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Executive Summary

Climate change poses direct and indirect risks to health. 
Direct risks include physical injury because of more 
frequent events such as bushfi re, and increased 
heat-related death and disease. Indirect risks include more 
infectious diseases transmitted through vectors such as 
insects, and mental and physical health diffi culties that 
typically follow the social and economic disruption and 
dislocation caused by events such as drought.
The diversity of health risks from climate change presents a direct challenge to the health sector 
— including acute health care and the public health system. Many health-protecting activities will need 
to be undertaken by other sectors of government and industry, as well as by individuals and 
communities. In conjunction with Research Plans addressing other priority themes, this Plan will guide 
researchers generating the information that Australia needs in order to develop an effective 
and equitable portfolio of adaptation strategies.

Current state of research
Research on climate change and health — impacts, risks and adaptive strategies — has been limited. 
The topic is relatively new and complex; existing professional research capacity is low. Most research 
has focused on estimating future health impacts (as presented in the recent Garnaut Report). Few 
studies have yet explored differential vulnerability between populations based on location, age, wealth 
or other relevant indicators. Very few studies have assessed adaptive strategies.

Priorities for climate change-related health research
This Research Plan identifi es key research questions within nine sub-themes of health-related 
adaptation research, relating to: heat, extreme weather events, vector-borne diseases, food safety 
and quality, air quality, water quality, mental health, community and Indigenous health, and health care 
services and infrastructure. To identify priorities within these nine sub-themes, the following principal 
criteria were used:

  severity of potential impact or degree of potential benefi t;
  immediacy of required intervention or response;
  need to change current intervention or the practicality of intervention;

combined with these desirable criteria:

  potential for co-benefi ts;
  potential to address multiple, including cross-sectoral, issues;
  distribution and equity of the perceived benefi ts of any adaptation strategy.

Applying these criteria, the following priority research questions were identifi ed from within 
the sub-themes listed above.



Priority research questions for Climate Change Adaptation and Human Health

Extreme weather events
  Does public education about the risks of extreme events, and their avoidability, alter people’s knowledge 

and behaviour?

Vector-borne disease
  What are the future increased risks of arbovirus diseases arising from climate change? This question should 

focus on population movements and changes in northern Australia, and the monitoring of potential vectors.
 – Does climate-driven predictive modelling of any particular vector-borne infectious disease outbreak reduce 
the occurrence of such outbreaks?

 – How would existing public health systems cope with increased levels of vector-borne disease (VBD) 
infections?

  Can meteorological forecasts of impending seasonal weather conditions provide useful advance warning of 
altered risks of vector-borne infectious disease outbreaks? Does such usefulness differ between human-only 
and zoonotic VBDs?

 – Are such forecasts enhanced by the inclusion of information about changes in environmental indicators 
(e.g., surface water conditions, vegetation levels, etc)?

 – Will the implementation of such early warning systems result in reductions in outbreaks or infection rates? 

Food, air and water quality
  Where will the likely climate change impacts on food safety and quality be observed, and what measures/

practices can be implemented to reduce the risk of food-borne disease outbreaks?
  What is the role of water authorities responsible for treating water in the management of climate change impacts?

Mental health
  What interventions are required to minimise the potential adverse mental health effects of natural disasters 

(such as drought, windstorms and fl oods)? Initiatives to address this question should build on the established 
models and frameworks in disaster mental health planning.

Community and Indigenous health
  How might climate change and changes in the occurrence of extreme events affect aspects of Indigenous 

culture and living conditions that affect health?
  Which types of intervention most effectively increase the level of community resilience?

 – What key characteristics of Indigenous, rural and urban communities determine the level of resilience  
of these communities to the stress of long-term changes in climatic and environmental conditions?

Health services and infrastructure
  What models of integrating the entire health sector’s adaptive responses best support the coordination 

of adaptive activities?
  What models of linkage and knowledge exchange between climate change researchers and policy-makers 

best provide relevant decision support in planning health sector responses?
  What role should the primary health care sector play as part of a broader public health adaptive response 

to climate change?
  Is the health care system adequately structured and staffed to handle increased demands from (i) extreme 

weather events and (ii) outbreaks of infectious diseases?
 – What improvements are needed, feasible and effective?

  What forms of in-career training of health care professionals best prepare them to identify and respond 
to climate-related health impacts?

Heat
  Which categories of people are most vulnerable to short-term extremes of heat?

 – Do levels of understanding of the nature of the risks, and personal/household-level ways of ameliorating them, 
vary between these population subgroups?

 – Are changes needed to public health policy in order to manage heat wave impacts?
  Do early warning systems (EWSs) for heat waves and other extreme weather events reduce the adverse health impacts?

 – Which types of EWS are most effective?
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1. Background

1.1 Context and objectives of 
the National Climate Change 
Adaptation Research Plan for 
Human Health

This National Climate Change Adaptation 
Research Plan (NARP) for Human Health 
sets out the research priorities for health 
research over the next 5–7 years. It is a 
guide to researchers, to potential funders, 
and to potential users of the research, including 
policy-makers, managers and service providers 
throughout the Australian health services.

The National Climate Change Adaptation 
Framework (‘the Framework’) was endorsed by 
the Council of Australian Governments (COAG) 
in April 2007 as the basis for government action 
on adaptation over 5–7 years. The Framework 
includes possible actions to assist vulnerable 
sectors and regions to adapt to the impacts of 
climate change. It also includes actions to 
enhance the knowledge base underpinning 
climate change adaptation.

In 2007, the Australian Government committed 
$117 million over 5 years towards implementing 
the Framework. As part of this investment, the 
Australian Government established the National 
Climate Change Adaptation Research Facility 
(NCCARF, based at Griffi th University) to 
coordinate and lead the Australian research 
community in generating the biophysical, social 
and economic information needed to adapt to 
climate change. Up to $30 million will be 
invested in priority research for key sectors, 
as identifi ed in National Climate Change 
Adaptation Research Plans, giving effect 
to Action 1.1 of the Framework, which aims 
to improve national coordination of climate 
change adaptation research. The Plans are 
being progressively developed by the Facility in 
partnership with governments, stakeholders 
and researchers; they will set national priorities 
for adaptation research. The Plans will be 
important tools for coordinating adaptation 

research across Australia and will be 
implemented by the NCCARF with 
assistance from the adaptation research 
networks and through the participation of 
all Australian jurisdictions.

The main purpose of the NARP for Human 
Health is to articulate the research agenda for the 
next 5–7 years through which to acquire a fuller 
understanding of the health risks from climate 
change in Australia, and how to reduce those 
risks via planned adaptive interventions. 
Implementation of the Research Plan will 
contribute to an improved understanding of the 
range of current and anticipated risks to health 
from climate change, estimates of the 
likely resultant burdens of poor health, 
an understanding of differential vulnerabilities 
within the population, and agreement on 
the relevant criteria for assigning priorities in the 
choice of adaptive strategies. 
Implementation should not take place in isolation: 
coordination across related thematic areas 
should contribute to the development of an 
effective and equitable portfolio of adaptive 
strategies.

Recognition of risks to health, and appreciation 
of the possibilities for reducing those risks, is at 
this stage a topic that is generally unfamiliar to 
most segments of our society. Governmental 
agencies, community organisations, the research 
community and the private sector have not 
previously paid much attention to the issue of 
risks to health from climate change, let alone the 
potential for adaptation. The Plan will therefore 
also provide a stimulus to future thinking about 
how best to study and reduce the risks to health, 
especially how to include some consideration of 
the protection of population health dimensions 
in policy developments, and adaptive strategies 
within other sectors.
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1.2 Climate change 
and society’s responses

The Fourth Assessment Report of the United 
Nations Intergovernmental Panel on Climate 
Change (IPCC) concluded that global average 
surface temperatures have increased by 0.74°C 
(0.56°C–0.92°C) over the past century, and that 
warming is unequivocal, with most of the 
warming of the past 50 years being very likely 
(90%) to be due to increases in greenhouse 
gases (IPCC, 2007a). The Report also noted 
that most of the past century’s warming has 
occurred in the most recent three decades, 
and that there is at least that much additional 
latent (unrealised) warming already built into the 
climate system, no matter what mitigation action 
is taken (IPCC, 2007a). The Report projects that 
global average surface temperature will increase 
by between 1.1°C and 6.4°C over 1990 levels 
by 2100, with a generalised increase in variability 
in weather patterns and the occurrence of 
extreme events.

There are two main features of climate change 
response policy. Mitigation is the reduction of 
greenhouse gas emissions through the use of 
technology and substitution in order to reduce 
resource inputs and emissions per unit output 
(IPCC, 2007c). Adaptation is the ‘adjustment in 
natural or human systems in response to actual 
or expected climatic stimuli or their effects, 
which moderates harm or exploits benefi cial 
opportunities’ (IPCC, 2007b). While mitigation 
seeks to avoid the unmanageable (i.e., 
‘dangerous climate change’), adaptation seeks 
to manage the unavoidable (i.e., existing and 
pending risks). Mitigation is the fi rst-order 
business at local, national and international 
levels. Adaptive strategies are also needed, 
on a broad front, to lessen the actual adverse 
impacts of climate change now and in the 
foreseeable future. Unless international 
cooperation and the level of mitigation actions 
increase, that need will extend into the 
longer-term future. Such an extended reliance 
on adaptation — particularly if substituted for 

mitigation — would heighten the moral dilemma 
posed by climate change, since adaptation will 
generally be more achievable and affordable in 
high-income countries.

It should be noted that mitigation actions may 
well produce their own indirect health effects, 
both positive and negative. Reduced reliance 
on private motor vehicles, for example, may 
enhance fi tness and overall individual health. 
This National Climate Change Adaptation 
Research Plan for Human Health therefore 
proceeds from the assumption that adaptation 
and mitigation are both essential and 
complementary elements of the social 
response to climate change.

1.3 Risks to health from 
climate change

Climate change poses diverse risks to health 
(Confalonieri et al., 2007; McMichael et al., 
2006). Some health impacts will occur by 
direct-acting pathways, via physical injury and 
thermal extremes. Others will occur via climatic 
infl uences on complex ecological, biological and 
social systems. This includes, for example, 
changes in the risks of infectious disease 
transmission, food yields, and — via even more 
extended pathways — the various mental and 
physical health risks that typically follow social 
and economic disruption and dislocation (see 
Figure 1). Both the mean monthly/annual 
temperature (and hence the absolute distribution 
of daily/weekly temperatures) and the pattern of 
short-term temperature variability will shift under 
climate change. This will have varying effects on 
risks (both increases and decreases) across the 
full range of temperatures experienced. Various 
forms of spontaneous adaptation will occur that 
will modulate such changes in risks. While the 
impacts of extremes of temperature are of the 
greatest concern, studies of adaptation and 
adaptation strategies should consider the totality 
of impacts.

The main purpose of the NARP for Human Health is to articulate 
the research agenda for the next 5–7 years through which to acquire 
a fuller understanding of the health risks from climate change in Australia, 
and how to reduce those risks via planned adaptive interventions. 
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The main health risks represented in Figure 1 
derive from:

  heat waves;
  extreme weather events/disasters;
  vector-borne infectious diseases;
  effects on air quality and aeroallergens, 

plus the (biological) interaction of some air 
pollutants with meteorological conditions;

  environmental infectious diseases — water- 
and food-borne;

  altered food production, affecting yields 
and nutritional quality;

  social, economic and demographic 
dislocation (especially in relation to 
mental health).

These are outlined in more detail in Table 1. 
The effects of climate change on human health 
and the best mix of adaptation strategies will 
vary across Australia, both geographically 
and across socio-economic and cultural groups. 
Understanding the risks and devising appropriate 
adaptation strategies will need to take into 
account current and future demographic trends. 
While this Plan seeks to identify national research 
priorities, local- and regional-level studies will 
also be essential to ensure the effectiveness 
of public health interventions.

1. Background 

Figure 1. Potential ways in which climate change can impact on human health.

Health
impactsSocial, 

economic, 
demographic 
disruptions

Changes to physical 
systems/processes
e.g., urban air 
pollution

Biological changes: 
processes, timing
e.g., mosquito density, 
range; photosynthesis 
e crop yields

Changes to ecosystem 
structure and function
e.g., fi sheries; constraints 
on microbes; nutrient 
cycles; forest productivity

Direct impact
e.g., heat waves, 
fl oods, fi res, storms

Indirect 
(system-

mediated) 
impacts

Climate 
change

Climate Change and Health: Pathways
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Table 1. Major issues for adaptation in relation to health risks

Environmental effects 
Extreme events
  cyclones/storms/fl oods

  bushfi res

  drought

  heat — both heat waves and increases in temperature and/or humidity over time

Changes in natural systems
  Water

 – supply

 – quality — monitoring

 – water-borne diseases, environmental pathogens — surveillance, outbreak control

  Air

 – quality — monitoring; forecasting (short and long term)

 – pollution control and monitoring (especially for respiratory illness)

 – respiratory diseases — surveillance

 – UV exposure

 – emission control to maintain air quality

  Vector-borne (and zoonotic) diseases

 – monitoring, early warning systems

 – outbreak control

  Food-producing systems

 – food safety

 – quality

 – supply, seasonality, variety and cost

Impacts on community/social environment
  Lifestyle impacts/social dislocation

  Impact on determinants of mental health

  Adverse community effects

Infrastructure and services
  Essential services

 – coping capacity of hospitals etc.

 – urban and building design (e.g.,  the ‘urban heat island’ effect)

 – disaster preparedness

  Economic

 – cost–benefi t analysis of adaptive strategies

  Evaluation of adaptive strategies

  Health data systems



10 National Climate Change Adaptation Research Plan    Human Health

1.4 Stakeholders’ issues

Human health touches on, and is infl uenced 
by, a very wide range of factors. This is 
refl ected in the equally wide range of institutions, 
organisations, groups and key individuals who 
have an interest in human health. Accordingly, 
the NARP (Human Health) needs to be sensitive 
to the breadth and diversity of interests and 
must give careful attention to the identifi cation 
and management of stakeholders. These 
stakeholders fall into three categories:

1. those who will advise on, shape, or 
conduct research (e.g., universities, 
research institutions, consultants, 
government agencies);

2. those who will provide resources and/or 
funding for the research (e.g., state and 
federal governments, NHMRC, charities, 
philanthropies; pro bono contributors);

3. those who will use or disseminate the results 
of research whether to the wider community, 
or to smaller, targeted groups of people (e.g., 
government agencies, community groups, 
physicians, local councils).

For the purposes of this NARP, the term 
‘stakeholders’ refers principally to the second 
and third groups — those who will use and fund 
priority research. Discussions with representative 
major stakeholders were conducted in a 
workshop held in March 2008. Stakeholders 
have raised a number of issues and topics that 
they consider to be important, and these ideas 
helped frame the research agenda for the NARP. 
The needs and requirements of the stakeholders 
can be outlined as follows:

  to communicate to the wider community 
(and specifi c vulnerable groups within it) that 
the risk to health posed by climate change 
impacts is real (i.e., to ensure that they 
perceive the issue as important), in order 
to encourage the community to take action;

  inclusion in any consultation regarding the 
posing of research questions, and the framing 
of the research program;

  inclusion in the conducting of recommended 
research, and access to the data used and/or 
generated by this research;

Two main issues raised by stakeholders in relation 
to framing appropriate research questions were  (i) the need 
for  communication between researchers and stakeholders 
in addressing local needs in research (as opposed to national/
state-level needs); and (ii) wherever possible, for the research 
and adaptive strategies to be proactive rather than reactive.

1. Background 
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  to ensure that the results of the 
recommended research are communicated 
effectively and in a timely manner to the 
wider community, or to specifi c, vulnerable, 
target groups within the community.

Two main issues raised by stakeholders 
in relation to framing appropriate research 
questions were  (i) the need 
for communication between researchers 
and stakeholders in addressing local needs 
in research (as opposed to national/state-level 
needs); and (ii) wherever possible, for the 
research and adaptive strategies to be 
proactive rather than reactive.

It is essential that research teams 
build — and maintain over the long 
term — cooperative, productive and trusting 
relationships with key policy institutions 
and infl uential individuals. Effective stakeholder 
engagement and management will enable the 
research effort as a whole to be inclusive of all 

relevant issues and to build relationships 
that will support the research, the 
dissemination of fi ndings and, crucially, 
a policy decision-making process that 
is cognisant of research fi ndings.

New knowledge generated by research 
is more likely to fi nd its way into the policy 
debate if the policy-makers and their teams 
have been part of the research. For this 
reason, a key strategy for research teams 
will be to include representatives of key 
stakeholder groups—particularly 
policy-makers — in research projects 
from the outset.

A South Melbourne beach in the heatwave of January 2009. Image: Newspix/Mark Smith.
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1. Background 

  Human Health

1.5 Links and synergies to other 
Research Plans

A number of other National Climate Change 
Adaptation Research Plans are being developed 
to address the need for climate change-related 
adaptation research in a range of sectors. In 
some instances, the research and 
recommendations contained in the Human 
Health Plan will interact with the other Research 
Plans, and vice versa. Some examples of direct 
interactions are shown below. Indirectly, the 
wider community may benef t from the proposed 
research and adaptive strategies listed in this 
Plan, thus reducing disability-adjusted life years 
(DALYs) caused by health problems attributed to 
climate change. This will enable other sectors 
and industries to function at an optimal level of 
productivity.

Terrestrial biodiversity

Climate change-related increased acidity or 
salinity of soils and patterns of regeneration 
of natural vegetation may alter patterns of 
distribution for vectors and hosts of disease, 
in turn affecting human health. Rats are one 
example: both introduced and native rats can 
harbour the causative bacteria for the potentially 
fatal disease leptospirosis; variation in rainfall 
may force rats closer to human habitation, 
resulting in an increased chance of infection 
by Leptospira .

Primary industries

The nexus between the primary industry and 
human health sectors is the ability to produce 
suff cient good-quality food. Good nutrition is 
essential throughout all stages of life to protect 
against illness and disease, and is especially 
important for growth and maturation in infancy 
and childhood. Changes to food availability 
and pricing as a result of climatic change will 
have an impact on nutrition.

 
  Water resources and freshwater biodiversity

  Access to clean water supplies is an important
  aspect of improving health and preventing illness.
  and climate change has the potential to affect 
  the security of this access. 
 

Marine biodiversity and resources

The links between marine biodiversity and human 
health are subtle. Decreasing biodiversity may 
impact unfavourably on food production (i.e., 
f sheries), particularly if the food web is affected 
and species once considered to be abundant for 
food become scarce. This may have a more 
profound health effect on particular groups for 
whom f sh and seafood are fundamental to their 
social and nutritional needs.

Settlements and infrastructure

Important synergies exist with human health; for 
example, can the current hospital systems in our 
cities and towns cope with the inf uxes of patients 
injured or made unwell by heat waves, storms 
and infectious diseases, or suffering from mental 
health problems attributed to changes in climate? 
Adaptation strategies that will impact positively on 
human health include changes in building codes, 
actions to reduce heat islands (such as tree 
planting), and improvements in housing design.

Emergency management

The projected increase in extreme weather 
events means that emergency services may 
have to cope with  more people displaced or 
injured in extreme events. Management of the 
aftermath of natural disasters or extreme climatic 
events will be imperative to ensure that the 
affected community remains healthy.

Social, economic and institutional 
dimensions

The synergies between human health and social 
environment are strong, particularly for rural and 
Indigenous communities, where health care will 
need to be specialised. A strong, resilient 
community is more likely to remain healthy 
despite adversity. It is also true that healthy 
communities are more likely to work together 
to implement adaptive strategies.
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2. Categories and examples of adaptation

Adaptation can be both spontaneous 
(autonomous) and planned (deliberate) (Ebi et 
al., 2005). Most of the research agenda will 
focus on planned adaptation comprising actions 
taken by various components of society in order 
to reduce the health risks posed by 
climate change. Some planned adaptations 
entail the improvement or extension of existing 
policies and social functions; others will require 
innovative thinking and action.

2.1 Spontaneous adaptation

While the principal focus of the research agenda 
will be on information requirements to assist in 
adaptation planning, spontaneous adaptations 
need to be understood for at least three 
reasons. First, spontaneously occurring 
changes may pre-empt some or all of the 
anticipated benefi ts of a particular planned 
adaptive strategy. Second, if such spontaneous 
adaptive changes can be quantifi ed and then 
included in scenario-based modelling of future 
health risks, the net change in future risk will be 
better estimated. Third, where spontaneous 
adaptation actions could undermine mitigation 
efforts or have adverse environmental impacts, 
planned interventions will need to take 
account of this risk.

A good example is the need to understand 
how populations will adapt, physiologically 
and behaviourally, to increases in temperature 
and in the frequency of very hot periods. 
A spontaneous adaptive reaction to heat 
may be that more people buy air-conditioners. 
Any such adaptation will modify the population’s 
vulnerability to future increases in thermal 
stressors. Similarly, another spontaneous 
adaptation with potentially positive health effects 
is the increased use of household insecticides 
around homes and gardens in response to 
outbreaks of arbovirus diseases (although this 
may carry a different set of potential health 
risks). The potential infl uence of such 
spontaneous adaptations highlights the need 
for systems-based approaches to adaptation 
research and planning.

2.2 Planned adaptation

Planned adaptation may be the result of 
government policy, professional intervention, 
or local community initiative and action. 
Such adaptation may be implemented at 
one or more levels of society, from individual, 
through family and community, to state 
and national governments.

Some adaptation strategies will entail the 
improvement or extension of existing policies 
and practices. Others will require innovative 
actions. Many will require coordinated action 
across diverse sectors of government and 
community activity, extending far beyond the 
conventional health sector. Adaptation strategies 
are likely to occur in the short, medium and long 
term, and research priorities need to refl ect 
these differing time-frames.

Climate change is unlikely to cause entirely 
new diseases.1 Rather, climate change will 
alter the incidence, temporal pattern, range 
and seasonality of many existing health 
disorders. These include the severity of heat 
wave impacts, mental health stresses in 
farming communities, and the geographical 
range of some infectious diseases (see 
Appendices 1 and 2 for examples). These 
disorders are already affected by signifi cant 
demographic trends, such as the ageing and 
urbanising population. Therefore, the existing 
health care and public health systems should 
provide an appropriate starting point for 
strengthening adaptive strategies to lessen 
these already familiar health impacts. In addition, 
there is a need for heightened awareness, 
appropriate workforce training, and greater 
engagement by the formal health sector. 
The latter includes the important task of 
achieving greater cross-linkage with other 
sectors engaged in responding to climate 
change in order to ensure that the criterion 
of health protection is integrated into planning 
and policy across a broad front.

1 It is possible that climate change could contribute to the emergence of some new human infections from novel, probably 
zoonotic, viruses and other microbes — for example by affecting patterns of bird migration and bat and mosquito 
dispersal and/or contact between wildlife and humans. 
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3.1 Overview

Cl  imate change presents a direct challenge to 
the health sector — including acute health care 
and the formal public health systems. Climate 
change has the potential to cause shifts in 
priority for many aspects of health and health 
care; so adaptation to the risks and impacts 
on health caused by climate change is a 
high-priority area for research.

The public health system works towards 
promoting physical and mental health and 
preventing disease, injury and disability. 
Several of the long-established public health 
interventions, such as weather alerts, 
mosquito control and vaccination programs, 
should provide an effective starting point for 
adaptive strategies to reduce climate 
change-related morbidity and mortality 
(Frumkin and McMichael, 2008). Such 
adaptive interventions can be framed in 
relation to the three traditional pillars of public 
health prevention: primary (reduce climate 

change-related exposures); secondary (reduce 
the onset or slow the progression of climate 
change-related health impacts); and tertiary 
prevention (treat and manage the health 
impacts that cannot be prevented).

As an example, primary prevention in relation 
to the adverse health outcomes of heat waves 
would reduce or eliminate the ‘exposure’ of 
people to thermal stress. Secondary 
prevention would identify those at particular 
risk of adverse health impacts, such as people 
with underlying cardiovascular disease, and 
would provide appropriate advice, cooling 
approaches and treatment. Tertiary prevention 
would provide post-event support, treatment 
and advice to those who experience adverse 
health consequences. These preventive 
measures need to work together, not against 
each other.

Such interventions are conventionally seen as 
the responsibility of national and state public 
health agencies. However, the full spectrum of 

3. Current state of research on health 
impacts, vulnerability, and adaptive strategies

Figure 2. Adaptive strategies: opportunities for intervention via the primary health care system 
(from Blashki et al., 2007). 
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climate-related risks to health is very wide, 
and many health-protecting activities will 
need to be undertaken by other sectors 
of government and industry, as well as 
by individuals and communities.

Primary health care is an important 
component of the overall health system’s 
adaptive response, because primary 
health care systems provide a broad range 
of services including physical, psychological 
and social health care, and include the 
concept of prevention as well as treatment 
adapted to local conditions (Figure 2). 
The critical role of primary health care in 
addressing climate change adaptation issues 
highlights the need to enhance the capacity 
of the system, especially in areas of 
recognised capacity limitations, such as 
Indigenous communities.

Important points to consider:

  Participation in public education 
and awareness

  Early alert systems: impending weather 
and air pollution extremes, infectious 
disease outbreaks

  Disaster preparedness, including 
increasing the health system’s ‘surge’ 
capacity to respond to emergencies

  Enhanced infectious disease 
control programs

 – food safety, vaccine programs, vector 
control, case detection and treatment

  Improved surveillance

 – risk indicators (e.g., population heat 
exposure profi les, mosquito numbers, 
aeroallergen concentrations)

 – health outcomes (e.g., infectious disease 
outbreaks, rural suicides, asthma peaks)

  Appropriate health workforce training, 
including mid-career development (e.g., 
updated understanding of climatic 
infl uences on health, training in public 
health and occupational health).

Despite the potential impact on the health 
sector, research in Australia into this spectrum 

of topics has been rather limited to date. 
Key research areas that need addressing 
include understanding how climatic variation 
and change affect specifi ed health outcomes; 
identifying which groups or population 
segments are most vulnerable; and 
identifying and evaluating the effectiveness 
of adaptive strategies.

Research across this spectrum is relatively 
new and complex, and existing professional 
research capacity is low, especially compared 
with other fi elds of climate change science 
and research. This is broadly in line with the 
situation in other developed countries (such 
as the USA, Canada, the UK and other 
European countries); however, Australia 
has been somewhat slower to recognise 
the importance of this topic area and to 
mobilise research resources and funding.

In order to propose, implement and evaluate 
adaptive strategies to reduce risks to human 
health, ‘adaptation research’ should 
necessarily encompass studies that clarify 
and quantify current and estimable future 
risks (including modelling future 
scenario-based risks); explore the distribution 
and determinants of differential vulnerability 
to those risks; and evaluate the effi cacy 
(including cost-effectiveness) of adaptive 
strategies—including the assessment of 
any unintended (collateral) impacts on health.

The research on adaptive strategies will need 
to encompass three main approaches:

1. consideration of general principles and 
methodological challenges in relation 
to adaptation measures (e.g., the role 
of experimentation and of simulation 
modelling for interventions with anticipated 
delayed or slowly accruing health benefi ts);

2. estimation of the extent and distribution 
of health-protecting benefi ts from 
adaptation strategies;

3. clarifi cation of criteria, principles 
and methods for the evaluation of 
adaptation strategies.
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3.2 Existing knowledge from 
published research

Most of the research on climate change and 
health in Australia over the past decade has 
focused on empirical studies of climate–health 
relationships and, via modelling, the estimation of 
future health risks. Research into the role of 
primary health care as an adaptive response 
to climate change is very limited — it is a new 
fi eld, the analytic methodologies are not 
suffi ciently developed, and the current data 
regarding climate change-related health impacts 
are insuffi ciently refi ned, both spatially 
and temporally. Existing literature in Australia, 
Canada and the UK is mostly descriptive and 
makes assumptions and inferences based on 
non-primary health care data and broad-brush 
climate-related health risks. Emerging priority 
areas for future research include: identifi cation of 
risk by region; preparedness of local primary 
health care services and occupational health 
services; and integration of climate-related health 
data across primary, secondary and tertiary 
health services.

Few studies have yet explored issues relating to 
differential vulnerability, and even fewer have 
assessed adaptive strategies. There has, 
however, been research conducted on climate 
change and health in Australia concerning 
heat as an occupational health hazard and 
an impediment to sports achievements. 
The engagement of experienced Australian 

ergonomists and physiologists in the climate 
change and health area will substantially 
strengthen future research.

Western Australia and Victoria have both 
produced reports outlining the risk of health 
impacts caused by climate change, and 
adaptation strategies, relevant to their state (see 
Carey, 2007; Spickett et al., 2008). Similarly, a 
number of reports published by the Australian 
government include overviews of the health 
impacts of climate change (see, for example, 
Allen Consulting Group, 2005; Pittock, 2003). 
These reports highlight the importance of 
understanding the potential health impacts of 
climate change and how these impacts can affect 
communities. They also provide information on 
issues requiring further research, and the 
development of planning to enable communities 
to adapt.

There have been studies of the following topics 
relating to climate change-related health impacts 
and risks in Australia (approximate number of 
published papers shown in brackets):

  The relationship between very hot spells 
(especially heat waves) and health 
outcomes — deaths, hospitalisations, 
ambulance call-outs. This has included some 
studies of the possible interactions between 
temperature and air pollution (the latter itself, 
in part, being infl uenced by meteorological 
conditions). This research has been confi ned 
to capital city populations (n = ~8).

January 16, 2007: A premature baby at a Melbourne hospital is cooled by a fan 
during a heatwave. Image: Newspix/Cameron Tandy.

3. Current state of research on health impacts, vulnerability, and adaptive strategies
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  Initial explorations of how climatic variations 
relate to patterns of occurrence of 
asthma — likely effects of temperature and 
rainfall on growth and release of aeroallergens 
(n = ~5).

  Relationships between weekly and 
monthly temperatures and the rates 
of reported cases of major categories 
of gastroenteritis — especially caused by 
Salmonella and Campylobacter (n = ~3).

  The role played by climatic 
factors — temperature, rainfall, tide heights, 
etc — in the patterns of occurrence of several 
major vector-borne infectious diseases in 
Australia: especially Ross River virus (studies 
in Northern Territory, Western Australia, 
Queensland and New South Wales) (n = 13). 
There have also been isolated studies 
on Murray Valley encephalitis and Barmah 
Forest virus (n = ~1).

  How annual rainfall levels in New South Wales 
relate to annual suicide rates. That work is 
being pursued at higher resolution in order 
to differentiate between urban and rural 
relationships (n = ~1).

There have also been studies on the relationships 
between the full range of daily temperatures 
and health outcomes (again in capital city 
populations); e.g., recent research done at the 
National Centre for Epidemiology and Population 
Health (NCEPH) for the Garnaut Climate Change 
Review (2007–2008) (Garnaut, 2008). This work 
estimated net changes in annual mortality, by 

age group, in response to current distributions 
of daily temperatures, and applied this  
to future scenarios of temperature distributions. 
There have also been several studies using 
scenario-based modelling to estimate the future 
health risks in Australia for selected health 
outcomes, including the following three sets 
of analyses (coordinated by NCEPH).

  A 2002 study, commissioned by the 
Australian Government Department of Health, 
to estimate the future (2030, 2070) risks of 
deaths from heat waves, of transmission of 
dengue fever and malaria, and of diarrhoeal 
disease in Aboriginal communities in Central 
Australia, and of deaths and injuries from 
fl ooding (McMichael et al., 2003).

  A 2005 study, commissioned by the Australian 
Medical Association and the Australian 
Conservation Foundation to repeat a similar 
set of analyses as above, but for a different 
set of climate change scenarios, and extending 
to 2100 (Woodruff et al., 2005).

  Commissioned research (as input to the 
Garnaut Report) into estimating the future 
health impacts and associated economic 
costs, for updated climate change scenarios 
across the 21st century, for temperature 
effects on deaths and hospitalisations, 
transmission risks of dengue fever, 
gastroenteritis (especially salmonellosis), 
and (in semi-quantitative fashion) Ross River 
virus disease, and mental health impacts in 
rural Australia (unpublished).

Most of the research on climate change and health in Australia over 
the past decade has focused on empirical studies of climate–health 
relationships and, via modelling, the estimation of future health risks.

Emerging priority areas for future research include: 
identifi cation of risk by region; preparedness of local primary 
health care services and occupational health services; and 
integration of climate-related health data across primary, 
secondary and tertiary health services.
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This discussion of the current state of health 
impacts research in Australia is organised 
around nine areas: heat, extreme weather 
events, vector-borne diseases, food safety 
and quality, air quality, water quality, mental 
health, community and Indigenous health, 
and health care services and infrastructure. 
The assessment is not intended to be 
exhaustive. Rather, it is hoped that the list 
can inform the current state of health and 
climate change research in Australia, in order 
to improve and direct future research.

4.1 Heat

4.1.1 Current knowledge and gaps

The Australian average annual mean 
temperature has increased by 0.9°C since 1950. 
The frequency of hot nights has increased, while 
the frequency of cold nights has declined 
(Alexander et al., 2007; CSIRO and BoM 2007). 
The best estimate of annual warming over 
Australia by 2030 is around 1.0°C, with warming 
of around 0.7–0.9°C in coastal areas and 
1–1.2°C inland. Associated with the warming is 
a projected strong increase in frequency of hot 
days and warm nights (CSIRO and BoM, 2007).

The increase in extreme heat events is projected 
to increase the number of heat-related deaths. 
Heat-related deaths in the major capital cities 
combined (Adelaide, Perth, Melbourne, Sydney 
and Brisbane) are predicted to increase from 
1,115 per year (1997–1999) to 2,300–2,500 per 
year by 2020 (McMichael et al., 2003). 
Taking into consideration changes in population 
and age demographics, a temperature increase 
of 1.64°C over 1990 levels could increase 
heat-related deaths in Brisbane from the current 
estimated 134 per year to over 1,000 deaths per 
year by 2050 (McMichael et al., 2003). Mortality 
predictions sit at the extreme end of the impact 
scale but foreshadow the increase in minor 
heat-related health problems that will lead to 
increased hospitalisation, reduced quality of life, 
and loss of productivity. Heat particularly affects 
the elderly and infi rm. Woodruff et al. (2005) 
have predicted a steep increase in heat-related 
deaths in people aged over 65 by the end of 
this century.

A number of studies have been conducted on 
heat-related morbidity and mortality during heat 
events. Kovats and Hajat (2008) listed a number 
of factors that are contributing determinants of 
morbidity and mortality during heat waves, 
based on data from the 2003 European heat 
wave. They are:

  age — the elderly and very young are more 
likely to be affected by the heat;

  those living in institutions (e.g., nursing 
homes);

  characteristics of housing and presence 
of air-conditioning;

  urban heat islands;
  socio-economic factors.

Other studies found a range of potentially 
confl icting results including:

  vulnerability to heat can increase despite 
a higher prevalence of air-conditioning and 
public health interventions (Smoyer, 1998);

  changes in public preparedness and public 
health responses may reduce morbidity and 
mortality during heat events (Weisskopf et al., 
2002);

  the duration of the heat wave and the 
level of air pollution can affect health, but 
increased public awareness of heat can 
reduce vulnerability (Tan et al., 2007);

  increased awareness of risk from heat and 
knowledge of health management during 
heat events can contribute to lower mortality 
(Fouillet et al., 2008).

Temporal and spatial predictions for 
heat-related health impacts

Little research has been done in Australia to 
assess the impact of heat events on population 
health and to evaluate intervention programs. 
Recent research (Nitschke et al., 2007) suggests 
that, in contrast with results in the Northern 
Hemisphere, there was no excess mortality 
observed in Adelaide during recent heat events. 
The projected increases in temperature, 
however, may change this scenario, and the 
authors recommend that a heat event response 
plan be implemented in Adelaide. Recently, 
research has been conducted to determine 
whether there was an excess of deaths, and 
the relative role of temperature and air pollution, 

4. Climate change-related research 
in Australia: current knowledge, 
gaps and research priorities
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during the 2004 heat wave in Brisbane (S. Tong, 
personal communication, 2008). Temperature 
appeared to have played a relatively more 
important role than air pollution.

It may be possible to reduce heat-related 
morbidity and mortality through a community 
development plan that communicates messages 
about coping with heat. Indeed, response plans 
and action plans for heat events have recently 
been implemented in a number of states. Such 
plans could include (from Kovats and Koppe, 
2005; G. Lloyd, personal communication, 2008):

  early warning systems;
  local adaptive strategies, such as local 

councils ensuring that they have community 
facilities, which are kept cool, where people 
can seek refuge during hot weather; and 
air-conditioning for buses and trains (although 
the health benefi ts of the increased use of 
air-conditioners needs to be weighed carefully 
against their energy consumption);

  taking appropriate public health messages 
out to the wider community;

  strategies for ensuring that vulnerable or 
isolated people are checked on at times of 
heat extremes. Innovative approaches may 
be possible that respect the dignity of such 
individuals, for example the use of wireless 
communication devices which automatically 
notify most recent usage.

Early warning systems

A range of early warning systems (EWSs) in 
relation to impending climatic variations and 
events have been applied in various countries 

impacts, and natural disasters. In general, 
the purpose of such systems is to provide 
advance warning, and hence to reduce 
vulnerability and increase preparedness (WHO, 
2004). The development and use of short-term 
predictive models to provide early warning 
is now beginning to attract some research 
attention in epidemiology and public 
health — especially in regard to anticipated 
extremes of temperature and to anticipated 
outbreaks of infectious diseases.2

Warning systems exist in Australia for fl oods, 
cyclones and bushfi res, but not for heat waves, 
which kill more people than the other events. 
The annual numbers of hot days (and hot nights) 
has been increasing since the 1960s. Some 
of the most recent research on heat alert 
systems comes from Australia, where Nicholls 
et al. (2008) have developed a model for a heat 
alert system for Melbourne. In addition, the 
Bureau of Meteorology is currently developing 

are required, but this will vary by jurisdiction. 
Thresholds will be affected by coexistent 
exposures, such as to bushfi re smoke and other 
air pollutants.

Rudimentary action plans in response to heat 
waves are now in place; for example, in Victoria 
and South Australia, where ambulance services 
mobilise more staff on hot days.

Heat effects on workforce productivity

The impacts of heat exposure (a combination 
of temperature, humidity, radiated heat and wind 
speed) on working people can be an important 
health hazard as well as an impediment to 
productivity (Kjellstrom, 2000; Parsons, 2003). 
There are physiological limitations to the human 
body’s capacity to cope with high levels of heat 
exposure that overwhelm bodily cooling ability 
(via sweating and heat transfer to the immediate 
environment outside the skin). Such limitations 
mean that, during hot weather in many parts of 
Australia, additional cooling, or reduction of daily 
physical activities (including work) is necessary. 
The basic physiology at the individual level 
is well known, and expertise is available in 
Australia, but the implications of environmental 
warming due to climate change have 
not been studied.

This is an important issue for occupational 
health, as the need to protect workers against 
serious heat stress is becoming increasingly 
common, and spontaneous adaptation by 
slowing down the pace of working will impact 
on workers’ productivity and, through this, 
on economic output. In addition, extreme heat 

2 An example of an EWS for infectious disease is that for epidemic malaria in Botswana, where climate variability was 
forecast using models to provide early warning to areas that may be affected by outbreaks (Thomson et al., 2006).

in diverse fi elds such as agriculture, heat wave 

thresholds for defi ning and declaring a heat wave 
a  heat wave warning system. Health-related 
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reduces the ability to carry out non-work daily 
tasks; no research has been conducted on 
this issue.

Other factors that need to be taken into 
consideration in future research include actions 
to reduce heat impacts, such as workers being 
allowed to stop working and schools closing at 
predefi ned temperatures (often >39°C).

Impacts of temperature on 
food-borne disease

Heat waves may cause indirect health impacts 
through their effects on other systems. For 
example, prolonged hot weather may increase 
the incidence of food-borne disease outbreaks. 
Hot weather may also increase the prevalence 
of water-borne bacteria and protozoa, resulting 
in widespread contamination of drinking water. 
These issues are discussed further below.

4.1.2 Key research questions for 
heat research

Given the paucity of research available on 
heat-related mortality in Australia, it is clear 
that more research—involving combinations 
of observational and impact-assessment 
research—is needed in the following areas.

  Which categories of people (in city, town 
and countryside), in which building types 
and locations, are at greatest risk of death 
or serious illness (i.e., most ‘vulnerable’) 
to short-term extremes of heat? What 
kinds of heat extremes have the greatest 
impact on vulnerable individuals with 
regard to duration, magnitude and timing 
(day or night extremes)? What is the capacity 
of these individuals to acclimatise naturally 
to projected changes in the occurrence of 
heat waves? Do levels of understanding 
of the nature of these risks, and personal/
household-level ways of ameliorating them, 
vary between these population subgroups?

  Are changes needed to public health policy 
in order to manage heat wave impacts? 
Answering this question will require 
examination of the impact of heat waves 
on morbidity, mortality and pre-hospital 
care, including:

 – differences in impacts of temperature 
extremes as a function of location of 
residence, socio-economic group, level 
of understanding of risks, pre-existing 
health status;

 – understanding the particular vulnerability 
of urban centres, which are often at 
higher risk from hot weather because 
of the ‘urban heat island’ effect 
(Haines et al., 2006);

 – the shape of the exposure–response 
graph at unusual extremes of temperature 
(are there important physiological coping 
thresholds?);

 – impacts of extremes of heat on mood, 
behaviour, risk exposures and work 
capacity;

 – combined effects of heat stress 
and air pollution;

 – forecasting future health risks from heat 
waves under climate change scenarios.

  Do EWSs for heat waves and other 
extreme weather events reduce adverse 
health impacts? Which types of EWS 
are most effective?

  Could existing responses to other health 
and social issues assist community 
surveillance of vulnerable individuals 
during heat waves?

  Does public education about the risks 
of extreme events, and their avoidability, 
alter people’s knowledge and behaviour?

  Are current occupational health and 
safety standards in relation to climate 
change-induced health risks (e.g., extremes 
of workplace heat exposure) adequate? 
This would involve examination of the 
impacts of heat in workplaces that are 
not air-conditioned and the effectiveness 
of workplace heat monitoring and 
warning systems.

  What impacts would result from a change 
in commercial, public and private housing 
building codes? For example, to reduce 
mortality during heat waves. There is a need 
for simulation modelling.

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 
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4.2 Extreme weather events

4.2.1 Current knowledge and gaps

Floods, cyclones, storms and bushfi res produce 
direct health effects and can all indirectly affect 
a wide range of other systems. From 1967 to 
1999, deaths and injuries recorded for extreme 
weather events were: bushfi re 223 and 4,185, 
cyclone 154 and 958, fl ood 99 and 1,019, 
and storms 58 and 942, respectively (BTE, 
2001). The impacts of natural disasters on 
mental health are also signifi cant.

The number of very high and extreme fi re danger 
days is projected to rise by between 2% and 
30% by 2020 and between 5% and 100% by 
2050 (Lucas et al, 2007), while the intensity of 
Category 3–5 cyclones may increase by up to 
60% by 2030 and up to 140% by 2070 (Abbs et 
al., 2006). The magnitude of these health effects 
will be a major focus of the Research Plan for 
Emergency Management.

Floods may cause an increase, after a lag 
period, in the prevalence of mosquitoes, other 
vectors of disease, and pathogens, which in turn 
could result in large outbreaks of disease. For 
example, fl ooding across central Queensland 
(Mackay, Emerald, Rockhampton) in January 
and February 2008 may have been the cause 
of a substantial increase in notifi cations of Ross 
River virus disease, due to increased standing 
water in the affected areas. In Queensland, there 
were 638 and 608 notifi cations in February and 
March 2008, respectively, compared with 143 
and 392 notifi cations, respectively, for the same 
time period in 2007, when no major fl ooding had 
occurred (data from Communicable Diseases 
Australia: CDA, 2008).

There is a projected increase in the intensity of 
rainfall in Australia, but with considerable spatial 
variation. There is also a projected decrease in 
the number of tropical cyclones; however, their 
intensity is also projected to increase (CSIRO 
and BoM, 2007).

Climate change will create a substantial increase 
in fi re weather risk in much of south-eastern 
Australia. As well as increasing the risks of death 

and injury from fi re exposure, bushfi res in water 
catchment areas can result in decreased water 
quality, with associated health effects.

4.2.2 Key research questions for extreme 
weather events

  Does public education about the risks of 
extreme events, and their avoidability, alter 
people’s knowledge and behaviour?

  What is the capacity of health systems, from 
local to regional levels, to deal with surges in 
demand in response to natural disasters and 
to assist in longer-term recovery initiatives?3

4.3 Vector-borne infectious 
diseases, zoonoses and 
environmental pathogens

4.3.1 Current knowledge and gaps

Vector-borne disease

The two major changes that might be 
anticipated as a result of climate change are: 
fi rst, changes in the incidence and distribution 
of infectious diseases already occurring in 
Australia; and, second, the introduction of 
infectious diseases not currently present. Ross 
River virus (RRV) and dengue will be used to 
illustrate the fi rst issue, malaria and chikungunya 
the second.

RRV is the most common arbovirus disease in 
Australia (Russell, 1998). Considerable research 
efforts have gone towards elucidating the 
relationships between climatic variables and 
RRV incidence and distribution (as reviewed 
by Jacups et al., 2008). There is also a vast 
literature on vector associations and reservoir 
hosts (Harley et al., 2001). A number of studies 
have specifi cally addressed the prediction, using 
climatic variables, of RRV epidemics (Hu et al., 
2004, 2006; Tong et al., 2002, 2004, 2008; 
Woodruff et al., 2002, 2006).

Epidemics of dengue are increasing in 
frequency in north Queensland, and the range 
is expanding worldwide (Hanna et al., 1998, 
2001, 2003, 2006; Mackenzie et al., 2004). The 
spread of dengue in Australia is currently limited 

3 It is anticipated that this will be dealt with in greater detail in the National Climate Change Adaptation Research Plan for 
Emergency Management.

Given the paucity of research available on heat-related mortality 
in Australia, it is clear that more research—involving combinations 
of observational and impact-assessment research—is needed.
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because of restricted distribution of the dengue 
vector, Aedes aegypti; a second vector, Ae. 
albopictus, now occurs in the Torres Strait 
(Ritchie et al., 2006). Changes in climatic 
conditions in Australia are predicted to increase 
the range of Ae. aegypti (McMichael et al., 
2006). The increased installation of water tanks 
and swimming pools, and other water-hoarding 
activities, may increase the breeding 
of mosquitoes in residential areas.

A competent malaria vector, Anopheles farauti, 
occurs in Australia, and environmental factors 
infl uencing its distribution are known (Sweeney 
et al., 2006). However, malaria is not endemic 
to Australia — cases are imported (e.g., by 
travellers; Liu et al., 2008) and the risk is 
currently managed through bio-security 
measures. Extrapolating from areas where 
malaria is endemic may prove useful in 
assessing the altered risks in Australia under 
climate change.

Chikungunya virus (CHIKV) is not yet present 
in Australia. It has received worldwide attention 
since a number of Indian Ocean epidemics 
between 2004 and 2006. The fi rst non-tropical 
outbreak of the disease was in Italy in 2007 
(Rezza et al., 2007). This has implications for 
Australia, as both epidemic CHIKV vectors 
(Ae. aegypti and Ae. albopictus) are already 

present in the Tropics (McMichael et al., 2006; 
Ritchie et al., 2006) and outbreaks can escalate 
rapidly in immunologically naïve populations, 
with person-to-person transmission via 
mosquitoes (i.e., without reservoir hosts; 
Chevillon et al., 2008).

The four mosquito-borne diseases briefl y 
discussed above differ in the type of threat 
they present to Australia and the amount that 
is already known about the relationships 
between ecology, epidemiology and climate. 
To varying extents there are gaps in: our 
understanding of baseline relations between 
climate and infectious disease incidence; 
availability of good predictive models agreed 
to by all professional groupings involved in the 
area; and methodologies for the assessment 
of adaptive strategies for changes in the range, 
seasonality and incidence of infectious diseases 
under climate change.

Environmental pathogens and zoonoses

Two environmental pathogens, in particular, are 
likely to present a greater risk to health, caused 
by climate change. Leptospirosis is a potentially 
fatal disease caused by the bacterial genus 
Leptospira. These bacteria are cosmopolitan 
and endemic in Australia. Leptospira are carried 
by many animals, including rodents (both native 
and introduced), dogs, cats, domestic stock, 

Under current practices in Australia, many states and 
territories have programs of environmental monitoring, 
mosquito monitoring and virus isolation, outbreak prediction, 
issuing of health warnings etc; and these will form 
a foundation for building adaptation strategies.

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 
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May 24, 2009: Flooding in Kempsey on the NSW mid-north coast. 
Image: Newspix/Nathan Edwards.

and many native animals (e.g., bandicoots). 
The bacteria are passed in the urine of the 
infected animal, and can be transmitted to 
humans when in contact with broken skin. 
Notifi cations of leptospirosis typically fl uctuate 
around approximately 150–300 cases per year, 
mostly from Queensland (CDA, 2008). Rainfall 
can potentially increase the risk of transmission, 
and contamination of water supplies after heavy 
rain has been implicated as a source of 
infection.

The potentially fatal disease melioidosis has a 
similar mode of transmission to leptospirosis, 
i.e., percutaneous transmission of the bacteria 
Burkholderia spp. These bacteria survive in soils 
and surface water, and are endemic to northern 
Australia and South-east Asia (Currie, 2008). 
Increases in cases of melioidosis are associated 
with rainfall events, with fewer cases typically 
occurring in drier years (Inglis et al., 2004). 
Melioidosis has been contracted through 
contaminated water supplies. The transmission 
of both leptospirosis and melioidosis is a 
cross-cutting issue with water quality and 
surveillance.

Surveillance and early warning systems 
for vector-borne diseases

Under current practices in Australia, many states 
and territories have programs of environmental 

monitoring, mosquito monitoring and virus 
isolation, outbreak prediction, issuing of health 
warnings etc; and these will form a foundation 
for building adaptation strategies.

An important aim of elucidating how climatic 
conditions and processes affect infectious 
disease transmission is to further improve 
current short-term forecasting, while also 
creating the capacity to develop longer-term 
scenario-based predictive modelling. An EWS 
can serve as a risk management tool to enhance 
the ability to predict epidemics, including 
enabling health authorities to prepare for and act 
to reduce or avoid the impact of these diseases 
(Teklehaimanot et al., 2004a; Tong et al., 2005).

The development of spatio-temporal models has 
evolved rapidly in relation to the control and 
prevention of mosquito-borne diseases, often 
successfully incorporating weather and 
environmental data (Teklehaimanot et al., 2004a, 
2004b; Thomson et al., 2006). In addition, 
centralised laboratory services impact on timely 
testing and results reporting for both surveillance 
and case cluster investigations. Future 
technologies to improve ‘point of care’ testing 
for relevant infectious diseases in predicted 
high-risk locations will help with the timeliness 
of detection and response.
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Although RRV is the most common and 
widespread arbovirus in Australia, little research 
has been done to develop an effective EWS to 
forecast outbreaks of RRV or other vector-borne 
diseases. Such EWSs may need to be modifi ed 
to consider the characteristics and conditions 
of different socio-ecological regions of Australia, 
including new suburban estates. For example, 
new housing developments near salt marshes 
or other bodies of water will increase the risk 
of mosquito bites to the residents (Lyth et al., 
2005); or fl ying foxes may utilise residential fruit 
trees or similar vegetation as an alternative 
source of food if weather conditions affect their 
usual food sources.

Similar initiatives are required for environmental 
pathogens, e.g., bacteria, such as those 
causing melioidosis and leptospirosis, and 
water-borne protozoa. Surveillance of vector 
species and changing environmental conditions 
needs to be strengthened.

Water scarcity has led to a recent rise in 
rainwater tank installations. Outbreaks of 
water-borne disease may occur if rainwater 
tanks are contaminated (e.g., by Salmonella). 
Moreover, Ae. aegypti has a propensity to breed 
in water containers around people’s dwellings, 
and the use of rainwater tanks in combination 
with climatic changes may increase the 
susceptibility of cities such as Brisbane to 

dengue epidemics. A study on the surveillance 
of Ae. aegypti in rainwater tanks in northern 
Queensland is underway (S.A. Ritchie, personal 
communication, 2008). There is a need to 
monitor the impact of this and other responses 
to climate change, taking into account other 
determinants of receptivity to vector-borne 
disease (e.g., vertebrate reservoir host 
populations in the case of RRV, 
increasing human population density, etc).

Under current surveillance practices in Australia, 
infectious disease outbreaks are detected in 
retrospect, after individuals have become ill. 
Additional delays occur in detecting outbreaks 
because of the time required for laboratory 
testing and reporting of fi ndings. Since 
this system achieves incomplete coverage, 
outbreaks are not detected when diagnosed 
cases are not reported to the health department, 
such as when mild symptoms are attributed to 
other causes (e.g., food contamination) or 
when treatment is not sought for individual 
health problems.

Although there is a National Notifi able Diseases 
Surveillance Scheme (NNDSS), and the 
Communicable Diseases Network of Australia 
(CDNA) coordinates interaction between 
jurisdictional public health units, cross-border 
communications and state–territory–
commonwealth communications are suboptimal 

December 23, 2008: Spraying for mosquito control in Cairns, Qld during 
a dengue fever outbreak. Image: Newspix/Jake Nowakowski.
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for best-practice responses to outbreaks which 
cross jurisdictions. Australia still lacks an 
adequately funded equivalent of the US 
Centers for Disease Control (CDC). The CDNA 
provides publications on all notifi able infectious 
diseases in Australia; other institutions/
programs are also seeking to provide national 
notifi cations. The National Collaborative 
Research Infrastructure Strategy’s (NCRIS) 
networked bio-security framework is about to 
begin, and the Northern Australian Emerging 
Infectious Disease Alliance (NAEIDA) is seeking 
support for researching diagnostics for 
emergent infectious diseases and for 
coordinating arbovirus surveillance programs.

Methodological challenges include the diffi culty 
involved in disentangling the effects of complex 
epidemiology and ecology (in the case of RRV, 
changes in vector density, reservoir host 
density, and secular changes in testing 
methodology and patient/doctor behaviour 
may all be happening in parallel) from those of 
climate change, and the need for a ‘paradigm 
shift’ relating to the need to accept a lesser 
weight of proof, given the importance of 
climate change to human health.

4.3.2 Key research questions for 
vector-borne diseases

Research should address any necessary 
adaptations and enhancements to the 
Australian communicable disease surveillance, 
control and prevention system in response to 
climate change. Specifi c research questions 
include the following.

  What are the future increased risks of 
arbovirus diseases arising from climate 
change? This question should focus on 
population movements and changes in 
northern Australia, and monitoring 
of potential vectors.

 – Does climate-driven predictive modelling 
of any particular vector-borne infectious 
disease outbreak reduce the occurrence 
of such outbreaks?

 – How would existing public health 
systems cope with increased levels 

of vector-borne disease infections?

  What are the future increased risks 
of disease outbreaks resulting from 
environmental pathogens such 
as leptospirosis, melioidosis, and Buruli 
ulcer arising from the effects of extreme 
weather events on ground and surface 
water?

  What contribution can the further 
development of predictive models of vector 
distribution and outbreak risk, based on 
real-time and historical data from state/
territory governments, make to combating 
climate change impacts?

  Can improved seasonal outlooks provide 
useful advance warning of altered risks of 
vector-borne infectious disease outbreaks?

 – Does this differ between human-only 
and zoonotic VBDs?

 – Are such forecasts enhanced by the 
inclusion of information about changes 
in environmental indicators (e.g., surface 
water, vegetation levels, etc)?

 – Will the implementation of such early 
warning systems result in reductions 
in outbreaks or infection rates?

  What are the potential indirect effects of 
climate change (e.g., increases in household 
water tank numbers) on vector-borne and 
environment-borne diseases?

  Evaluation of vector eradication and 
control interventions, including economic 
evaluation. As an example of the very wide 
spectrum of research required, climate 
change impacts on vector-borne diseases 
have implications for the supply of blood. A 
coordinated national response is required 
which includes adequate surveillance 
systems, predictive modelling capacity, 
and research on the transmissibility of 
the disease through the blood supply. 
This focus is required to understand 
the following.

  Impact on supply capacity through either:
 – impact on donors who are directly 
infected;

  the need to exclude donors who may 
be newly exposed to a transmissible 
disease on a new geographical basis;

Research should address any necessary adaptations and 
enhancements to the Australian communicable disease surveillance, 
control and prevention system in response to climate change. 
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  impact on donors who are required to 
care for those infected by the disease.

  Impact on the broader health sector as 
a result of the modelled impact on donors.

 – How will the health sector respond to 
a reduced volume of blood product?

4.4 Food safety and quality

4.4.1 Current knowledge and gaps4

Climatic changes are expected to affect global 
food production. The effects are likely to be felt 
less critically in a wealthy country such as 
Australia, although higher food prices will 
necessarily affect the diet and nutrition 
of low-income groups.

Outbreaks due to food-borne pathogens are 
monitored by OzFoodnet across Australia. In 
2005, 624 outbreaks of gastroenteritis were 
reported, 102 of which were food-borne (which 
affected over 1,900 people, including 187 
hospitalisations and four deaths) (OzFoodnet 
Working Group, 2006). It is estimated that 
currently the incidence of gastroenteritis in 
Australia is about one case per person per year, 
and that about one-third of gastroenteritis 
is food-borne. Most infections are mild, although 
they can be serious in some cases, occasionally 

leading to death in vulnerable people. 
Other health outcomes can also sometimes 
follow certain bacterial illnesses and, while less 
frequent than gastroenteritis, these have 
potentially serious implications. These sequelae 
include haemolytic uraemic syndrome, Guillain 
Barre syndrome and rheumatoid arthritis.

The early detection of food-borne disease 
outbreaks currently depends on regular 
assessment of surveillance data that are 
collected for common food-borne pathogens 
(Campylobacter, Salmonella and others), 
and rapid response information from other 
sources that suggests a potential food-borne 
outbreak might be occurring. Primary prevention 
of outbreaks depends largely on monitoring of 
the food supply from paddock to plate, using a 
comprehensive approach to risk analysis and 
rapid response to problems in the food chain.

A number of infections due to food-borne 
pathogens are seasonal, and some studies have 
quantitatively estimated the effects of underlying 
ambient temperature and other weather 
variables on disease incidence. An early warning 
system could potentially include environmental 
and weather factors that are identifi ed as risk 
factors for an increased likelihood of 
contamination in the food chain and with 
increased human disease outcomes. Monitoring 

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 

June 2005: Discarding spoiled perishable food during the Lismore, NSW, fl ood. 
Image: NSW State Emergency Service.
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of factors that affect the health and well-being of 
stock and crops, and the distribution, transport 
and storage of food is also relevant. Major 
changes in distribution and transport, such as a 
reduced capacity for refrigeration, may result in 
less than optimal food safety environments and 
changes in the types of food available. The most 
important mechanisms to prevent and control 
food-borne diseases are improved surveillance 
and monitoring, supply chain risk assessment, 
and improved management, communication 
and preparedness for potential outbreaks.

Food quality may also be affected by extreme 
weather events. For example, storms may cause 
electricity supplies to fail, resulting in food 
spoilage and the inability to heat food or use hot 
water for washing plates etc. (Cretikos et al., 
2007). Heat events can also cause electricity 
supplies to fail (usually due to overloading of the 
grid), increasing the risk of food-borne diseases.

Current food distribution patterns and how they 
impact on disease is not well understood; the 
globalisation of food supplies has resulted in 
some international outbreaks. How food 
distribution patterns may be altered due to 
climate change, especially as the world adapts 
to mitigation strategies with more expensive 
transport, is unknown. It is possible that food 
supplies may once again become more localised 
as transport costs increase.

4.4.2 Key research questions for food 
safety and quality

An organisation for investigating the outbreaks 
and epidemiology of food-borne disease in 
Australia already exists: OzFoodnet conducts 
rigorous testing, surveillance and research on 
food-borne disease pathogens and outbreaks. 
Although research priorities for food quality exist, 
the activities pursued by OzFoodnet provide the 
basis for adaptation to emerging climate 
change-related food quality issues.

  Where will the likely climate change impacts 
on food safety and quality be observed, 
and what measures/practices can be 
implemented to reduce the risk of food-borne 
disease outbreaks?

  At what point in the food chain is increased 
vigilance most likely to reduce outbreaks 
of temperature-related food-borne 
gastroenteritis?

4.5 Air quality

4.5.1 Current knowledge and gaps

Climate change may have an impact on the 
concentration of air pollutants. Concentrations 
can rise during heat waves and may contribute 
to the increased mortality that occurs during 
prolonged hot weather (Haines et al., 2006). 
This has important implications for morbidity 
from a number of respiratory diseases, such 
as asthma, allergic rhinitis and chronic 
obstructive pulmonary disease, and mortality 
from these and other diseases (such as 
cardiovascular diseases), with their attendant 
social and economic costs (Galbally, 2007). 
Many of these conditions are already signifi cant 
diseases in Australia. Asthma, for example, 
already affects 14–16% of children and 10–12% 
of adults — rates that are high by international 
standards (AIHW, 2005). Expenditure on asthma 
in Australia is also high, with the direct health 
expenditure alone in the 2000/2001 fi nancial 
year standing at $693 million (AIHW, 2005). The 
impact of asthma on quality of life is also 
considerable.

Furthermore, longer dry periods and more 
frequent, more intense heat waves will result 
in more bushfi res across Australia. Bushfi res 
produce smoke and wind-blown dust, which 
has been shown to correlate with a rise in daily 
hospital admissions for respiratory complaints 
(Chen et al., 2006). Therefore, it is likely 
that respiratory disease-related demand on 
hospitals and emergency departments will 
broadly follow the trends given by regional 
climate change projections with regard to 
temperature, rainfall and bushfi re frequency. 
This is signifi cant both for seasonal 
and long-term preparedness planning.

These effects highlight the need for air quality 
monitoring and forecasting at the local, state 

4 The research issues around food production and security in Australia, especially the impacts of increased drought on food 
cost and availability, will be addressed in the National Climate Change Adaptation Research Plan for Primary Industries.
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and national levels. Climatic conditions infl uence 
the formation and dispersal (and perhaps the 
biological impact) of certain air pollutants. 
Epidemiological research and air quality 
monitoring are well established in Australia in 
relation to air pollutants as health hazards. The 
work of the Environment Protection Heritage 
Council (EPHC), at both national and state 
levels, is linked to a range of monitoring and 
evaluation bodies and processes, and these 
provide a rich source of information and 
systematic data on air quality.

The Australian Air Quality Forecasting System 
(AAQFS) is an example of a next-day forecasting 
system for air pollutants in Australia (Cope et al., 
2007). Using AAQFS, the Bureau of Meteorology 
generates twice-daily operational forecasts for 
Adelaide, Melbourne and Sydney, and CSIRO 
generates daily forecasts of dust and smoke for 
the Australian continent (see http://www.csiro.
au/services/AAQFS.html#Heading2).

Despite these measures, air quality and 
air-borne biological contaminants data in 
Australia are considered by some to be of a 
lower standard than those presented in the 
international literature. There is considerable 
scope for improvement in the monitoring of air 
quality and aeroallergens in Australia. In 
particular, there is scope to undertake targeted 
measurement and monitoring campaigns to 
better understand the processes of air pollution 
formation and impact under a warmer climate, 
such as increased emissions of biogenic reactive 
gases, increased particle loadings due to dust 
and bushfi re smoke, and faster chemistry 
leading to more photochemical smog. It is also 
important to ensure that an appropriate 

community health message on the possible 
negative health consequences of poor air quality 
(particularly in those suffering pre-existing 
respiratory health problems) is communicated. 
In addition, an effective means of 
communicating information on the occurrence 
and forecast of poor air quality to the public 
is required, advising them to reduce their time 
spent outdoors on days affected by smog or 
pollen etc. Although several states already have 
effective systems for communicating the 
incidence of poor air quality, these systems 
could still be further improved.

4.5.2 Key research questions for 
air quality

  Can forecasts of impending air pollution 
episodes be used to minimise the health 
impacts due to air pollutant exposure 
for urban and rural communities? Both 
short-term forecasting and longer-term 
strategic modelling of air pollution have 
important roles to play in managing 
the impacts.

  What targeted measurement and 
monitoring is required to underpin 
air quality improvement programs? 
Which air contaminants should be measured?

  Would exploring, expanding and enhancing 
existing methodologies of providing 
information on the occurrence and forecast 
of poor air quality to the public be benefi cial?

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 
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4.6 Water quality

4.6.1 Current knowledge and gaps

Climate change is likely to increase the intensity 
of heavy rainfall over most of Australia in 
summer (except for south-western Western 
Australia) and autumn (except for south-western 
Western Australia and south-east Queensland) 
and over most of northern Australia in winter 
and spring (CSIRO and BoM, 2007). Water 
quality is greatly infl uenced by these precipitation 
patterns. However, projections are associated 
with signifi cant uncertainty, and we know that 
rainfall patterns may vary signifi cantly at high 
spatial resolution; between adjoining 
catchments, for example (CSIRO and BoM, 
2007). In a study in the USA, over 50% of 
water-borne disease outbreaks in the preceding 
50 years were found to be signifi cantly 
correlated with major precipitation events 
(Curriero et al., 2001). Sudden heavy rainfall, 
with associated fl ooding, can overload some 
sewer and storm-water systems, potentially 
leading to faecal contamination of storm-water 
released back into the environment. Heavy 
precipitation events will also tend to fl ush out 
pathogens from upstream water catchments, 
especially farm runoff, such that 
Cryptosporidium, Giardia and other protozoa, 
bacteria and viruses enter the water supply 
network. Research conducted in Canada 
demonstrated that outbreaks of enteric 
disease caused by Escherichia coli, 
Campylobacter and Cryptosporidium were 
correlated with rainfall, where heavy rain 
affected the surface water of catchments 
and dams (Thomas et al., 2006). Increases in 

the nutrient content and water temperature of 
dams, caused by heavy precipitation, can lead 
to blooms of cyanobacteria, which can be toxic 
(Hunter, 2003).

Generally speaking, Australia has given 
insuffi cient consideration to ‘upstream’ 
assessment of health risks via monitoring of 
water quality (with improved monitoring tools for 
water-borne microorganisms, especially key 
pathogens) as a basic adaptive strategy. The 
management of pathogen loads in drinking 
water is a priority for suppliers of mains water to 
cities and towns. Recent Australian research has 
developed a process-based mathematical 
model to predict levels of E. coli, 
Cryptosporidium and Giardia from drinking 
water catchments in New South Wales 
(Ferguson et al., 2007). The model used a range 
of variables (e.g., land use and water fl ow) 
to predict which areas of a particular catchment 
may be contributing the highest pathogen loads 
in dry, intermediate and wet weather. This model 
can be used to prioritise control measures for 
affected parts of the catchment in order to 
reduce the pathogen loads in drinking water 
(Ferguson et al., 2007). Further research would 
allow for better prevention and for controls that 
limit the impact of contamination events, 
especially if tied to the documentation 
of watershed descriptors and hydrological 
models providing improved modelling of 
water quality.

Both droughts and fl oods have an effect on 
water quality. Research on the water quality 
of the Rhine River on the German–Dutch border 
found that water quality declined in years 

September 23, 2009: Dust storm in Sydney. Image: Newspix/Sam Mooy.
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correlated with drought in the region, when 
compared with non-drought periods (Zwolsman 
and van Bokhoven, 2007). Reduced rainfall is 
also likely to increase the risk of toxic algal 
blooms and the salinity of drinking water 
(Hennessy et al., 2007).

4.6.2 Key research questions for 
water quality

  What water quality monitoring activities 
are required to support adaptation 
initiatives? These might include ‘upstream’ 
assessment of health risks via monitoring 
of water quality (with improved monitoring 
tools for water-borne microorganisms, 
particularly key pathogens of concern such 
as Cryptosporidium), especially tied to the 
documentation of watershed descriptors 
and hydrological models providing improved 
modelling of water quality.

  Would combined studies of meteorological 
forecasts of impending seasonal and/or 
extreme weather conditions, and watershed 
descriptors and hydrological models as tools 
for prioritising water quality control measures, 
add to adaptive capacity?

  What is the role of the existing water 
authorities responsible for treating water in 
the management of climate change impacts?

4.7 Mental health

4.7.1 Current knowledge and gaps

Climate change has the potential to lead 
to adverse mental health outcomes through 
a number of pathways. First, there is an 
established body of literature outlining the 
adverse mental health impact of natural 
disasters (such as fl oods, cyclone events, 
droughts and fi res), and the factors that can 
modify the risk of poor mental health outcomes 
in the event of such disasters (McFarlane et al., 
1997; Raphael, 1986). Any increase in the 
severity and frequency of natural disasters may 
adversely affect the mental health of 
communities.

Second, climate change may have an effect on 
a number of broad social determinants of mental 
health, including socio-economic adversity and 
effects on community viability and networks. 
An example is the chronic adversity of drought 
in many areas of Australia (Sartore et al., 2005) 
and the resulting heightened vulnerability to 
distress and mental health effects. Although the 
impact of drought on the mental health of rural 
and remote communities is diffi cult to assess 
and quantify, there is evidence that the incidence 
of depression is increasing. Suicide rates 
for agricultural workers have been consistently 
higher than the national average (Page and 
Fragar, 2002), with recent research suggesting 
a rate more than double the national average. 
Climate projections suggest that drought and 
prolonged dry periods will become more 
common in the future in much of Australia 
(Hennessy et al., 2008). This will affect many 
rural areas in particular, and economic, social 
and geographical problems could all contribute 
to an increase in the risk of mental health 
problems in rural communities (Berry et al., 
2008; Nicholls et al., 2006).

Third, and more broadly, the threat of climate 
change and its consequences may have wider 
psychological and social effects on communities 
through the impact on perceptions of safety, 
security and fears regarding the future. The 
methods and tenor of communication regarding 
the actual or potential health and social risks 
associated with climate change will be important 
determinants of community emotional and 
behavioural responses. This may, in turn, be 
a key determinant of ways in which people 
respond to any demands for behaviour change or 
adaptation to climate change-related health risks.

Addressing these mental health factors requires 
methods to support community adaptation to 
the changes that may fl ow indirectly from climate 
change impacts, and to build preparedness 
for effective responses to adverse environmental 
events (see Appendix 1 for a typology of 
interventions). Resources and external supports 
that build social cohesion and resilience may 

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 
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infl uence the severity and distribution of these 
problems. It has been observed, however, that 
a high degree of social cohesion is present in 
many rural communities (Alston, 2002; Alston 
and Kent, 2004; Fraser et al., 2002; Hegney et 
al., 2007; Judd et al., 2006; Stehlik, 2003; Stehlik 
et al., 1999, 2000; Wainer and Chesters, 2000), 
which can be benefi cial in building resilience to 
the hardship and potential mental illness 
associated with changes in climate. However, 
little research has been undertaken into adaptive 
strategies to climate change-induced mental 
health problems, including the examination 
of community situations, and devising location- 
and community-specifi c adaptation strategies. In 
the fi eld of family and children’s health, the most 
substantial gaps relate to the analysis of family 
and children’s social environments. The current 
worries and concerns of children are not known, 
and a better understanding of these may have 
long-term sequelae for the mental health impacts 
of climate-related disasters or events.5

Understanding the impacts of climate change 
on mental health as a key dimension of 
individual and community well-being is vital. 
While it is important to understand the effect 
of climate change-related health impacts and 
mental health problems on all aspects of the 
population, there is an increased need for an 
understanding of these mechanisms in rural 
communities, because these communities are 
inherently more vulnerable. This vulnerability 
stems from poor resourcing of the health 
infrastructure and services, and potentially 
greater exposure to adverse environmental 
events. Rural communities are also substantially 
reliant on farming and related industries, the 
viability of which is being compromised by 
climate change, leading to high stress levels 
in these communities.

4.7.2 Key research questions for 
mental health

  What interventions are required to minimise 
the potential harmful mental health effects 
of natural disasters (such as adverse climatic 
events), building on the established models 

and frameworks in disaster mental health 
planning? Addressing this research question 
will require links with climate scientists and 
modellers to explore how future climatic 
variability and extreme weather events will 
affect population mental health.

  What interventions at a broad community 
level are most effective in reducing the 
adverse mental health impacts of climate/
environmental changes in rural Australia? 
Addressing this research question will 
require determination of the relationship 
between changes in climate and mental 
health, especially common mental health 
problems, in rural individuals, households 
and communities:

 – identifi cation of at-risk groups;
 – determinants of community and family 
resilience and coping capacities;

 – impact of climate change on known social 
determinants of mental health;

 – responses to the perceived impact on 
future hopes and expectations.

  Is stress and anxiety about ‘global warming’ 
in children and adults affecting their quality of 
life? What types of information, education and 
discussion are most effective in addressing 
concerns and galvanising positive coping 
responses to climate change — and, for each, 
in what age-ranges? Do such interventions 
also lead to changes in child and family 
behaviours? This will require research into 
how children and young people respond to 
the risks posed by climate change, including 
perceptions, anxieties of children and young 
people, and parent-transmitted stresses.

  What disease categories within ‘mental 
health’ are likely to be vulnerable to climate 
change impacts? For example, considering 
the categories of psychiatric disorders typical 
during old age, how would different aspects 
of adverse climate change affect these?

  How is mental health likely to be affected 
by socio-economic factors related to impacts 
of climate change, including:

 – fi nancial strain and insecurity, including 
loss (actual, threatened) of livelihoods;

5 See also Children’s Environmental Health Issues in Australia: Australian Research Alliance for Children and Youth Report, 
April 2008.
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 – emotional responses to the degradation 
of the land and suffering of wild and 
domesticated animals;

 – hopelessness (and its associations with 
distress) in the face of uncontrollable 
adverse events;

 – increasing social and economic inequality 
(between and within communities)?

  What methods of community-wide education 
and information will support effective 
adaptation and minimise distress?

4.8 Community and 
Indigenous health

4.8.1 Current knowledge and gaps

When considering climate change impacts on 
human health, it is important to acknowledge 
the great diversity of communities — from urban 
centres to the most remote settlements — and 
to ensure that, to the greatest extent possible, 
research is able to accommodate the unique 
characteristics of each. In this regard, it will 
be essential to involve communities in 
determining appropriate research questions, 
in undertaking research, and in interpreting and 
disseminating research fi ndings. This will be 
particularly important in vulnerable communities 

and among vulnerable Australians, particularly 
Indigenous Australians and people from 
linguistically and culturally diverse backgrounds.

Indigenous Australians living in remote 
communities in the northern and central regions 
of the country are likely to be disproportionately 
disadvantaged by the adverse impacts of 
climate change. Their vulnerability is heightened 
due to at least three factors: (i) existing 
non-climate stresses; (ii) a culture that does not 
necessarily differentiate between natural and 
human systems in relation to the concept of 
‘health’ (Green, 2006a); and (iii) a connection 
between the need to ensure the well-being of 
country, ‘caring for country’, and health (H. 
Berry, personal communication, 2008). The fi rst 
factor reduces a community’s resilience to 
a changing environment. The second suggests 
that biophysical changes affecting the ‘health’ of 
an ecosystem are likely also to impact 
individuals’ physical and mental well-being, 
as well as the ‘health’ of a community’s cultural 
cohesion. The third factor is important because 
an inability to ‘keep country healthy’ or the loss 
of culturally signifi cant country (particularly 
coastal land) due to climate change and sea 
level rise, would be likely to have a differentially 
profound effect on Indigenous Australians. This 
interconnection between Indigenous Australians’ 
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‘country’ and community well-being means that 
assessments of how climate change is likely to 
affect Indigenous people’s health must also 
factor in climate impacts on the land and marine 
ecosystems of their country.

There is a limited literature on the health impacts 
caused by climate change for the Australian 
population. The report, Climate Change Health 
Impacts in Australia, does identify the impact of 
various greenhouse gas emission mitigation 
strategies on health, but does not specifi cally 
assess the impacts for Indigenous populations 
(Woodruff et al., 2005). Of more relevance to 
Indigenous Australian communities, Currie 
(2001) highlights the potential impacts of climate 
change in northern Australia, specifi cally 
focusing on infectious disease patterns. 
Concerns have been raised that climate change 
could allow new diseases, such as avian 
infl uenza, to enter Australia from the north, and 
new pests, such as screw worm fl y, to infest 
feral animals, but these concerns have not yet 
been quantitatively assessed or documented 
(J. Morrison, personal communication, 2008). 
Green (2006b) provides the most up-to-date 
compilation of likely health impacts for 
Indigenous Australians. Adaptive capacity to a 
changing climate may be reduced for many 
Indigenous communities, due to a range of 

factors including poor infrastructure, 
low economic status, and existing chronic 
health problems.

Community engagement is an integral part of 
wider (local and national scale) climate change 
adaptation (Ebi and Semenza, 2008). The 
central issue for communities is vulnerability. 
How communities can cope with the health 
impacts attributed to climate change needs 
to be evaluated, to ensure that they have the 
tools, knowledge and facilities to adjust to life in 
a changing climate. This is particularly important 
for rural areas, where facilities may not be of the 
same standard as those in cities. There are 
many cross-cutting issues associated with 
evaluating community vulnerability. These 
include the role of individuals, building 
community cohesion, and equity issues.

4.8.2 Key research questions for 
community and Indigenous health

  Which types of intervention most effectively 
increase the level of community resilience?

 – What key characteristics of Indigenous, 
rural and urban communities determine 
their level of resilience to the stress 
of long-term changes in climatic 
and environmental conditions? This 
will involve research into community 

The Royal Flying Doctor Service assisting rural and remote communties. Image: RFDS.
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engagement, including controlled 
intervention studies, to examine what 
works in a community approach.

  How might climate change and climatic 
extremes affect aspects of Indigenous 
culture and living conditions that affect 
health, including:

 – residential and working conditions (in 
relation to heat extremes);

 – supplies of fresh water;
 – distribution and supplies of traditional food 
sources;

 – potential confl ict situations if/when 
some vulnerable (e.g., low-lying coastal) 
communities are relocated;

 – increased exposure, in some locations, 
to extreme weather events?

  Research in this area requires an 
understanding of the vulnerability of groups 
and communities, and key drivers of health 
such as socio-economic status. It also 
requires engagement and communication 
with the most vulnerable groups, preferably 
through a participatory action approach that 
works closely with relevant communities. 
In addition, the development of systematic 
approaches to identifying, evaluating 
and implementing adaptive strategies 

to lessen the health risks of climate change, 
especially in vulnerable groups, needs to be 
undertaken. There is a need to build research 
capacity in this area including:

 – evaluation of programs to assist 
communities to adapt to climate 
change impacts;

 – using scientifi c evaluations of policy 
initiatives, programs and interventions 
to enable academic researchers 
and policy-makers to work together;

 – developing long-term research targets, 
and building the research base and the 
capacity required to achieve these targets;

 – building strong collaborations with key 
rural stakeholders, with all levels of 
government, and with the non-profi t 
service-delivery sector.

  Will climate change increase intergenerational 
health and social inequities, and for whom? 
How might policy and intervention reduce 
intergenerational inequities linked to 
climate change?

4. Climate change-related research in Australia: current knowledge, gaps and research priorities 
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4.9 Health care services 
and infrastructure

4.9.1 Current knowledge and gaps

There is a strong need for adequate hospital 
and primary care systems to cope with a 
potential increase in climate change-related 
illness. There is also a range of monitoring and 
analysis work required to ensure that the health 
system is designed in the best way to support 
individual, community and institutional 
adaptation. The key research questions listed 
in the following section should include the 
specifi c consideration of groups with high levels 
of dependence on the health sector, including 
the aged and chronically sick, and all those 
who are cared for in the community. This 
consideration should extend to the adequacy of 
design, construction and operation of residential 
facilities, for example for care of the aged.

4.9.2 Key research questions for health 
care services and infrastructure

  Is the health care system adequately 
structured, staffed and resourced to 
handle increased demands from (i) extreme 
weather events and (ii) outbreaks of 
infectious diseases? What improvements 

are needed, feasible and effective? What 
are the additional workforce requirements 
for professions such as environmental health 
and epidemiology, which will be important in 
surveillance and in primary and secondary 
prevention? Is health infrastructure planned 
for less-vulnerable locations? What models of 
integrating the entire health sector’s adaptive 
responses best support the coordination of 
adaptive activities?

  What models of linkage and knowledge 
exchange between climate change 
researchers and policy-makers best provide 
relevant decision support in planning health 
sector responses?

  What role should the primary health care 
sector play as part of a broader public health 
adaptive response to climate change?

  What forms of in-career training of health care 
and related professionals best prepare them 
to identify and respond to climate-related 
health impacts?

  How do the strategies for the mitigation of 
greenhouse gas emissions interact with the 
strategies to adapt to the health impacts 
of climate change, and how might these 
interactions be managed?

There is a strong need for adequate hospital and primary 
care systems to cope with a potential increase in climate 
change-related illness. There is also a range of monitoring 
and analysis work required to ensure that the health system 
is designed in the best way to support individual, community 
and institutional adaptation.
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5. Prioritising climate change-related 
health research

5.1 Criteria and considerations 
for prioritising research activities

Actions aimed at addressing the impacts of 
climate change span a wide spectrum of 
sectors. The COAG National Climate Change 
Adaptation Framework 2007 identifi es eight 
sectoral areas, including human health, for 
implementing adaptation actions. Since the 
resources and capacity currently available in 
Australia for adaptation research are limited, the 
National Climate Change Adaptation Research 
Facility has developed a set of fi ve criteria to be 
used for prioritising research topics within each 
theme area (see Appendix 3 for details). These 
criteria are being used in the context of all the 
Research Plans being developed by the Facility.

In relation to this Research Plan on Human 
Health, a sixth criterion, related to equity issues, 
has been added. The criteria are:

1. Severity of potential impact/degree of 
potential benefi t.

2. Immediacy of required intervention/response.

3. Need to change current intervention/
practicality of intervention.

4. Potential for co-benefi ts (desirable).

5. Cross-sectoral relevance (desirable).

6. Distribution and equity considerations 
surrounding the perceived benefi ciaries of the 
research and resulting adaptation strategies.

A number of issues need to be considered when 
assessing priorities for climate change and health 
research, in order to achieve the ‘best’ 
outcomes. An essential front-end need is for 
information about the (likely) magnitude of 
adverse health impacts due to climate change, 
in order to guide decisions about the choice of 
adaptive interventions.

The relationship(s) between background 
(i.e., natural) climate variations and the 

A number of issues need to be considered when assessing 
priorities for climate change and health research in order to 
achieve ‘best’ outcomes… A crucial task is to determine 
who is at the greatest risk of adverse health effects of 
climate change.
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specifi ed health outcome(s) must be suffi ciently 
well understood, and the burden of disease 
attributable to such variations can then be 
estimated. This provides an indication of the 
likely impact of climate change on that/those 
health outcome(s).

It is relevant to seek evidence of actual health 
impacts of climate change, particularly in 
vulnerable regions or communities, although 
other factors will affect the amount of evidence 
required to guide decision-making. For example, 
less evidence may be needed to justify 
the implementation of a heat wave early warning 
system, since it will be a relatively low-cost 
undertaking and will be useful in both current 
and future situations in any event. 
Adaptive strategies for other health problems 
(e.g., some infectious diseases) may require a 
larger base of evidence to demonstrate the risk 
to health before they are deemed justifi able.

Scenario-based modelling can be used to 
forecast the health risks posed by future 
plausible changes in climate. Adaptive strategies 
will often need to have a signifi cant anticipatory 
dimension to them.

Research into adaptation and adaptive strategies 
must address both short- and long-term time 
horizons. For example, in relation to the health 
risks from heat waves we could improve our 
early warning systems immediately, in order to 
achieve immediate reductions in excess 
mortality. In the long term, however, there will 
also be a need to render both urban environment 
and housing design less heat-trapping, drawing 
on the skills of urban planners, architects 
and developers.

A crucial task is to determine who is at the 
greatest risk of adverse health effects of climate 
change. Groups and communities that may be at 
elevated risk include rural communities, 
Indigenous communities, and the very young 
and the elderly. In general, adaptive strategies 
should pay particular attention to the needs 
of these subgroups. Researchers will therefore 
often need to engage and communicate with 
vulnerable groups to determine how they will be 
affected and how they will cope with the health 
risks or the actual impacts. Appendix 2 shows 
a recent tabulation of vulnerable groups in the 
USA, prepared by the Centers for 
Disease Control.

Left: First aid during the Gippsland, Vic, 2006 bushfi res. Image: Australian Red Cross/
Shannon Reddaway. Right: June 2007 fl oods in Wyong, NSW. 

Image: NSW State Emergency Service.
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5.2 Prioritising research activities 
related to human health 
and climate change

Ranking areas for research into high and low 
priority is diffi cult, given that many aspects of 
research are not directly comparable and 
time-frames for research vary. Nonetheless, 
an attempt is made to apply the six prioritisation 
criteria to the summary list of key research 
questions identifi ed under each of the nine 
sub-themes in Section 4. 

Applying these criteria, research priorities were 
ranked from low to high. The full assessment 
matrix is in Appendix 4. From this, the following 
list of priority topics emerged (Table 2), with a 
higher need identifi ed in relation to heat waves, 
vector-borne disease, and health infrastructure 
and services.

Cooling off in the January 2009 Victorian heatwave. Image: Newspix/Rob Leeson.

5. Prioritising climate change-related health research
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Table 2. Priority research questions

Heat
  Which categories of people, in city, town and countryside, are at greatest risk of death or serious illness 

(i.e., most ‘vulnerable’) from short-term extremes of heat? Do levels of understanding of the nature of these risks, 
and personal/household-level ways of ameliorating them, vary between these population subgroups? Are there 
changes that are needed for mainstream policy for public health?

  Do early warning systems for heat waves and other extreme weather events reduce adverse health impacts? 
Which types work best?

Extreme weather events
  Does public education about the risks of extreme events, and their avoidability, alter people’s knowledge 

and behaviour?

Vector-borne disease
  What are the future risks associated with arbovirus diseases, with a particular focus on population movements 

and changes in northern Australia, and monitoring of potential vectors? Does climate-driven predictive modelling 
of any particular vector-borne infectious disease outbreak reduce its occurrence?

  Can meteorological forecasts of impending seasonal weather conditions provide useful advance warning of altered 
risks of vector-borne infectious disease outbreaks? Does this differ between human-only and zoonotic VBDs? 
Are such forecasts enhanced by inclusion of information about changes in environmental indicators (e.g., surface 
water, vegetation levels, etc)? Will the implementation of such early warning systems result in reductions in 
outbreaks or infection rates?

Food, air and water quality
  Where will the likely climate change impacts on food safety and quality be observed, and what measures/practices 

can be implemented to reduce the risk of food-borne disease outbreaks?
  What is the role of water authorities responsible for treating water in the management of climate change impacts?

Mental health
  What interventions are required to minimise the potential harmful mental health effects of natural disasters (such 

as drought and adverse climatic events), building on the established models and frameworks in disaster mental 
health planning?

Community and Indigenous health
  Which types of intervention most effectively increase the level of community resilience? What key characteristics 

of rural and urban communities determine their level of resilience to the stress of long-term changes in climatic 
and environmental conditions?

  How might climate change and climatic extremes affect aspects of Indigenous culture and living conditions that 
affect health?

Health care system and infrastructure issues
  What models of integrating the entire health sector’s adaptive responses best support coordination 

of adaptive activities?
  What models of linkage and knowledge exchange between climate change researchers and policy-makers 

best provide relevant decision support in planning health sector responses?
  What role should the primary health care sector play as part of a broader public health adaptive response 

to climate change?
  Is the health care system adequately structured and staffed to handle increased demands from (i) extreme weather 

events and (ii) outbreaks of infectious diseases? What improvements are needed, feasible and effective?
  What forms of in-career training of health care professionals best prepare them to identify and respond 

to climate-related health impacts?



40 National Climate Change Adaptation Research Plan    Human Health

6. Cross-cutting, methodological 
and implementation issues

The area of health research in the context of 
climate change is complex, encompassing a 
range of research disciplines, sectors and 
stakeholders. The methods used to conduct 
research will often require wide consultation 
and broad collaboration. The two fi elds 
of climate change science and health impacts 
research include many highly qualifi ed individuals 
with expertise in essential disciplines that will 
mutually benefi t from linkages, networks and 
formal collaboration. It will be important to 
establish which research methods will best 
capture different types of data from various 
areas (e.g., urban vs. rural areas).

6.1 Evaluation research

The interface between researchers and 
policy-makers is critical if effective and enduring 
policy decisions are to be made and strategies 
and programs established. Therefore, the 
evaluation of interventions needs to be seen 
as an opportunity to engage stakeholders, 
researchers and government in novel, 
challenging, outcome-oriented and diverse 
ways, with a view to developing and refi ning 
policy that is both appropriate and well-received.

In order to plan an appropriate adaptation 
strategy, it is important to learn what 
communities understand about climate 
change risk. It is also important to understand 
what communities think climate adaptation is, 
and what they are willing to do or to tolerate in 
order to achieve it. A formal evaluation can be 
used to elucidate community awareness of risk. 
Similarly, a formal evaluation can be used to 
identify how skills and experts can be pooled 
to maximise knowledge and research resources 
for these topics.

There is currently a lack of skills in Australia 
in relation to process evaluation and in the 
evaluation of community-led activities. It will be 
necessary to ensure that particular (types of) 
evaluations are given appropriate funding 
and personnel commensurate with the 
importance and individual needs of each project. 
For example, it will be necessary to know 

the current evaluation capacity of the health 
and social policy sectors and to address 
inadequacies in capacity.

Evaluation can also be used to bring together 
policy and research experts in a structured 
manner, to work on specifi c shared projects 
in which both have an important stake. It is 
essential that careful planning and consulting 
be conducted before evaluations take place; 
all appropriate stakeholders must be included, 
especially in community evaluations, while taking 
care not to over-consult. Time-frames must be 
given special attention, as evaluations can take 
a long time to complete.

6.2 Understanding the 
relative roles of observational 
and experimental studies

Observational studies will be widely applicable 
in the evaluation of adaptive strategies. For 
example, the relative effectiveness of heat wave 
warning systems in various states can be 
compared. There will be confounding variables 
(non-climate differences between states), 
however, that need to be taken into account, 
such as levels of prior knowledge, public 
education, and acclimatisation.

The role of formal experimental studies in 
climate change adaptation research is limited, 
in particular because of the long-term nature 
of many adaptive strategies. Traditional empirical 
testing of hypotheses in relation to long-term 
adaptive strategies is simply not feasible, as this 
would require years of monitoring to obtain 
signifi cant results, which then would be passed 
on to policy-makers. This method of research 
would not allow the early implementation of 
adaptive strategies (Haines et al., 2006). In these 
instances, mathematical modelling of changes in 
future health risks will need to be used to 
provide an estimate of the results of a particular 
strategy, thereby enabling it to be implemented 
without delay.
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6.3 Prioritising and choice 
of data collection

Before embarking on new data collections, 
it is necessary to fi nd and examine the existing 
data and evaluate its quality. Describing and 
evaluating the quality and quantity of existing 
data will highlight any inadequacies or gaps, 
which will then be used to assist in the design 
of new data collections. Heterogeneity in the 
quality and quantity of data collected 
independently (e.g., by states, councils) may 
result in datasets that are incompatible, making 
a comparison of fi ndings across different 
jurisdictions diffi cult. One way to alleviate this 
is to introduce or adopt national standards for 
data collection, although any serendipitous 
data-mining or comparisons from different areas 
may be lost as a result.

It is essential that the research priorities for 
climate change and health, particularly relating 
to vulnerability and evaluation of adaptive 
strategies, are identifi ed fi rst, so as to ensure 
that the most appropriate and useful data 
are being collected. Expert stakeholders and 
other NARPs can be utilised to determine the 
scale, consistency and analysis for new data 
collections, to ensure that they will be consistent 
with the requirements of clearly identifi ed 
research priorities. One way to improve access 
and quality of data is to establish a national 
database, to be made available to appropriately 
qualifi ed researchers.

6.4 Standardising methodologies

There is a need to standardise the methodology 
used for geographical mapping of vector-borne 
diseases. An example is the work on RRV 
outbreaks. Gatton et al. (2005) used a specifi c 
defi nition for such outbreaks, whereas Tong et 
al. (2001) used localities (suburbs or townships) 
as their unit of study in work examining the 
spatio-temporal distribution of RRV 
transmission. Although these two studies 
addressed different research questions, efforts 
to standardise measures of disease frequency, 
accessed from a uniform dataset, may enable 
a better understanding and quantifi cation of the 
impact of climate change on vector-borne 
diseases and their vectors. Results from current 
research can be used to show which data are 
the most important to collect. Uniform national 
methodologies are needed to measure 
responses of vector abundance and disease 
frequency in relation to climate change.

The area of health research in the context of climate change is 
complex, encompassing a range of research disciplines, sectors 
and stakeholders. The methods used to conduct research will 
often require wide consultation and broad collaboration.
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6.5 Time-frames for 
priority research

The amount of time needed to conduct, analyse 
and disseminate the results of the priority 
research will vary greatly. There is, however, a 
trade-off between time taken and effective use 
of results. While a longer study into the health 
effects of heat will provide comprehensive 
results to be implemented into policy, a shorter 
study can infl uence changes to policy faster, 
which may save more lives immediately rather 
than in 5 years’ time.

The lag between the time taken for research 
and the implementation of results and 
recommendations can be reduced somewhat 
by the use of predictive modelling, where 
applicable. For example, research to discover 
whether changes in building codes have 
a positive effect on public health will take years 
of monitoring in order to generate signifi cant 
results. Instead, a shorter project based on 
simulations and modelling of the potential 
outcomes of certain building designs will 
facilitate the rapid implementation of changes 
to building codes in order to protect community 
health. Generally, most climate change-related 
health impacts research would be completed 
over a time period of 1–5 years.

6.6 Analyses of future 
climate change

There are a number of current and readily 
accessible products and projects which, while 
not designed specifi cally for health-specifi c 
research, can still be useful. For example, future 
climate projections will be improved via the 
Bureau of Meteorology/CSIRO-funded 
Australian Community Climate and 
Earth-System Simulator (ACCESS),6 as well as 
a proposed Climate Projections Online database 
of long-term model outlooks both from Australia 
and from modelling institutes around the world.

The modelling of future climate change 
scenarios is a dynamic evolving exercise. 
Over the coming several years, there will be 
further gains (in Australia) in downscaling, 
and in forecasting region- and perhaps 
location-specifi c changes in climate and climate 
variability. There may also be some modulation 
of the range of scenarios as climate modelling 
is updated with the latest observed trends.

6 See http://www.accessimulator.org.au/.

October 1993: Floods in North Eastern Victoria. Image: Sandi Mason.

6. Cross-cutting, methodological and implementation issues
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7.1 Budget considerations

The costs of research vary greatly between 
sectors. There are, however, some costs (relating 
to personnel, equipment and administration of 
projects, and auspicing) that are common across 
all sectors. The costs of climate change health 
research will depend on a number of factors, as 
discussed below, and will vary very substantially 
according to the characteristics of the research 
with respect to these factors.

Research scale, duration, content 

The costs of ‘research’ can vary signifi cantly 
from one small study or project, conducted 
over a period of a few months with 
straightforward content and minimal personnel, 
to large multi-study integrated research 
programs conducted by large, top-heavy 
research teams in highly complex topic areas 
over a number of years. An indicative cost range 
for the former will be from $30,000 to $70,000. 
At the conservative end of the latter, a range of 
$5 to $10 million over a 5-year period might be 
expected, which would support a small team 
undertaking complex but relatively inexpensive 
research (excluding data collection).

While shorter-term projects may cost less 
up-front, they are unable to deliver the long-term 
results required for particular cases. Proposals 
that cover longer time periods may, in spite of 
being more expensive, provide better and more 
enduring results. For example, a 12-month study 
on the health effects of heat events on the elderly 
would cost approximately $50,000 to $100,000; 
whereas a 36-month follow-up study on a similar 
topic, collecting more data at a local and 
household level, has been estimated to cost 
$650,000. The longer study with a richer dataset 
would provide better information and 
understanding, including data on some important 
factors that may guide the choice and calibration 
of intervention strategies. Similarly, an 
observation-based comparative assessment of 
the statistical impact of between three and fi ve 
different (state-based or city-based) early 
warning systems on excess death rates during 
heat waves might cost $100,000. An evaluation 
of the impact of changes in urban and suburban 
layout (open space, green space, wind corridors) 

on the ‘urban heat island’ phenomenon and the 
associated risks to health from extremes of heat 
exposure would be more expensive and 
demanding of both on-ground data collection 
and spatio-temporal modelling of relevant 
phenomena. The latter study would provide a 
stronger basis for achieving sustainable urban 
living patterns and enduring protection of human 
health. The former would require recurrent annual 
expenditure for an activity which, if taken in 
isolation of other adaptation actions, would be 
essentially ‘defensive’.

Data type and source

The costs of collecting qualitative and 
quantitative data will vary considerably 
depending on study design and sample size, 
with economies of scale often operating in larger 
studies. The collection of qualitative data tends 
to vary primarily with the number of participants 
(e.g., the number of interviews, focus groups or 
natural setting observations conducted) and the 
length of observation (e.g., the length of 
interviews). This is because there is a one-to-one 
relationship between the extent of data collection 
and researcher time (for example, in conducting, 
transcribing and coding interviews).

The cheapest form of data collection uses 
anonymous questionnaire-based cross-sectional 
data from a convenience sample, while large 
multilevel panel studies are the most expensive. 
Other possibilities include large random-sample 
cross-sectional studies conducted at one or 
multiple time points, and smaller studies nested 
within larger studies, which benefi t fi nancially from 
the infrastructure investment in the larger study. 
Accessing data from children or from vulnerable 
or other hard-to-reach subpopulations adds 
further to costs. Alternatives to collecting new 
data include re-analysing existing research 
datasets with new research questions, 
data-mining, and accessing other kinds of data, 
such as Medicare or pharmaceutical use data, 
census data and climate data. Data collected 
from multiple sources will typically be matched or 
merged, which is a diffi cult and expensive 
process. Further costs are often incurred 
in the process of accessing the data, such as 
navigating bureaucratic processes and managing 
ethics applications.

7. Indicative budget 
for priority research
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Type of study

The simplest type of study would include 
undertaking literature reviews or other 
desk-based information gathering. An indicative 
cost range for a simple study (literature review 
or desktop research) would be from $20,000 
for a very brief and simple literature review 
to $150,000 for a complex review of a large 
topic. Systematic reviews of the literature, 
particularly where they may include 
meta-analysis, and studies involving data 
collection and/or merging and data analysis, 
are more expensive. A single study of this kind, 
such as might be reported in a single journal 
article or report, involving one researcher with 
part-time research assistance and no data 
collection, could cost from around $60,000.

Participative approach

Climate change-related health research will 
require a greater use of participative research 
approaches than has been usual in academic 
research in the past. Research partners will 
include academic researchers, government 
representatives, non-profi t organisations, the 
business sector, and other groups. Access 
can be a complicated matter, with challenges 
in multiple domains including problems of 
physical access (e.g., whether partners are 
in metropolitan centres or remote locations), 
permission (e.g., in accessing Indigenous 
partners), administrative diffi culties (e.g., in 
accessing prison populations), other moral or 
ethical considerations, and partner costs 
(e.g., remuneration for participants’ time or travel, 
accommodation, out-of-pocket and 
other expenses).

7.2 Potential collaborators and 
additional funding resources

Some of the funding for the research priorities 
identifi ed in this Plan will be available through 
Commonwealth funding programs, including 
those from the Department of Climate Change, 
the National Health and Medical Research 
Council (NHMRC) and the Australian Research 
Council (ARC). The CSIRO Climate Adaptation 
Flagship is an additional potential source of 
research funding.

Additional funding for climate change-related 
health research may come from state/territory 
and local governments, the private sector, and 
others, including charities and philanthropies. 
With respect to the prospects for support from, 
and collaboration with, the private sector, there is 
increasing interest in the general topic of impacts 
and risks from climate change, in particular from 
the urban development and infrastructure sector 
and from the insurance industry — both property 
and health insurance.

7. Indicative budget for priority research

Climate change-related health 
research will require a greater 
use of participative research 
approaches than has been 
usual in academic research 
in the past. Research partners 
will include academic 
researchers, government 
representatives, non-profi t 
organisations, the business 
sector, and other groups. 



45National Climate Change Adaptation Research Plan    Human Health

The National Climate Change Adaptation Research Facility 

invested by the writing team, and by many individuals 
and organisations, in the development of this Plan. 

8. Acknowledgements 

In order to provide a meaningful roadmap 
for climate change adaptation research 
in Australia we depend on, and welcome, 
such stakeholder participation. Feedback 
and comments were submitted by the 
following institutions and individuals.

ACT Health

Australian Institute of Health and Welfare

Australian Medical Association

Bureau of Meteorology

CSIRO Climate Adaptation Flagship

CSIRO — Dr Kevin Hennessy

Department of Emergency Services Queensland

Department of Environment and Climate Change 
New South Wales

Department of Health and Ageing

Department of Health and Families Northern 
Territory

Department of Health Western Australia

Emergency Management Australia

Environmental Health Committee (enHealth)

Great Barrier Reef Marine Park Authority 
(GBRMPA)

Griffi th University — Prof Pat Dale

Griffi th University — Prof Paul Scuffham

Macquarie University — Prof Lesley Hughes

Menzies School of Health Research

National Blood Authority

National Health and Medical Research 
Council — Caroline Mills

Public Health Association of Australia

Queensland Health — Dr Jeanette Young

Queensland Government

SA Health

gratefully acknowledges the considerable time and effort 



46 National Climate Change Adaptation Research Plan    Human Health

Abbs DJ, Aryal S, et al. (2006) Projections of 
Extreme Rainfall and Cyclones. Report to the 
Australian Greenhouse Offi ce. CSIRO Climatic 
Extremes Research Group, Aspendale, Victoria.

AIHW (Australian Institute of Health and 
Welfare) (2005) Asthma in Australia 2005. 
Asthma Series No. 2. Australian Centre for 
Asthma Monitoring, Woolcock Institute of 
Medical Research, Canberra.

Alexander LV, Hope P, et al. (2007) Trends in 
Australia’s climate means and extremes: a 
global context. Aust Met Mag 56, 1–18.

Allen Consulting Group (2005) Climate Change 
Risk and Vulnerability: Promoting an Effi cient 
Adaptation Response in Australia. Australian 
Greenhouse Offi ce, Canberra, 159pp.

Alston M (2002) Social capital in rural Australia. 
Rural Soc 12, 93–104.

Alston M and Kent J (2004) Social Impacts of 
Drought: A Report to NSW Agriculture. Centre 
for Rural Social Research, Charles Sturt 
University, Wagga Wagga, New South Wales.

Berry HL, Kelly BJ, et al. (2008) Rural Mental 
Health Impacts of Climate Change. Report 
commissioned for the Garnaut Climate Change 
Review. The Australian National University, 
Canberra.

Blashki G, McMichael AJ and Karoly DJ (2007) 
Climate change and primary health care. Aust 
Fam Physician 36, 986–989.

BTE (Bureau of Transport Economics) (2001) 
Economic Costs of Natural Disasters in Australia. 
Report 103, Bureau of Transport Economics, 
Canberra [available at http://www.bitre.gov.au/
publications/99/Files/r103_lores.pdf].

Carey M (2007) Climate Change and Health: An 
Exploration of Challenges for Public Health in 
Victoria. Victorian Government Department of 
Human Services, Melbourne, 26pp.

CDA (Communicable Diseases Australia) (2008) 
National Notifi able Diseases Surveillance 
System. Australian Government, Department of 
Health and Ageing [available at http://www9.
health.gov.au/cda/Source/CDA-index.cfm].

Chen L, Verrall K and Tong S (2006) 
Air particulate pollution due to bushfi res 
and respiratory hospital admissions in 
Brisbane, Australia. Int J Environ Health Res 
16, 181–191.

Chevillon C, Briant L, et al. (2008) The 
chikungunya threat: an ecological and 
evolutionary perspective. Trends Microbiol 16, 
80–88.

Confalonieri U, Menne B, et al. (2007) Human 
health. In: Parry ML, Canziani OF, et al. (eds) 
Climate Change 2007: Impacts, Adaptation 
and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate 
Change. Cambridge University Press, 
Cambridge, UK, 391–431.

Cope ME, Hess GD, et al. (2007) The 
Australian Air Quality Forecasting system. Part 
1: Project description and early outcomes. J 
Appl Meteorol 43, 649–662.

Cretikos MA, Merritt TD, et al. (2007) Mitigating 
the health impacts of natural disaster: the June 
2007 long-weekend storm in the Hunter region 
of New South Wales. Med J Aust 187, 670–
673.

CSIRO and BoM (Australian Bureau of 
Meteorology) (2007) Climate Change in 
Australia. Technical Report 2007, 148pp 
[available at http://www.
climatechangeinaustralia.gov.au/].

9. References



47National Climate Change Adaptation Research Plan    Human Health

Currie B (2001) Environmental change, global 
warming and infectious diseases in northern 
Australia. Environ Health 1, 34–43.

Currie BJ (2008) Advances and remaining 
uncertainties in the epidemiology of 
Burkholderia pseudomallei and melioidosis. T 
Roy Soc Trop Med H 102, 225–227.

Curriero FC, Patz JA, et al. (2001) The 
association between extreme precipitation 
and waterborne disease outbreaks in the 
United States, 1948–1994. Am J Public Health 
91, 1194–1199.

Ebi KL and Semenza JC (2008) 
Community-based adaptation to the health 
impacts of climate change. Am J Prev Med 
35, 501–507.

Ebi KL, Smith JB and Burton I (eds) (2005) 
Integration of Public Health with Adaptation 
to Climate Change: Lessons Learned and New 
Directions. Taylor and Francis, Leiden, The 
Netherlands, 295pp.

Ferguson CM, Croke BFW, et al. (2007) 
Development of a process-based model to 
predict pathogen budgets for the Sydney 
drinking water catchment. J Water Health 5, 
187–208.

Fouillet A, Rey G, et al. (2008) Has the impact 
of heat waves on mortality changed in France 
since the European heat wave of summer 
2003? A study of the 2006 heat wave. Int J 
Epidemiol 37, 309-17.

Fraser C, Judd F, et al. (2002) Does one size 
really fi t all? Why the mental health of rural 
Australians requires further research. Aust J 
Rural Health 10, 288–295.

Frumkin H and McMichael AJ (2008) 
Climate change and public health: thinking, 
communicating, acting. Am J Prev Med 35, 
403–410.

Frumkin H, Hess J, et al. (2008) Climate 
change: the public health response. Am J 
Public Health 98, 435–445.

Galbally I (2007) Links between air quality 
and climate change and predicted impacts. 
Presentation to the NSW Clean Air Forum, 23 
November 2007, Sydney [available at http://
www.environment.nsw.gov.au/
CleanAirForum/2007/clean_air_galbally/
resources/Clean_Air_Galbally.pdf].

Garnaut R (2008) The Garnaut Climate Change 
Review. Commonwealth of Australia. 
Cambridge University Press, Cambridge, UK.

Gatton ML, Kay BH and Ryan PA (2005) 
Environmental predictors of Ross River virus 
disease outbreaks in Queensland, Australia. 
Am J Trop Med Hyg 72, 792–799.

Green D (2006a) How Might Climate Change 
Affect Island Culture in the Torres Strait? 
CSIRO, Melbourne.

Green D (2006b) Climate Change and Health: 
Impacts on Remote Indigenous Communities 
in Northern Australia. CSIRO, Melbourne.

Haines A, Kovats RS, et al. (2006) Climate 
change and human health: impacts, 
vulnerability and mitigation. Lancet 367, 
2101–2109.

Hanna JN, Ritchie SA, et al. (1998) Two 
contiguous outbreaks of dengue type 2 in north 
Queensland. Med J Aust 168, 221–225.

Hanna JN, Ritchie SA, et al. (2001) An 
epidemic of dengue 3 in far north Queensland, 
1997–1999. Med J Aust 174, 178–182.

Hanna JN, Ritchie SA, et al. (2003) Dengue in 
north Queensland, 2002. Commun Dis Intell 
27, 384–389.



48 National Climate Change Adaptation Research Plan    Human Health

Hanna JN, Ritchie S, et al. (2006) Multiple 
outbreaks of dengue serotype 2 in north 
Queensland, 2003/04. Aust N Z J Public Health 
30, 220–225.

Harley D, Sleigh A and Ritchie S (2001) Ross 
River virus transmission, infection and disease: 
a cross-disciplinary review. Clin Microbiol Rev 
14, 909–932.

Hegney D, Buikstra E, et al. (2007) Individual 
resilience in rural people: a Queensland study, 
Australia. Rural Remote Health 7, 620.

Hennessy K, Fitzharris B, et al. (2007) Australia 
and New Zealand. In: Parry ML, Canziani OF, et 
al. (eds) Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution of 
Working Group II to the Fourth Assessment 
Report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press, 
Cambridge, UK, 507-540.

Hennessy K, Fawcett R, et al. (2008) Drought 
– Exceptional Circumstances: An Assessment 
of the Impact of Climate Change on the Nature 
and Frequency of Exceptional Climatic Events. 
CSIRO and BoM Report for Department of 
Agriculture Fisheries and Forestry, 
Canberra, 33pp.

Hu W, Nicholls N, et al. (2004) Development 
of a predictive model for Ross River virus 
disease in Brisbane, Australia. Am J Trop Med 
Hyg 71, 129–137.

Hu W, Tong S, et al. (2006) Rainfall, mosquito 
density and the transmission of Ross River 
virus: a time-series forecasting model. Ecol 
Model 196, 505–514.

Hunter PR (2003) Climate change and 
waterborne and vector-borne disease. 
J Appl Microbiol 94, S37–S46.

Inglis TJJ, Foster NF, et al. (2004) Preliminary 
report on the northern Australian melioidosis 
environmental surveillance project. Epidemiol 
Infect 132, 813–820.

IPCC (2007a) Climate Change 2007: 
The Physical Science Basis. Contribution 
of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on 
Climate Change. Solomon S, Qin D, et al. 
(eds). Cambridge University Press, Cambridge, 
UK, 996pp.

IPCC (2007b) Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution of 
Working Group II to the Fourth Assessment 
Report of the Intergovernmental Panel on 
Climate Change. Parry ML, Canziani OF, et al. 
(eds). Cambridge University Press, Cambridge, 
UK, 976pp.

IPCC (2007c) Climate Change 2007: Mitigation. 
Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental 
Panel on Climate Change. Metz, B, Davidson 
O, et al. (eds). Cambridge University Press, 
Cambridge, UK.

Jacups SP, Whelan PI and Currie BJ (2008) 
Ross River virus and Barmah Forest virus 
infections: a review of history, ecology, and 
predictive models, with implications for tropical 
northern Australia. Vector-Borne Zoonotic Dis 
8, 283–298.

Judd F, Jackson H, et al. (2006) Help-seeking 
by rural residents for mental health problems: 
the importance of agrarian values. Aust N Z J 
Psychiat 40, 769–776.

Kjellstrom T (2000) Climate change, heat 
exposure and labour productivity: Proceedings 
of ISEE 2000, 12th Conference of the 
International Society for Environmental 
Epidemiology, Buffalo, USA, August, 2000. 
Epidemiology 11, S144.

Kovats RS and Hajat S (2008) Heat stress and 
public health: a critical review. Annu Rev Public 
Health 29, 
9.1–9.15.

9. References 



49National Climate Change Adaptation Research Plan    Human Health

Kovats RS and Koppe C (2005) Heatwaves: 
past and future impacts. In: Ebi KL, Smith JB 
and Burton I (eds) Integration of Public Health 
with Adaptation to Climate Change: Lessons 
Learned and New Directions. Taylor and 
Francis, Leiden, The Netherlands, pp136–160.

Liu C, Begg K, et al. (2008) Communicable 
Diseases Network Australia National Arbovirus 
and Malaria Advisory Committee annual report, 
2006–07. Commun Dis Intell 32, 31–47.

Lucas C, Hennessy K, et al. (2007) Bushfi re 
Weather in Southeast Australia: Recent Trends 
and Projected Climate Change Impacts. 
Consultancy Report prepared by the Bushfi re 
Cooperative Research Centre, Australian BoM 
and CSIRO Marine and Atmospheric Research 
for the Climate Institute of Australia, 84pp.

Lyth A, Holbrook NJ and Beggs PJ (2005) 
Climate, urbanisation and vulnerability to 
vector-borne disease in subtropical coastal 
Australia: sustainable policy for a changing 
environment. Environ Hazards 6, 189–200.

Mackenzie JS, Gubler DJ and Petersen LR 
(2004) Emerging fl aviviruses: the spread and 
resurgence of Japanese encephalitis, West 
Nile and dengue viruses. Nature Med 10, 
S98–S109.

McFarlane AC, Clayer JR and Bookless CL 
(1997) Psychiatric morbidity following a natural 
disaster: an Australian bushfi re. Soc Psychiatry 
Psychiat Epidemiol 32, 261–268.

McMichael AJ, Woodruff RE, et al. (2003) 
Human Health and Climate Change in 
Oceania: a Risk Assessment 2002. 
Commonwealth Department of Health 
and Ageing, Canberra, 132pp.

McMichael AJ, Woodruff RE and Hales S 
(2006) Climate change and human health: 
present and future risks. Lancet 367, 859–869.

Nicholls N, Butler CD and Hanigan I (2006) 
Inter-annual rainfall variations and suicide in 
New South Wales, Australia, 1964–2001. 
Int J Biometeorol 50, 139–143.

Nicholls N, Skinner C, et al. (2008) A simple 
heat alert systems for Melbourne, Australia. 
Int J Biometeorol 52, 375–384.

Nitschke M, Tucker GR and Bi P (2007) 
Morbidity and mortality during heatwaves 
in metropolitan Adelaide. Med J Aust 187, 
662–665.

OzFoodnet Working Group (2006) Burden 
and causes of food-borne disease in Australia: 
Annual Report of the OzFoodnet Working 
Group, 2005. Commun Dis Intell 30, 278–300.

Page AN and Fragar LJ (2002) Suicide in 
Australian farming, 1988–1997. Aust N Z J 
Psychiat 36, 81–85.

Parsons K (2003) Human Thermal 
Environments, 2nd edn. Taylor and Francis, 
London, UK.

Pittock B (ed) (2003) Climate Change: An 
Australian Guide to the Science and Potential 
Impacts. Australian Greenhouse Offi ce, 
Canberra, 239pp.

Raphael B (1986) When Disaster Strikes: How 
Individuals and Communities Cope with 
Catastrophe. Basic Books, New York, USA.

Rezza G, Nicoletti L, et al. (2007) Infection with 
chikungunya virus in Italy: an outbreak in a 
temperate region. Lancet 370, 1840–1846.

Ritchie SA, Moore P, et al. (2006) Discovery of 
a widespread infestation of Aedes albopictus in 
the Torres Strait, Australia. J Am Mosquito 
Control Assoc 22, 358–365.

Russell RC (1998) Mosquito-borne arboviruses 
in Australia: the current scene and implications 
of climate change for human health. Int J 
Parasitol 28, 955–969.



50 National Climate Change Adaptation Research Plan    Human Health

Sartore G, Hoolahan B, et al. (2005) Wisdom 
from the drought: recommendations from a 
consultative conference. Aust J Rural Health 
13, 315–320.

Smoyer KE (1998) A comparative analysis of 
heat waves and associated mortality in St. 
Louis, Missouri: 1980 and 1995. Int J 
Biometeorol 42, 44–50.

Spickett J, Brown H and Katscherian D (2008) 
Health Impacts of Climate Change: Adaptation 
Strategies for Western Australia. Government 
of Western Australia, Department of Health, 
Perth, 74pp.

Stehlik D (2003) Australian drought as lived 
experience: social and community impacts. In: 
Botterill L, Fisher M (eds) Beyond Drought: 
People, Policy and Perspectives. CSIRO 
Publishing, Melbourne.

Stehlik D, Gray I and Lawrence G (1999) 
Drought in the 1990s: Australian Farm Families’ 
Experiences. Rural Social and Economic 
Research Centre, Queensland, and Centre for 
Rural Social Research, NSW. Rural Industries 
Research and Development Corporation, 
Resilient Agricultural Systems Research and 
Development, RIRDC Publication No. 99/14.

Stehlik D, Lawrence G and Gray I (2000) 
Gender and drought: experiences of Australian 
women in the drought of the 1990s. Disasters 
23, 38–53.

Sweeney AW, Beebe NW, et al. (2006) 
Environmental factors associated with 
distribution and range limits of malaria vector 
Anopheles farauti in Australia. J Med Entomol 
43, 1068–1075.

Tan J, Zheng YF, et al. (2007) Heat wave 
impacts on mortality in Shanghai, 1998 and 
2003. Int J Biometeorol 51, 193–200.

Teklehaimanot HD, Lipsitch M, et al. (2004a) 
Weather-based prediction of Plasmodium 
falciparum malaria in epidemic-prone regions of 
Ethiopia. I. Patterns of lagged weather effects 
refl ect biological mechanisms. Malaria J 3, 41.

Teklehaimanot HD, Schwartz J, et al. (2004b) 
Weather-based prediction of Plasmodium 
falciparum malaria in epidemic-prone regions 
of Ethiopia. II. Weather-based prediction 
systems perform comparably to early detection 
systems in identifying times for interventions. 
Malaria J 3, 44.

Thomas KM, Charron DF, et al. (2006) A role 
of high impact weather events  in waterborne 
disease outbreaks in Canada, 1975–2001. 
Int J Environ Health Res 16, 167–180.

Thomson MC, Doblas-Reyes FJ, et al. (2006) 
Malaria early warnings based on seasonal 
climate forecasts from multi-model ensembles. 
Nature 439, 576-579.

Tong S, Bi P, Hayes J, et al. (2001) Geographic 
variation of notifi ed Ross River virus infections 
in Queensland, Australia, 1985–1996. Am J 
Trop Med Hyg 65, 171–176.

Tong S, Bi P, et al. (2002) Climate variability and 
Ross River virus transmission. J Epidemiol 
Commun Health 56, 617–621.

Tong S, Hu W and McMichael AJ (2004) 
Climate variability and Ross River virus 
transmission in Townsville Region, Australia 
1985 to 1996. Trop Med Int Health 9, 298–304.

Tong S, Hu W, et al. (2005) Climatic, high tide 
and vector variables and the transmission of 
Ross River virus. Intern Med J 35, 677–680.

Tong S, Dale P, et al. (2008) Climate Variability, 
Social and Environmental Factors and Ross 
River Virus Transmission – Overview of Research 
Development and Future Research Needs 
Environ Health Perspect 116, 1591–1597.

9. References 



51National Climate Change Adaptation Research Plan    Human Health

Wainer J and Chesters J (2000) Rural mental 
health: neither romanticism nor despair. Aust J 
Rural Health 8, 141–147.

Weisskopf MG, Anderson HA, et al. (2002) 
Heat wave morbidity and mortality, Milwaukee, 
Wis, 1999 vs 1995: an improved response? 
Am J Public Health 92, 830–833.

WHO (2004) Using Climate to Predict Infectious 
Disease Outbreaks. World Health Organization, 
Geneva, Switzerland.

Woodruff RE, Guest CS, et al. (2002) Predicting 
Ross River virus epidemics from regional 
weather data. Epidemiology 13, 384–393.

Woodruff RE, Hales S, et al. (2005) Climate 
Change Health Effects in Australia: Effects 
of Dramatic CO2 Emission Reductions. Report 
for the Australian Conservation Foundation 
and the Australian Medical Association. 
Canberra, 44pp.

Woodruff RE, Guest CS, et al. (2006) Early 
warning of Ross River virus epidemics: 
combining surveillance data on climate and 
mosquitoes. Epidemiology 17, 569–575.

Zwolsman JJ and van Bokhoven AJ (2007) 
Impact of summer droughts on water quality 
of  the Rhine River: a preview of climate 
change? Water Sci Technol 56, 45–55.

January 29, 2009: Williamstown Beach, Melbourne. Image: Newspix/Darryl Gregory.



52 National Climate Change Adaptation Research Plan    Human Health

Appendix 1

Example of typology of interventions for mental health impacts of climate 
change (adapted from Berry et al., 2008)

1.  Proactive primary prevention (Universal) 
Preventing exposure to climate change risks

Intervention level (Micro to Macro)

Individual Household Community Region

General education, 
training and personal 
development, social 
skills, individual 
community participation.

General household 
strengthening and skills 
development using 
existing services and 
frameworks; increase 
participation 
in community;

Focus on life-span 
perspective (e.g., 
children, youth, parents, 
older people).

Social capital building; 
cultivating initiatives 
determined by local 
communities; 
broad-based education 
and community 
competencies training 
to achieve 
community-driven goals 
(e.g., economic, water 
or food security); 
resilience-building for 
whole or parts 
of community.

Regional economic and 
social development; 
encouragement of new 
businesses, industries, 
technologies; enhanced 
general education and skills 
training; links to other policy 
areas; acceptance and 
valuing of cultural diversity; 
identify potential impacts 
on ATSI people; role of 
media and local 
government in promoting 
adaptation to change. 
Planning how to use media 
for public awareness. 
Managing stakeholder 
relationships.

2.  Reactive primary prevention (Selective) 
Preventing health problems from developing as a result of exposure

Intervention level (Micro to Macro)

Individual Household Community Region

Education, training and 
personal development 
(e.g., in schools, adult 
educational or workplace 
settings); vulnerable 
people targeted.

Specifi c 
household-based 
education and skills 
development using 
existing services where 
possible; vulnerable 
households targeted.

Engagement of broad 
range of health and 
human services sectors 
in mental health 
promotion programs. 
Build community 
leadership in these 
programs. Coordinate 
health and social 
services; identify service 
gaps; train service 
providers. Vulnerable 
communities targeted.

Policy and program design, 
develop information kits, 
enhance or maintain health 
and social service 
infrastructure; fund or 
advocate for new services. 
Link in with state and 
federal governments. 
Coordination of emergency 
services sector, rural 
assistance agencies. Use 
of media for public 
awareness. Vulnerable 
regions targeted.
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3. Secondary prevention (Indicated)
Early intervention to treat symptoms in early stage

Intervention level (Micro to Macro)
Individual Household Community Region

Targeted individual 
crisis intervention or 
support, for practical 
needs, counselling.

Targeted household 
crisis intervention or 
support, for practical 
needs, counselling. 
Build community 
confi dence in health 
and human services.

Engagement of 
gate-keeper or front-line 
agencies in improved 
pathways to assistance; 
build capacity for 
intersectoral collaboration 
in improving access to 
services; engagement with 
primary care (GP sector).

Increase availability of effective, 
low-cost, easy to deliver 
interventions when needed; 
increase capacity of generalist 
health and human service 
sector to provide basic health 
care when needed across all 
age groups and build greater 
links across primary and 
secondary service sectors. 
E-health initiatives.

4. Tertiary prevention
Managing long-term prevention/adaptation strategies 
and management of long-term health effects

Intervention level (Micro to Macro)
Individual Household Community Region

Professional or medical 
assistance, long-term case 
management.

Professional or medical 
assistance for households  
with member/s with 
ongoing problem (e.g., 
mental health problem), 
respite options for carers, 
long-term 
household-based case 
management.

Community-level 
implementation of 
adaptation and mitigation 
programs.

Regional services — full 
spectrum of health services 
to include recovery programs 
with enhanced community 
based services; options for 
extremely remote locations 
(e.g., video-conferencing; 
telepsychiatry). Use of media 
for public awareness.
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7  Socio-Economic Status
8  Chronic Obstructive Pulmonary Disease
9 Emergency Department
10 Federal Emergency Management Agency

Appendix 2

Anticipated health effects of climate change in the United States 
(from Frumkin et al., 2008)

Weather Event Health Effects
Populations 
Most Affected

Additional US 
Health Burden

Heat waves Heat stress The very old; athletes; 
the socially isolated; 
the poor; those with 
respiratory disease

Low to moderate

Extreme weather events Injuries; drowning Coastal, low-lying land 
dwellers; the poor

Uncertain; likely moderate

Winter weather anomalies 
(e.g., rain, ice)

Slips and falls; 
motor vehicle crashes

Dwellers in northern climates; 
elderly people; drivers

Sea-level rise Injuries; drowning; 
water and soil 
salinization, ecosystem 
and economic disruption

Coastal dwellers; those with 
low  socio-economic status 
(SES7)

Low

Increased ozone and pollen 
formation

Respiratory disease 
exacerbation (e.g., COPD8, 
asthma, allergic rhinitis, 
bronchitis)

The elderly; children; those 
with respiratory disease

Low to moderate

Drought, ecosystem 
migration

Food and water shortages; 
malnutrition

Those with low 
socio-economic status; 
elderly; children

Low

Droughts, fl oods, increased 
mean temperature

Food and water-borne 
diseases

Swimmers; multiple 
populations at risk 
depending on outcome 
of interest

Low to moderate

Droughts, fl oods, increased 
mean temperature

Vector-borne disease Outdoor workers; 
people pursuing outdoor 
recreation; the poor 
(without air conditioning/
window screens)

Low to moderate

Extreme weather events; 
drought

Mass population 
movement; 
international confl ict

General population Uncertain; potentially 
moderate to high

Climate change generally; 
extreme events

Mental health The young; the displaced; 
those with depression 
or anxiety

Uncertain; potentially 
moderate
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Nonclimate 
Determinants Adaptation Measures

Health Data Sources 
for Surveillance

Meteorological 
and Other Data 
for Surveillance

Acclimation; 
built environment

Architecture; air 
conditioning; warning 
systems; distributed, 
resilient, “smart power 
grid”; community response

ED9 and ambulatory 
visits; hospital admissions; 
mortality

Daily minimum and 
maximum temperatures; 
humidity; soil moisture

Engineering; zoning 
and land-use policies

Architecture; 
engineering; planning; 
early warning systems

Attributed risk; ED visits; 
hospital admissions; 
FEMA10 records; mortality

Meteorological event data; 
extent, timing, severity; 
return time for rare events

Public education; 
mass transit

ED visits Meteorological event data

Water pollution; storms; 
coastal development; 
land-use policies

Sea walls and levees; 
abandonment

Attributed risk; ED and 
ambulatory visits; mental 
health measures 
(indirect effects)

Satellite mapping of coastal 
areas; sea level and tidal 
surge records

Smoking; air quality; 
respiratory infections; 
industrial activity; electric 
demand and production 
mode; access to health care

Pollution controls; air 
conditioning; education; 
medical therapy

ED and ambulatory visits; 
hospital admissions

Daily and weekly 
temperature; rainfall; pollen 
counts; ozone levels; 
particulate measures

Population growth; food 
distribution systems; 
economic and trade issues; 
biotechnology; petroleum 
cost

Technological advances; 
enhanced delivery systems; 
trade negotiations

Growth monitoring; 
food insecurity data

Crop yields; rainfall patterns; 
data on food sources 
and marketing

Travel; land use; water 
treatment and quality; 
housing quality; 
food-handling practices

Public education; water 
treatment; medical 
treatment; watershed 
management

Disease surveillance; ED 
and ambulatory visits; 
seasonal patterns in 
incidence; focused 
observations at 
geographic margins

Temperature and rainfall 
data; vector population 
and habitat/range monitoring

Travel; vector and animal 
host distribution; habitat 
change; land use

Public education; vector 
control; medical prophylaxis 
and treatment; vaccination

Disease surveillance; 
ED and ambulatory visits; 
focused observations 
at geographic margins

Temperature and rainfall 
data; vector population 
and habitat/range monitoring

Sociopolitical factors; 
resource use and confl icts; 
economic development

Negotiation and 
confl ict mediation; 
postdisaster response

Event and population 
movement monitoring; 
mental health outcomes 
surveillance

Meteorological event data; 
regional economic and 
resource use data

Baseline mental health 
disease burden

Health communication; 
postdisaster mental health 
outreach; various 
therapeutic and medical 
management options

Mental health outcomes 
surveillance

Correlation of mental health 
outcomes with regional 
variable responses to 
extreme events; climate 
change as a whole
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The Department of Climate Change and the 
National Climate Change Adaptation Research 
Facility are developing a series of National 
Climate Change Adaptation Research Plans for 
identifi ed priority theme areas. The research 
plans will identify critical gaps in the information 
needed by sectoral decision-makers, 
set research priorities based on these gaps, and 
identify capacity that could be harnessed to 
conduct priority research.

The criteria listed below will guide the research 
planning process to set research priorities in the 
priority theme areas.

1. Severity of potential impact or degree 
of potential benefi t

What is the severity of the potential impact to be 
addressed or benefi t to be gained by the 
research? Potentially irreversible impacts and 
those that have a greater severity (in social, 
economic or environmental terms) will be 
awarded higher priority.

2. Immediacy of required intervention or 
response

Research will be prioritised according to 
the timeliness of the response needed. How 
immediate is the intervention or response needed 
to address the potential impact or create the 
benefi t? Research that must begin now in order 
to inform timely responses will receive a higher 
priority than research that could be conducted 
at a later date and still enable a timely response.

3. Need to change intervention or 
practicality of intervention

Is there a need to change the intervention used 
currently to address the potential impact being 
considered? If yes, what are the alternatives and 
how practical are these alternative interventions? 
Research that will contribute to practicable 
interventions or responses will be prioritised. 
Does research into the potential impact of the 
intervention being considered contribute to the 
knowledge base required to support decisions 
about these interventions?

Desirable

4.  Potential for co-benefi ts

Will the research being considered produce any 
benefi ts beyond informing climate adaptation 
strategies?

5.  Potential to address multiple, including 
cross-sectoral, issues

Will the research being considered address more 
than one issue, including cross-sectoral issues?

6. Distribution and equity considerations

Who will benefi t from any adaptation strategy?

Appendix 3

Criteria for setting research priorities
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11 Occupational Health and Safety
12 Vector-Borne Disease

Appendix 4

National Climate Change Adaptation Research Plan for Human Health: 
setting research priorities

Sub-theme/
Research activity Severity/Benefi t Immediacy

Need to change 
intervention/ Practicality

Heat

Understanding heat risks, 
based on location, health 
status, age and other factors

Impact: High and well 
understood

Potential for thousands of 
additional deaths

High

Expected impacts now and 
in future

Good reasons to believe 
interventions will be 
practicable

Early warning systems, 
including applicability or 
adaptability of other forms 
of community surveillance 
of vulnerable individuals

Benefi t: Medium-high

Correlation between heat and 
increased morbidity/
mortality — capable of 
being addressed through 
effective strategies

Medium-high

Heat waves already 
occur, so benefi t could 
be immediate

Intervention practical 
— evidence that EWS can 
trigger effective public health 
strategies

OH&S11 standards Benefi t: Medium-high Medium-high Changes may be required to 
some interventions; 
interventions will be 
practicable

Building codes Benefi t: Medium-high Medium-high Changes may be required to 
some interventions; 
interventions will be 
practicable

Extreme weather 
events

Effectiveness of public 
education

Impact: High

Potential for increased 
incidence of extreme events 
in vulnerable areas; potential 
for 2+ events to occur 
close together

High

Expected impacts in 
vulnerable areas in 
the near-term future

Changes to some 
interventions may be needed; 
interventions will probably be 
practicable

Vector-borne diseases

Predictive modelling of future 
risks of particular VBD12 
outbreaks

Benefi t: Medium-low

Potential for increased 
incidence of VBD outbreaks 
in vulnerable areas

Medium-low

Expected impacts in 
vulnerable regions in future

No urgency to change 
current interventions, but may 
require introduction of 
existing interventions in new 
places

Practicability of changed 
interventions to be assessed

EWS and meteorological 
forecasting of weather 
conditions

Benefi t: Medium-low Medium-low No urgency to change 
current interventions, but 
developing EWS may make 
future interventions more 
effi cient/targeted

Changed interventions need 
to be identifi ed and 
practicability assessed
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Potential co-benefi ts
Cross-sectoral 
relevance

Distributional justice/
Equity issues Conclusions

Benefi cial for addressing 
existing problems with heat 
stress

Relevance to the Settlements 
and Infrastructure theme in 
building design and urban 
planning

Some groups more 
vulnerable, e.g., the elderly, 
sufferers from other health 
conditions

Medium–high priority
Well understood but further 
information required in critical 
areas

Benefi ts in other areas as well 
(e.g., early warning for 
potential impacts on food/
water quality)

Some groups more 
vulnerable, e.g., the elderly, 
sufferers from other health 
conditions

Relevant to design of 
effective system

High priority
Research needed on details 
of effectiveness and design of 
the EWS

Benefi ts in OH&S domains Outdoor workers and workers 
in poorly ventilated/cooled 
environments likely to be 
more seriously affected

Medium priority
Some research needed on 
adequacy of existing OH&S 
standards

Benefi ts in energy effi ciency 
domain

Relevance to the Settlements 
and Infrastructure theme in 
building design and urban 
planning

Medium priority 
Research required re building 
codes

Benefi ts in addressing 
existing problems related to 
post-event response and 
recovery, and water quality

Relevance to the Settlements 
and Infrastructure, and 
Emergency Management 
themes

Broader relevance to other 
issues requiring public 
awareness and education

Some groups will be more 
vulnerable to extreme events 
— effectiveness of awareness 
for them important

Medium–high priority
Research into whether public 
education on risks alters 
people’s knowledge and 
behaviour

Benefi cial in addressing 
existing problems in 
vulnerable areas

Relevance to the Settlements 
and Infrastructure theme 
redesign and planning of 
built environment

Likely to affect regions 
already vulnerable to other 
climate change impacts

High priority
Research required into 
potential contribution of 
predictive models to VBD 
prevention strategies, 
especially in northern 
Australia

Medium priority
Some research required into 
whether forecasting provides 
useful warning and 
contributes to prevention 
strategies



60 National Climate Change Adaptation Research Plan    Human Health

Sub-theme/
Research activity Severity/Benefi t Immediacy

Need to change 
intervention/ Practicality

Food quality

Incidence of food-borne risk 
along the food chain

Impact: High-medium

Potential for increased health 
issues in the future due to 
loss in food quality

Medium

Expected impacts in the 
future, especially during 
periods of extreme heat

Good reasons to believe 
interventions practicable

Air quality

Assessment of air quality and 
risks

Impact: Low-medium

Risk of increased health 
issues in the future due to 
loss in air quality, but high for 
existing at-risk groups

Low-medium

Expected impacts in the 
future

Good reason to believe 
intervention practicable

Water quality

Assessment of water quality 
and risks from key 
water-borne pathogens

Impact: Medium-low

Potential for increased health 
issues in the future due to 
loss in water quality

Low-medium

Increased impacts expected 
in the future

Good reasons to believe 
interventions practicable

Role of water authorities Impact: High-medium High-medium

Role of water industry will be 
crucial in determining 
success of adaptation 
outcomes for this and many 
‘downstream’ sectors

Mental health

Mental health planning and 
interventions for impacts of 
natural disasters

Benefi t: Medium-low Low

Expected impacts in the 
future

Good reason to believe 
interventions practicable

Interventions in rural 
communities

Benefi t: Medium-low

Signifi cant activity already 
under way

Medium-low

Drought already affecting 
mental health — unlikely to 
deteriorate markedly in short 
term due to climate change

Good reason to believe 
interventions practicable

Children’s anxiety related to 
climate impacts

Impact: Low Low

Potential for increased 
incidence in the future

Interventions potentially 
practical but of low priority

Effect of climate change on 
mental health

Impact: Low Low Interventions potentially 
practical but of low priority

Community education and 
awareness to reduce distress

Impact: Medium Low

Potential for increased 
incidence in future

Interventions potentially 
practical but of low priority

Effects of climate change 
on different categories of 
mental health

Impact: Medium Medium

Effects of increases in 
extreme events

Interventions can be 
managed within existing 
mental health care structures

Appendix 4 continued
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Potential co-benefi ts
Cross-sectoral 
relevance

Distributional justice/
Equity issues Conclusions

Already existing risk, 
especially to vulnerable 
groups, will benefi t

Relevance to Primary 
Industries, and Settlements 
and Infrastructure themes

Some groups more 
vulnerable

Medium–high priority
Research required on which 
point in the food production–
consumption chain risks 
arise, and how best to 
prevent them

Existing problems with 
respiratory health problems 
will benefi t

Relevance to Settlements 
and Infrastructure theme

People with existing 
respiratory disease or 
vulnerability at greater risk

Medium–low priority
Research required into levels 
of air quality that trigger public 
health interventions (e.g., air 
quality monitoring, public 
awareness)

Existing problems in 
vulnerable areas will benefi t

Relevance to Water 
Resources and Freshwater 
Biodiversity, Settlements and 
Infrastructure, and Primary 
Industries themes

Some groups more 
vulnerable due to nature and 
location of water supply and 
quality of existing monitoring

Medium priority 
Development of models for 
effective upstream 
assessment of water quality, 
especially during drought and 
following extreme rainfall

Affects downstream sectors 
such as primary industries, 
settlements etc.

Medium– high priority
Note could be considered 
under Infrastructure and 
Services, possibly as a 
case study

Benefi ts for existing issues 
relating to mental health 
planning

Relevance to Social, 
Economic and Institutional 
Dimensions theme

Individuals with existing 
mental health illness at 
greater risk

Medium-high priority
Some research required into 
effective intervention options

Economic benefi ts of healthy 
rural workforce

Relevance to Social, 
Economic and Institutional 
Dimensions theme

Rural groups more vulnerable Medium priority
Some research required into 
effective intervention options

Broader understanding of 
causes and treatment of 
anxiety

Relevance to Social, 
Economic and Institutional 
Dimensions theme

High vulnerability among 
children

Low-medium priority
Some research required into 
effects of anxiety over climate 
change impacts on quality of 
life and future mental health

Low priority

Broader understanding of 
causes and treatment of 
anxiety

Relevance to Social, 
Economic and Institutional 
Dimensions theme

Low priority

Improved environmental care Relevance to Social, 
Economic and Institutional 
Dimensions theme

Equity considerations Medium priority
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Sub-theme/
Research activity Severity/Benefi t Immediacy

Need to change 
intervention/ Practicality

Community and 
Indigenous health

Interventions for increasing 
community resilience, for rural 
and Indigenous communities

Impact: Medium-low 
Potential for increased 
disease incidence

Medium-high

Expected impacts now and 
in the future

Query whether climate 
change-specifi c interventions 
benefi cial

Many initiatives already under 
way

Impacts on Indigenous 
communities

Impact: Potentially high Medium-high Potential to refl ect climate 
change considerations into 
other Indigenous community 
resilience programs

Intergenerational issues Impact: Medium-low Medium-low Query whether interventions 
are required to address 
intergenerational issues 
separate from other issues

Infrastructure 
and services

Integration and coordination 
of adaptive responses

Impact: Medium 
Potential for increased stress 
on infrastructure and services

Medium-high

Expected impacts now and 
in the future

Good reasons to believe 
interventions practical 
— enhance mainstreaming of 
adaptation into health sector 
planning

Linkage and knowledge 
exchange between climate 
science and health 
practitioners for decision 
support

Benefi t: High-medium Medium-low

Expected impacts now and 
in the future

Good reasons to believe 
interventions practical 
— enhance mainstreaming of 
adaptation into health sector 
planning

Role of primary health 
care sector

Benefi t: High-medium Medium-low

Potential impacts 
in the future

Good reasons to believe 
interventions practical

Structure and staffi ng 
of health care system

Benefi t: High-medium Medium-low

Expected impacts 
in the future

Good reasons to believe 
interventions practical 
— enhance mainstreaming of 
adaptation into health sector 
planning

Training for health care 
professionals

Benefi t: Medium-low Medium-low

Expected impacts 
in the future

Good reasons to believe 
interventions practical

Interactions with mitigation 
actions

Benefi t: Medium-low

All adaptation strategies 
should be informed by need 
to minimise GHG emissions

Low

Expected impacts 
now and in the future

Good reasons to believe 
intervention will be practical

Note: This table sets out a summarised version of the research priorities listed in Section 4. 

Appendix 4 continued
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Potential co-benefi ts
Cross-sectoral 
relevance

Distributional justice/
Equity issues Conclusions

Existing health problems in 
rural and remote 
communities will benefi t

Relevance to Settlements 
and Infrastructure, and 
Social, Economic and 
Institutional Dimensions 
themes

Some groups more 
vulnerable

Medium– high priority
Some research required on 
effective interventions, 
especially for vulnerable 
groups

May benefi t existing social 
issues

Relevance to Social, 
Economic and Institutional 
Dimensions themes

Major equity considerations Medium– high priority

May benefi t existing social 
issues

Relevance to Social, 
Economic and Institutional 
Dimensions themes

Medium priority
Some research required

Existing problems in building 
design and codes, and health 
services policy will benefi t

Relevance to Settlements 
and Infrastructure, and 
Social, Economic and 
Institutional Dimensions 
themes

More important for those 
already reliant on health 
system and those without 
alternatives to public health

High priority 
Some research required on 
design of coordination and 
integration mechanisms

Provide model of linkage 
mechanisms for other 
sectors’ decision-support

Relevance to Settlements and 
Infrastructure, and Social, 
Economic and Institutional 
Dimensions themes

High priority
Some research required 
(small project)

Existing problems in primary 
health care system will 
benefi t

Relevance to Settlements and 
Infrastructure, and Social, 
Economic and Institutional 
Dimensions themes

High priority
Some research required into 
potential role and ways to 
enhance

Existing issues of staffi ng and 
structure will benefi t

Relevance to Settlements and 
Infrastructure, and Social, 
Economic and Institutional 
Dimensions themes

High priority
Some research required into 
where defi ciencies are

Enhanced training Relevance to Settlements and 
Infrastructure, and Social, 
Economic and Institutional 
Dimensions themes

Medium– high priority
Some research required into 
forms of in-career training

Enhanced mitigation efforts Relevance to all other themes Low– medium priority
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