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Abstract: Among the challenges for rural communities and health services in Australia,
climate change and increasing extreme heat are emerging as additional stressors. Effective
public health responses to extreme heat require an understanding of the impact on health
and well-being, and the risk or protective factors within communities. This study draws on
lived experiences to explore these issues in eleven rural and remote communities across
South Australia, framing these within a socio-ecological model. Semi-structured interviews
with health service providers (n = 13), and a thematic analysis of these data, has identified
particular challenges for rural communities and their health services during extreme heat.
The findings draw attention to the social impacts of extreme heat in rural communities, the
protective factors (independence, social support, education, community safety), and challenges
for adaptation (vulnerabilities, infrastructure, community demographics, housing and local
industries). With temperatures increasing across South Australia, there is a need for local
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planning and low-cost strategies to address heat-exacerbating factors in rural communities,
to minimise the impact of extreme heat in the future.

Keywords: adaptation; climate change; extreme heat; health services; public health;
rural health

1. Introduction

Extreme heat can lead to substantial heat-related morbidity and mortality [1], and climate
projections for more frequent and severe heatwaves are directing attention to this public health issue.
While the adverse health effects of heat are largely preventable, the physiological, social and
contextual risk factors can be complex and inter-related. Epidemiological studies have identified a
number of risk factors for heat-related morbidity and mortality, including age, pre-existing disease,
medications, social isolation, and socio-economic status (SES) [2]. Characteristics of place are also
important [3], with recent studies identifying vulnerable “hot spots” within cities, particularly in
relation to the built environment [4—6]. The understanding of these risk factors at a community level is
central to the development of locally appropriate heat emergency and adaptation plans [7-9].

In general, the research literature asserts that hot weather is likely to have the greatest impact on
urban residents, because the urban heat island effect (UHI) leads to temperatures in metropolitan areas
being warmer than surrounding rural areas [10]. This is supported by studies showing a higher risk for
city dwellers than those living in non-urban areas [11,12]. However, there are also reports of
significant impacts of extreme heat on rural populations [13,14], with some studies indicating
comparable or heightened vulnerability in rural areas in North America [15—-18] and Taiwan [19].

There has been limited assessment of the health impacts of extreme heat in rural areas in Australia,
and the sparseness of the population is challenging for quantitative analysis. Notwithstanding these
issues, Loughnan ef al. [20] have established that days exceeding threshold temperatures are associated
with significant increases in mortality for older people living in regional areas of Victoria. In view of
the Australian climate and the ageing rural population, further examination of the factors that
determine heat vulnerability in rural communities is clearly warranted. It has been argued that rural
communities in Australia are particularly vulnerable to the wide-ranging effects of climate change,
because of the potential impact on livelihoods and existing rural disadvantage [21,22]. Furthermore,
the detrimental effects of climate change on the environment can have significant psychological impact
on local communities [22].

The state of South Australia (SA) experiences dry, warm-to-hot summers, with higher average
temperatures in the North and inland regions compared with coastal areas and the lower South
East [23]. Since 1950, the average temperature in SA has increased by 1.1 °C, and projections indicate
continued warming across the state, increasing with distance from the coast [24]. The need for public
health planning for heat emergencies in SA was accentuated by a prolonged heat event in 2009 that
resulted in significant mortality and morbidity [25,26]. This lead to the development of extreme heat
emergency arrangements for the state, principally based on the temperatures and health impacts
estimated for the metropolitan population of Adelaide (the state capital), with regional responses tied
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to local temperature forecasts [26,27]. Approximately one quarter of the SA population of 1.6 million
resides outside the greater Adelaide region, but the impact of heat on these communities has received
limited research attention.

Rural communities in SA vary in their infrastructure, population characteristics, housing,
employment profiles, and other factors which may influence well-being during extreme heat. In
general, rural local government areas are the lowest ranked in an Index of Relative Socio-economic
Advantage and Disadvantage in South Australia [28], and the elderly make up a higher proportion of
the total population [29]. Sectors within the rural workforce, such as agriculture and mining, can be at
risk during extreme heat because of high exposure and physical work intensity [30]. It is likely that
limited services and infrastructure could constrain the ability of rural communities to manage and
adapt to extreme heat. Furthermore, the generally poorer health in rural populations may increase
vulnerability [31]. On the other hand, factors such as social capital [32] and resilience in rural
communities [33] might enhance this capacity.

The purpose of this study was to explore how rural communities across South Australia experience
extreme heat and the factors that may limit or enhance their capacity to adapt to this challenge. The
study examines the issue from the perspectives of rural health service providers, who work closely
with vulnerable groups in their communities, and are likely to have an understanding of health impacts
of heat. This represents part of a larger study to investigate the social and contextual factors that
determine the impact of extreme heat on the health of rural populations in South Australia.

2. Experimental Section

In this exploratory study, participants from eleven rural and remote communities in South Australia
were interviewed by telephone about the experience of extreme heat in their communities, including
the health impacts and how people manage the heat.

2.1. Sampling

A key informant sample of community health professionals in rural and regional SA was selected,
comprising health service providers from the Country Health SA Local Health Networks, within the
South Australian Department of Health, which provide wide-ranging community health services within
the state. Study information was disseminated by email from the office of Country Health SA to a
network of regional staff (Cluster Directors, Directors of Nursing, and Community Health Directors)
for further distribution. Information was provided about the study and an invitation to participate in a
telephone interview was offered, with the assurance of anonymity and confidentiality. There were 6
responses to the invitation and in other instances a nominated contact was invited. After follow-up, 11
responders consented for an interview. A rural general practitioner (personal contact JN) and an
ambulance service employee (nominated by the SA Ambulance Service) were also recruited, for a total
of 13 respondents across the state.
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2.2. Data Collection and Analysis

Data collection was largely undertaken in autumn 2012 (March to May), with a further three
interviews conducted in June 2012. This followed an unremarkable summer in South Australia, with
the average temperature for the state 0.2 °C warmer than the long-term summer average [34]. Mean
daily maximum temperatures in the different areas of the state ranged from 26.3 °C in the South East
to 35.2 °C in the Far North [34].

Informed consent was provided by all respondents before interviews proceeded. Participants were
asked about: (i) their role within the health service; (ii) how extreme heat affects their community and
how residents respond; (iii) the factors that facilitate, or act as barriers to, coping with extreme heat;
(iv) how extreme heat affected service provision to their clients, and (v) the potential impact of
increasing temperature extremes in the future. They were also given the opportunity to raise other
topics or issues they considered relevant. The same framework of questions was used for all
participants and interviews were typically between 30 and 40 min in duration. They were digitally
recorded, transcribed verbatim into text and de-identified to assure confidentiality. The data set
consisted of transcripts and recordings of the interviews.

Analysis was undertaken from a critical realist position, as described by Sims-Schouten et al. [35].
This approach reasons that while participants’ narratives reflect socially constructed realities; these are
drawn within, and constrained by, the material dimensions of the physical environment.
Methodologically, a theoretical thematic analysis was used to identify recurring patterns within the
data that were important to the research questions [36]. This involved repeated listening to the audio
files and reading of the interview transcripts. Using the qualitative analysis software
package NVivo 8 (QSR International Pty Ltd., Doncaster, Australia), passages of text that displayed
similar ideas or concepts were coded and grouped into semantic themes, which were organised into
individual, interpersonal, community, organisational and environment domains, according to a
socio-ecological model. This provided an appropriate framework to examine heat-related behaviours,
taking into consideration the interactions between individuals and their physical and socio-cultural
surroundings [37]. Evidence to support the identified themes and sub-themes is provided in the form of
participant quotes, and contrasting points of view provided by participants have been explicitly described.

2.3. Ethics Approval

Ethics approval for the study was granted by the University of Adelaide Human Research Ethics
Committee (No. H-2012-026) and the study was endorsed by the Research Governance Office of the
South Australian Department of Health.

3. Results

A summary of the participants’ roles within the health sector is provided in Table 1, and their
locations are shown in Figure 1. These locations ranged from inner regional to very remote according
to the Accessibility/Remoteness Index of Australia (ARIA) [38], a standard classification and index of
remoteness defined by accessibility by road to services.
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Table 1. Respondent categories.

Respondents Females  Males

Community Health Service Managers 1
Program Managers (including social work, geriatric)
Community Nurses

—_ = W N

Directors of Nursing 1
Remote Area Nurses

Ambulance Service Regional Team Leaders 1
Medical practitioners 1
Total 9 4

Figure 1. Map of South Australia showing the locations for study participants. Locations
are abbreviated to FN (Far North); EP (Eyre Peninsula); MN (Mid-North); YP (Yorke
Peninsula); RL (Riverland); MM (Mid-Murray); FP (Fleurieu Peninsula); and SE (South
East). ARIA scores for each location are shown, ranging from inner regional (1.0) to very
remote (11.0). The State capital (Adelaide) is represented by the large filled circle.
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Ten of the participants were involved in home visits, enabling them to closely observe their clients’
behaviours during extreme heat. Most of the participants had lived in their area for many years and
were familiar with the community and climate of the region. Two had lived at their location for only
1-2 years, but had experienced extreme heat in that time. Most participants described extreme heat as
several days of daily temperatures above 35 °C, or 40 °C in warmer regions. These descriptions are
likely to reflect the climatic variation across the state, as well as individual judgments about the

characteristics of a heatwave.
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Analysis of the interview data generated 6 themes related to the impact of extreme heat and
12 themes concerning the factors that limit or enhance the capacity to manage the heat. Themes and
sub-themes were assigned, with some overlap, to the domains of a social-ecological framework
(Table 2), and results are presented with reference to this framework.

Table 2. Identified themes and sub-themes assigned to five socio-ecological domains.

Socio-Ecological Factors that Influence Coping and Adaptation
. Impact of Extreme Heat
Domains to Extreme Heat

Vulnerabilities (elderly, illness, SE f disadvantage,
Individual . . housing, air-conditioning, occupation, transport,
_ Quality of Life )
characteristics outlying/remote)

Independence (experience, behaviours, awareness)

Interpersonal . ) Social supports
. . Social isolation ’
interactions Education
Demographics
Housing (development)
Community Community Life (activities, Community safety
characteristics sport) Infrastructure (cool places, power and water)

Public transport
Local industry (tourism, mining, agriculture)

Hospital services

) Monitoring (vulnerable clients,
Health service

(organizational) education, extra checks, Workforce
advocacy)
Occupational risk
Natural Climate
environment Local geography (sea breeze, lake, river, water supply)

" SE: socio-economic.
3.1. The Impact of Extreme Heat on Health Services
3.1.1. Hospital Services

Across most communities there were cases of heat-related presentations each summer, but these
were described as generally minor problems, and often not requiring admission. In addition, instances
when vulnerable residents had been hospitalised as a precaution, or their discharge delayed during
extreme heat were described. The burden on hospital services could be affected by seasonal
fluctuations in population; for example coastal or river locations can experience an influx of summer
tourists who may be unfamiliar with local conditions.

....at the moment traditionally we get a lot of people come up here for tourism and a lot of
the people who clog the A&E (accident and emergency) department are tourists, you know
‘cause they 've come from out of town they re not used to the warmer conditions (#1; YP)

In contrast, in Far North communities there can be a decrease in population over summer, as some
families move south to avoid the worst of the heat. Hot weather can also decrease the demand for some
non-urgent services when appointments are rescheduled to avoid the heat.
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3.1.2. Monitoring

Identification and monitoring of elderly or vulnerable clients during extreme heat was described in
most communities. While this is a State Government policy initiative, one participant suggested it had
already been part of usual practice within their service. In addition to providing routine services for
clients, extra time and duties could be required during extremely hot weather.

The input into them may increase though. May be required to go back to somebody, which
we wouldn’t normally do, or follow up on different processes, equipment, procedures, or
whatever to ensure the client’s still safe at home. It might include going in and checking
out that their air-conditioner is actually on cool and not heat, which we have had happen.
That can happen. Just things like that, and that might take extra time to do those things.
(#10; RL)

3.1.3. Occupational Risk

The provision of outreach services during extreme heat can present risks and difficulties for
community nurses, and this was a salient issue across the state.

But certainly from a staff perspective, really hard work going out and about on a day like
that, especially with a north wind blowing as well, and expected to visit 9 or 10 clients a
day, getting in and out of the car. The car often can’t be parked in a shaded area, so the
car’s very hot to get in and out of. You have to ensure that staff have got policy and
procedure to follow to ensure they re hydrated, to ensure that they rest if they need to, get
out of the heat if they must, all those sorts of things. (#10; RL)

Many participants indicated that they made an earlier start during extremely hot weather, so that
visits could be completed before the hottest part of the day whenever possible. Travelling on high fire
risk days (referred to as catastrophic), or in the event of a fire, was a common concern. While safety
training and equipment were provided, the travel restrictions imposed on catastrophic fire risk days
could limit service provision to outlying clients.

So when we get the, you know, the days that are catastrophic days and stuff, we actually
don’t go outside the confines of the actual town because some of our girls travel, you know,
say forty kilometres out to people in isolated places to give them services. ..... Yes basically
some services have to get cut then. (#5; MN)

3.2. The Impact of Extreme Heat on Individuals and Communities
Quality of Life, Social isolation and Community life

These themes relate to the constraints on people’s daily activities and social interactions that were
attributed to hot weather. This was a particular concern in relation to elderly residents who can become
housebound in the heat, even to a single air-conditioned room. At a community level, the restrictions to
social functions, sport and other activities were described as detrimental to social and physical
well-being, and this was a concern in relation to increasing extreme heat.
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1t will definitely have an impact, because even now over the heat of the summer there’s less
social stuff going on, you know, sport doesn’t get played, that sort of stuff. So it’s already
affecting the community in that sort of way. (#14; FN)

This impact was minimised in one Far North community by scheduling outdoor events in the
morning or evening to avoid the mid-day heat; and in another location a potential benefit was
suggested if “... the heat might encourage people to actually go outside a bit more at night” (#9; MM).

3.3. Factors that Influence Coping and Adaptation to Extreme Heat
3.3.1. Local Climate and Geography

Distinct environments provide the context for heat experiences in rural communities across the
state. For example, extended periods of sustained high temperatures were described in the Far North,
with “at least two or three times a summer where it stays over 40 or over 42 degrees for five days plus”
(#11; FN). In contrast, in one coastal community the experience was “most days you usually get a
reasonable breeze in the afternoon that’s a lot cooler” (#15; EP). Access to a river or lake was also
described as beneficial, and some benefit from being in a rural area was suggested “because you
haven’t got all the, you know, the hot roads and the infrastructure and all those things around you that
are hot too” (#5; MN).

3.3.2. Vulnerabilities

Across communities there were common characteristics related to heat vulnerability (listed in
Table 2). While the elderly were considered the most vulnerable in most locations, there was one
community with a predominantly younger population where infants, children and new arrivals were the
high risk groups. The need to encourage the elderly to use air-conditioners was a common narrative, with
the reluctance attributed to cost, a lack of heat sensation, or a preference for other strategies.

1 find that a lot of elderly people don’t like having the air-conditioner on. They find that the
air is actually too cold and so lots of times they won't actually put their air-conditioner on,
some do, and sometimes it’s a matter of economics as well people really can’t afford to run
an air-conditioner all the time so they’ll wait until they’ve got no choice and then they’ll
use their air-conditioner (#15; EP)

One account was of elderly people who believed that air-conditioning was bad for their health and
preferred to use wet towels to keep cool. In most areas, participants were also concerned for those with
chronic illness, or cognitive or mental health issues that compromised their ability to adopt appropriate
heat protective behaviours. Socio-economic disadvantage was also a salient factor, largely because of
rising electricity costs, and possibly compounded by the widespread use of older and less efficient air
conditioners. Housing, transport and geographical isolation could also be additional barriers to coping
with the heat for disadvantaged people.

There is a group of people who suffer from compound disadvantage, and that means that
they might have less than favourable living environment, no transport, out in the donga *

somewhere, so for a number of reasons they couldn’t come into another place where it’s
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cooler or get into the lake for a swim or whatever. I think sometimes a group of things that
would disadvantage some people would stop them from seeking help somehow. (#10; RL)

(* donga is an Australian colloquialism referring to a remote bush area)

Some occupational groups, such as council workers and farmers, were considered to be at risk
during extreme heat, however common protective behaviours were described, particularly modifying
daily activities to minimise heat exposure and having air-conditioning in work vehicles.

.. there have been plenty of innovations in recent times, obviously all the farmers, not all of
them, but they’ve got air-conditioned tractors now, they sit up there and they’ve got their
stereo and their air-conditioning and away they go and it doesn’t matter what the
temperature is outside (#1; YP)

Although there were instances of heat-related illness amongst workers in silos and mines, these
were not considered to be commonplace.

3.3.3. Independence

This theme was derived from recurring characterisations of rural residents as experienced, familiar
with the local climate, and capable of managing extreme heat independently.

[ think that rural communities in general are used to dealing with heat and or unusual
weather conditions. The majority of people have lived on the land or farmed the land or
worked in partnership or in industries over time and they’re used to the environment
they’re in and with the exception of those people that have lost their, a significant
proportion of their independence or cognitive function most people have means and more
than a basic understanding of how to and what they can do during extreme heat or
prolonged heat, and they put in fair, legitimate and effective strategies to cope with
extreme heat, in almost all cases (#1; YP)

From communities across the state there were descriptions of residents modifying their activities on
hot days; doing shopping or other activities early and staying indoors and closing up during the hottest
part of the day. Within most communities there was a very high reliance on air-conditioning, and, with

the exception of swimming pools, outdoor activities were frequently cancelled during extreme heat.

3.3.4. Social Support

Strong social networks were described as a factor that helped communities cope during times of
extreme heat, and the support of volunteer groups was also recognised. These networks ensured that
some elderly residents were supported by neighbours and family, reducing the need for monitoring by
community health services.

You know there is not always family — sometimes it is the neighbours who go and checks on
them, you know, twice a day or whatever when it’s has got past a certain temperature. We
have a lot of that kind of, you know, buddy-ing sort of thing happens. (#5; MN)
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However, there were some concerns that social networks can be in decline for the very elderly, and
that new residents may not be supported by the usual social linkages.

3.3.5. Education

Participants described increasing attention to heat-health promotion within their communities,
through sporting clubs, schools, and their own services: “the last couple of years we have had a lot of
information, like the extreme heat booklet and stuff and we’ve actually promoted that in our
community a lot” (#5; MN). Dissemination of information through families and social contacts was
described, and there was a widespread view that heat awareness and the importance of fluid intake,
particularly during sporting events, was widely recognised.

3.3.6. Community Demographics

The influence of age and socio-economic status has already been discussed in relation to individual
vulnerability, but these factors also affect community adaptive capacity. The size of a community was
also deemed important, with one participant suggesting “I imagine in a large community even though
there’s probably more resources there, there’s probably a greater chance of people being missed
because of the size of the place” (#15; EP).

3.3.7. Housing

A range of housing types were described in most rural communities, including stone or brick
construction and a high proportion of transportable homes. Transportable houses are prefabricated,
lightweight construction, and readily transported to rural locations, and were commonly described as
being more difficult to keep cool, as one participant observed “but there is quite a bit of like
transportable, you know, prefab sort of housing; that kind of stuff just heats up quickly but it cools
down quickly too” (#5; MN). Conversely, in one community the new transportable homes were
considered to be an improvement on some older houses with no insulation. In several locations there
were concerns about new housing developments and the lack of attention to thermal efficiency in these
homes. This was contrasted to more traditional farmhouses that were sited to reduce sun exposure and
shaded with verandas.

3.3.8. Community Safety

With the exception of the Far North locations, most communities experience cooler night
temperatures, and opening windows and doors for overnight cooling was a common protective
behaviour. However it was suggested that nowadays some residents might not feel comfortable to do
this because of concerns about safety.

I mean I guess we're a little bit safer. I know personally that my partner and I sleep with
the house wide open in the middle of summer to let the cool evening air in and so on, but
I’'m fairly certain that there would be an older contingent or any contingent that are afraid

that wouldn’t do that — remain in the closed house and not let cool air in, because they are
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frightened and frightened at night because they’re on their own or their closest neighbours
aren’t close. (#10; RL)

3.3.9. Limited Cool Public Spaces

Participants from smaller communities suggested that residents have few places to seek relief from
the heat because there are “no big shopping centres where people can go and hang out” (#15; EP).
While one rural hospital acted as a heat relief centre it was observed that “it’s actually quite rare that
people actually come into those heat relief centres” (#1; YP). In some communities it was envisaged
that the hospital could provide a cool refuge if necessary, while in one location it was described
as too small.

There was a common view that relocation to a cool place may not be convenient if long travel
distances are involved, and that a lack of public transport can also limit access to cooler places. While
swimming pools were well utilized during extreme heat, not all communities have a public pool that is
open for extended hours, and as one participant observed “it (the swimming pool) was a great cost to
the community and swimming pools don’t necessarily cater for the needs of the aged” (#7; SE).

3.3.10. Power and Water Supply

For most participants the issue of power outages during extreme heat was not a major concern,
because they were usually of short duration. However, the generally high reliance on air-conditioning
suggests that extended power cuts would have an impact, particularly in Far North communities where
air-conditioning is used continuously. Similarly, water availability was not a concern in coping with
the heat, but in one remote location the cost of water could prevent people filling swimming pools.

3.4. Concerns and Strategies for Future Adaptation

Considering the projections for increasing frequency and intensity of extreme heat, some
participants held the view that rural and remote communities are accustomed to coping with adversity,
and that increasing extreme heat will just present another challenge.

I think most of the remote communities will cope because they do. That’s how they’ve

grown up and there’s no whingeing to anyone because you're miles from anywhere.
(#14; FN)

Other participants held particular concerns for ageing populations in their communities:

I'’ve seen just in the 10 years I’ve been in this area, the average age of my clients has gone
from being perhaps early 80 s and I've now got clients well up into their 90 s and some in
their 100 s, and they 're frailer, they re more at risk and I suppose for me that’s going to be
the concern, is that we're going to have much higher numbers of the really frail elderly.
And often out there on their own at home. They are going to be a huge risk, because they
also as they age they are often starting to become dehydrated before they experience thirst.
So, huge risk for dehydration because they re often so frail and the really high ages they
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often haven'’t got friends around to check on them. So I think that’s going to be a much

bigger burden on community services. (#13; SE)

The rising cost of power was another major concern, and a subsidy for air-conditioner use was one
suggestion for adaptation. Other suggestions were grouped into the topics of: infrastructure and
facilities, re-scheduling activities to avoid the heat, heat-health education, organisational adaptation,
building regulations, resources and support for adaptation. Illustrative quotes for these topics are

shown in Table 3.

Table 3. Participant-suggested strategies for heat-adaptation with illustrative quotes.

Topic

Quotes

Infrastructure/facilities

e having a cover over the pool would be excellent (#12; EP)
o the library being open over summer longer hours so it does allow
people to get out if they choose to (#12; EP)

Power subsidies/
Electricity costs

o Power subsidies for people living in rural areas, if there is extreme heat,
because we tend to get it a little bit hotter and for longer periods than the city (#12; EP)
o And looking at the electricity issue, it is a big one.... if somehow that can
be sorted out, I think that could provide improvement for people to
cope with the heat in general (#9; MM)

Rescheduling work
and activities

e outdoor workers ...they may need to look at structuring just the general
work day to accommodate the heat (#13; SE)

o ifthere’s air-conditioned venues maybe community activities will need to start
earlier so that, whether they can get people that have to travel—in the
country they 've often got to travel half an hour or an hour to get to a venue (#13; SE)

Education o there will need to be some sort of public health on ways to manage the heat so
that people are aware of drinking more, planning their days, those sorts
of things (#13; SE)
o do the health prevention stuff about what to do and what to expect (#7; SE)
Organisational e as an organization we probably need to get smarter and in busy periods maybe

bring some career people up into the region for a couple of weeks at a time (#14; FN)
o using local structures such as the police or the Meals on Wheels people or the—or
other community groups to go and intensify visiting people (#9; MM)

Building regulations

o we 've mandated insulation in buildings and the rating of insulation used
in homes are improving steadily, but a long way to go (#1; YP)

o public housing should all have air-conditioning, I just can’t believe
in a climate like Australia’s that you would build a house and not
naturally put an air-conditioner in there (#15; EP)

Resources/Support

e places like pubs and meeting places and things like that provide cold water and drinks
and air-conditioning and beds and stuff like that; and that is assisted by
government funding (#7; SE)

o The other barrier of course is the limited funding to councils generally. I think
they need to be empowered financially more to help communities (#7; SE)

More of the same

o it will just be an extension of the strategies that are already
in place from our perspective (#8; FN)

o it might be just a case of modifying the way we work as we seem
to be doing as we go along just putting some strategies
in place to cope with the changing climate (#15; EP)




Int. J. Environ. Res. Public Health 2013, 10 5577

4. Discussion

This study has drawn on the experiences of health service providers to examine the impact of
extreme heat, and the factors that influence how people in rural communities adapt, framing these
within a socio-ecological model (Figure 2). While there are many similarities across communities, it is
clear that heat experiences are inseparable from contextual factors, particularly the local climate and
geography, so that a local approach to the development of heat-adaptation strategies is warranted.

Figure 2. Factors affecting adaptation to extreme heat in rural communities within a
socio-ecological model.
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Although participants described instances of heat-related illness in their communities, their
narratives placed a major emphasis on the social impact of heat, both at the interpersonal and
community levels. In smaller communities they described limited public spaces to provide a cool
meeting place or refuge during the heat, and for elderly residents in particular, extended periods of heat
can make them housebound and detract from their quality of life. Banwell ef al. [39] have proposed
that a reliance on air-conditioning is “drawing people from their social networks on the verandas back
inside their homes,” which concurs with our findings in rural communities. It may be possible for local
Councils or businesses to provide cool refuges within small towns; however barriers to access may be
difficult to overcome, bearing in mind that both heat and fire risk can discourage travel in rural areas.

Extreme heat leads to the cancellation of sport and other outdoor leisure activities, which are
important for well-being in rural communities [40]. An important goal for heat-adaptation will be to
preserve these aspects of rural life, perhaps through greater flexibility in the scheduling of outdoor
events, or planning for more indoor activities over summer, as done in the Far North of SA.

Individual vulnerability to heat in rural communities was largely attributed to age, health, housing
and cooling methods. The cost of air-conditioning was described as a major barrier to keeping cool,
which is consistent with other Australian studies [39,41,42]. In addition, rural residents have limited
public transport options and can be isolated from town, restricting their access to relief or help during
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the heat. Many of the social risk factors described are related to socio-economic disadvantage, and in
view of the ageing rural population, and the economic pressures on agriculture and regional industries,
it seems likely that this disadvantage will continue to rise [43].

At an individual and community level, rural independence and strong social networks were
described as protective factors in coping with heat. These findings concur with those of Loughnan
et al. [44] in their study of older residents in a rural community in Victoria. Social support networks
can augment primary prevention of heat-related illness, and this is especially important in rural areas
because the rapid progression of illness [45] means that the distance to a rural hospital, or a limited
level of care, could be critical factors in health outcomes. Although social connectedness is strong in
rural communities, it was recognised that these networks can decline as people age, and are not as
strong for new arrivals, and vigilance in relation to these groups will be warranted.

While independence and social networks may foster heat-adaptation, it is also possible that they can
act perversely to increase risk, if individuals underestimate the need for adaptation. In a study of
elderly UK residents and their social contacts, Wolf et al. [46] described how perceptions of
independence and resilience were often at odds with vulnerability, and may act as a barrier to
anticipatory adaptation. There is some evidence to suggest this may also be the case among elderly
Australians [41,44]. This has important implications for risk communication and health promotion,
which may have limited effect if vulnerable groups underestimate their risk from extreme heat [47].

At an organisational level, the heat-related burden on health services comprised extra monitoring
and support of vulnerable clients, together with some hospital presentations. Although participants
were generally confident in their capacity to manage this burden, it was acknowledged that more staff
and resources may be needed to meet future demands, which may be difficult in locations where
attracting and retaining the workforce is already challenging [48]. This could be felt most acutely in
areas of the state where the climate may already be a deterrent to recruitment and retention of workers.

A further dilemma for services is to balance the needs of vulnerable clients with the health and
safety of health workers who can be exposed to heat and bushfire risk during home visits. The
projected increase in the number of high fire risk days in South Australia [49] is likely to impose
increasing restrictions and risks for travel, including to and from work. Heat-adaptation may require
more proactive preparation with outlying clients in advance of hot weather; for example, by providing
cooling vests [50], portable air-conditioners or “vouchers” for power usage. Existing home and
community care (HACC) programs could include air-conditioner maintenance, or other measures to
reduce thermal exposure, as part of their home safety and preventive activities. There is some evidence
of such proactive measures being undertaken by organisations [51]. However, more resources will be
needed to support interventions to address the issues of thermal comfort, financial constraints and
environmental considerations.

In some locations the burden on local health services increases with an influx of summer tourists,
and effective heat-health promotion for tourists will be an important adaptation strategy. Oakman et al. [52]
have also identified the need for such programs in the Riverina region of New South Wales. Tourists
are often unfamiliar with the local climatic conditions, the services available and the appropriate
behaviours to mitigate heat, and this has contributed to fatalities in the remote Far North of SA [53].
Although not discussed at length in this study, these issues are also pertinent to migrants settling in
rural areas, who are unfamiliar with their new climate and lack strong social networks [54].
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The process of heat-adaptation will require supportive policy development across a number of
areas, as indicated in the model (Figure 2). Current health policy in South Australia includes
maintaining vulnerable client lists, and educating and monitoring these groups during extreme heat,
and these policies, together with media attention to heat-health risks, may explain the level of
community heat awareness described by participants in this study. Ongoing provision of evidence-based
health advice will continue to be important, together with training for primary health care providers
who are well placed to deliver tailored advice to individual clients.

In view of the higher level of socio-economic disadvantage in rural communities, the associated risk
factors should be a key focus in heat-adaptation policies. Rural locations are characterised by lower
standards of housing and higher maintenance costs [55], and have a limited range of home improvement
options, all presenting potential barriers for heat-adaptation. Regional housing assessments could be
undertaken to map vulnerability in relation to these barriers. Furthermore, building regulations should
ensure that thermal efficiency is a priority in all rural housing developments. While attracting new
residents is important in these areas, the development of very low-cost housing may attract a
population with limited income and capacity to adapt.

Occupational health policies in rural-based industries will need regular review as outdoor workers
become exposed to more extreme heat. Rural workers in key industries such as agriculture and mining
can experience high occupational heat exposure [30], and instances of these workers succumbing to
extreme heat were described in this study. Importantly, while there are current heat policies for many
outdoor workers, these may not extend to those who are self-employed, and there may be a role for
industry groups to raise awareness and to promote safe work practices in this sector.

It is acknowledged that this study presents the perspectives of a small number of participants from
one stakeholder group, and is limited to communities where a health service is located. To some extent
our participants’ views will reflect the training and education provided to them, and a desire to present
their organisation positively. Although the number of participants was small, the similarities in their
responses suggest that the sample provided a comprehensive coverage of the important issues and
experiences of this key stakeholder group. However, it should also be acknowledged that non-responders
may have different views about extreme heat that are not reflected in our findings. Ongoing studies are
examining the perspectives of other rural stakeholders, to extend our understanding of heat-mitigating
and heat-exacerbating factors in rural communities.

The strength of this study is that participants were from widely different climatic regions of South
Australia, thereby providing a diverse range of heat experiences. On the basis of the similarities in
participants’ responses we would argue that the key findings could apply across rural South Australia
and possibly to similar settings in Australia. However, differences in geographic and social context
limit the extent to which our findings could be applied at an international level.

5. Conclusions

Communities across South Australia are facing increasing exposure to extreme heat which will
likely impact on lifestyles, health and well-being, and health services. This study describes a range of
challenges for heat-adaptation in these communities, including: aging populations, socio-economic
disadvantage, housing characteristics, and various restrictions to seeking cooler environments.
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Community-directed strategies are needed to address these barriers, taking into consideration local
contextual factors. These adaptation strategies should build on the protective factors that are intrinsic
to rural communities, including strong social networks and independence.

Acknowledgments

In addition to funding support from the Australian Research Council (Discovery Project
DP120101983 to Peng Bi), the authors would like to acknowledge the support of Country Health SA
and all participants who contributed their time and views for this research.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Kovats, R.S.; Hajat, S. Heat stress and public health: A critical review. Annu. Rev. Public Health
2008, 29, 41-55.

2. Basu, R.; Samet, J.M. Relation between elevated ambient temperature and mortality: A review of
the epidemiologic evidence. Epidemiol. Rev. 2002, 24, 190-202.

3.  Smoyer, K.E. Putting risk in its place: Methodological considerations for investigating extreme
event health risk. Soc. Sci. Med. 1998, 47, 1809-1824.

4. Johnson, D.P.; Stanforth, A.; Lulla, V.; Luber, G. Developing an applied extreme heat vulnerability
index utilizing socioeconomic and environmental data. Appl. Geogr. 2012, 35, 23-31.

5. Harlan, S.L.; Brazel, A.J.; Prashad, L.; Stefanov, W.L.; Larsen, L. Neighborhood microclimates
and vulnerability to heat stress. Soc. Sci. Med. 2006, 63, 2847-2863.

6. Vaneckova, P.; Beggs, P.; Jacobson, C. Spatial analysis of heat-related mortality among the
elderly between 1993 and 2004 in Sydney, Australia. Soc. Sci. Med. 2009, 70, 293-304.

7.  O’Neill, M.S.; Ebi, K.L. Climate Change. In Macrosocial Determinants of Population Health;
Galea, S., Ed.; Springer: New York, NY, USA, 2007; pp. 139-157.

8. Yardley, J.; Sigal, R.J.; Kenny, G.P. Heat health planning: The importance of social and
community factors. Glob. Environ. Chang. 2011, 21, 670-679.

9. Ebi, K.L.; Semenza, J.C. Community-based adaptation to the health impacts of climate change.
Am. J. Prev. Med. 2008, 35, 501-507.

10. McGeehin, M.A.; Mirabelli, M.C. The potential impacts of climate variability and change on
temperature-related morbidity and mortality in the United States. Environ. Health Perspect. 2001,
109, 185-189.

11. Smoyer, K.E.; Rainham, D.G.C.; Hewko, J.N. Heat-stress-related mortality in five cities in
Southern Ontario: 1980-1996. Int. J. Biometeorol. 2000, 44, 190-197.

12. Hajat, S.; Kovats, R.S.; Lachowycz, K. Heat-related and cold-related deaths in England and Wales:
Who is at risk? Occup. Environ. Med. 2007, 64, 93—100.

13. Gabriel, K.M.A.; Endlicher, W.R. Urban and rural mortality rates during heat waves in Berlin and
Brandenburg, Germany. Environ. Pollut. 2011, 159, 2044-2050.



Int. J. Environ. Res. Public Health 2013, 10 5581

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Burkart, K.; Schneider, A.; Breitner, S.; Khan, M.H.; Krdmer, A.; Endlicher, W. The effect of
atmospheric thermal conditions and urban thermal pollution on all-cause and cardiovascular
mortality in Bangladesh. Environ. Pollut. 2011, 159, 2035-2043.

Sheridan, S.C.; Dolney, T.J. Heat, mortality, and level of urbanization:measuring vulnerability
across Ohio, USA. Climate Res. 2003, 24, 255-265.

Hattis, D.; Ogneva-Himmelberger, Y.; Ratick, S. The spatial variability of heat-related mortality
in Massachusetts. Appl. Geogr. 2012, 33, 45-52.

Henderson, S.B.; Wan, V.; Kosatsky, T. Differences in heat-related mortality across four
ecological regions with diverse urban, rural, and remote populations in British Columbia, Canada.
Health & Place 2013. Available online: http://dx.doi.org/10.1016/j.healthplace.2013.1004.1005
(accessed on 3 May 2013).

Lippmann, S.J.; Fuhrmann, C.M.; Waller, A.E.; Richardson, D.B. Ambient temperature and
emergency department visits for heat-related illness in North Carolina, 2007-2008. Environ. Res.
2013. Available online: http://dx.doi.org/10.1016/j.envres.2013.1003.1009i (accessed on 3 May
2013).

Wu, P.-C.; Lin, C.-Y.; Lung, S.-C.; Guo, H.-R.; Chou, C.-H.; Su, H.-J. Cardiovascular mortality
during heat and cold events: Determinants of regional vulnerability in Taiwan. Occup. Environ.
Med. 2011, 68, 525-530.

Loughnan, M.; Nicholls, N.; Tapper, N. Mortality-temperature thresholds for ten major population
centres in rural Victoria, Australia. Health Place 2010, 16, 1287—-1290.

Bi, P.; Parton, K. Effect of climate change on Australian rural and remote regions: What do we
know and what do we need to know? Aust. J. Rural Health 2008, 16, 2—4.

Horton, G.; Hanna, L.; Kelly, B. Drought, drying and climate change: Emerging health issues for
ageing Australians in rural areas. Australas. J. Ageing 2010, 29, 2-7.

Griffin, T.; McCaskill, M. Atlas of South Australia. South Australian Government Printing
Division, South Australia, 1986. Available online: http://www.atlas.sa.gov.au/resources/atlas-of-
south-australia-1986/environment-resources/climate-and-weather (accessed on 7 May 2013).
Suppiah, R.; Preston, B.; Whetton, P.; Mclnnes, K.; Jones, R.; Macadam, I.; Bathols, J.;
Kirono, D. Climate Change under Enhanced Greenhouse Conditions in South. Australia; CSIRO
Marine and Atmospheric Research Group, Commonwealth Science and Industrial Research
Organisation: Melbourne, Australia, 2006.

Nitschke, M.; Tucker, G.R.; Hansen, A.L.; Williams, S.; Zhang, Y.; Bi, P. Impact of two recent
extreme heat episodes on morbidity and mortality in Adelaide, South Australia: A case-series
analysis. Environ. Health 2011, 10, doi:10.1186/1476-1069X-1110-1142.

Williams, S.; Nitschke, M.; Tucker, G.; Bi, P. Extreme heat arrangements in South Australia:
An assessment of trigger temperatures. Health Promot. J. Aust. 2011, 22, S21-S27.

South Australian State Emergency Service, Extreme Heat Arrangements; Government of South
Australia: Adelaide, Australia, 2009.

Australian Bureau of Statistics. ABS Releases Measures of Socio-Economic Advantage and
Disadvantage. Available online: http://www.abs.gov.au/AUSSTATS/abs@.nst/Previousproducts/
2033.0.55.001Media%20Release22006?opendocument&tabname=Summary&prodno=2033.0.55.
001&issue=2006&num=&view= (accessed on 6 May 2013).



Int. J. Environ. Res. Public Health 2013, 10 5582

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.
41.

42.

43.

Australian Bureau of Statistics. Population by Age and Sex, Regions of Australia, 2011. Available
online: http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/3235.0Main%?20Features82011?
opendocument&tabname=Summary&prodno=3235.0&issue=2011&num=&view= (accessed on 7
May 2013).

Hanna, E.G.; Kjellstrom, T.; Bennett, C.; Dear, K. Climate change and rising heat: Population
health implications for working people in Australia. Asia Pac. J. Public Health 2011, 23, 14S-26S.
National Rural Health Alliance Inc. Fact Sheet 23: Measuring the metropolitan-rural inequity.
2010. Available online: http://nrha.ruralhealth.org.au/factsheets/?IntContld=14819&IntCatld=41
(accessed on 8§ May 2013).

Onyx, J.; Bullen, P. Measuring social capital in five communities. J. Appl. Behav. Sci. 2000, 36,
23-42.

Hegney, D.G.; Buikstra, E.; Baker, P.; Rogers-Clark, C.; Pearce, S.; Ross, H.; King, C.;
Watson-Luke, A. Individual resilience in rural people: A Queensland study, Australia. Rural
Remote Health 2007, 7, 1-13.

Australian Government Bureau of Meteorology. South Australia in Summer 2011-12:
Wet and Cool in the North, Warm and Dry in the Elsewhere. Available online:
http://www.bom.gov.au/climate/current/season/sa/archive/201202.summary.shtml (accessed on
15 October 2013).

Sims-Schouten, W.; Riley, S.C.E.; Willig, C. Critical realism in discourse analysis: A presentation
of a systematic method of analysis using women’s talk of motherhood, childcare and female
employment as an example. Theor. Psychol. 2007, 17, 101-124.

Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psych. 2006, 3, 77-101.
Sallis, J.F.; Owen, N.; Fisher, E.B. Ecological Models of Health Behaviour. In Health Behavior
and Health Education: Theory, Research, and Practice, 4th ed.; Glanz, K., Rimer, B.K.,
Viswanath, K., Eds.; Jossey-Bass: San Francisco, CA, USA, 2008; pp. 465—482.

Commonwealth Department of Health and Aged Care. Measuring Remoteness: Accessibility/
Remoteness Index of Australia (ARIA). Available online: http://www.health.gov.au/internet/
main/publishing.nsf/Content/E2EE19FE831F26BFCA257BF0001F3DFA/$File/ocpanew 14.pdf
(accessed on 5 March 2013).

Banwell, C.; Dixon, J.; Bambrick, H.; Edwards, F.; Kjellstrom, T. Socio-cultural reflections on
heat in Australia with implications for health and climate change adaptation. Glob. Health Action
2012, 5, doi:10.3402/gha.v340513400.19277.

Tonts, M. Competitive sport and social capital in rural Australia. J. Rural Stud. 2005, 21, 137-149.
Hansen, A.; Bi, B.; Nitschke, M.; Pisaniello, D.; Newbury, J.; Kitson, A. Perceptions of
heat-susceptibility in older persons: Barriers to adaptation. Int. J. Environ. Res. Public. Health
2011, 8, 4714-4728.

Akompab, D.; Bi, P.; Williams, S.; Saniotis, A.; Walker, 1.; Augoustinos, M. Climate change,
community understanding and emotional responses to the impacts of heat waves in Adelaide,
Australia. Int. J. Clim. Chang. Imp. Responses 2013, 4, 109—126.

Stimson, R.; Baum, S.; O’Connor, K. The social and economic performance of Australia’s large
regional cities and towns: Implications for rural and regional policy. Aust. Geogr. Stud. 2003, 41,
131-147.



Int. J. Environ. Res. Public Health 2013, 10 5583

44.

45

47.

48.

49.

50.

51.

52.

53.

54.

55.

Loughnan, M.; Carroll, M.; Tapper, N. Learning from our older people: Pilot study findings on
responding to heat. Australas. J. Ageing 2013, doi:10.1111/ajag.12050.

. Glazer, J.L. Management of heatstroke and heat exhaustion. Am. Fam. Phys. 2005, 71, 2133-2140.
46.

Wolf, J.; Adger, W.N.; Lorenzoni, I.; Abrahamson, V.; Raine, R. Social capital, individual
responses to heat waves and climate change adaptation: An empirical study of two UK cities.
Glob. Environ. Chang. 2010, 20, 44-52.

Semenza, J.C.; Wilson, D.J.; Parra, J.; Bontempo, B.D.; Hart, M.; Sailor, D.J.; George, L.A.
Public perception and behavior change in relationship to hot weather and air pollution.
Environ. Res. 2008, 107,401-411.

Humphreys, J.; Jones, J.; Jones, M.; Hugo, G.; Bamford, E.; Taylor, D. A critical review of rural
medical workforce retention in Australia. Aust. Health Rev. 2001, 24, 91-102.

Hennessy, K.; Lucas, C.; Nicholls, N.; Bathols, J.; Suppiah, R.; Ricketts, J. Climate Change
Impacts on Fire-Weather in South-East Australia; CSIRO, Commonwealth Science and Industrial
Research Organisation: Melbourne, Australia, 2006.

Gao, C.; Kuklane, K.; Wang, F.; Holmer, 1. Personal cooling with phase change materials to
improve thermal comfort from a heat wave perspective. Indoor Air 2012, 22, 523-530.

Mclnnes, J.; Ibrahim, J. Minimising harm to older Victorians from heatwaves: A qualitative study
of the role of community-based health profession and carer organisations. Australas. J. Ageing
2010, 29, 104-110.

Oakman, T.; Byles-Drage, H.; Pope, R.; Pritchard, J. Beat the heat: Don’t forget your drink—
A brief public education program. Aust. N. Z. J. Pub. Health 2010, 34, 346-350.

Green, H.; Gilbert, J.; James, R.; Byard, R.W. An analysis of factors contributing to a series of
deaths caused by exposure to high environmental temperatures. Am. J. Forensic Med. Pathol.
2001, 22, 196-199.

Hansen, A.; Bi, P.; Saniotis, A.; Nitschke, M.; Benson, J.; Tan, Y.; Smyth, V.; Wilson, L.;
Han, G.-S. Extreme Heat and Climate Change: Adaptation in Culturally and Linguistically
Diverse (CALD) Communities; National Climate Change Adaptation Research Facility: Gold
Coast, Australia, 2013; p. 101.

Jones, R.; Tonts, M. Transition and diversity in rural housing provision: The case of Narrogin,
Western Australia. Aust. Geogr. 2003, 34, 47-59.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



