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Chapter 8

Migration as a Potential Heat Stress
Adaptation Strategy in Australia
Kerstin K. Zander, Carmen Richerzhagen, and Stephen T. Garnett

Abstract As the climate changes, natural disasters are becoming more frequent and
severe. Some disasters are sudden and briefly devastating. Research shows that, in
response, many people emigrate temporarily but return when the danger is past. The
effect of slow-onset disasters can be equally disruptive but the economic and social
impacts can last much longer. In Australia, extreme heat and the rising frequency
of heat waves is a slow-onset disaster even if individual periods of hot weather are
brief. This chapter investigates the impact of increasing heat stress on the intention
of people living in Australia to migrate to cooler places as an adaptation strategy
using an online survey of 1344 people. About 73% felt stressed by increasing heat of
which 11% expressed an intention to move to cooler places in response. The more
affected people had been by the heat, the more likely they were to intend to move.
Tasmania was a preferred destination (20% of those intending to move), although
many people (38%) were unsure where they would go. As Australia becomes hotter,
heat can be expected to play a greater role in people’s mobility decisions. Knowing
the source and destination of this flow of internal migrants will be critical to planning
and policy-making.
Keywords Climate change · Extreme heat · Mobility · Online survey ·
Relocation · Planned behaviour
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8.1 Introduction
Climate change is expected to increase the frequency and severity of many weatherrelated disasters, including floods, storms, droughts and heat waves. Heat waves1
are the most dangerous natural hazard worldwide (Fang et al. 2015). The 2003 heat
wave in Europe, for example, killed more than 70,000 people (Robine et al. 2008),
particularly older people and those with illnesses (see Chap. 10 as well on 2009
south-eastern Australia heatwave). As climate change increases, the frequencies of
heat waves (Perkins et al. 2012; Perkins and Alexander 2013) mortality and morbidity
rates will also rise from associated disasters such as bushfires and droughts. Temperatures are also increasing in general due to climate change (Coumou et al. 2013), and
this increased exposure to heat, even if not on consecutive days, are also of public
health concern. Being exposed to too much heat can cause heat stress and associated
illness with symptoms, ranging from being uncomfortable to hot flushes, headaches,
fatigue, dizziness, nausea, cramps and, eventually, heat strokes and collapse (Parsons
2003). Any of these symptoms can compromise people’s wellbeing and productivity
(Zander et al. 2015).
Short-term in-situ adaptation to heat includes hydration (drinking), cooling
(including air-conditioning) and resting. In the long-term, however, adaptation plans
to heat and heat waves must include alterations to infrastructure such as insulation,
ventilation, air-conditioning (Barnett et al. 2015; Hatvani-Kovacs et al. 2016) as
well as landscape design. The latter is likely to be particularly important in cities
suffering from higher temperatures as a consequence of human activity, known as
the heat island effect (Solecki et al. 2005; Chen et al. 2014).
Migration is the most extreme form of adaptation to heat stress. Migration as
an adaptation to climate change has been recognised since the first report of the
Intergovernmental Panel on Climate Change (IPCC) as well as debated extensively in
academic literature focused on developing countries (Hugo 2011; de Sherbinin et al.
2011). Migration as a response can be seen as either a failure of in-situ adaptation or
as part of a portfolio of adaptation measures (Bardsley and Hugo 2010; de Sherbinin
et al. 2011) which includes taking advantage of opportunities offered by cooler
places (Tacoli 2009; Scheffran et al. 2012). Those who stay may be well-adapted
and resilient. However, of particular concern to developing countries are those people
who lack the resources to move away, that is that they are trapped (Black et al. 2011b).
However, even successful in-situ adaptation to increasing temperatures might not
prevent people from moving away (Sakdapolrak et al. 2014) because migration is
rarely caused by a single factor alone but by many factors that collectively contribute
to an individual’s decision to move (McLeman and Smit 2006; Black et al. 2011a).
Interaction effects and the wider range of climatic effects on migration are not yet
well understood (Carleton and Hsiang 2016).

1 Several definitions of the term heat wave exist within the international meteorological community.

The IPCC defines a heat wave as a ‘period of abnormally and uncomfortably hot weather’ (IPCC
2014).
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In developing countries, the fact that people move, or are pushed, away because
of climate change impacts is increasingly the subject of research (Bardsley and
Hugo 2010; Massey et al. 2010; Gray and Mueller 2012a, 2012b; Warner and Afifi
2014; Ocello et al. 2015), with a few recent examples concentrating on heat stress
(Mueller et al. 2014) and increasing temperatures (Bohra-Mishra et al. 2014; Gray
and Wise 2016). There is much less research in this field from developed countries
and is mostly limited to Indigenous people (Zander et al. 2013; King et al. 2014).
For most people in developing countries, responding to climate change by migrating
is impeded by shortages of economic resources and human capital (Black et al.
2011a) or inhibited for cultural reasons such as a strong attachment to traditional
lands (Mortreux and Barnett 2009; Adger et al. 2013). Most people in developed
economies such as Australia, in contrast, have few constraints on decisions about
when and where to relocate to improve economic prosperity and wellbeing. As heat
increases, it is therefore increasingly likely that people in developed economies will
move to avoid it, regardless of their stage in life.
This chapter extends the work by Zander et al. (2016) on this topic using the
same dataset: a cross-sectoral sample of people living in Australia between 18 and
65 years. This chapter explores peoples’ intention to move from their current place
of residence to cooler places because of heat stress. It investigates determinants of
the intention to move, the timeframe of moving and the geographical frame of their
mobility.
Understanding how people adapt to heat is particularly important to Australia, a
generally hot continent (see also Chap. 10). Australia’s climate has already warmed
by 0.9 °C since 1910 and temperatures are projected to rise by 0.6–1.5 °C by 2030
compared with the climate of 1980–1999 (BoM 2014). As has happened globally
(WMO and WHO 2015), both the duration and frequency of heatwaves had increased
over the period 1971–2008 with the hottest days during heatwaves across most of
Australia becoming even hotter (Perkins and Alexander 2013) and the chances of
standalone hot days also being higher (Min et al. 2013; Perkins and Alexander 2013).

8.2 Data and Methods
8.2.1 Theory of Planned Behaviour
This chapter focuses on people’s intentions to move away from their current place
of residence voluntarily because of heat. This intention reflects a willingness to
change place of residence (de Jong 1999). Although this is not the same as actual
moving (Fishbein and Ajzen 1975; Lu 1998; van Dalen and Henkens 2008; de Groot
et al. 2011), it is a moderate to strong indicator of future movements, based on
Ajzen’s theory of planned behaviour (1991), that is particularly valued in the fields of
human geography and psychology (Manski 1990; Sandu and de Jong 1996; van Dalen
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and Henkens 2008). Previous studies have shown a significant positive relationship
between intentions and actual behaviour (van Dalen and Henkens 2008; Thissen et al.
2010).

8.2.2 Data Collection and Sampling
Data were collected through an online survey conducted in the last two weeks of
May and the first two weeks of October 2014.2 To carry out the survey, a research
company (MyOpinions) we commissioned that has a continuously updated online
panel of more than 300,000 verified respondents within Australia. Online surveys
have many benefits over mail-out surveys and in-person interviews and are more costeffective (Berrens et al. 2003; Dillman 2007; Fleming and Bowden 2009). Some
studies have shown that results do not differ across survey modes (Lindhjem and
Navrud 2011; Windle and Rolfe 2011). To avoid self-selection bias, not uncommon
in online surveys, the topic of the survey was not made known when members of the
panel were invited to participate. Respondents were paid $2 upon completion of the
survey, which took between 13 and 15 min of their time.
In total, 9406 people from the MyOpinions panel were sampled (4913 in the first
wave and 4493 in the second wave). The overall response rate was 20.5%, including
a 3.3% drop-out rate. There were 1925 responses received in total, consisting of 847
and 1078 from each wave, respectively.

8.2.3 Questionnaire
The questionnaire comprised of three parts: (1) questions on general mobility
including frequencies and reasons for past movements, (2) questions on intentions for
future movements and whether heat would influence this movement, and questions
about the timeframe of the movements and the intended destination, and (3) questions on respondents’ socio-demographic background, attitudes and climate change
beliefs.
The first question within the second section was a general question about whether
or not people had been feeling heat stressed in the previous 12 months. Those who
denied this were assumed not to think about heat at all when deciding whether to
move and were not included in the analysis on intentions to move because of heat.

2 The surveys were staggered into two waves to reduce the chance of surveying during (or soon after)

particularly hot periods, choosing late May and early October as being times when exceptional heat
would be unlikely. The other reason for conducting the survey in two sessions was to ensure that to
the demographics of both samples were representative of Australian society and that results could
be replicated.
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8.2.4 Data Analysis
The data were tested for different factors likely to affect respondents’ probability of
moving to cooler places because of heat using ANOVA. If the data required it, Tukey
tests were then used for multiple comparisons of means.

8.3 Results and Discussion
Eighty-six of the 1925 responses obtained were largely incomplete and therefore
omitted from further analysis. Out of the remaining 1839 respondents, 27% did not
feel heat stressed in the year preceding the survey and were also not included in
the analysis of movements because of heat stress. The final data set explored here,
therefore, contains information of 1344 respondents.

8.3.1 Demographic Sample Characteristics
Slightly less than half of the respondents (48%) were female. The average age was
41 years (SD: 12.2), with a median of 41, which is slightly higher than the 37 median
age at a national level (ABS 2015). One of the reasons for a higher median is that
the survey was targeted to people over 18. Fifty-six per cent of respondents said
they had children. Most respondents (72%) had tertiary education (Diploma: 35%,
University: 37%) and most (96%) were in paid employment (Full-time: 57%; Parttime: 34%; Casual: 5%; Not in paid job: 4%). The average annual personal income
was AUD 58,000 (SD: 76,000) with a median of AUD 50,000 which is very similar
to the national median of working people between 18 and 65 (AUD 46,000; ABS
2012). In line with the national population distribution (ABS 2012), about 64% of
the respondents were from the three most populated states (Victoria (VIC): 26%,
New South Wales (NSW): 24% and Queensland (QLD): 16%) and proportionally
fewer from the other states/territories (Western Australia (WA): 13%, South Australia
(SA): 9%, Australian Capital Territory (ACT): 5%, Tasmania (TAS): 4%, Northern
Territory (NT): 3%).

8.3.2 Past Movements and Their Reasons
About 18% of respondents were highly mobile, in that they usually moved once a
year (3%) or every 2–3 years (15%) in the past. Almost half were moderately mobile
(46%), moving once every five (20%) or ten years (26%) and about a third were
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relatively sedentary, having never moved either in their lives (11%) or within the last
15 years (25%).
Respondents’ mobility was correlated with age and family status. Younger people
were more likely to be highly mobile (P < 0.001) which is consistent with the life
cycle theory of migration which postulates that young people are most mobile, usually
as they search for education and employment (Polachek and Horvath 1977; Coulter
and Scott 2015). The average age of highly mobile people was 33.8 years, that of
moderately mobile people 40.8 years and that of people with low mobility 44.5 years
(Fig. 8.1). Those people with low and medium mobility were significantly more likely
(P < 0.001) to have children (58% and 61% respectively) than those who were highly
mobile (43%). Again, this can be attributed to respondents’ life cycles, stipulating
that families with children are less mobile than singles or couples without children
(Long 1972), particularly regarding long-distance movements (which is expected
if one moves to escape the heat). The reasons behind this could be that the costs
of moving increase as the number of persons living in a family rises and that the
presence of additional members in the family means that more ties must be broken
at the place of origin and established at the destination (Long 1972). Gender, income
and work situation (workload and employee) did not have a significant impact on the
degree of general mobility. The state from which people lived also had no significant
impact on people’s general mobility.
In line with migration/mobility theory (Clark and Withers 2007), employment
was the most important reason for moving among respondents who had moved in
the past (Fig. 8.2). Although the weather was the least important of the reasons
for past movements, 41% of respondents listed it as having an important or very
important influence in their decision to move in the past (this can include people
moving to warmer as well as cooler climates).

Fig. 8.1 Boxplot showing the significant relationship between age of respondents and their level
of mobility, showing that highly mobile respondents were significantly younger than those whose
mobility was low or medium and those with medium mobility younger than those with low mobility
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Fig. 8.2 The importance of different factors in past movements (% respondents, N = 1839)

8.3.3 Intention to Move Because of Heat
Almost 11% (N = 133) of respondents who said that they were stressed by heat
intended to move because of this heat stress; the large remainder (89%; 1133) would
not move for this reason. One result that stood out was that respondents living in the
NT were about three times more likely to intend to move because of heat (36% versus
the average of 11%; P < 0.001). This was not surprising given that most respondents
from the NT live in Darwin, the capital, situated in the tropical Top End of Australia.
Because of the high humidity, the perceived heat is particularly high for at least half
the year (Goldi et al. 2015).
The intention to move was also affected by gender (P < 0.005), degree of perceived
heat stress (P < 0.001) and general mobility (P < 0.001) (Table 8.1). A higher
percentage of male respondents said they would move because of heat than female
respondents (13% versus 8%; P < 0.01). Not surprising, the more heat stressed
respondents said they felt, the more likely were they to intend to move because of
heat stress with almost a third (28%) of those feeling very heat stressed intending to
move.
Also not surprising was the result that highly mobile people (see previous section)
were more likely to intend to move because of heat stress (21%). This is consistent
with migration intention studies (de Jong et al. 1985). This can also mean that people
see heat only as a factor in the mix of reasons why they would move, and they would
probably move anyway after a certain time in the current location. On the other hand,
it can mean that those who have never moved, are ‘trapped’ where they are, even if it
becomes very hot, to the extent that it affects health. Often these people wish to stay
because of tight connections (family, culture) to where they live, or because they have
employment that they do not want to leave. In developing countries ‘trapped’ people
do not have the resources to move away (Black et al. 2011b). In Australia, this might
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Table 8.1 Percentage of
respondents (N = 1344)
intending to move away
because of heat
stress—differences by
socio-economic
characteristics

K. K. Zander et al.
Variable

Percentage

Gender:
Male
Female

12.7a
8.2b

Education:
University degree

13.5a

Diploma/certificate

8.8a

Year 12

8.0a

Years 11 or below

9.3a

Employee:
Self-employed

15.4a

Public sector

13.7a

Private sector

8.4b

Not in paid job

8.9b

Workload:
Full-time

11.5a

Part-time

9.1a

Casual
Not in paid job

10.2a
8.9a

Location:
NT

35.9b

QLD

13.1a

NSW

11.4a

WA

9.6a

SA

8.6a

VIC

7.9a

ACT

7.2a

TAS

5.2a

Heat stress:
Rarely

5.7a

Sometimes

7.1a

Often

19.9b

Very Often

28.1b

Mobility:
High
Medium

20.6a
8.9b
(continued)
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Variable
Low
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Percentage
7.0b

Note Differences in superscript letters signify statistically
significant differences in the intention to move within the
categories. They show, for example, that men are significantly more
likely to intend to move than women (12.7% versus 8.2%) and that
different workloads have no impact on the intention to move

also be true for the very poor, noting that 13.3% of the population in Australia live
below the poverty line (ACOSS 2016). This survey did not confirm that income was
of concern when deciding to migrate because of heat stress. However, even though
the income distribution of respondents resembled that of the general population, the
sampling method may have excluded the very poorest people.
Other core demographic factors such as age, income, having children and workload did not have significant impacts on the intention to move because of heat. The
conclusion that age did not affect moving intention was unexpected. Previous studies
have shown that movement intentions (mainly international migration) were positively correlated with age (de Jong et al. 1985; de Groot et al. 2011). This means
that heat can influence intentions to move regardless of a person’s stage in life. This
can have consequences for service provision by altering normal movement patterns.
For instance, if more middle-aged people in established careers move than would
previously have been expected, this could leave a shortage of skills and labour in
areas that experience more frequent uncomfortably hot weather.

8.3.4 Moving When?
Of those people who intend to move because of heat, most thought they might move
in the distant future (33%), 17% in two to three years, 20% in about a year and 14%
within the next three months (Table 8.2). A substantial proportion (13.5%) was in
the process of moving at the time of the survey. Men stated significantly more often
that they are already in the process of moving because of heat than women (19.3%
versus 4%; P = 0.01). Women were significantly more likely to intend to move in
the distant future (Table 8.2). Those of either gender who said they would move in
the distant future were also older (P < 0.01) than those thinking of moving within
the next three months (mean age 42.6 versus 34.3). Respondents with children were
more likely to intend to move at later stages than those without children (P < 0.05).
Those already in the process of moving were more often stressed by heat than
those intending to move later than within the next three months (P < 0.005). Those
intending to move in the distant future exhibited lower general mobility than those
who would move earlier (P < 0.005). Education, gender, income and location (their
state) did not significantly explain the timeframe of potential heat related movements.
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Table 8.2 Time horizon, by gender, age and family status, of peoples’ intention to move away from
where they currently live because of heat (N = 133)
All (%)

Female (%)

Male (%)

Mean age (SD)

Having children
(%)

Already in the
process of moving

13.5

4.0a

19.3b

35.9ab (9.8)

6.8a

Within the next
3 months

15.8

10.0a

19.3a

34.3a (9.8)

17.8b

In about a year

20.3

22.0a

19.3a

40.5ab (13.4)

20.5b

In about 2–3 years

16.5

22.0a

13.3a

43.3ab

(10.7)

23.3b

In the distant future

33.8

42.0a

28.9b

42.6b (11.0)

31.5b

Note Differences in superscript letters signify statistically significant differences in the intention to
move across gender, age and family status

Those intending to move in the short-term (within a year, categories grouped)
were significantly younger (P < 0.005), on average 37.2 years, than those planning
movement in the long-term (42.8 years). This is again the highly transient population
of young people. Of all men intending to move, more than half (58%) would do so
in the short-term, while only 36% of those women intending to move would do so
in the short-term (P < 0.01).

8.3.5 Moving from Where to Where?
More than a third (38%) of those wanting to move because of heat stress did not know
where they would move to. Most people (91%) would move within Australia with
the remaining 9% intending to move overseas. Significantly, more women intended
to move overseas than men (16% versus 5%; P < 0.05).
Only 9% would move within their state of origin, most (91%) would change states.
Almost 20% would move to TAS (Table 8.3), particularly from NSW (31%) and VIC
(19%). TAS was the only state that would receive more people than it would lose,
which was expected given its cold climate.
Nobody would move to the NT or SA (Table 8.3), with a particularly high proportion of those from the NT (36%) intending to move because of heat stress (Table 8.1);
this proportion was only about 9% in SA. Besides the NT, many of the respondents
intending to move were from QLD (ratio: origin (%)/sample distribution % = 1.24;
Table 8.3) and NSW (ratio = 1.06). This was not surprising, given that parts of the
NT and QLD lie in the tropical humid north, and given that a large proportion of
respondents from the NT stated an intention to move. It was surprising, however,
that so few people from SA intended to move because of heat, given that Adelaide
and surroundings saw record temperatures and increasing frequencies of heat waves
in the last few years (Steffen et al. 2014) with many people suffering (Xiang et al.
2014; Hatvani-Kovacs et al. 2016; Zander et al. 2017).
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Table 8.3 Origin and destination of respondents intending to move because of heat stress (%; N
= 133)
Location

Destination

Tasmania
New South Wales

Origin

Origin (%)/sample
distribution (%)

Sample distribution
(N = 1344)

19.5

2.3

0.51

4.5

9.8

24.8

1.06

23.5

Victoria

9.0

19.5

0.76

25.6

Queensland

8.3

19.5

1.24

15.7

Western Australia

4.5

12.0

0.91

13.2

Australian Capital
Territory

1.5

3.8

0.73

5.2

Northern Territory

0.0

10.5

3.28

3.2

South Australia

0.0

7.5

0.82

9.1

Overseas

9.0

NA

NA

NA

Unknown

38.3

NA

NA

NA

Those currently in the NT would move mainly to QLD (29%), WA (21%) or NSW
(14%). Those originating in SA mostly did not know their potential destination (40%)
or stated TAS (30%), QLD (20%) or VIC (10%) as destinations.

8.4 Conclusion
Our results provide one, out of several accounts, of the general population in a developed economy intending to relocate because of climatic heat stress. So far most
research on migration as a response to climate change is from developing countries, or, if in developed countries, then in the context of Indigenous people. Because
people in Australia are free to move if financial resources permit, this research applied
Ajzen’s theory of planned behaviour to investigate peoples’ intention to move away to
cooler places. Results of an Australian-wide online survey with about 1900 respondents showed that 11% of those respondents who said that they were stressed by
heat intended to move away because they felt heat stressed in their current place of
residence. As expected, people who have been highly mobile in the past were more
likely to intend to move because of heat, while age did not affect the intention to
move because of heat stress. Men were also more likely to intend to move because of
heat stress. Most heat-stressed men intended to move in within the next three months
while most women (42% of those intending to move) would do so in the distant
future. Younger respondents are more likely to move in a short-time frame, many of
those already in the process of moving. People living in the NT, notably from the
tropical (hot and humid) Top End of Australia, were three times more likely to move
because of heat stress. Although slightly more than a third of respondents intending
to move did not know where to, among those who knew, the preferred destination
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was Tasmania which has one of the lowest mean temperatures in Australia. Many
people (38%) were unsure about a potential destination and Tasmania was a preferred
destination for those who were not.
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