 3, National Climate Change 
Adaptation Research Facility, Gold Coast.
Workshops were held in Darwin and Cairns, attended 
by policymakers, managers, and researchers from 
Charles Darwin University, James Cook University, 
the University of Melbourne, CSIRO, the Bureau of 
Meteorology, Australian Institute of Marine Science, 
the Larrakia Nation Aboriginal Corporation, Torres 
Strait Regional Authority, Regional Development 
Australia Far North Queensland and Torres Strait, 
industry, local government, state government, 
regional natural resource management groups, and 
the National Climate Change Adaptation Research 
Facility. We also consulted with the Northern Land 
Council, Kimberley Land Council and other local and 
state government representatives who were unable 
to attend the workshops. The Far North Queensland 
Regional Organisation of Councils assisted in the 
organization of the Cairns workshop.
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