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Introduction

Globally and nationally, there is growing recognition of the critical need for action on climate change.
From international organisations such as the United Nations and Australian research bodies such as
the CSIRO, the evidence is clear on the science of climate change and there are calls for that evidence
to inform government action. It is also clear from the science that the need for action is becoming
more urgent.

The National Rural Health Alliance (the Alliance) views climate change as a significant and enduring
threat to health, and considers that the adverse health risks are greater in rural and remote
communities.! In its Position Statement: Climate change and rural health, released in 2019, the
Alliance called on Australian governments to urgently escalate the adoption of adaptation and
mitigation strategies for climate change driven by human activity.! The Alliance has also urged the
need for consideration of the health impacts of climate change in the development of a National
Preventive Health Strategy.? This paper considers some of the specific threats to health posed by
climate change, and possible health and policy measures for rural and remote areas in light of these
risks. The paper focuses on three areas of particular relevance for rural and remote Australia:

e extreme weather events
e food security
e vector-borne disease.

Climate change

The Intergovernmental Panel on Climate Change (IPCC) explains climate change as:

... a change in the state of the climate that can be identified (eg by using statistical tests) by changes
in the mean and/or the variability of its properties and that persists for an extended period, typically
decades or longer. Climate change may be due to natural internal processes or external forcings such
as modulations of the solar cycles, volcanic eruptions and persistent anthropogenic changes in the
composition of the atmosphere or in land use.?

That is, climate change is a sustained change in weather patterns which may be due to natural causes
or driven by human activities (anthropogenic contributions). Anthropogenic contributions to climate
change include activities such as the burning of fossil fuels for energy, land clearing and
deforestation, and industrial manufacture. The effect of these activities centres on their capacity to
increase greenhouse gas emissions, leading to an effect that traps heat in the lower atmosphere. This
atmospheric warming, in turn, has consequences for air and sea surface temperatures, patterns of
rainfall, sea levels, glacial loss and ocean acidification, and also increases the likelihood of extreme
weather events.

The IPCC has estimated that, since 1880, the global average increase in land and ocean surface
temperature is around 0.85°C, with 90 per cent of the accumulated temperature increase accounted
for by ocean warming.? The IPCC considers that the changing climate is linked to increasing extreme
weather events globally, including decreased minimum temperature extremes, increased maximum
temperature extremes, sea level rises and high rainfall events. The IPCC notes that, in Australia,
heatwave frequency is likely to have increased in the past 70 years.3
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Closer to home, the Bureau of Meteorology and CSIRO, in their State of the Climate 2020, report that
Australia has warmed by 1.44°C since 1910, with much of that rise occurring since 1950. In fact,
Australia’s climate has warmed by over 1°C since 1960.* Most of this warming has been absorbed by
southern oceans, and the seas surrounding Australia are both rising and acidifying.* Furthermore,
there is evidence of increases in extreme weather events (including heatwaves and extreme fire
weather) and the length of the fire season, as well as declines in winter rainfalls in southern Australia
and higher rainfall in the north — all of which are predicted to continue (indeed, worsen) into the
future.* Each of these conditions brings particular risks to the health of all Australians. The State of
the Climate 2020 highlights that ‘This shift in extremes has many impacts on human health,
ecosystems and infrastructure and informs climate impact and risk assessments.’* The health-related
impacts of climate change can be through either direct or indirect effects and may have physical or
mental wellbeing and social dynamic components. Direct effects include storms, drought, flood, fire
or heatwave events; indirect effects include the influence of climate change on water and air quality,
as well as land use and agriculture. Additionally, climate change may lead to disruption due to social
unrest, conflict or forced displacement due to environmental changes.® The resulting range of health
impacts include death and injury, respiratory and cardiovascular diseases, heat-related illness,
infectious disease outbreaks, undernutrition, and detrimental effects on mental health and
wellbeing.®

Deloitte Access Economics’ have considered the effects of health damage from climate change on
labour productivity. Their analysis models an increased incidence of mortality and morbidity in the
working population, and the associated reduction in number of hours worked, resulting in lower
levels of labour productivity.

Rural and remote Australian communities are, for numerous reasons, particularly prone to the
health-related impact of climate change. The geographic location of rural and remote communities
renders them at risk of extreme weather events such as heatwaves, extended periods of low rainfall
or drought, or high rainfall. Rural community demographics such as higher proportions of older
Australians and Aboriginal and Torres Strait Islander peoples, greater incidence of chronic disease,
comorbidities and poor mental health® mean that already susceptible groups experience greater
health challenges. Furthermore, rural and remote communities face existing socioeconomic
disadvantage including higher rates of unemployment, poverty, welfare dependency, digital
exclusion, lower rates of educational attainment and reduced access to appropriate health services.
In some communities, infrastructure such as housing, telecommunications, transport, and sanitation
is also lacking. Lastly, climate change has been described as a risk multiplier, exacerbating existing
health challenges and other disadvantage.® This accumulation of social, economic and environmental
burden leaves many communities in rural and remote Australia highly vulnerable to the health risks
associated with climate change.

This is highlighted by Deloitte Access Economics’ who note that 23 per cent of the Australian
workforce is employed in emission-intensive industries that are directly exposed to disruption if
Australia does not plan for a global transition. They note that this will hit Australia’s regional areas
the hardest. For Australia, the short-term costs of disruption and unplanned economic change tend
to be local — and a failure to address them in a timely way can put future benefits out of reach for
regional economies. Australian regional areas are more exposed in this regard — over half have
emission-intensive employment that makes up 20 to 60 per cent of total employment. Therefore, the
economic, social and consequential health impacts of not implementing a planned transition from
these industries will be significant, particularly for the most affected regions.
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In terms of emission-intensive industries, a 2017 study® found the carbon footprint attributed to
health care was 7 per cent of Australia’s total, with hospitals and pharmaceuticals being the major
contributors. The study suggests the need for carbon-efficient procedures, including greater public
health measures, to lower the impact of health care services on the environment — and there is
international leadership underway to address this issue.!

The Climate and Health Alliance (CAHA) has launched a Framework for a National Strategy on
Climate, Health and Well-being for Australia*® (the CAHA Framework). The CAHA Framework
identifies seven areas of policy action which must be taken at the federal, state or territory, and local
level to achieve the vision of ‘a fair and environmentally sustainable national policy framework that
recognises, manages and addresses the health risks of climate change and promotes health through
climate change action’. The National Rural Health Alliance is a supporter of the CAHA Framework and
the comprehensive areas of policy action it outlines.

Recommendations

As highlighted in the CAHA Framework, there is broad scope for policy action to address the health
implications of climate change. After consideration of the three areas of particular relevance for rural
and remote Australia — extreme weather events, food security and vector-borne disease — the
Alliance makes the following recommendations.

1. Asitis clear that the cost of inaction on climate change will be much higher than the cost of
action, governments in Australia should act immediately to introduce policies and incentives to
reduce the nation’s greenhouse gas emissions and mitigate climate change impact.

2. Governments should ensure the transition to a sustainable economy is managed and planned to
support those regions and sectors of the economy most affected by climate change, through the
development of regionally specific transition plans that support the viability and sustainability of
communities and businesses.

3. Governments must prioritise and support research to assist rural, regional and remote
communities to better adapt to and mitigate the direct and indirect effects of climate change on
health, including the impact of extreme weather events, risks to agriculture and food security,
and the potential threat of vector-borne diseases.

4. Governments will need to address the implications of climate change in their health care
planning in terms of prevention, early intervention, primary care, secondary care, tertiary care,
crisis and trauma management, mental health service provision, and health care workforce
education and training. This planning will also need to incorporate the additional costs to health
care from both direct and indirect effects of climate change.

5. Governments and other support agencies should determine how best to ensure those members
of society already disadvantaged by inequitable access to health care —including those
Australians living in rural and remote areas — are not further disadvantaged by the impact of
climate change on health.
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The three key issues

Extreme weather events

Australian climate observations

Temperature

Observation of surface air temperature provides evidence that the Australian climate has warmed by
1.44°C since records began in 1910, with temperature increases observed in all seasons and for both
day and night.* Although the Bureau of Meteorology and CSIRO, in their State of the Climate 2018,
report that the Australian climate is subject to considerable year-to-year variability, this is now
occurring on top of a warming trend.'* Most warming has occurred since 1950, with eight of the ten
warmest years taking place since 2005. Very high monthly maximum and very warm monthly
minimum temperatures are both now happening 12 per cent of the time (2003—-17), compared with
2 per cent between 1951 and 1980. The number of days each year where the Australian area-
averaged daily mean temperature is extreme (above the 99th percentile of each month) is
increasing. These extreme heat events commonly occur over more than 40 per cent of the country.

Rainfall

Although Australian rainfall is highly influenced by meteorological phenomena and therefore displays
considerable variability, an underlying long-term trend is evident of reduced rainfall between April
and October in south-western and south-eastern Australia.’® In these regions, 17 out of 20 of the
April to October periods since 1999 have had below-average rainfall. Since 1970, south-west Western
Australia has seen a 20 per cent reduction in rainfall between May and July compared with the 1900
to 1969 average. A 26 per cent reduction has been observed since 1999. Conversely, northern
Australia has experienced an increase in rainfall in all seasons since 1970. There is evidence that a
higher proportion of total rainfall has occurred on heavy rain days in recent decades (although
natural variability is large).

Cyclones

There has been a decrease in the number of tropical cyclones observed since 1982. However, natural
meteorological variability makes it difficult to quantify trends in cyclone intensity.

Fire weather

Fire weather, measured using the Forest Fire Danger Index (FFDI), estimates fire danger taking
temperature, rainfall, humidity and wind speed into account.’® The most extreme 10 per cent of fire
weather days (using FFDI measures) have increased in recent decades in many areas of Australia,
especially in the south-east. This has been associated with an increase in the length of the fire
season.

Australian climate predictions

The Bureau of Meteorology and CSIRO predict that there will be ongoing increases in temperature
and reductions in southern rainfall — resulting in more frequent extreme heat events, more time
spent in drought and an increase in intense heavy rainfall which can be associated with flash
flooding.® This is coupled with the observed trend of an increased length and intensity of the fire
season in south-eastern Australia.
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Direct and indirect effects of extreme heat events

The direct effects of heat on human health range from minor to more severe heat-specific illnesses
(rashes, cramps and heatstroke) and the exacerbation of pre-existing conditions.! It is both the
maximum temperatures and the number of days such temperatures persist, as well as the
opportunity for temperatures to reduce overnight, that help to determine human resilience to
heat.™ Those who are older, have chronic health conditions, undertake physical work outdoors, or
have poor temperature control in their indoor environment are more vulnerable.’®

Controlling the temperature of the living environment, whether by passive design or active means,
has been proposed as an essential component of healthy housing.'® There are concerns that internal
temperature control is not adequately addressed by housing in some Australian Indigenous
communities.'” Rising air temperatures, poor-quality housing and energy poverty interact to multiply
the impact of extreme heat on our most vulnerable communities.

Data from South Australia and Victoria suggest that hospital admissions and deaths increase during
heatwaves!*, although regional differences in this relationship indicate a degree of heat adaptation
at the population level that means some areas are more vulnerable than others.*® Hospital
admissions have been found to increase for adults with various groups of pre-existing conditions
including cardiovascular disease (CVD), respiratory disease, mental disease, diabetes, dehydration,
and ‘effects of heat and light’.*® When breaking these disease categories down further, ‘other
diseases of the respiratory system’ — many related to infection — were found to increase significantly,
while asthma admissions reduced.?® There was no difference between subcategories of CVD.
Psychoses were the only category of mental disease for which admissions increased. Unlike adults,
hot temperatures and heatwaves have been found to increase childhood emergency department
admissions for asthma, with those aged 0—4 years at highest risk.?’ The specificity of these
breakdowns has implications for prevention and adaptation strategies.

Damage to services and infrastructure because of extreme heat — for example, power outages due to
system overload, impacts on mobile phone networks and increased strain on health services — can
affect health outcomes indirectly.?®

Acute and long-term impact of bushfires, flooding and storms

The primary health impact of bushfire is injury and loss of life associated with the event. Heavy
rainfall due to storms can lead to flooding, rise to levels and increased flow in rivers and storm water,
and overflow of dams; there can also be associated coastal storm surges.'® People can drown or be
injured by debris from damaged infrastructure and the environment.*

Bushfires, floods and storms can all result in psychological trauma, defined as ‘any event that
involves exposure to actual or threatened death, serious injury, or sexual violence’.?! The experience
of trauma can contribute to the development of mental illness.?

This was quantified in a cross-sectional survey, conducted after the 2010-11 Queensland floods, that
looked at the prevalence of disaster-related trauma and emotional impacts in a population-
representative sample.?? The authors found that 62 per cent of respondents reported being ‘affected
in any way’, with a higher percentage (around 90 per cent) of residents of outer regional and remote
areas affected than in major cities. The prevalence was also higher for those experiencing the most
social disadvantage (70 per cent). While 3.9 per cent of respondents thought they might be ‘badly
injured or die’, this increased to 7.5 per cent in remote areas and 11.5 per cent in outer regional
areas — four and six times, respectively, more than for those in major cities. In response to their
experience, 14.3 per cent of respondents felt ‘terrified, helpless or hopeless’, peaking at 24.7 per
cent in remote areas; all regional and remote areas experienced a higher prevalence than major
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cities, along with those at the highest levels of socioeconomic disadvantage. At two to five months
post-disaster, 7.1 per cent of respondents were ‘still currently distressed’, one in six of whom were
distressed ‘all or most of the time’. This increased to 12.9 per cent of people in remote areas. Of all
those ‘still currently distressed’, 8.6 per cent were ‘worried about how they would manage’ and, of
these, over a third were worried ‘all or most of the time’. The prevalence of this state increased with
remoteness. The authors reported the results of their research to be consistent with other studies
utilising diagnostic instruments, lending weight to their assertion that extreme weather events have
a significant impact on mental health and wellbeing in the short and medium term, and this
relationship increases with remoteness.

In a longitudinal study of the psychological impact of the 2009 Black Saturday Victorian bushfires on
communities differentially affected by the fires, it was determined that the majority of people are
resilient to trauma and recover with time (as indicated by reducing prevalence of adverse
psychological outcomes). However, many remain symptomatic or are newly symptomatic at around
five years post-disaster, with rates of mental health problems remaining higher than national levels.
The most highly affected communities continued to have a higher prevalence of psychological
conditions and there was a relationship between the conditions studied. The prevalence of probable
post-traumatic stress disorder and major depression in highly affected communities was 10.9 per
cent, with 6.2 per cent of respondents experiencing severe psychological distress. The extent of
ongoing life stress was a predictor for delayed development of fire-related probable post-traumatic
stress disorder. Problem alcohol use was found to be high in all communities and remained high over
time. This research illustrates the persistent nature of the mental health and wellbeing implications
of extreme weather events, and the need to account for this when generating policy.

23

Smoke generated by bushfires can affect respiratory health through its impact on air quality. At its
worst, 19 weeks of continuous fire activity in eastern Australia in 2019-20 resulted in a population-
weighted PM,s (small particulate matter) exposure level more than 14 times the historical mean.?
Modelling based on air quality monitoring data, baseline incidence rates and exposure—response risk
coefficients proposed that bushfire smoke was responsible for 417 excess deaths, 1124
hospitalisations for cardiovascular problems and 2027 for respiratory problems, along with 1305
asthma presentations to emergency departments. The costs of smoke-related physical health impact
from the 2019-20 bushfires alone are estimated to be in the order of $2 billion to date — a fourfold
increase on the next highest season (2002—03) and almost ten times higher than the median since
2000.%

Heavy rainfall can damage services and infrastructure in a similar manner to extreme heat events —
by impacting power supply and transport infrastructure — with an additional effect on water supply,
sewerage treatment and public buildings.’® Flooding can increase the risk of infections by food-,
water- and vector-borne disease.'® Bushfires can also cause considerable damage to services and
infrastructure with resultant impacts on health.

There is a relationship between remoteness and loss of income due to flood, with residents of
regional and remote areas more likely to have reported damage to income-producing property and a
disaster-related loss of income after the 2010-11 Queensland floods.?? Residents of remote areas
were 6.8 times more likely, and those in outer regional areas were 3.6 times more likely, to be
displaced from their homes than those in major cities. Disruption to income-generating capacity and
the social upheaval of being displaced is likely to have subsequent health consequences.
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Long term impact of drought on mental health and wellbeing

Drought has an impact on people who work on the land or are involved in associated industries,
along with their communities. It has been associated with accumulated mental health exposure for
people living in rural areas.?® Drought can cause stress, and this is more likely in farmers who are
younger, both live and work on a farm, experience financial hardship or are isolated geographically.?’
Prolonged stress can result in psychological distress and can cause or influence mental health
disorders.??

The impact of drought on mental health is thought to be modulated by the characteristics of the
drought and the remoteness of the resident. People living in areas with a population of fewer than
1000 who experience a cumulative long period of drought, coupled with a recent prolonged
unbroken dry period (long and constant), reported higher levels of psychological distress on a
Kessler-10 (K10) scale.?® Their levels of distress are in the sub-clinical range of moderate distress,
putting them at increased risk of developing a mental health disorder.

An association has also been found between drought severity and suicide in rural males aged 30 to
49 years. In a retrospective study, there was a 15 per cent increase in the relative risk of suicide in
this demographic group when the drought index rose.?® A link has been proposed between
background levels of psychological distress (to which drought contributes) and suicide.?®° The burden
of disease attributable to suicide and self-inflicted injuries increases with remoteness and is one of
the five most burdensome disease or illness states in outer regional or remote and very remote areas
in Australia.°

This population group already faces barriers to help-seeking and accessing care due to sociocultural
factors, availability of health services, and structural barriers such as travel and cost.?®3! These
drivers of inequity must be addressed in responses to health outcomes and climate change.

Climate change and the health burden of extreme weather

The observed changes to the Australian climate, including increasing temperatures and alteration to
rainfall patterns, are having a measurable effect on the health and wellbeing of Australians —
particularly those living in rural, regional and remote areas. Changes in climate patterns are leading
to more frequent extreme heat events, longer and more intense bushfire seasons, more time spent
in drought, and more frequent heavy rainfall events resulting in flooding.

Health consequences of extreme weather include increased hospital admissions and deaths during
heatwaves, particularly for those with pre-existing health conditions; death, injury, psychological
trauma and mental illness due to bushfires and floods; smoke-related iliness associated with
bushfires; and long-term mental health impacts of drought. Indirect effects on infrastructure, health
systems and individual income-generating capacity amplify these problems, particularly in regional,
rural and remote communities where there are elevated levels of disadvantage across multiple
domains.

Without action, these changes to climate are predicted to continue to increase in the future, along
with the associated health burden and economic cost. Future policies must recognise the health
impact of climate change — including its influence on extreme weather events — and act to safeguard
against this. The recently released Royal Commission into National Natural Disaster Arrangements
Report reinforces this position.32
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Food security

Food security exists where ‘all people, at all times, have physical, social and economic access to
sufficient safe and nutritious food that meets their dietary needs and food preferences for an active
and healthy life’.3® Conversely, the World Health Organization states that ‘Food insecurity exists
when people do not have adequate physical, social or economic access to food.’

The Foodbank Hunger Report 2019 found that, in the previous year, more than one in five Australians
(21 per cent) or about five million people, have been in a situation where they have run out of food
and have been unable to buy more. Children represent 22 per cent of food-insecure Australians.
Food insecurity is higher among some groups, affecting around 22 per cent of Aboriginal and Torres
Strait Islander peoples, around 11 per cent of those unemployed and 16 per cent of rental
households.?*

There are many groups in rural and remote Australia that are vulnerable to the effects of food
insecurity. Community demographics such as higher proportions of older Australians and Aboriginal
and Torres Strait Islander peoples, or greater incidence of chronic disease, comorbidities and poor
mental health, mean that already susceptible groups experience greater health challenges.
Furthermore, rural and remote communities face existing socioeconomic disadvantage including
higher rates of unemployment, poverty, welfare dependency or digital exclusion; lower rates of
educational attainment; and reduced access to appropriate health services.

Food insecurity is generally associated with low-income households, but can also be due to high food
costs, poor nutrition literacy, difficulty in accessing fresh and nutritious food, difficulty in accessing
food preparation and storage infrastructure, or poor or insecure transport links.

Food insecurity has a significant effect on both physical and mental health and wellbeing. It is widely
acknowledged that food insecurity has adverse health and social effects across the whole of life —
from infancy through to old age. The human health impact includes higher rates of chronic disease
and this is felt most significantly in rural and remote communities.

There is growing evidence that climate change is a significant threat to health, including through its
effects on food security. Climate change is affecting agriculture and food prices, and it is likely that
the situation of those populations currently facing food insecurity will become more precarious, and
the number of people subjected to food insecurity and the consequential health impact will increase.

The Intergovernmental Panel on Climate Change’s (IPCC) special report Climate Change and Land®
notes that the food system is under pressure from non-climate stressors (population and income
growth, and demand for animal-sourced products) and from climate change. These climate and non-
climate stressors affect the four pillars of food security — availability, access, utilisation and stability.

The IPCC’s report makes a number of observations regarding food security and climate change, with
a high level of confidence, including:

e observed climate change is already affecting food security through increasing temperatures,
changing precipitation patterns, and greater frequency of some extreme events

o food security will be increasingly affected by projected future climate change

e vulnerability of pastoral systems to climate change is very high

e food security and climate change have strong gender and equity dimensions.

Michael et al®® note that, with respect to food security in Australia, we have enjoyed an
unprecedented level of food security for more than half a century. However, there are new
uncertainties emerging and it would be unrealistic — if not complacent — to assume the same level of
food security will persist simply because of recent history.
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Australia produces close to 93 per cent of its own food. In the 2018 overall global food security index
(GFSI) ranking compiled by the Economist Intelligence Unit, Australia ranked sixth of the 113
economies sampled. However, this ranking dropped to thirteenth after the addition of a weighting

for ‘susceptibility to natural disaster and impact of weather events’.>’

On the global stage, Australia is a significant food producer. As well as producing the majority of its
domestic food requirements as noted above, Australia exports 76 per cent of its agricultural
products, accounting for over 10 per cent of the global dairy export market and representing the
third-largest beef exporter, behind India and Brazil .8

Significantly, Australia has 0.3 per cent of the world’s population and 3.4 per cent of the world’s
arable land. Therefore, Australia has an important and growing responsibility for supporting food
security in other countries. For example, China has 22 per cent of the world’s population and 7 per
cent of its arable land. Michael et al®® estimate that, by 2050, domestic demand for food is likely to
be almost 90 per cent above demand in 2000, accompanied by a similar rise in demand for exports.

The vulnerability of Australian agricultural output to the effects of climate change will, therefore,
have domestic and global food security implications.

Climate change will affect food security in the following ways:

e adverse effect on agricultural output

e disruption to supply chains

e negative effect on Australia’s agricultural competitiveness

e increased threat from pests and diseases

e threatened food security due to disruptions to global security.

Adverse effect on agricultural output

There is firm evidence that the changing climate will have a significant effect on agricultural output
across the world, and that Australian agriculture is particularly susceptible to the impact of climate
change.

A key finding of the Climate Council® is that climate change is making weather patterns more
extreme and unpredictable, with serious consequences for Australia’s agricultural production. Water
scarcity, heat stress and increased climatic variability in our most productive agricultural regions,
such as the Murray—Darling Basin, are key risks for our food security, economy, and dependent
industries and communities.

Climate change is also affecting the quality and seasonal availability of many foods in Australia. For
example, many foods produced by plants growing at elevated levels of carbon dioxide have reduced
protein and mineral concentrations, thus reducing their nutritional value. Heat stress reduces milk
yield by 10 to 25 per cent and up to 40 per cent in extreme heatwave conditions.*

The National Climate Change Adaptation Research Facility (NCCARF)* has highlighted that, without
adaptation, the grazing industry is likely to experience declining pasture productivity and quality;
livestock heat stress; changes to pests, weeds and diseases; and increased soil erosion due to more
frequent droughts and intense storms.

The Food and Agriculture Organization of the United Nations* has identified that agriculture absorbs
26 per cent of the economic impact of climate disasters, rising to 83 per cent for drought in
developing countries. There are, therefore, clear links between climate change, agricultural output
and food security.
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Disruption to supply chains

Australia is extremely vulnerable to disruptions in food supply through extreme weather events. This
is likely to affect rural and remote communities disproportionately. The movement over time to
streamline supply chains, to adopt a ‘just in time’ approach, has resulted in little additional capacity
or flexibility in supply chains. The Climate Council® has noted that, in Australia, there is typically less
than 30 days’ supply of non-perishable food and less than five days’ supply of perishable food in the
supply chain at any one time.

Therefore, any disruption to supply chains due to extreme weather events will quickly affect food
security for all Australians, but particularly those in rural and remote Australia. The increased
incidence of extreme weather events associated with climate change will therefore increase the risk
of food insecurity for many Australians.

Negative effect on Australia’s agricultural competitiveness

Australia’s international competitiveness in many agricultural markets will be challenged by the
warming climate and changing weather patterns. Australia is projected to be one of the regions most
adversely affected by future changes in climate, in terms of reductions in agricultural production and
exports.>®

Australia’s agricultural competitiveness will be adversely affected by any increase in production
costs, any interruptions to production capacity or any reductions in the productivity of agricultural
resources. All of these competitive influences will be negatively affected by climate change.

The NCCAREF finds that weather events, particularly extremes, are critical drivers of agricultural
profitability. The most pervasive impact is drought, which disrupts cropping programs, reduces stock
numbers, and erodes the productivity and resource base of farms — threatening long-term
sustainability. Many of Australia’s soils are ancient, weathered and infertile. Poor soils, together with
a highly variable climate, create challenges to developing sustainable agricultural systems. Outbreaks
of pests, weeds and disease can occur in climatically ‘good years’, pushing farmers beyond their
financial capacity.

The Climate Council®® have highlighted that more frequent and intense heatwaves and extreme
weather events are already affecting food prices in Australia. Climate change is also increasing the
variability of crop yields. Food prices during the 2005-07 drought increased at twice the rate of CPI,
with fresh fruit and vegetables the worst hit, increasing 43 per cent and 33 percent respectively.
Reductions in livestock numbers during droughts can directly affect meat prices for many years.

Cyclone Larry destroyed 90 per cent of the North Queensland banana crop in 2006, affecting supply
for nine months and increasing prices by 500 per cent. The 2009 heatwave in Victoria decimated fruit
crops, with significant production losses of berry and other fruit crops. In fact, the Australian Centre
for International Agricultural Research (ACIAR)* estimate that 26 per cent of all climate-related
disaster damage and loss is absorbed by the agricultural sector. Collet concludes that Australia is at
risk of being left behind by its competitors, stating that current policies suggest Australia is out of
step with the rest of the world on climate change — reducing funding to climate change research at a
time when the some of our main competitors are investing with more urgency.

Increased threat from pests and diseases

Climate change will have health implications for humans due to changes in the transmission and
distribution of vector-borne diseases. Climate change will also, however, affect the transmission of
plant and animal pests and diseases.
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The Crawford Fund®® finds that Australia will not be immune from plant and animal pest and disease
challenges induced by changing climate. They state that Australia should enhance biosecurity
precautions and investment in order to minimise the risk of new diseases and pests affecting the
health of Australians and our food production systems. Organisations such as the CSIRO should be
adequately funded to increase agricultural and natural resource research capacity, in order to deal
with climate change effects, including threats from pests and diseases. Managing the spread of
significant plant pests and diseases is critical to food security and farmers’ incomes, both nationally
and at the global level.

Threatened food security due to disruptions to global security

The direct threat to food security from the effects of climate change on agriculture can also adversely
affect global security. Global food security is essential for international peace and security. In
addition to the threats to food production in Australia, climate change will exacerbate food security
issues in Australia’s neighbouring countries. Vulnerability to the threat of food insecurity is extreme
in less-developed countries with high populations heavily reliant on a limited range of agricultural
crops, as well as countries with high levels of poverty, low incomes and poor infrastructure.

Climate change will also exacerbate flooding, cause sea-level rise and intensify cyclones. The threat
from climate change disasters will have a severe impact on food supply chains and ecosystem
services including fresh water. These events could lead to humanitarian disasters in many nations.*®
The Crawford Fund highlights that many countries depend heavily on both the reliability of the
annual monsoon in Asia and continuity of water supply from the Himalayan ‘water tower’. Climate
change is already impacting on the latter and a failed monsoon would have devastating
consequences for most of South Asia.

The Crawford Fund has also analysed a number of recent incidents of conflict and concluded that
food insecurity, often in the context of extreme weather events, has been a major contributor to
conflict across many regions of the world.

Role of agriculture in addressing climate change

The link between climate change, agriculture, food security and human health is clear. However,
agriculture itself contributes between a third and a quarter of global greenhouse gas emissions, so
the sector has a major role to play in responding to climate change.** Unsustainable agricultural
practice has been a major driver of climate change, including through deforestation to increase the
land available for agriculture.

Despite agriculture’s role in releasing greenhouse gas emissions, the land and agriculture can also
mitigate greenhouse emissions by absorbing greenhouse gases. As expressed by Howden*, this
means our land resources are both part of the climate change problem and potentially part of the
solution.

Howden notes that while the food system emits nearly a third of the world’s greenhouse gases, land-
based ecosystems absorb the equivalent of about 22 per cent of global greenhouse gas emissions.
This happens through natural processes that store carbon in soil and plants, in both farmed lands and
managed forests as well as in natural carbon sinks such as forests, seagrass and wetlands.

The potential for agriculture to do more to reduce emissions can be realised through planting trees
and using sustainable land management practices that increase soil organic matter.* There is also an
important role for governments to provide incentives for agriculture to reduce its contribution to
climate change and increase its contribution to climate change mitigation.
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Many farmers are recognising the impacts of climate change and the key role they can play in finding
solutions. In Australia, Farmers for Climate Action is a movement of farmers, agricultural leaders and
rural Australians working to lead climate solutions on their farms. They advocate together to
influence their sector and the government to implement climate policies that reduce pollution and
benefit rural communities.*®

Climate change, food security and health

Climate change is having global health consequences. In Australia, rural, regional and remote
communities are at the forefront of climate change impacts, which have a significant negative effect
on their social, cultural, economic and environmental health and wellbeing.

Climate change is a risk multiplier, in that it exacerbates pre-existing health and social issues.*’ For
rural communities experiencing significant social and health inequities, including food insecurity,
climate change accentuates these inequities, adding an additional burden to an already
socioeconomically and environmentally challenged population.

Australia has one of the highest per capita emissions of carbon dioxide in the world, with 0.3 per cent
of the world's population releasing 1.07 per cent of the world's greenhouse gases. When accounting
for per capita emissions, Australia has the third highest emissions in the world after Saudi Arabia and
Kazakhstan.*®

Communities in rural and remote Australia are highly vulnerable to the health-related effects of
climate change, including through the risk of food insecurity. Australia needs to act to reduce its
contributions to greenhouse gas emissions, ensure agriculture is managed in a sustainable way and
mitigate the risk for rural and remote Australians of food insecurity due to climate change.*®
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Vector-borne disease

Both globally and within Australia, there is concern that changes in weather patterns as a result of
climate change, together with the consequences of adaptation and mitigation strategies, will lead to
alterations in the geographic spread of disease vectors. If realised, this wider geographic dispersal
will effectively increase the number of people exposed to future health risks associated with vector-
borne disease pathways.

What are vector-borne diseases?

Vector-borne diseases may be bacterial, parasitic or viral in nature. They require a living organism to
transmit infection from an animal or human host to an uninfected target. Most commonly, disease
vectors are insects and transmission occurs via an insect bloodsucking or biting the human or animal
host and subsequently infecting the human target. Prominent vectors include mosquitoes, ticks and
various flies, and prominent diseases include malaria, dengue, chikungunya, yellow fever, Ross River
fever, Barmah Forest virus and Zika virus.*® This paper focuses on insect-borne diseases. Diseases
such as Q fever and psittacosis, which are carried by larger animals including cattle, sheep, goats or
birds, are not discussed. Vector-borne diseases carry with them a significant global health burden,
leading to premature death, disability, or repeated and chronic illness; they account for 17 per cent
of infectious disease cases and are responsible for over 700,000 deaths annually.*® Malaria alone
accounts for over half of these.*

The high burden posed by vector-borne diseases globally is attributable, in part, to the lack of
enduring and effective chemotherapies. Significantly, the widespread use of chemotherapy for
endemic vector-borne diseases is associated with pathogenic drug resistance, rendering them of
limited use in the long term. In the case of malaria, two of the four known human malarial parasites
have developed resistance to available chemotherapies®®; additionally, vaccine development is
complex for malarial disease due to its parasitic basis, and none are approved for widespread use.>?
There are no effective drug-based prophylactics or treatments approved for dengue, Ross River
fever, Barmah Forest virus, chikungunya, or Zika virus.>? The lack of available chemotherapies for
globally significant vector-borne diseases means that, to date, a high reliance has been placed on
personal prevention, vector surveillance and control measures to curb the spread. Complicating the
control of vector distribution is the problem of insecticide resistance in key species®, so the
importance of personal prevention and surveillance measures is heightened.

Vector-borne diseases of importance in Australia

Locally significant vector-borne diseases are monitored within the Australian Government’s National
Notifiable Diseases Surveillance System. Endemic to Australia and comprising the vast majority (over
80 per cent) of vector-borne notifications, are the mosquito-borne diseases Ross River virus and
Barmah Forest virus. While not endemic to Australia, dengue fever is also of public health
significance due to the presence of transmitting mosquito species and periodic outbreaks.>* Most
cases of dengue notified in Australia are acquired overseas. Local acquisition of malaria has been
observed in Australia, but is uncommon®?, and notified infections of other vector-borne diseases of
global significance have, to date, been imported into Australia (such as chikungunya and Zika virus).

Ross River virus

Ross River virus is the most common vector-borne disease in Australia. It is a debilitating condition
which manifests as arthritic pain in peripheral joints (peripheral polyarthralgia), with fever, rash and
fatigue common co-indications.>® For many patients, arthralgia becomes chronic and, as such, the
personal and public health burden associated with the disease is high.>®
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There are more than 40 mosquito species implicated in the spread of Ross River virus, with three
strongly associated with transmission outside of metropolitan areas. Two Aedes variants (vigilax and
camptorhynchus) are found along the northern and southern Australian coastlines and are
prominent in wetland habitats, whereas Culux annulirostis is found throughout mainland Australia
and is associated with freshwater sources.”” A further Aedes variant, notoscriptus, is associated with
transmission in cities and their outskirts, and is linked to water storage in metropolitan areas.®’

Conditions which favour Ross River fever transmission are strongly associated with patterns
favouring outbreaks of the transmitting mosquito species and include higher rainfall and tide
maxima.’® The effect of temperature is region-dependent, with average temperatures favouring
outbreaks in northern Australia, lower than average temperatures favouring outbreaks in arid
regions, and higher than average temperatures favouring outbreaks in the southern, temperate
regions of Australia.>® Currently, Ross River virus spreads year-round in the tropical north of Australia
and exhibits a high degree of seasonality in the south.>® Additionally, weather events (high
temperature and rainfall) appear to be especially important drivers of disease outbreak in southern
Australia.”® Data indicate that, in the last 25 years, annual absolute notifications have been highest in
Queensland, followed by New South Wales and Western Australia, with several notable large
outbreaks in Victoria. Notification rates relative to population, on the other hand, have been highest
in the Northern Territory, followed by Queensland and Western Australia.®®

Barmah Forest virus

Barmah Forest virus is the second most significant vector-borne disease in Australia. It shares some
characteristics with Ross River virus — it is not fatal, but it is debilitating and manifests as arthralgia,
with other symptoms including joint inflammation (arthritis), muscle pain (myalgia), fever, rash and
fatigue.®¥%2 Typically, Barmah Forest virus has a shorter duration than Ross River virus.®? It spreads
from marsupial reservoirs (infected animal hosts) to uninfected humans via various mosquito
species.

There is evidence that maximum temperature is an independently important driver of Barmah Forest
virus spread, with high rainfall also playing a role. Higher temperatures are thought to promote
outbreaks due to their ability to truncate the period to infectivity following mosquito ingestion of the
virus, shorten larval incubation periods, and increase adult mosquito survival rates® — in essence,
higher temperatures mean more mosquitoes which are more infectious. Annual absolute
notifications of Barmah Forest virus have tended to be highest in Queensland, New South Wales and
Western Australia over the past 25 years, whereas notification rates are highest in the Northern
Territory, followed by Queensland and Western Australia.®

Dengue

While not endemic to Australia, dengue is of public health concern due to the level of imported
cases. Dengue is a viral condition which manifests as fever, pain (headache, joint and muscle pain),
fatigue, rash, gastrointestinal upset and, in more severe cases, haemorrhage or shock. While serious,
dengue is rarely fatal and usually resolves within a matter of weeks.%

Imported cases and the presence of mosquito vectors (primarily Aedes aegypti) throughout
Queensland facilitate periodic local outbreaks of dengue, primarily in north and central
Queensland.® Another carrier, Aedes albopictus, is presently restricted to the Torres Strait and has a
more limited capacity to serve as a dengue vector, however, this species does serve as a local
transmitter of the virus.®® As there are no vaccines or specific treatments for dengue fever, mosquito
breeding and habitat control is key to managing the risk of outbreak, as are personal protective
measures.
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Like Ross River and Barmah Forest viruses, climatic and weather conditions influence transmissibility
and, thus, the likelihood of local outbreaks; however, temperature appears to exert complex effects
on dengue vectors. Vector efficiency is influenced by virus incubation timeframes (the period within
which infection is detectable in mosquitos following dengue exposure). Virus incubation timeframes
and, thus, infectivity, appear to favour higher temperatures.%®> However, high daily temperature
fluctuations can either favour® or discourage®’ transmissibility, depending on underlying mean
temperature. Conversely, mosquito mortality appears directly proportional to temperature —
mortality rates increase with higher temperatures® and temperature variability.®’

Climate change and vector-borne disease in Australia

As highlighted above, as the vectors commonly involved in the transmission of vector-borne diseases
are cold-blooded arthropods, they are highly sensitive to environmental conditions — changes in
climate and weather patterns have the capacity to influence their survival, reproduction, and
geographic dispersal. While the incidence of vector-borne disease in Australia has historically been
relatively low by global standards, there is concern that climate change will alter vector distribution,
exposure and infection rates.®85%70

Importantly, vectors of interest in Australia are influenced by warmer temperature, temperature
variability and rainfall conditions — all of which are implicated in climate scenarios now and into the
future. It is conceivable that higher rates of vector-borne disease transmission and altered
geographic dispersal will emerge as secondary effects of climate change, with a high consequential
health burden. However, modelling of likely effects of climate change on vector-borne disease
transmissibility and distribution is complex, with the overall effect highly dependent on microhabitat,
the balance of temperature and rainfall changes, and extreme weather events.’® In general, however,
it is expected that:

e warmer air temperatures will speed up vector development, infectivity, and survival rates

e higher humidity will enhance survival, prolonging the vector’s infectious lifetime

e heavy rainfall will promote still water pooling and favour an increase in vector populations

e warmer southern temperatures will promote the geographical spread of vectors of importance

e adaptation measures, including changes to rainwater storage, will create fertile breeding grounds
for vectors.®

Further, Bambrick®® highlights the potential for increased geographic dispersion of aggressive,
dengue-transmitting mosquitoes to be of particular concern for Australia in climate change
scenarios. Somewhat complicating matters is that persistent drought might reduce the spread of
Ross River virus in south-eastern Australia’* and temperature maxima, beyond an upper threshold,
might adversely affect vector survival rates’?, leading to transmission decline.

Page 15



National Rural Health Alliance Position paper: Rural health policy in a changing climate — three key issues

References

1 National Rural Health Alliance. Position Statement: Climate change and rural health [Internet]. NRHA, Canberra, ACT.
2019 Dec 24 [cited 2020 Oct]. Available from: https://www.ruralhealth.org.au/policy-documents

2 National Rural Health Alliance. Submission to the Department of Health’s Development of a National Preventive Health
Strategy Consultation Paper. NRHA, Canberra, ACT. 2020 [unpublished].

3 Core Writing Team, Pachauri RK & Meyer LA (eds). Climate Change 2014: Synthesis Report. Contribution of Working
Groups I, Il and 11l to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva,
Switzerland. 2014 [cited 2020 Oct]. Available from: https://www.ipcc.ch/report/ar5/syr/

4 Commonwealth of Australia. State of the Climate 2020 [Internet]. Commonwealth of Australia, Canberra, ACT. 2020
[cited 2020 Oct]. Available from: http://www.bom.gov.au/state-of-the-climate/

5 Watts N, Adger WN, Agnolucci P, Blackstock J, Byass P, Cai W, et al. Health and climate change: policy responses to
protect public health [Internet]. The Lancet. 2015 [cited 2020 Oct]; 386(10006):1861-1914. Available from:
https://doi.org/10.1016/50140-6736(15)60854-6

6 Masson-Delmotte V, Zhai P, Portner H-O, Roberts D, Skea J, Shukla PR, et al (eds). Intergovernmental Panel on Climate
Change: Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global
warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate
poverty [Internet]. World Meteorological Organization, Geneva, Switzerland. 2018 [cited 2020 Oct]. Available from:
https://www.ipcc.ch/sr15/chapter/spm/

7 Deloitte Access Economics. A new choice: Australia’s climate for growth [Internet]. 2020 Nov [cited 2020 Nov 2].
Available from: https://www2.deloitte.com/au/en/pages/economics/articles/new-choice-climate-growth.html

8 Australian Institute of Health and Welfare. Rural & remote health [Internet]. Cat no PHE 255. AIHW, Canberra. 2019
[cited 2020 Oct]. Available from: https://www.aihw.gov.au/reports/rural-remote-australians/rural-remote-
health/contents/summary

9 Kjellstrom T & McMichael AJ. Climate change threats to population health and well-being: the imperative of protective
solutions that will last. Glob Health Action. 2013 [cited 2020 Oct]; 6:20816. Available from:
https://doi:10.3402/gha.v6i0.20816

10 Malik A, Lenzen M, McAlister S & McGain F. The carbon footprint of Australian health care. The Lancet Planetary Health.
2018 Jan; 2(1):27-35. Available from: https://doi.org/10.1016/52542-5196(17)30180-8

11 Global Green and Healthy Hospitals: Acting Together for Environmental Health [Internet]. GGHH is a project of Health
Care Without Harm. 2015 [cited 2020 Nov 13]. Available from: https://www.greenhospitals.net/

12 Climate and Health Alliance. Framework for a National Strategy on Climate, Health and Well-being for Australia
[Internet]. 2017 Jun [cited 2020 Oct]. Available from: https://www.caha.org.au/national strategy framework launch

13 Commonwealth of Australia. State of the Climate 2018. Commonwealth of Australia, Canberra, ACT. 2018. Available
from: http://www.bom.gov.au/state-of-the-climate/2018/

14 Australian Institute of Health and Welfare. Natural environment and health [Internet]. AIHW, Canberra, ACT. 2020 [cited
2020 Oct]. Available from: https://www.aihw.gov.au/reports/australias-health/natural-environment-and-health

15 Bambrick H. Climate change impacts on human health in the coastal zone [Internet]. CoastAdapt Impact Sheet 5, National
Climate Change Adaptation Research Facility, Gold Coast, Qld. 2016 [cited 2020 Oct]. Available from:
https://eprints.qut.edu.au/103206/

16 Healthabitat: Housing for health. Safety and the 9 Healthy Living Practices [Internet]. Mona Vale, NSW. 2020 [cited 2020
Oct]. Available from: https://www.healthabitat.com/what-we-do/safety-and-the-9-healthy-living-practices/

17 Klerck M. Transformative Adaption: Addressing the Injustices of Climate Vulnerability. Paper presented at: NT Climate
Justice Workshop Series. Climate Solutions for Territory Communities, Alice Springs, 2020 Mar 5-6.

Page 16


https://www.ruralhealth.org.au/policy-documents
https://www.ipcc.ch/report/ar5/syr/
http://www.bom.gov.au/state-of-the-climate/
https://doi.org/10.1016/S0140-6736(15)60854-6
https://www.ipcc.ch/sr15/chapter/spm/
https://www2.deloitte.com/au/en/pages/economics/articles/new-choice-climate-growth.html
https://www.aihw.gov.au/reports/rural-remote-australians/rural-remote-health/contents/summary
https://www.aihw.gov.au/reports/rural-remote-australians/rural-remote-health/contents/summary
https://doi.org/10.1016/S2542-5196(17)30180-8
https://www.greenhospitals.net/
https://www.caha.org.au/national_strategy_framework_launch
http://www.bom.gov.au/state-of-the-climate/2018/
https://www.aihw.gov.au/reports/australias-health/natural-environment-and-health
https://eprints.qut.edu.au/103206/
https://www.healthabitat.com/what-we-do/safety-and-the-9-healthy-living-practices/

National Rural Health Alliance Position paper: Rural health policy in a changing climate — three key issues

18 Bambrick H, Dear K, Woodruff R, Hanigan | & McMichael A. The impacts of climate change on three health outcomes:
Temperature-related mortality and hospitalisations, salmonellosis and other bacterial gastroenteritis, and population at
risk from dengue [Internet]. Garnaut Climate Change Review. Australian Government, Australia. 2008 [cited 2020 Oct].
Available from: https://eprints.qut.edu.au/103231/

19 Vaneckova P & Bambrick H. Cause-specific hospital admissions on hot days in Sydney, Australia [Internet]. PLoS ONE.
2013 [cited 2020 Oct]; 8(2):e55459. Available from: https://doi.org/10.1371/journal.pone.0055459

20 Xu Z, Huang C, Hu W, Turner LR, Su H & Tong S. Extreme temperatures and emergency department admissions for
childhood asthma in Brisbane, Australia [Abstract]. Occupational & Environmental Medicine. 2013 [cited 2020 Oct];
70(10). Available from: http://dx.doi.org/10.1136/0emed-2013-101538

21 Australian Institute of Health and Welfare. Stress and trauma [Internet]. AIHW, Canberra, ACT. 2020 [cited 2020 Oct].
Available from: https://www.aihw.gov.au/reports/australias-health/stress-and-trauma

22 Clemens SL, Berry HL, McDermott BM & Harper CM. Summer of sorrow: measuring exposure to and impacts of trauma
after Queensland’s natural disasters of 2010-2011 [Internet]. Med J Aust. 2013 [cited 2020 Oct]; 199(8):552-5.
Available from: https://doi.org/10.5694/mja13.10307

23 Bryant RA, Gibbs L, Gallagher HC, Pattison P, Lusher D, MacDougall C, et al. Longitudinal study of changing psychological
outcomes following the Victorian Black Saturday bushfires [Internet]. ANZJP. 2018 [cited 2020 Oct]; 52(6):542-51.
Available from: https://doi.org/10.1177%2F0004867417714337

24 Arriagada NB, Palmer AJ, Bowman DM, Morgan GG, Jalaludin BB & Johnson FH. Unprecedented smoke-related health
burden associated with the 2019-20 bushfires in eastern Australia [Internet]. Med J Aust. 2020 [cited 2020 Oct];
213:282-3. Available from: https://doi.org/10.5694/mja2.50545

25 Johnson FH, Borchers-Arriagada N, Morgan GG, Jalaludin B, Palmer AJ, Williamson GJ, et al. Unprecedented health costs
of smoke-related PM; s from the 2019-20 Australian megafires [Internet]. Nature Sustainability. 2020 [cited 2020 Oct].
Available from: https://doi.org/10.1038/s41893-020-00610-5

26 O’Brien LV, Berry HL, Coleman C & Hanigan IC. Drought as a mental health exposure. Environmental Research. 2014 [cited
2020 Oct]; 131:181-7. Available from: https://doi.org/10.1016/j.envres.2014.03.014

27 Austin EK, Handley T, Kiem AS, Rich JL, Lewin TJ, Askland HH, et al. Drought-related stress among farmers: findings from
the Australian Rural Mental Health Study [Internet]. Med J Aust. 2018 [cited 2020 Oct]; 209(4):159-65. Available from:
https://doi.org/10.5694/mjal7.01200

28 Hanigan IC, Butler CD, Kokic PN & Hutchinson MF. Suicide and drought in New South Wales, Australia, 1970-2007
[Internet]. PNAS. 2012 [cited 2020 Oct]; 109(35):13950-5. Available from: https://doi.org/10.1073/pnas.1112965109

29 Brew B, Inder K, Allen J, Thomas M & Kelly B. The health and wellbeing of Australian farmers: a longitudinal cohort study
[Internet]. BMC Public Health. 2016 [cited 2020 Oct]; 16:988. Available from: https://doi.org/10.1186/s12889-016-3664-y

30 Australian Institute of Health and Welfare. Burden of disease [Internet]. AIHW, Canberra, ACT. 2020 Jul 23 [cited 2020
Oct]. Available from: https://www.aihw.gov.au/reports/australias-health/burden-of-disease

31 Meadows GN, Enticott JC, Inder B, Russell GM & Gurr R. Better access to mental health care and the failure of the
Medicare principle of universality [Internet]. Med J Aust. 2015 [cited 2020 Oct]; 202(4):190-4. Available from:
https://doi.org/10.5694/mja14.00330

32 Commonwealth of Australia. The Royal Commission into National Natural Disaster Arrangements Report [Internet].
Commonwealth of Australia, Canberra, ACT. 2020 [cited 2020 Oct]. Available from:
https://naturaldisaster.royalcommission.gov.au/

33 Food and Agriculture Organization of the United Nations. FAO in the 21st century: Ensuring food security in a changing
world [Internet]. FAO, Rome, Italy. 2011 [cited 2020 May 19]. Available from: http://www.fao.org/3/i2307e/i2307e.pdf

34 Lee AJ, Kane S, Ramsey R, Good E & Dick M. Testing the price and affordability of healthy and current (unhealthy) diets
and the potential impacts of policy change in Australia [Internet]. BMC Public Health. 2016 [cited 2020 Oct]; 16:315.
Available from: https://doi.org/10.1186/s12889-016-2996-y

35 Shukla PR, Skea J, Calvo Buendia E, Masson-Delmotte V, Portner H-O, Roberts DC, et al (eds). Climate Change and Land:
an IPCC special report on climate change, desertification, land degradation, sustainable land management, food security,
and greenhouse gas fluxes in terrestrial ecosystems [Internet]. IPCC. 2019 [cited 2020 Oct]. Available from:
https://www.ipcc.ch/srccl/

Page 17


https://eprints.qut.edu.au/103231/
https://doi.org/10.1371/journal.pone.0055459
http://dx.doi.org/10.1136/oemed-2013-101538
https://www.aihw.gov.au/reports/australias-health/stress-and-trauma
https://doi.org/10.5694/mja13.10307
https://doi.org/10.1177%2F0004867417714337
https://doi.org/10.5694/mja2.50545
https://doi.org/10.1038/s41893-020-00610-5
https://doi.org/10.1016/j.envres.2014.03.014
https://doi.org/10.5694/mja17.01200
https://doi.org/10.1073/pnas.1112965109
https://doi.org/10.1186/s12889-016-3664-y
https://www.aihw.gov.au/reports/australias-health/burden-of-disease
https://doi.org/10.5694/mja14.00330
https://naturaldisaster.royalcommission.gov.au/
http://www.fao.org/3/i2307e/i2307e.pdf
https://doi.org/10.1186/s12889-016-2996-y
https://www.ipcc.ch/srccl/

National Rural Health Alliance Position paper: Rural health policy in a changing climate — three key issues

36 Michael DT & Crossley RL. Food security, risk management and climate change [Internet]. National Climate Change
Adaption Research Facility, Gold Coast, Qld. 2012 [cited 2020 Oct]. Available from:
https://www.nccarf.edu.au/publications/food-security-risk-management-and-climate-change

37 Barnes P. Time to rethink Australia’s food security [Internet]. The Strategist: Australian Strategic Policy Institute Blog.
2019 Aug 23 [cited 2020 Oct]. Available from: https://www.aspistrategist.org.au/time-to-rethink-australias-food-
security/

38 Collet J. Climate change and Australian food security. Future Directions International. 2014 Jun 27 [cited 2020 Oct].
Available from: https://www.futuredirections.org.au/publication/climate-change-and-australian-food-security/

39 Hughes L, Steffen W, Rice M & Pearce A. Feeding a hungry nation: Climate change, food and farming in Australia
[Internet]. Climate Council of Australia. 2015 Oct 19 [cited 2020 Oct]. Available from:
https://www.climatecouncil.org.au/resources/foodsecurityreport2015/

40 National Climate Change Adaptation Research Facility. Policy Guidance Brief 4: Adapting agriculture to climate change
[Internet]. NCCARF, Gold Coast, Qld. 2013 [cited 2020 Oct]. Available from:
https://www.nccarf.edu.au/publications/nccarf-policy-guidance-brief-4-adapting-agriculture-climate-change

41 Food and Agriculture Organization of the United Nations. FAQO’s work on climate change: United Nation’s Climate Change
Conference 2019 [Internet]. FAO. 2019 [cited 2020 Oct]. Available from: http://www.fao.org/policy-support/tools-and-
publications/resources-details/en/c/1255952/

42 Australian Centre for International Agricultural Research. Building climate resilience: Our work supporting countries to
adapt to and mitigate climate change [Internet]. ACIAR, Canberra, ACT. 2019 Sep 23 [cited 2020 Oct]. Available from:
https://aciar.gov.au/publication/books-and-manuals/building-climate-resilience

43 Crawford Fund. Submission to the Senate Foreign Affairs, Defence and Trade Committee, Inquiry into the implications of
climate change for Australia’s national security [Internet]. 2017 [cited 2020 Oct]. Available from:
https://www.aph.gov.au/Parliamentary Business/Committees/Senate/Foreign Affairs Defence and Trade/Nationalsec

urity/Submissions

44 Howden M. UN climate change report: land clearing and farming contribute a third of the world’s greenhouse gases
[Internet]. The Conversation. 2019 Aug 8 [cited 2020 Oct]. Available from: https://theconversation.com/un-climate-
change-report-land-clearing-and-farming-contribute-a-third-of-the-worlds-greenhouse-gases-121551

45 Cowie A. Expert reaction: IPCC 2019 special report on climate change and land. 2019 Aug 8 [cited 2020 Oct].
Available from: https://www.scimex.org/newsfeed/ipcc-2019-special-report-on-climate-change-and-land.

46 Farmers for Climate Action: About fca [Internet]. 2020 [cited 2020 Nov 13]. Available from:
https://farmersforclimateaction.org.au/about-fca/

47 National Rural Health Alliance. Fact sheet: Food security and health in rural and remote Australia. NRHA, Canberra, ACT.
2016 Oct [unpublished].

48 Union of Concerned Scientists. Each country’s share of CO2 Emissions [Internet]. 2008 Jul 16 [updated 2020 Aug 12; cited
2020 Oct]. Available from: https://www.ucsusa.org/resources/each-countrys-share-co2-emissions

49 World Health Organization. Fact sheet: Vector-borne diseases [Internet]. 2020 Mar 2 [cited 2020 Oct]. Available from:
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases

50 Centers for Disease Control and Prevention. Drug resistance in the malaria-endemic world [Internet]. CDC. 2018 Jul 23
[cited 2020 Oct]. Available from: https://www.cdc.gov/malaria/malaria_worldwide/reduction/drug_resistance.html

51 World Health Organization. Malaria vaccine implementation programme [Internet]. WHO. 2020 [cited 2020 Oct].
Available from: https://www.who.int/initiatives/malaria-vaccine-implementation-programme

52 Centers for Disease Control and Prevention: Division of Vector-Borne Diseases [Internet]. 2020 [cited 2020 Oct]. Available
from: http://www.cdc.gov/ncezid/dvbd/index.html

53 Brogdon WG & McAllister JC. Insecticide resistance and vector control [Internet]. J Agromedicine. 2004 [cited 2020 Oct];
9(2):329-45. Available from: https://pubmed.ncbi.nIm.nih.gov/19785227/

54 Knope K, Doggett SL, Jansen CC, Johansen CA, Kurucz N, Feldman R, et al. Arboviral diseases and malaria in Australia,
2014-15: Annual report of the National Arbovirus and Malaria Advisory Committee [Internet]. Commun Dis Intell. 2019
[cited 2020 Oct]; 43. Available from: https://doi.org/10.33321/cdi.2019.43.14

Page 18


https://www.nccarf.edu.au/publications/food-security-risk-management-and-climate-change
https://www.aspistrategist.org.au/time-to-rethink-australias-food-security/
https://www.aspistrategist.org.au/time-to-rethink-australias-food-security/
https://www.futuredirections.org.au/publication/climate-change-and-australian-food-security/
https://www.climatecouncil.org.au/resources/foodsecurityreport2015/
https://www.nccarf.edu.au/publications/nccarf-policy-guidance-brief-4-adapting-agriculture-climate-change
http://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1255952/
http://www.fao.org/policy-support/tools-and-publications/resources-details/en/c/1255952/
https://aciar.gov.au/publication/books-and-manuals/building-climate-resilience
https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Foreign_Affairs_Defence_and_Trade/Nationalsecurity/Submissions
https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Foreign_Affairs_Defence_and_Trade/Nationalsecurity/Submissions
https://theconversation.com/un-climate-change-report-land-clearing-and-farming-contribute-a-third-of-the-worlds-greenhouse-gases-121551
https://theconversation.com/un-climate-change-report-land-clearing-and-farming-contribute-a-third-of-the-worlds-greenhouse-gases-121551
https://www.scimex.org/newsfeed/ipcc-2019-special-report-on-climate-change-and-land
https://farmersforclimateaction.org.au/about-fca/
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions
https://www.who.int/news-room/fact-sheets/detail/vector-borne-diseases
https://www.cdc.gov/malaria/malaria_worldwide/reduction/drug_resistance.html
https://www.who.int/initiatives/malaria-vaccine-implementation-programme
http://www.cdc.gov/ncezid/dvbd/index.html
https://pubmed.ncbi.nlm.nih.gov/19785227/
https://doi.org/10.33321/cdi.2019.43.14

National Rural Health Alliance Position paper: Rural health policy in a changing climate — three key issues

55 Harley D, Garstone G, Montgomery B & Ritchie S. Locally-acquired Plasmodium falciparum malaria on Darnley Island in
the Torres Strait [Internet]. Commun Dis Intell. 2001 Aug [cited 2020 Oct]; 25(3):151-3. Available from:
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-cdi-2001-cdi2503-cdi2503s.htm

56 Harley D, Sleigh A & Ritchie S. Ross River virus transmission, infection, and disease: a cross-disciplinary review [Internet].
Clinical Microbiology Reviews. 2001 Oct [cited 2020 Oct]; 14(4):909-32. Available from:
https://doi.org/10.1128/CMR.14.4.909-932.2001

57 Claflin SB & Webb CE. Ross River virus: Many vectors and unusual hosts make for an unpredictable pathogen [Internet].
PLoS Pathog. 2015 Sep 3 [cited 2020 Oct]; 11(9):e1005070. Available from: https://doi.org/10.1371/journal.ppat.1005070

58 Kelly-Hope LA, Purdie DM & Kay BH. Ross River virus disease in Australia, 1886—1998, with analysis of risk factors
associated with outbreaks [Internet]. Journal of Medical Entomology. 2004 Mar 1 [cited 2020 Oct]; 41(2):133-50.
Available from: https://doi.org/10.1603/0022-2585-41.2.133

59 Stratton MD, Erhlich HY, Mor SM & Naumova EN. A comparative analysis of three vector-borne diseases across Australia
using seasonal and meteorological models [Internet]. Sci Rep. 2017 Jan 10 [cited 2020 Oct]; 7:40186. Available from:
https://doi.org/10.1038/srep40186

60 National Notifiable Diseases Surveillance System. Summary table: Notifications of a selected disease by State and
Territory and Year. Australian Government Department of Health. 2020 [cited 2020 Oct]. Available from:
http://www?9.health.gov.au/cda/source/cda-index.cfm.

61 Herrero LJ, Lidbury BA, Bettadapura J, Jian P, Herring BL, Hey-Cunningham WJ, et al. Characterisation of Barmah Forest
virus pathogenesis in a mouse model [Internet]. J Gen Virol. 2014 Oct 1 [cited 2020 Oct]; 95(10):2146-54. Available from:
https://doi.org/10.1099/vir.0.064733-0

62 Queensland Government, Health conditions directory. Barmah Forest Virus [Internet]. 2017 Oct 12 [cited 2020 Oct].
Available from: http://conditions.health.qld.gov.au/HealthCondition/condition/14/217/190/barmah-forest-virus

63 Naish S, Hu W, Nicholls N, Mackenzie JS, Dale P, McMichael AJ, et al. Socio-environmental predictors of Barmah forest
virus transmission in coastal areas, Queensland, Australia [Internet]. Tropical Medicine & International Health. 2009
Feb 11 [cited 2020 Oct]; 14(2):247-56. Available from: https://doi.org/10.1111/j.1365-3156.2008.02217.x

64 Queensland Health, Clinical guidelines and procedures. Dengue: virus, fever and mosquitoes [Internet]. 2020 Feb 20
[cited 2020 Oct]. Available from: https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/diseases-
infection/diseases/mosquito-borne/dengue/virus-fever

65 Watts DM, Burke DS, Harrison BA, Whitmire RE & Nisalak A. Effect of temperature on the vector efficiency of Aedes
aegypti for dengue 2 virus [Internet]. Am J Trop Med Hyg. 1987 Jan 1 [cited 2020 Oct]; 36(1):143-52. Available from:
https://doi.org/10.4269/ajtmh.1987.36.143

66 Carrington LB, Armijos MV, Lambrechts L & Scott TW. Fluctuations at a low mean temperature accelerate dengue virus
transmission by Aedes aegypti [Internet]. PLoS Negl Trop Dis. 2013 Apr 25 [cited 2020 Oct]; 7(6):e2207. Available from:
https://doi.org/10.1371/journal.pntd.0002190

67 Lambrechts L, Paaijmans KP, Fansiri T, Carrington LB, Kramer LD, Thomas MB, et al. Impact of daily temperature
fluctuations on dengue virus transmission by Aedes aegypti [Internet]. PNAS. 2011 May 3 [cited 2020 Oct];
108(18):7460-5. Available from: https://doi.org/10.1073/pnas.1101377108

68 Australian Institute of Health and Welfare. Australia’s health 2018. Australia’s health series no 16. AUS 221. AIHW,
Canberra, ACT. 2018 Jun 20 [cited 2020 Oct]. Available from: https://doi.org/10.25816/5ec1e56f25480

69 McMichael AJ, Woodruff RE & Hales S. Climate change and human health: present and future risks [Internet]. The Lancet.
2006 Feb 9 [cited 2020 Oct]; 367(9513):859-69. Available from: https://doi.org/10.1016/S0140-6736(06)68079-3

70 Russell, RC. Mosquito-borne arboviruses in Australia: the current scene and implications of climate change for human
health [Internet]. International Journal for Parasitology. 1998 Jun 1 [cited 2020 Oct]; 28(6):955-69. Available from:
https://doi.org/10.1016/50020-7519(98)00053-8

71 Woodruff R & Bambrick H. Climate change impacts on the burden of Ross River virus disease [Internet]. Garnaut Climate
Change Review, Australia. 2008 Jun [cited 2020 Oct]. Available from: https://eprints.qut.edu.au/103207/

72 Shapiro LL, Whitehead SA & Thomas MB. Quantifying the effects of temperature on mosquito and parasite traits that
determine the transmission potential of human malaria [Internet]. PLoS Biology. 2017 Oct 16 [cited 2020 Oct];
15(10):€2003489. Available from: https://doi.org/10.1371/journal.pbio.2003489

Page 19


https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-pubs-cdi-2001-cdi2503-cdi2503s.htm
https://doi.org/10.1128/CMR.14.4.909-932.2001
https://doi.org/10.1371/journal.ppat.1005070
https://doi.org/10.1603/0022-2585-41.2.133
https://doi.org/10.1038/srep40186
http://www9.health.gov.au/cda/source/cda-index.cfm
https://doi.org/10.1099/vir.0.064733-0
http://conditions.health.qld.gov.au/HealthCondition/condition/14/217/190/barmah-forest-virus
https://doi.org/10.1111/j.1365-3156.2008.02217.x
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/diseases-infection/diseases/mosquito-borne/dengue/virus-fever
https://www.health.qld.gov.au/clinical-practice/guidelines-procedures/diseases-infection/diseases/mosquito-borne/dengue/virus-fever
https://doi.org/10.4269/ajtmh.1987.36.143
https://doi.org/10.1371/journal.pntd.0002190
https://doi.org/10.1073/pnas.1101377108
https://doi.org/10.25816/5ec1e56f25480
https://doi.org/10.1016/S0140-6736(06)68079-3
https://doi.org/10.1016/S0020-7519(98)00053-8
https://eprints.qut.edu.au/103207/
https://doi.org/10.1371/journal.pbio.2003489

National Rural Health Alliance Position paper: Rural health policy in a changing climate — three key issues

National Rural Health Alliance - member organisations

Allied Health Professions Australia Rural and Remote

Australasian College for Emergency Medicine

Australasian College of Health Service Management (Regional, Rural and Remote Special Interest Group)

Australasian College of Paramedicine

Australian and New Zealand College of Anaesthetists and Faculty of Pain Medicine

Australian Chiropractors Association (Aboriginal and Torres Strait Islander Rural and Remote Practitioner Network)

Australian College of Midwives (Rural and Remote Advisory Committee)

Australian College of Nursing (Rural Nursing and Midwifery Community of Interest)

Australian College of Rural and Remote Medicine

Australian Dental Association (Rural Dentists’ Network)

Australian General Practice Accreditation Limited

Australian Healthcare and Hospitals Association

Australian Indigenous Doctors’ Association

Australian Nursing and Midwifery Federation (rural members)

Australian Paediatric Society

Australian Physiotherapy Association (Rural Advisory Council)

Australian Psychological Society (Rural and Remote Psychology Interest Group)

Australian Rural Health Education Network

Congress of Aboriginal and Torres Strait Islander Nurses and Midwives

Council of Ambulance Authorities

Country Women’s Association of Australia

CRANAplus

Exercise and Sports Science Australia

Federation of Rural Australian Medical Educators

Isolated Children’s Parents’ Association

National Aboriginal Community Controlled Health Organisation

National Association of Aboriginal and Torres Strait Islander Health Workers and Practitioners

National Rural Health Student Network

Optometry Australia (Rural Optometry Group)

Pharmaceutical Society of Australia (Rural Special Interest Group)

Regional Medical Specialists Association

Royal Australasian College of Medical Administrators

Royal Australasian College of Surgeons (Rural Surgery Section)

Royal Australian and New Zealand College of Obstetricians and Gynaecologists

Royal Australian and New Zealand College of Psychiatrists

Royal Australian College of General Practitioners Rural Faculty

Royal Far West

Royal Flying Doctor Service

Rural Doctors Association of Australia

Rural Health Workforce Australia

Rural Pharmacists Australia

Services for Australian Rural and Remote Allied Health

Society of Hospital Pharmacists of Australia

Speech Pathology Australia




