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Abstract: Heat waves are a public health concern in Australia and unprecedented heat
waves have been recorded in Adelaide over recent years. The aim of this study was to
examine the perception and attitudes towards heat waves in the context of climate change
among a group of residents in Adelaide, an Australian city with a temperate climate.
A cross-sectional study was conducted in the summer of 2012 among a sample of 267
residents. The results of the survey found that television (89.9%), radio (71.2%),
newspapers (45.3%) were the main sources from which respondents received information
about heat waves. The majority of the respondents (73.0%) followed news about heat
waves very or somewhat closely. About 26.6% of the respondents were extremely or very
concerned about the effects of heat waves on them personally. The main issues that were of
personal concern for respondents during a heat wave were their personal comfort (60.7%),
their garden (48.7%), and sleeping well (47.6%). Overall, respondents were more
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concerned about the impacts of heat waves to the society than on themselves. There was a
significant association between gender (y*> = 21.2, df = 3, p = 0.000), gross annual
household income (p = 0.03) and concern for the societal effects of heat waves. Less than
half (43.2%) of the respondents believed that heat waves will extremely or very likely
increase in Adelaide according to climate projections. Nearly half (49.3%) believed that the
effects of heat waves were already being felt in Adelaide. These findings may inform the
reframing and communication strategies for heat waves in Adelaide in the context of
climate change.
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1. Introduction

Climate change has been the subject of much discussion over the past decades and it poses a great
challenge to human health and societal well-being [1,2]. There is a growing body of scientific research
suggesting that extreme weather events (e.g., heat waves) will become more frequent as a result of
climate change [3,4]. For example, in the United States about fourteen record-breaking weather and
climate-related disasters which caused economic losses and loss of human life were reported in 2011.
Heat waves were among these weather-related disasters and in March 2011, about 15,292 warm
temperature records were broken across the United States [5]. Heat waves are a major public health
concern in many temperate regions and episodes recorded around the world have shed further light on
the health, social, environmental and economic consequences associated with heat waves [6—8].

Across Australia, a number of cities, including Adelaide, usually experience heat waves during the
months of summer. The most recent and significant heat wave was recorded between late January and
early February 2009 which affected most parts of south-eastern Australia [9], and is still fresh in the
minds of many. The early 2009 heat wave (the South Australian Bureau of Meteorology—BoM—defines a
heat wave as a period of maximum temperatures of 35 °C or over for a period of five or more
consecutive days or three or more consecutive days of temperatures of 40 °C or above) resulted in an
estimated 500 heat-related deaths in South Australia and Victoria in addition to the social, economic
and environmental consequences [10,11]. Apart from the unprecedented early 2009 heat wave,
Adelaide experienced other major heat waves in 2008 and 2010. The 2008 and 2009 heat waves were
unique in terms of their duration (15 days and 13 days respectively), and the 2009 heat wave was also
remarkable in its intensity as there were six consecutive days with temperatures over 40 °C and one
day with a maximum temperature of 45.7 °C [12,13]. In the 2010 heat wave, Adelaide recorded five
consecutive days in excess of 35 °C with four of these days exceeding 40 °C [14]. Monthly maximum
temperatures for Adelaide during summer and early autumn (December to March) normally range
from 27.0 °C-29.4 °C [13]. Climate models project that heat waves will increase in frequency and
severity in Adelaide as a consequence of climate change [15].

Authorities in Adelaide and in other regions of the world are aware of the risks posed by heat
waves. Epidemiological studies have shown that certain groups within the population are more
vulnerable to heat waves because of a number of underlying physiological and contextual factors [16—18].
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Climate-related impacts also cause emotional and psychological distress to many people, especially to
those who are vulnerable [19,20]. By the same token, studies have reported that people are concerned
about the impacts of climate change [21]. However, studies also show that individuals distinguish
between the effects of climate change on their personal lives and on society. While some people have
expressed more concerned for personal issues such as their health, finance, personal comforts and
safety [22,23], others may be more concerned about societal impacts of climate change with the belief
that the risks associated with these impacts are greater for people who are spatially or temporally
distant [24]. It is also important to bear in mind that the link between heat waves and global climate
change has been the subject of discussion among the public since the science of climate change is
complex and still contested [25]. Furthermore, people’s attitudes and beliefs about climate-related risks
such as heat wave may be shaped by their pre-existing knowledge and information they receive from
many sources and their every day interaction within the society [26].

There has been growing interest in understanding public views about environmental issues.
For example, a number of studies have examined public perception and attitudes towards climate
change [27-30] and most of these studies have found that public attitudes towards climate change have
varied over the years. Other studies have examined perceptions about heat waves [31-35] and most of
these studies found that some participants didn’t belief that they were vulnerable to heat waves.
Although heat waves are common in Australia, there are limited studies that have specifically
examined public attitudes towards heat waves in relation to climate change.

The aim of this study was therefore to examine public attitudes towards heat waves in the context of
climate change in Adelaide. Heat waves have been common recently in Adelaide, thus making it an
ideal city for such a study to be conducted. Understanding public attitudes may be important as it
would inform public education and communication strategies for heat waves under a changing climate.
Furthermore, having an understanding of public attitudes may be important since any success to
address potential consequences associated with heat waves may depend on public views about the
phenomenon. This study draws insights from previous surveys on climate change and applies these to
heat waves. The findings are part of a larger research study conducted in Adelaide.

2. Methods

A questionnaire was developed after a review of the literature on heat waves and climate change.
Some questions and response options were informed by previous surveys on public attitudes towards
climate change [27-30]. All the questions were however adapted to the context of heat waves, with
some questions having both closed and open-ended responses. The draft questionnaire was validated
by experts and piloted among a selection of 20 residents in Adelaide. Major revisions were made to the
draft questionnaire to facilitate ease and understanding before it was finalised.

The study population from which the sample was drawn was the North West Adelaide Health Study
cohort, a representative group of adults residing in the north and western region of Adelaide. This is a
pre-existing group of individuals who have been participating in health research [36]. Ethics approval
was obtained from The University of Adelaide Human Research Ethics Committee (No. H-061-2011)
and The Queen Elizabeth Hospital Human Research Ethics Committee (No. 2011136); since the latter
oversees any research study related to the cohort.
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With support of the chief investigators of this cohort, and as part of a follow-up survey, study
participants were asked if they would be willing to be contacted at a later date to take part in a
questionnaire study on heat waves. Of the 1,185 approached, 818 expressed interest to participate in
the heat waves study. Among those who expressed interest, 490 participants were selected. The
selection criteria used was being aged between 30—69 years and having the literacy skills needed to
self-complete a questionnaire. Questionnaires were mailed out to selected participants in late January
2012, together with the study information sheet and participants were requested to return their
completed questionnaire using a supplied replied-paid envelope.

The questionnaires were mailed during the summer, following weeks of hot weather in Adelaide
where temperatures were above 30 °C [37] which ensured that the hot weather was salient to
respondents at the time. Completing the questionnaire was construed as providing consent to take part
in the study. Of the 490 questionnaires which were mailed out, 272 were returned giving a response
rate of 55.5%. No follow-up or reminder calls were made to the respondents. Due to missing data, five
questionnaires were eliminated leaving 267 for final analysis.

Data were entered into an Access database and “imported” into Stata version 12 (Stata Corp,
College Station, TX, USA) for analysis where descriptive and bivariate analysis was performed.
In bivariate analysis, Chi square or Fisher’s exact tests (expected cell frequencies less than or equal to
five) were used to test for the inter-relationships among variables with a p-value < 0.05 considered to
be statistically significant. No statistical weighting of the data was performed. Some categorical
demographic variables (e.g., marital status, level of education, employment status) were dichotomized
because of sample size constraints.

3. Results
3.1. Respondents’ Demographic Characteristics

Table 1 shows selected demographic characteristics of respondents. The mean age of the
respondents was 51 years, with a majority of them (61.4%) in the age group 50-69 years. More than
half of the respondents (55.8%) were female. A majority of the respondents (89.1%) were married.
In terms of level of education, more than half of the respondents (61.4%) did some training after high
school or further education (bachelor or postgraduate degree).

Table 1. Selected demographic characteristics of respondents.

Variable Number  Percent (%)
Age group (years) (n = 267)
3049 103 38.6
50-69 (Mean = 51 years) 164 61.4
Gender(n = 267)
Male 118 44.2
Female 149 55.8
Marital status (n = 267)
Never married 29 10.9

Married ' 238 89.1
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Table 1. Cont.

Variable Number  Percent (%)
Level of Education (n = 267)
Educated at or below high school level 103 38.6
Educated above high school level > 164 61.4
Employment Status (n = 267)
Not employed * 43 16.1
Employed 224 83.9
Gross annual household income (n = 254)
Less than $40,000 58 22.8
Between $40,000 and $59,999 53 20.9
$60,000 or more 143 56.3

! Married (individuals married at some point in life and include
currently married, separated and widowed); * Referred to those
who did additional training after high school (e.g., TAFE courses,
bachelor or postgraduate degree); ° Not employed referred to
unemployed, retired and home duties.

3.2. Awareness about Heat Waves

Respondents were asked where they usually get information about heat waves. Television was the
most commonly cited source of information (89.9%), followed by the radio (71.2%), newspapers
(45.3%), the internet (42.3%). The other sources (5.6%) from which respondents indicated they
obtained news about heat waves included: the Australian Bureau of Meteorology, mobile phone web
applications, newsletters, leaflets and brochures. Further details are illustrated in Figure 1.

Figure 1. Sources of information about heat waves. Ql: Where do you normally get
information about heat waves? (multiple responses).

Television
Radio

Others
Newspaper
Internet
Family/Friend
Doctor

0 20 40 60 80 100

Percentage of responses *

* Percentage total may add up to more than 100% as multiple responses were permissible.
3.3. Degree to Which Information about Heat Waves is Followed

Respondents were asked how closely they followed information from these sources during a heat
wave. Nearly half (49.3%) indicated that they followed information “Somewhat closely”, 23.7%
followed information “Very closely”, 21.8% followed information “A little closely” and 5.3%
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indicated that they do not follow information about heat waves at all (see Figure 2). There was a
marginally significant association between gender and the closeness to which respondents followed
news about heat waves (p = 0.05), with women (62.0%) more likely to follow “Very closely” news

about heat waves than men.

Figure 2. Degree to which respondents follow news about heat waves. Q2. How closely do

you follow news about heat waves from these sources?
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3.4. Level of Information about Heat Waves

Since most of the respondents indicated getting information from at least one of the above
information sources, they were asked about how well informed they were about heat waves. More than
half (68.2%) cited being “Fairly well informed”; followed by those who were “Very well informed”
(23.6%). The rest of the respondents were either “Not very well informed” (7.9%) or “Not at all
informed” (0.4%), as illustrated in Figure 3. There was a statistically significant association between
the closeness to which news about heat waves was followed and the level of information about heat
waves (p = 0.000). Those who were “Fairly well informed” about heat waves (57.1%) were more

likely to follow “Very closely” news about heat waves.

Figure 3. Extent to which respondents feel informed about heat waves and its
consequences. Q3. How well informed do you think you are about heat waves and its

consequences?
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3.5. Personal Concern about the Effects of Heat Waves

Respondents were then asked how they were personally concerned about the effects of heat waves.
A majority of them (53.2%) cited being “Fairly concerned”, followed by those who were “Not at all
concerned” (20.2%). While 18.4% of the respondents were “Very concerned”, only 8.2% were
“Extremely concerned” about the effects of heat waves on them personally (see Figure 4). There was
no statistically significant association between the socio-demographic variables and personal concern
for heat waves.

Figure 4. Extent to which respondents are personally concerned about the effects of heat
waves. Q4. How concerned are you about the effects of heat waves on you (personally)?
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3.6. Issues That Are of Concern to Respondents during a Heat Wave

Those respondents who were either “Extremely, Very or Fairly concerned” (i.e., approximately 213
or 79.8% of the total respondents) about the effects heat waves may have on them personally were
asked what they were particularly concerned about during a heat wave. Respondents indicated being
concerned about their personal comfort (60.7%), garden (48.7%), sleeping well (47.6%), relatives
(46.4%), pets (43.1%), health (34.5%) and outdoor activities (26.6%). The other concern (9.7%) cited
included the cost of running an air-conditioner as well as the possibility of developing sun burn during
a heat wave (see Figure 5). There was a statistically significant association between gender and
concern for their relatives (x> = 4.73, df = 1, p = 0.03) during a heat wave, with women (62.9%) more
likely to be concerned about their relatives. There was also a marginally significant association
between gender and concern over the safety of pets (y*> = 3.79, df = 1, p = 0.05) during a heat wave,
with women (62.6%) more likely to be concerned about their pets than men.

3.7. Extent of Concern about Societal Effects of Heat Waves in Adelaide

All respondents were asked how concerned they were about the effects of heat waves to the society
at large. Only 5.9% indicated being “Extremely concerned” while more than half (59.2%) indicated
being “Fairly concerned”. The rest were either “Very concerned” (23.6%) or “Not at all concerned”
(11.2%), as illustrated in Figure 6. There was a statistically significant association between gender
(* = 21.2, df = 3, p = 0.000), gross annual household income (p = 0.03) and concern for societal
effects of heat waves. Women (80.9%) were more likely to be “Very concerned” about the societal
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effects of heat waves than men. On the other hand, men (52.5%) were more likely to be “Fairly
concerned” about the societal effects than women. Respondents with a gross annual household income
of >$60,000 (60.93%) were more likely to be “Fairly concerned” about the societal effects of heat
waves. There was also a statistically significant association between level of information about heat
waves and concern for the societal effects of heat waves (p = 0.005). Those who were “Very well
informed” (25.4%) were more likely to be “Very concerned” about the societal effects of heat waves,
while those who were “Fairly well informed” (63.3%) were less likely to be concerned about the

effects of heat waves to society.

Figure 5. Respondents concerns during a heat wave. Q5. What are you concerned about

during a heat wave? (multiple responses).
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Figure 6. Extent of respondents’ societal concern on the impacts of heat waves. Q6. How
concerned are you about the effects of heat waves to society?
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3.8. Effects of Heat Waves on Respondents’ Wellbeing

Respondents were asked about how they feel during periods of heat waves in Adelaide. The most
cited responses were feeling “uncomfortable” (75.3%), followed by “mentally tired” (43.5%), “feeling
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the same as usual” (16.5%) and feeling “unwell” (6.7%). The least common cited response was
“feeling disoriented” (2.3%), happy (2.3%) and “feeling confused” (1.1%). These responses are
illustrated in Figure 7. There was a statistically significant association between gender (y*> = 14.4, df =1,
p = 0.000), gross annual household income (¥*> = 10.38, df = 1, p = 0.006) and being “mentally tired”
during a heat wave, with women (68.9%) and those with a gross annual household income of >$60,000
(45.5%) more likely to be “mentally tired”. There was a statistically significant association between
age (> =3.9,df =1, p=0.04), gender (y* = 5.9, df = 1, p = 0.01) and feeling “unwell” during a heat
wave, with those aged over 49 years (83.3%) and women (83.2%) more likely to feel “unwell”.

Figure 7. Respondents’ wellbeing during a heat wave. Q7. How do you feel during a heat
wave? (multiple responses).
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Happy
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* Percentage total may add up to more than 100% as multiple responses were permissible.
3.9. Attitudes towards Scientific Projections of Increasing Heat Waves in Relation to Climate Change

Scientific projections hold that heat waves are likely to increase in frequency, intensity and duration
as a result of global climate change. Respondents were asked how likely they believed heat waves will
increase in the future according to these projections. Fifteen percent (15.0%) indicated that it would be
“Extremely likely” for heat waves to increase in future according to scientific projections. The other
respondents indicated that it will be “Very likely” (28.2%), “Somewhat likely” (42.9%), “Less likely”
(8.7%) and “Not at all” (5.3%). These responses are illustrated in Figure 8. There was a statistically
significant association between marital status (p = 0.04) and belief in the likelihood of increasing heat
waves in Adelaide, with those married (80.0%) more likely to believe that it will be “Extremely likely”
that heat waves will increase in future according to scientific projections. There was also a marginally
significant association between employment status (p = 0.05) and belief in the likelihood of increasing
heat waves in Adelaide, with those employed (67.5%) more likely to believe that it will be “Very
likely” that heat waves will increase in future. There was no significant association between level of
education and the belief in the likelihood of increasing heat waves in Adelaide.
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3.10. Attitudes towards Potential Consequences of Heat Waves

Heat waves in Adelaide have been associated with morbidity and mortality as well as social,
economic and environmental consequences. Respondents were asked how likely they believed that
heat waves would have consequences if heat waves were to increase in future. Nearly half of them
(48.1%) cited that the consequences would be “Very likely”, 27.8% indicated that the consequences
would be “Somewhat likely”, followed by those who noted that it would be “Extremely likely”
(21.8%). Only a minority indicated that it would be “Less likely”(1.5%), while 0.8% cited “Not at all”,
as illustrated in Figure 9.

Figure 8. Respondents’ attitudes towards scientific projections about heat waves. Q8. How
likely do you think heat waves in Adelaide will increase in the future as some scientists

have projected?
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Figure 9. Respondents’ attitudes towards potential consequences of heat waves. Q9. If heat
waves were to increase in future, how likely do you think this will have consequences in
Adelaide?
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There was a statistically significant association between marital status (p = 0.03), employment
status (p = 0.001) and the belief that future heat waves will have severe consequences. Respondents
who were married (93.7%) and employed (84.4%) were more likely to believe that it will be “Very
likely” that future heat waves will have severe consequences in Adelaide.
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3.11. Immediacy of the Effects of Heat Waves in Adelaide

Respondents were asked to indicate when they believed the social and health effects of heat waves
would be felt in Adelaide. Almost half of them (49.3%) indicated that heat waves were already causing
social and health effects in Adelaide; 14.3% of the respondents indicated that the effects will be felt in
5 years time, 24.4% indicated that the effects will be felt in 15 years time, while 5.3% indicated that
the effects will be felt beyond the next 25 years and 6.8% indicated that Adelaide will never suffer
from any social or health effects associated with heat waves. These responses are shown in Figure 10.
There was a marginally significant association between gender (p = 0.05) and those who believed that
Adelaide was already feeling the effects of heat waves, with women (56.0%) more likely to believe
that “Adelaide was already feeling the effects” of heat waves.

Figure 10. Respondents’ attitudes towards immediacy of the impacts of heat waves.
Q10. When, if at all, do you think Adelaide will start feeling the social and health effects of
heat waves?
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4. Discussion

The objectives of this study were to examine the perception and attitudes towards heat waves within
the context of climate change. Overall, respondents reported that they were well informed about heat
waves and concerned about the effects of heat waves. However, attitudes varied over some of the
issues examined in the survey.

It was found that television (TV), radio, newspaper and internet were the main sources from which
respondents obtained information during a heat wave. Similar findings were obtained in a study on
heat awareness across four North American cities. However, in that study, the internet was relatively
unused by respondents with only 3.0% reported using the internet as a source for heat advisories [31].
Another study conducted in the United States to assess the source of weather advisories found that TV,
radio, and newspaper were the major sources of information [33]. This finding highlights the important
role of the media as a source from which the public obtains information about heat waves and this
likely has implications for policy. It underscores the need for policy makers and emergency services
providers to make appropriate use of the media to disseminate information before, during and after a

heat wave.
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Less than a quarter of the respondents expressed being “Extremely concerned” (8.2%) and “Very
concerned” (18.4%) about the threat of heat waves on them personally. Among those who were
personally concerned, they indicated concern for their personal comfort, their garden, sleeping,
relatives and their pets. Although heat waves may lead to heat-related illness and mortality, less than
half (34.5%) of the respondents indicated health as a concern during a heat wave. This perhaps
indicates that respondents did not consider heat waves as an immediate threat to their health. This
study also found that the majority of respondents did not have a very high level of concern about the
effects of heat waves on society. However, more than half of them (59.2%) indicated that they were
“Fairly concerned” about the effects of heat waves on society. Overall, there appeared to be a higher
level of concern for the effects of heat waves on society than on personal issues (i.e., 20.2% vs. 11.2%
“Not at all concerned” respectively for personal and societal effects of heat waves). Heat waves are an
environmental threat and studies have generally found that women are more likely to be very concern
than men about environmental issues which pose a risk for vulnerable groups [38—40]. We found that
respondents with a gross annual household income of >$60,000 were more likely to be “Fairly
concerned” about the societal effects of heat waves. However, some studies have found that income
was negatively related to concern for environmental problems [39,40]. The study also found that
women were more likely to be concerned about the safety of their relatives and pets, which could be
explained by their family role and domestic responsibilities to provide care for children, elderly
relatives and take care of household belongings.

The results of this study showed that heat waves have an impact on the wellbeing of residents in
Adelaide. Some respondents cited being mentally tired and/or being distressed during a heat wave;
which probably indicates that heat waves may likely affect the emotional wellbeing of certain
individuals. For example, some individuals might be distressed when they watch apocalyptic images of
bushfires associated with heat waves or be distressed when their garden dries-off or their pet dies as a
result of a heat wave. The most common response cited was feeling uncomfortable during a heat wave.
When people are uncomfortable during a heat wave, it may affect their mood; they may develop
negative feelings, anxiety and worry because of the heat wave. Since heat waves are an environmental
stressor, studies have found that women tend to be more emotionally or psychologically affected
during a stressful event [41,42]. For example, there are studies that have shown that women are more
vulnerable to the effects of heat waves [43,44] although contrasting findings have also been reported [18].
It has been suggested that gender differences in emotional or psychological distress may be explained
by differences in the way women and men perceive and express distressful events [45].

A majority of the respondents indicated that there was a likelihood that heat waves will increase in
future as some scientists have projected, although there was a variation in terms of the degree of
likelihood. Only a minority of respondents indicated that the chances of heat waves increasing would
either be less likely (8.7%) or “Not at all” (5.3%). It may be possible that respondents’ responses to
this question may have been influenced by either their past experience of heat waves or based on their
scientific views about climate change as a whole.

Most of the respondents indicated that it would be quite likely that if heat waves increase in
Adelaide, it would have severe health consequences. Only a minority (1.5%) stated that it would be
less likely or not at all likely (0.8%) for any consequences to occur. A possible explanation could be
that respondents had perhaps experienced or read reports of health impacts during recent heat waves in
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Adelaide. A qualitative study was conducted to explore participants’ mental model about the
consequences of heat waves in Adelaide. Participants indicated that heat waves were associated with
health, social, environmental, psychological and emotional consequences [46]. An interesting finding
from this study was about the immediacy of the effects of heat waves. Almost half (49.3%) of the
respondents indicated that the effects of heat wave were currently being felt in Adelaide. Again, this
probably reflects their experiences during recent heat waves. For example, the early 2009 heat wave
resulted in heat-related deaths, hospitalisation, closure of schools, disruption of public transport system
and power black-outs [12,47,48]. As a result, some of the respondents may have either been affected or
known someone who was affected during the heat wave. These experiences may have motivated them
to believe that heat waves are already having an effect in Adelaide.

The present findings may be limited by this study’s cross-sectional design and the results cannot be
generalised to the entire Adelaide population since those who participated reside in a specific region.
Despite this limitation, these findings are useful as they provide information about the attitudes that
exist within a community about heat waves and identify the major concerns and psychological issues
that affect residents during a heat wave. Such information may be useful for authorities during
planning and responding to heat waves. Future studies should be conducted to examine public attitudes
towards heat waves in relation to climate change in other cities or regions of the world that usually
experience heat waves. This is because attitudes may vary according to climate and geographic
locations. Lastly, repeated studies should be conducted to examine any change in attitudes over time.

5. Conclusions

The results of this survey suggest that people are well informed about heat waves and have
experienced past episodes of heat waves in the city. The media was the main source from which
respondents obtained information about heat waves. This finding indicates the important role that the
media plays in disseminating information to the public. Some individuals are concerned over certain
issues during a heat wave, with some concerned about the societal impacts of heat waves. Heat wave is
a threat associated with certain emotional and psychological distress among certain groups in the
community. The public’s attitude towards certain issues related to heat waves may be influenced by
their beliefs about global climate change.
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