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“Run air-conditioning all day”: Adaptation pathways to increasing heat in 
the Northern Territory of Australia 

Kerstin K. Zander *, Fiona Shalley, Andrew Taylor, George Tan, Sigurd Dyrting 
Northern Institute, Charles Darwin University, Ellengowan Drive, Darwin, NT 0909, Australia   
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A B S T R A C T   

Average global temperatures and frequencies of heat waves are increasing with detrimental effects on health and 
wellbeing. This study presents a case study from two cities in the Northern Territory with the aim of exploring if 
and how people make deliberate adaptations to cope with increasing heat. Results show that 37% of all re-
spondents made adjustments, with the most common being increased use of air-conditioning (65% of those 
responding to heat), followed by staying inside more often (22%) and passive cooling through modifications of 
house and garden (17%). Young people increasingly refrain from outside activities as temperatures increase. We 
also found that adaptive capacity was a function of education, long-term residency, home ownership and peo-
ple’s self-rated wellbeing. Homeowners were more likely to adjust their living environment to the heat and 
renters less so. Being a property owner was commonly associated with the installation of solar panels to pay for 
high energy bills needed to run air-conditioning. Those who had solar panels at home were about ten times more 
likely to use air-conditioning more frequently in response to increasing heat. Our results confirm a growing 
dependence on artificially controlled environments to cope with heat in cities.   

1. Introduction 

Globally, average temperatures are increasing (Perkins, Alexander & 
Nairn, 2012) and heat waves are forecast to become more frequent and 
severe as the climate changes (Perkins & Lewis, 2020). Heat stress poses 
a substantial health threat to the global population (Burke, González, 
Baylis, Heft-Neal & Baysan, 2018; Goldi, Sherwood, Green & Alexander, 
2015; Hanna, Kjellstrom, Bennett & Dear, 2011) and amplifies 
pre-existing medical conditions amongst individuals (Vardoulakis, Dear, 
Hajat, Heaviside & Eggen, 2014). Heat stress also causes social and 
economic disruptions, with evidence that it compromises general well-
being (Zander, Moss & Garnett, 2019) and increases violence and crime 
(Stevens, Beggs, Graham & Chang, 2019). People stressed by heat are 
also less productive (Borg, Xiang, Anikeeva, Pisaniello & Hansen, 2021; 
Zander, Botzen, Oppermann, Kjellstrom & Garnett, 2015), more likely to 
have accidents at their workplaces (Xiang, Bi, Pisaniello, Hansen & 
Sullivan, 2014) and spend less time on outside activities (Hatvani-Ko-
vacs, Belusko, Skinner, Pockett & Boland, 2016a). Heat stress can also 
heighten vulnerabilities to other hazards (Epstein & Moran, 2006). 
While acclimatization to heat may help, it may not protect humans from 
unprecedented or intolerable heat stress under severe warming 

scenarios forecast in some modelling (Sherwood & Huber, 2010). 
More than half of the global population (55%) already live in urban 

areas with the share rapidly increasing (United Nations, 2019). Because 
of the heat island effect, cities are particularly vulnerable to the impacts 
of increasing heat (Hooyberghs, Verbeke, Lauwaet, Costa, Floater, & De 
Ridder, 2017; Mora et al., 2017) and people in urban areas will be twice 
as exposed to anticipated future increases in heat as those in non-urban 
areas (He, Wang, Liu & Ulpiani, 2021; Wouters, De Ridder, Poelmans, 
Willems & Brouwers, 2017). Planning for heat mitigation and the 
adaptation of urban areas to accommodate the urban population is 
therefore key to maintaining wellbeing and to sustaining high standards 
of living (Bakhsh, Rauf & Zulfiqar, 2018). 

Climate change adaptation is being undertaken by different actors 
operating at different scales and with different beneficiaries (e.g. Eakin, 
Eriksen, Eikeland & Øyen, 2011; Milman & Warner, 2016). Broadly, 
adaptation can be differentiated between public or private responses 
(Milman & Warner, 2016). Public adaptation can happen at national, 
jurisdictional or local levels, with adaptation strategies aiming to protect 
the general population, public land, resources, and infrastructure (Eakin 
et al., 2011). Many city authorities and local governments, for example, 
have started to mitigate the impact of increasing heat through investing 
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into green (e.g., green spaces, green roofs and walls) and blue (e.g., 
natural water bodies, fountains and mist spray) infrastructure that serve 
as heat sinks and provide cool public spaces to citizens (Bowler, 
Buyung-Ali, Knight & Pullin, 2010; Fahed, Kinab, Ginestet & Adolphe, 
2020; Gunawardena, Wells & Kershaw, 2017). Using cool building 
materials for public buildings (Haddad, Paolini & Ulpiani, 2020; He, 
2019) also helps to mitigate the urban heat island effect. 

In the absence of planned adaptations instituted by government, 
many citizens are resorting to coping strategies (i.e. private adaptation) 
which are autonomous, reactive and practised at the individual, 
household and community level (Sahay, 2018). To understand whether 
such adaptation is likely to be successful, it is important to assess both 
the level of understanding of heat related stress and the adaptive ca-
pacity of individuals and households (Ford, Smit & Wandel, 2006; Keys, 
Bussey, Thomsen, Lynam & Smith, 2014). Adapting to heat through 
reactive measures and preparing for long-term climate change requires a 
certain level of awareness amongst residents and an understanding of 
current and likely future vulnerabilities (Satterfield, Mertz & Slovic, 
2004; Weber, 2006). Many studies have shown that those aware of rising 
temperatures are better prepared to cope with them (Das, 2016). 

However, little is known about preferences for adaptation strategies 
and the relative effectiveness of these in reducing vulnerability to heat 
stress (Doherty, Klima & Hellmann, 2016). As cheap immediate heat 
relief, people can, for example, adapt by hydrating, wearing light 
clothes, and seeking shade when outside (Zander, Matthew & Garnett, 
2018). Many people self-pace their activities and take more rests (Lao, 
Hansen, Nitschke, Hanson-Easey & Pisaniello, 2016; Yi & Chan, 2013; 
Zander et al., 2015) while others shift times for work and other activities 
to the early morning or evenings (Williams, Hanson-Easey, Robinson, 
Pisaniello & Newbury, 2017). Cooling is another effective strategy to 
cope with heat and can be achieved by reducing inside temperatures 
with air-conditioning or naturally by swimming, applying ice-water 
immersion or other physical cooling techniques (see e.g. DeGroot, Gal-
limore, Thompson & Kenefick, 2013), or by passive cooling. Passive 
cooling approaches seek to cool the built or natural environment using 
design rather than relying on mechanical systems like air-conditioning 
(Yu, Guo, Wang & Chang, 2020). 

Many studies have investigated how people in physically demanding 
jobs cope with heat, for example in the agricultural (Budhathoki & 
Zander, 2019; Sahu, Sett & Kjellström, 2013) and construction sectors 
(Rowlinson, Yunyanjia, Lia & Chuanjingju, 2014; Yi & Chan, 2013). 
However, there are two important gaps in such studies: 1) Adaptation of 
the workforce in sectors that are not located in explicitly hot environ-
ments, not of a very physical nature or are unpaid, and 2) Adaptation by 
the general public in everyday life situations, not at work. 

This study fills this latter gap using an interesting case study from the 
Australian society. Because of its large geographical size, Australia has a 
wide variety of climate zones, but generally, it is the hottest and driest 
populated continent (Bhoge, Nolan & Pojani, 2020). The Northern 
Territory, one of Australia’s eight states and territories, has always had a 
climate that is generally hot but median temperatures are rising further 
(see Section 2.1). The Northern Territory is also in an extended period of 
population stagnation (Taylor & Carson, 2017) and its government has 
an active strategy to encourage population growth (Northern Territory 
Government, 2018). Given that past research has shown that climate 
and extreme temperatures are significant factors in the decisions of 
residents to migrate to other parts of Australia or overseas (Dyrting, 
Taylor & Shalley, 2020; Zander & Garnett, 2020), climatic and popu-
lation trends in the Northern Territory may be linked. 

Understanding how local residents cope with heat has attracted little 
policy concern and understanding individual level adaptation may help 
ensure new arrivals are well informed about strategies they can adopt, 
and potentially reduce rates of emigration. The aim of this study is 
therefore to explore if and how people in the Northern Territory have 
made deliberate adaptations to cope with increasing heat. Data are 
sourced from a survey of residents conducted during 2020 as part of a 

research program called “The Territory and Me” focusing on migration 
drivers to and from the Northern Territory. In this study we focus on the 
two main cities, Darwin, the tropical capital of the Northern Territory 
and home to 147,000 residents in 2019, and Alice Springs in the central 
Australian arid zone with just over 26,000 residents (ABS, 2017a,b). 

The results add to the growing evidence on the health burden of 
climate change and the long-term social impacts of slow onset climate 
change related hazards such as heat. They may also increase our un-
derstanding of the role of heat mitigation and adaptation for liveability 
and decisions to migrate to and from cities affected by increasing heat. 
This provides a basis for strategies and policies to encourage alternative 
adaptations and positively influence migration to assist with economic 
growth. 

2. Materials and methods 

2.1. Study area 

The study area comprises the two largest cities in the Northern 
Territory (Darwin and Alice Springs) which together are home to 71% of 
its population (ABS, 2017a,b,c). Darwin is located in the north of 
Australia (see Fig. 1) and has a tropical climate (Köppen climate clas-
sification Aw) with two main seasons - the wet season from November to 
April and dry season from May to October. There is a linear upwards 
trend in the average maximum summer temperatures since 1920 with a 
steeper increase for Alice Springs than Darwin (Supplementary Fig. S1 in 
the Appendix). Besides average temperatures, the number of hot days 
(above 35 ◦C) have increased substantially already and predicted to do 
so even more. In the last half of the 20th century there was an average of 
10 days per year that were hotter than 35 ◦C in Darwin, from 2000–2009 
there were 19 days and, in the last decade, 22 including 45 in 2019 
(BoM, 2020). In 2020 this trend continued with 44 days in Darwin being 
hotter than 35 ◦C (BoM, 2021). The annual average days hotter than 
35 ◦C is predicted to be 118 by 2030 and 139 by 2050 under a 
high-emissions pathway (RCP8.5) (NESP ESCC Hub, 2020). A recent 
study from Darwin (Goldi et al., 2015) showed that hospital admissions 
rates were highest when hot days were preceded by high night-time 
humidity, a common situation in tropical regions (see also Opper-
mann, Brearley, Law, Smith & Clough, 2017). A study by Zander & 
Garnett (2020) investigated the emigration response to heat and found 
that as residents of Darwin become older, heat becomes the main reason 
to leave the city. 

Alice Springs is situated in central Australia and has a hot desert 
climate (Köppen climate classification BWh) featuring very hot summers 
and cooler winter months. Long-term data from 1910 onwards shows 
significant increases in its median summer maximum temperatures 
(Fig. S1b in the Appendix). Historically, the average annual number of 
days above 35 ◦C has been 90 (1981–2010; NESP ESCC Hub, 2020) 
while in 2020, these were 115 days (BoM, 2021). It is predicted that by 
2030, people living in Alice Springs have to endure 113 days per year 
hotter than 35⁰C, and by 2050 135 days, similar to Darwin, from now 90 
days (NESP ESCC Hub, 2020). We are not aware of any studies from 
Alice Springs on the health or economic impacts from increasing heat. 
However, a study by Race, Mathew, Campbell & Hampton (2016) 
investigated the adaptive capacity of Indigenous people to climate 
change in Alice Springs as well as surrounding remote communities. 

There is also ongoing research on heat mitigation in both cities. 
Under the Darwin City Deal and the Darwin Living Lab (CSIRO, 2020; 
Haddad et al., 2020), public spaces in the Darwin’s CBD area are being 
fitted with shading, mist cooling and greenery, leading to a decrease in 
ambient temperatures in the city centre (Haddad et al., 2020). In Alice 
Spring’s CBD area, a similar heat mitigation study tested different 
strategies such as using reflective materials for buildings and pavements 
(see Haddad et al., 2020; Santamouris, Haddad, Ulpiani, Synnefa & 
Paolini, 2020). While this helps people, who live and work in the city 
centre, including temporary visitors, the majority of people living in the 
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suburbs or in areas surrounding Darwin and Alice Springs are unlikely to 
benefit greatly from these heat mitigation structures. What is missing 
overall is an investigation of how people adapt to increasing heat, a 
research gap we aim to fill with this study. 

2.2. Data collection and sampling 

Data for this study was collected through a wider project on the 
understanding of drivers of population attraction to and retention in the 
Northern Territory. The project gathered data online through a survey 
called “The Territory and Me” which included two waves of data 
collection. Data relevant for this study were collected during the second 
wave, between 14 September 2020 and 18 December 2020. The survey 

was actively promoted through general awareness campaigns, social 
media and web-based social groups, as well as being emailed directly to 
people who had participated in the first wave. Anyone 18 years and over 
could complete the survey and participation was incentivised with a 
chance to win three modest gift vouchers. 

The survey consisted of a mix of quantitative and qualitative ques-
tions. Four relevant parts of the questionnaire were used in this study: 1) 
Questions about residency status, origin, length of time living in the 
Northern Territory and intentions to stay in or leave the Northern Ter-
ritory, 2) questions about heat impact and adaptation, 3) questions to 
gauge the demographic profiles of respondents, and 4) measures of self- 
rated physical and mental wellbeing. For the latter we asked re-
spondents to rate their overall physical and mental wellbeing using 

Fig. 1. Map of study areas (Darwin and Alice Springs) in the Northern Territory (NT) of Australia.  
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scales from 0 (very poor) to 10 (very good). Respondents were not 
guided by any additional information on what constitutes either phys-
ical or mental wellbeing and ratings were based on their own interpre-
tation. We then created an overall wellbeing indicator by averaging the 
scores of these two measures and refer to this variable as ‘self-stated 
subjective wellbeing’. Subjective wellbeing has previously been found to 
have an impact on how people are affected by increasing heat and heat 
stress (e.g. Zander et al., 2019) and we use this measure as a proxy, point 
in time measure, similar to self-reported overall life satisfaction, indi-
cating apparent quality of life (e.g. Maddison & Rehdanz, 2011). Simi-
larly, under the third part of the questionnaire, we collected an indicator 
of respondents’ perceived overall financial situation, answered using a 
similar rating scale. This variable was used as proxy of household 
wealth, while we did not directly ask for income. 

The two questions on heat adaptation were as follows:  

1) Last year, 41 ◦C temperature records were broken in the Northern 
Territory. Have you made any adjustments in the way you live in 
response to the heat? Possible answer: Yes or No.  

2) If Yes, please tell us briefly what you’ve done. Possible answer: open- 
ended text in text field. 

2.3. Data analysis techniques 

Initially, we checked for correlations between the variables under 
investigation (see supplementary Fig. S2 in the Appendix for a correla-
tion plot). Being a temporary visa holder and being from countries with 
warm climates (mainly South and South East Asia) were strongly 
correlated. Self-rated subjective wellbeing was further correlated with 
self-rated financial situation. We therefore included their interaction 
terms in the initial logit models. 

We then applied Pearson’s Chi-square tests to determine whether 
there was a statistically significant difference between the categorical 
variables, and used non-parametric Kruskal-Wallace H tests to deter-
mine the significance of differences between continuous (but not nor-
mally distributed) and categorical variables. The determine a 
relationship between two continuous variables, we applied Pearson’s 
correlation tests. 

Binary logit models were estimated to test which variables explained 
whether or not respondents had adjusted to heat in the way they lived 
and whether or not respondents relied on using more air-conditioning to 
cope with heat. In a first step, the models were estimated with all 
explanatory variables, and, using the stepwise procedure, variables were 
omitted and added (backward/forward). The best models were selected 
based on the Akaike information criterion (AIC) (Akaike, 1974). The 
odds ratios (OR) were calculated for the significant explanatory vari-
ables, measuring the strength of the association between the depended 
and explanatory variables. 

The responses to the open-ended question about heat adaptation 
were analysed using text mining in R (R Core Team, 2019). In the first 
step, corpora were constructed for text responses of each respondent 
using the library quanteda (Benoit, Watanabe, Wang, Nulty & Obeng, 
2018). Cleaning of the text included lowering the case of all words, 
removing punctation, symbols, numbers and words with fewer than two 
letters. In the second step, English stopwords were removed because 
they do not have a strong sematic weight and can safely be ignored 
without compromising the meaning of a sentence. Examples of stop-
words in English include: ‘a’, ‘an’, ‘as’, ‘by’, ‘have’, ‘he’, ‘her’, ‘she’, 
‘some’, ‘the’, ‘there’, ‘they’, ‘to’, and ‘you’ (see SMART stopword list in 
Lewis, Yang, Rose & Li, 2004). Finally, we checked the texts for spelling 
mistakes and inconsistencies in the way words with the same meaning 
were used, for example ‘AC’ was replaced by ‘air-conditioning’ 
throughout. Because the text per respondent was short, we analysed the 
frequencies of words (word counts) only and visualised those in a his-
togram and a wordcloud (Fig. S3 in the Appendix). 

3. Results 

3.1. Sample description 

We received 1242 valid responses. Of these, data from 968 re-
spondents were kept while 274 responses (13%) were discarded because 
the respondents were no longer living in the Northern Territory or had 
never lived in the Northern Territory. The majority (81%) of the 968 
respondents lived in Darwin and surrounds (n = 783) and 19% lived in 
Alice Springs (n = 185). To maximise the sample, we grouped those who 
lived in Katherine (n = 27) into the Darwin group and the few (n = 20) 
who lived in the Barkly region into the Alice Springs group because of 
their climatic similarities. Darwin and Katherine are in the tropical 
humid part of the Northern Territory, while Alice Springs, the Barkly 
region and surroundings have an arid climate (see Section 2.1). 

We obtained more responses from females (68%) than males 
(Table 1). Three quarters of all respondents were born in Australia and 
about 10% in countries characterised by a warm climate (mostly South 
and South East Asia). The remaining respondents (~14%) were from 
North America or Europe. All but 5% of respondents were either 
Australian citizens or had permanent residency (Table 1), the remaining 
95% were temporary visa holders. Age did not differ significantly across 
Darwin and Alice Springs (H = 0.20, df = 1, p-value = 0.6556). Re-
spondents in Darwin perceived their financial situation to be better than 
people in Alice Springs (H = 10.51, df = 1, p-value = 0.0012). Overall, 
about 61% of respondents owned their homes, which was higher than 
the situation in the Northern Territory with an average home ownership 
of 45% (either owned with a mortgage or outright; ABS, 2017c). More 

Table 1 
Sample characteristics by city (n = 968), by city (n Darwin = 783), (n Alice 
Springs = 185).   

All Darwin Alice 
Springs 

Indigenous (%) 4.3 4.1 5.4 
Female (%) 67.7 67.2 69.7 
Median age (coded 1–12) 7.0 7.0 7.0 
(Mean; SD) (6.5, 

2.9) 
(6.5; 
2.9) 

(6.6; 2.8) 

Median self-rated financial situation (coded 
0–10) 

7.0 8.0*** 7.0*** 

(Mean; SD) (7.0; 
2.3) 

(7.1; 
2.2) 

(6.4; 2.6) 

In paid-work (%) 75.8 76.9 71.4 
Own current dwelling in NT (%) 61.2 65.3*** 43.8*** 
Median level of education (coded 1–6) 5.0 5.0 5.0 
(Mean; SD) (4.4; 

1.6) 
(4.4; 
1.5) 

(4.1; 1.7) 

Single (%) 28.2 27.1 32.4 
Median self-rated subjected wellbeing 

(coded 0–10) 
7.5 7.5** 7.0** 

(Mean; SD) (7.4; 
1.7) 

(7.5; 
1.6) 

(7.1; 1.9) 

Live in NT since at least 10 years (%) 62.7 64.5* 55.1* 
Origin: Australia (%) 75.4 75.7 74.1 
Origin: from ‘warm’ countries (%) 10.2 10.9 7.6 
Temporary visa holder (%) 5.5 6.1 2.7 
Intention leave NT in next 2 years (%) 15.9 14.0** 23.8** 
Making deliberate adaptations to increasing 

heat (%) 
36.9 37.8 33.0 

SD = Standard deviation; NT = Northern Territory. 
Age categories: 1 = 18–24, 2 = 25–29, 3 = 30–34, 4 = 35–39, 5 = 40–44, 6 =
45–49, 7 = 50–54, 8 = 55–59, 9 = 60–64, 10 = 65–69, 11 = 70–74, 12 = 75 and 
over. 
Self-rated financial situation and self-rated subjective wellbeing rated on scales 
from 0 = very poor to 10 = very good. 
Highest level of education categories: 1 = Year 11 and below, 2 = Year 12, 3 =
Certificate, 4 = Diploma, 5 = Undergraduate degree’, 6 = Postgraduate degree. 
The asterisk signifies a significant difference between the two cities; at 1% (***), 
5% (**) or 10% (*) significance level. 
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people in Darwin than Alice Springs owned their home (X-squared =
29.06, df = 1, p-value < 0.001). 

More than 60% of respondents, whom we described as long-term 
Territorians, had lived in the Northern Territory for at least ten years. 
The share of long-term Territorians was higher in Darwin than in Alice 
Springs (X-squared = 5.61, df = 1, p-value = 0.0179). Nearly 16% 
intended to leave the Northern Territory in the next two years with a 
significantly higher percentage in Alice Springs (24%) than in Darwin 
(14%) (X-squared = 10.60, df = 1, p-value = 0.0011). 

A small percentage (4%) identified themselves as Indigenous 
(Aboriginal and/or Torres Strait Islander), less than the share of Indig-
enous people in Darwin (9%; ABS, 2017a) or in Alice Springs (18%; 
ABS, 2017b) but slightly more than the national population share of 
3.3% (ABS, 2017d). Respondents in Darwin self-rated their subjective 
wellbeing higher than those in Alice Springs (H = 6.68, df = 1, p-value 
= 0.0010). 

3.2. Adaptation to heat 

In total, about 37% of respondents (n = 357) stated that they had 
made deliberate adjustments in the way they lived in response to 
increasing heat (Table 1), without significant location-specific differ-
ences (X-squared = 1.62; df = 1, p-value = 0.2025). The most frequently 
mentioned adaptation strategy was using air-conditioning more 
frequently, more intensely, or both (65% of those who stated they 
adapted) (Table 2). This was followed by staying inside more often 
(22%), passive cooling through modifications around the house and 
garden (17%), cooling naturally through frequent swimming (in own 
pool, public pools or waterholes) or wearing light, climate-smart and 
less formal clothing (15%). Another 15% of those responding to heat 
said they shifted times for undertaking outside activities to early 
mornings and evenings and a few respondents (7%) changed their eating 
and water intake habits, drinking more water and other non-alcoholic 
fluids, cooking hot food less often, and generally eating less. 

About 64% of respondents mentioned one strategy only, of which 
67% were those whose only nominated strategy was more frequent use 
of air-conditioning. Ten percent of single-strategy respondents 
mentioned staying inside, and 10% used passive cooling through ad-
justments to house and garden. A quarter of respondents mentioned two 
strategies, the most frequent combination being more frequent use of 
air-conditioning and staying inside (67% of all combinations of two 
strategies), followed by increasing use of air-conditioning and passive 
cooling (26% of combinations), and air-conditioning use and cooling 
naturally (swimming and light-coloured clothes). 

Results of the binary logit model showed those making adjustments 
to increasing heat were older, better educated, were more likely to live 
in their own house or apartment and had lived in the Northern Territory 
for longer than those who had not adapted (Table 3). In addition, the 
lower respondents’ self-rated subjective wellbeing was the more likely 
were they to make deliberate adaptations. Those who had been in the 
Northern Territory for ten years or longer were 60% more likely (OR: 
1.60) and homeowners about 40% more likely to make adaptions to heat 
than those who had been in the Northern Territory for less than ten years 
and those not owning their homes (OR: 1.45). Age was also a noticeably 

important covariant, albeit at a 10% significance level: for every 5 years 
of additional age, the likelihood of implementing adaptation strategies 
to heat increased by 5%. 

Additional statistical bivariate analyses showed that respondents 
adjusting their homes and gardens to make use of passive cooling were 
also older (H = 3.00, df = 1, p-value = 0.0859) and those staying inside 
more often were younger (H = 11.05, df = 1, p-value = 0.0009). Young 
people were also more likely to choose natural cooling through frequent 
swimming (e.g. public pools) and using less formal and lighter clothing 
(H = 5.36, df = 1, p-value = 0.0206). Those shifting times of outside 
activities rated their financial situation slightly higher than those who 
did not mention this adaptation strategy (median of 8 compared to a 
median of 7; H = 3.06, df = 1, p-value = 0.0803). 

3.3. Use of air-conditioning 

The majority (65%) relied on more frequent use of air-conditioning 
to cope with heat, and for many this was their only strategy. By 
applying a binary logit model, we explored the characteristics of those 
who did and those who did not rely on air-conditioning. The most 
dominant variable explaining whether or not people choose air- 
conditioning as an adaptation strategy was the presence of solar 
panels. Those who had solar panels at home were about ten times more 
likely to use air-conditioning more frequently as a response to increasing 
heat than those without (OR: 10.55; Table 4). People living in Darwin 
were also more likely to increase use of air-conditioning to adapt to heat 
than those in Alice Springs, as were those who had been living in the 
Northern Territory for at least ten years compared to those who had 
been there less than 10 years. Better educated respondents and those 
who rated their subjective wellbeing as high were less likely to do so. 

The use of air-conditioning as an adaptation strategy did not depend 
on dwelling ownership. This was also confirmed by bivariate analysis 
showing that the proportion of people using air-conditioning more 
frequently was similar between those renting and those owning (X- 
squared = 0.47, df = 1, p-value = 0.4916). Self-rated financial situation 
had, at a 10% level of significance, a negative impact on using air- 

Table 2 
Adaptation strategies to cope with increasing heat (%).   

Darwin Alice Springs All 

More air-conditioning 69.3*** 45.9*** 65.3 
Stay inside 22.0 21.3 21.8 
Passive cooling at home 15.9 19.7 16.5 
Cool naturally 15.9 13.1 15.4 
Shifting times of outside activities 14.5 19.7 15.4 
Change eating / water intake habits 5.7* 11.4* 6.7 

The asterisk signifies a significant difference between the two cities; at 1% (***) 
or 10% (*) significance level. 

Table 3 
Results of binary logit model showing significant characteristics of respondents 
who make deliberate adaptations to increasing heat (n = 357).   

Estimate OR 95% CI 

Constant -1.43***   
Age 0.05* 1.05 0.99–1.11 
Education 0.16*** 1.17 1.07–1.28 
Long-term Territorian (>10 years) 0.47*** 1.60 1.14–2.26 
Self-rated subjective wellbeing -0.11*** 0.90 0.83–0.97 
Own current dwelling in NT 0.37** 1.45 1.04–2.01 
Female 0.24   
AIC 1240.1   

Significant levels: ’***’ = 1%; ’**’ = 5%; ’*’ = 10%; OR = Odds ratio; CI =
confidence interval; NT = Northern Territory. 
AIC = Akaike’s Information Criteria. 

Table 4 
Results of binary logit model showing significant characteristics of respondents 
who responded to increasing heat by using more air-conditioning (n = 233).   

Estimate OR CI 

Constant 1.46*   
Live in Darwin 1.06*** 2.88 1.58–5.35 
Education -0.15* 0.86 0.72–1.01 
Long-term Territorian (>10 years) 0.67** 1.96 1.17–3.29 
Self-rated subjective wellbeing -0.22*** 0.80 0.68–0.93 
Have solar panels 2.36*** 10.55 3.59– 45.32 
AIC 417.76   

Significant levels: ’***’ = 1%; ’**’ = 5%; ’*’ = 10%; OR = Odds ratio; CI =
confidence interval. 
AIC = Akaike’s Information Criteria. 
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conditioning more often (a median of 7 of those who use air- 
conditioning more often compared to a media of 8 for those who do 
not; H = 3.46, df = 1, p-value = 0.0627). 

3.4. Results of text analysis 

The term ‘air-conditioning’, its stemmed form and various spelling 
forms, was the most frequently used term in the responses to the open- 
ended question on actions taken to respond to increasing heat (Fig. 2). 
The term was used in 65% of all responses (see also Sections 3.2 and 
3.3). This was followed by the verbs ‘use’ and ‘run’ associated with its 
usage. The terms ‘solar’, ‘panel’ or ‘solar panel’ were used in 13% of 
responses and ‘heat’ and ‘hot’ in 12%. ‘Cost’ and ‘bill’ were used in 11%, 
and ‘electricity’ or ‘power’ in 10%. The terms ‘cost’ or ‘bill’ and ‘elec-
tricity’ or ‘power’ were often used together (Pearson’s correlation co-
efficient r = 0.3), indicating the high importance of energy costs when 
implementing adaptation strategies to heat (see supplementary Fig. S3 
in the Appendix for the most frequently used terms as depicted in a word 
cloud). 

A level of resentment towards the more frequent use of more air- 
conditioning was evident with seven respondents (3% of those who 
stated they used air-conditioning more frequently to adjust to the heat) 
claiming that this was unfortunate and not according to the lifestyle they 
wished for. Some just accepted the fact that air-conditioning is essential 
for coping with the heat. Besides higher electricity costs, six respondents 
were concerned about the contribution to climate change from higher 
air-conditioning usage, and three were concerned about the environ-
mental impact. Only one person mentioned that they had tried to 
acclimatise to the heat. 

Nineteen percent of respondents who used more air-conditioning 
mentioned the installation of solar panels to meet their growing en-
ergy needs. Box 1 lists some notable responses, highlighting the social 
and economic implications of adapting to heat. 

Fig. 2. Most frequently mentioned terms within responses to an open-ended question about adjustments made in the way respondents lived in response to increasing 
heat (n = 357). 

Box 1 
Examples of responses to the question about how respondents have adjusted the 
way they lived in response to increasing heat?  

1) “I do less outdoor activities during the weekends and I’m not happy about that” 
[Female, 55, Alice Springs] 

2) “Found a unit to rent under an affordable housing scheme - with a pool in the 
complex. If not for the affordable housing scheme, we would struggle financially 
and physically - without a pool and good air conditioning” [Female, 35, Alice 
Springs] 

3) “Do not go out as often unless to air-conditioned shopping centers where we could 
sit during the day and save running costs at home” [Male, 65, Darwin] 

4) “Since moving to the NT in 2008, I have usually relied on fans and open windows 
for cooling and had cold showers/ gone for a swim to beat the heat. However, over 
the last couple of years, due the higher-than-average temperatures, I’ve had to run 
air-conditioning more often” [Female, 30, Darwin] 

5) Run air-conditioning all day - just as well we put in solar panels a couple of years 
ago [Female, 60, Darwin] 

6) “We’re seriously considering installing air-conditioning at home - for the first time 
in 30 years! We’re also able to more consider this as we’ve recently been able to 
afford to install solar panels for electricity” [Female, 45, Alice Springs] 

7) “I spend less time outdoors than when younger. Solar panels have been installed for 
cheaper power for air-conditioning. Now preparing to install new air-conditioning 
in living area, as currently only use air-conditioning in bedrooms” [Female, 50, 
Darwin] 

8) “I drink more water. I shop where I can park in the shade (e.g. Casuarina). I pay 
more for parking my car under cover while at work. I have to leave air-conditioning 
on in my house (and pay the higher bills) on hot days for my elderly dog. I am 
increasing the greenery around my house to keep the environment cooler. I take 
more opportunities to swim. I do benchtop cooking (or don’t cook at all) to avoid 
using the oven and hot plates” [Female, 60, Darwin] 

9) “I have become more politically active. I used to do sport in the middle of the day, I 
don’t do that anymore” [Male, 30, Darwin]. 

10) “My landlord has installed air-conditioning when we previously didn’t have any” 
[Female, 25, Darwin] 

11) “Getting older we are using air-conditioning much more driving power bills up, 
raising our cost of living, which will eventually be a common denominator in forcing 
us to leave” [Male, 55, Darwin] 

12) “We are trying change to a more outside life at home so we can enjoy cooling 
breezes instead of air-conditioning. Also will switch to more native plants in the 
garden because they can take the heat better without needing a lot of watering” 
[Male, 50, Darwin]  
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4. Discussion 

4.1. Adapting to increasing heat 

Despite increases in average temperatures and the number of hot 
days in Australia and the Northern Territory, only 37% of 1242 re-
spondents had made deliberate adaptations to increasing heat. This 
relatively low percentage may be because adaptations are made sub-
consciously, and people simply did not think of the way they cope with 
heat day to day as an adaptation or a specific response to heat. This 
could particularly be true for people living in Darwin, and might explain 
why the share of people adapting to heat is the same in both cities. 
Darwin, with a tropical climate, has always been hot and humid, at least 
seasonally (in the wet season (November to April), with highest hu-
midity in January and February) and we would have expected a 
significantly higher share of people adapting in Darwin than in Alice 
Springs. People in Alice Springs might feel the heat as more extreme 
with more hotter days now than in the past, triggering deliberate 
adaptations. 

Another reason explaining the relatively low share of people making 
deliberate adaptation, at least for the Darwin sample, could be accli-
matisation. Because of the existing climate, many people in Darwin 
might have learned to cope with heat and developed a certain resilience 
without the need for additional adaptations. However, there is a limit to 
human thermal tolerance and this resilience will not be sufficient 
(Hanna et al., 2011; Sherwood & Huber, 2010), and as the number of 
very hot days increase, not only in Darwin and Alice Springs but across 
the whole continent, people might find themselves needing to adapt 
further to avoid health issues. It was surprising though, that the word 
acclimatisation or similar words with the same meaning have hardly 
come up when in the text analysis, but again, this could have been 
related to the way we phrased the question asking for deliberate 
adaptations. 

Finally, a lack of awareness of increasing heat can explain why the 
share of people adapting is relatively low in both cities. People not 
aware of increasing heat had no reason to have mentioned that they 
make deliberate additional adaptations, other than those they already 
did to cope with heat. Awareness is one of the main drivers for adap-
tation (Das, 2016; Satterfield et al., 2004; Weber, 2006) and if people are 
not aware of increasing heat, they might not change their behaviours, 
for example doing simple things such as drinking more water, which can 
leave them more vulnerable to heat stress related impacts. Indeed, 
previous research has identified that people overestimate their capacity 
to cope with heat and that this impedes adaptation (Abrahamson, Wolf, 
Lorenzoni, Fenn & Kovats, 2009). 

This would also explain why long-term residents who have experi-
enced the climate for many years are more likely to deliberately adapt 
than shorter-term residents. Experience can heighten awareness and can 
be a strong precursor for changing behaviours and adaptations (Das, 
2016; Weber, 2006). Zografos, Anguelovski & Grigorova (2016) in a 
case study from Western Sydney, found that exposure to heat alone is 
not enough to trigger adaptation, which might be why short-term resi-
dents or visitors might not make deliberate adaptation decisions, but 
exposure to increasing heat over time might make a difference. For 
long-term Territorians, particularly for those in Darwin, previous 
research has identified the climate as part of the place’s identity and 
liveability, together with social, cultural and landscape features, and 
that some people seek hot climates (Dyrting et al., 2020). While Wil-
liams et al. (2017) found that a positive place attachment in rural areas 
of South Australia means that people are more accustomed to heat and 
have learned to accept heat which can impede adaptation, we showed 
that place attachment can have the opposite effect by promoting a 
higher degree of adaptation willingness than for short-term residents. 
However, as older people appear to be more sensitive to high temper-
atures (Basu, 2009), some of the need for adaptation and increased air 
conditioning may be attributed to the sensitivity of the respondents 

rather than increasing temperatures per se. 
It was not surprising that homeowners were more likely to make 

deliberate adaptations, given that many of the adjustments that can be 
done involve retrofitting or modifying the building and outdoor spaces 
which are easier to carry out when the home is owned. Renters in 
Adelaide were found to show more heat stress related symptoms than 
homeowners because they had fewer heat mitigating features at home 
(Hatvani-Kovacs, Belusko, Skinner, Pockett & Boland, 2016b). 

Furthermore, people who stated they had made deliberate adapta-
tions were older and better educated than those who did not state they 
adapted. The education (e.g. Khare, Hajat, Kovats, Lefevre & de Bruin, 
2015) as well as age effects have been found elsewhere (e.g. Hatvani--
Kovacs et al., 2016b). The age effect could be because older people are 
more susceptible to heat stress and related illness than younger people 
(Basu, 2009) or because older residents are more likely to be home-
owners and, therefore, to retrofit adaptations to their residence. The 
segment of the population with the highest rates of turnover in the 
Northern Territory is the early-career group (aged 18–29) so it is 
interesting that the covariance between age and heat adaptation was so 
strong. It might follow, for example, that because younger people are 
more likely to be short-term residents from more moderate southern 
climates and have not experienced the heat of the Northern Territory, 
they might be more inclined to nominate an increased use of 
air-conditioning as their adaptation strategy. However, because of the 
short-term nature of many young people’s residency, they may expect to 
use air-conditioning and are not resident for a sufficient period to have 
experienced increased temperatures. This behaviour is normalised from 
the start and thus they may not consider it as an adaptation strategy for 
increasing heat. 

Participants in our study who stated that they had adapted to 
increasing heat (37% of respondents), could be grouped into three 
adaptation categories, as discussed below. 

4.1.1. Using air-conditioning 
The majority of respondents (65%) adjusted to heat by cooling their 

homes through air-conditioning. For many people in both cities, Darwin 
(69%) and Alice Springs (46%), this was the most frequently mentioned 
adaptation strategy. That this share was significantly higher in Darwin 
than Alice Springs was not surprising given Darwin’s tropical climate 
with high humidity and longer periods with high temperatures during 
the year. Some heat relief measures such as hydration, resting and 
seeking shade do not sufficiently bring down the body core temperature 
when it is not only hot but also very humid, as it is in Darwin during the 
wet season (Oppermann et al., 2017). 

The fact that more than half of those using air-conditioning more 
frequently nominated this as their only coping strategy was also not 
surprising. The results are comparable to a study from New York, where 
80% of survey respondents stated they coped with heat by turning on 
air-conditioning and this was found to be the only coping strategy for 
most households (Lee & Shaman, 2017). Hatvani-Kovacs et al. (2016a) 
in a study involving respondents from Adelaide, South Australia, also 
found that using air-conditioning was one of the two most common heat 
adaptation strategy, besides drinking plenty of water. 

However, the stated share of people using increasing air- 
conditioning is much lower than the real use. Only 4% of households 
in the Northern Territory do not use air conditioning at home (ABS, 
2014) which implies that the majority of residents do have some mea-
sures in place to cope with heat. Again, this means that many re-
spondents did not say they make deliberate adaptations to increasing 
heat, but in fact use heat relief measures subconsciously. Some people 
might use air-conditioning habitually, even when the outside tempera-
ture is not that high, and being fully enclosed in artificial environments 
for most parts of the day, every day, might limit their awareness of the 
outside temperatures and their judgement of whether or not heat is 
increasing. 

It could be argued that those less reliant on air-conditioning were 
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more resilient, and perhaps were consciously allowing their bodies to 
acclimatise through heat exposure. The well-educated and those with 
high levels of wellbeing (Table 4) appear to belong to this group of more 
resilient people. While the better educated are more likely to make ad-
justments to increasing heat in general (Table 3), they are less likely to 
do so by using air-conditioning more frequently or more intensely 
(Table 4). This opposing effect of education suggests that those with 
more education might try to minimise their reliance on air-conditioning 
because they have greater awareness of the negative consequence of air- 
conditioning use, such as increasing energy needs and the associated 
contribution to climate change (e.g. Salamanca, Georgescu, Mahalov, 
Moustaoui & Wang, 2014), and therefore are more willing to deliber-
ately minimise its use. It may be the case that those with higher levels of 
education are able to afford housing more suitable for hot climates, 
although there was no strong correlation between education and 
self-rated financial situation (a proxy for household wealth) in our re-
sults (supplementary Fig. S2 in the Appendix). 

The reason why long-term Territorians were more likely to increase 
use of air-conditioning might be because they were also more likely to 
make deliberate adaptations in the first place, and this is manifest 
through air-conditioning use. A statement by one of the respondents 
(Female, 45 years old from Alice Springs; Statement 6 in Box 1) indicates 
that many people might have lived in the Northern Territory for many 
years without air-conditioning. That they now install or use air- 
conditioning is a sign that not only is the climate changing but people 
are sufficiently aware that they take deliberate action to cope, although 
the extent to which they do so is affected by factor such as higher in-
come, age and home ownership. 

One way of managing the higher electricity bills linked to increased 
use of air-conditioning is by installing solar panels. Our study found a 
strong association between installing solar panels and more frequent use 
of air-conditioning. The dilemma is that the use of renewable energy 
seems to lead to the perverse behaviour of higher use of air-conditioning 
than may be needed, as highlighted by the comment of one respondent 
from Darwin (female, 60 years) who directly stated she had installed 
solar panels so she can make greater use of air-conditioning (statement 5 
in Box 1). 

4.1.2. Changing behaviours 
While using air-conditioning more often is a change in behaviour, 

our respondents did nominate a range of other behavioural changes as 
adaptations to increasing heat. These included changing outdoor ac-
tivities to early hours, spending less time outside, using lighter and light- 
coloured clothing, swimming more often (at home or in public spaces) 
and drinking more water (with a few respondents also changed their 
eating behaviour). Responses in this category were more diverse and did 
not follow a particular pattern. The most frequently mentioned change 
in behaviour, besides increasing air-conditioning use, was staying inside 
(22% of those responding to heat) which was also found in a previous 
study from Australia (Hatvani-Kovacs et al., 2016a). We found that 
young people were the most likely to stay inside more often. This may be 
partly explained by the more general trend of increasing time spent 
indoors and increasing screen-time (Frumkin, Bratman, Breslow, 
Cochran & Kahn, 2017). Heat may exacerbate this trend and be used as 
an excuse for young people not to engage in outdoor activities. Although 
age had no influence on increased use of air-conditioning, the inside 
spaces occupied by young people are likely to be air-conditioned. Young 
people in the Northern Territory appear to be following a global trend 
whereby most days are spent in the artificiality of controlled environ-
ments (Grunwald, 2018). 

4.1.3. Retrofitting the home (excluding air-conditioning) 
Making adjustments to the home (house and garden) provides pas-

sive cooling, a strategy implemented by 17% of respondents, second to 
relying on air-conditioning for cooling. Many people said that they 
planted trees which have a great cooling effect (Yenneti, Ding, Prasad, 

Ulpiani & Paolini, 2020). When flora was mentioned, respondents often 
referred to native plants that use less water than exotic plants, showing 
some awareness of the impact of heat on plants. Very few mentioned 
installing more or better fans. No respondents mentioned other modi-
fications like retrofitting houses with light coloured roofs and walls, 
increasing insulation or improved glazing, measures designed to maxi-
mise comfort without using air-conditioning (Haddad et al., 2020; 
Saman, Boland, Pullen, de Dear & Soebarto, 2013), or using it at a 
reduced frequency and/or at higher temperature settings (Saman et al., 
2013). However, structural changes to houses can be expensive and 
structural improvements for higher density homes such as apartments 
and townhouses can be inhibited by strict body corporate compliance 
requirements. 

4.2. Policy implications 

Our findings highlight the challenges ahead for policy makers, green 
energy technologists and for communication strategies around climate 
change in the Northern Territory. Increased reliance on air-conditioning 
diminishes the incentive to adopt non-technological methods, such as 
equipping buildings with passive cooling features (Winter, 2016). Un-
fortunately, this is a global trend, contributing to further carbon emis-
sions when the electricity used is from fossil fuels, and exacerbating the 
urban heat island effect (Salamanca et al., 2014). 

The Northern Territory Government has unique challenges in 
providing its population with appropriate housing and information to 
accommodate issues relating to increasing heat. The policy response 
therefore must be multi-pronged and tailored to its climate circum-
stances and a housing market associated with high population churn 
(Thurmer & Taylor, 2020)and low levels of home ownership. These 
policy responses should include: investing in cheaper energy solutions 
for people who cannot control their own household environment 
(generally the renters), incentives to owners and landlords around ret-
rofitting to passive cooling improvements, introducing building codes 
that incentivise passive cooling attributes of new and modified homes, 
and awareness raising of simple personal adaptive strategies to cope 
with heat targeting both current and new population groups. 

Many houses in Darwin and Alice Springs are not built for their cli-
mates (Halawa, Ghaffarianhoseini, Ghaffarianhoseini, Trombley & 
Hassan, 2018). In Darwin, after Cyclone Tracy destroyed most of the city 
in 1974, there was a need to rebuild the city quickly while focusing on 
structural strength to prevent future cyclone damage. This led to the 
development of a new cyclone coding and to houses made of concrete 
blocks and slabs which, until now, make up large parts of many suburbs. 
These brick wall houses usually also have thin thermal insulation in the 
roof and poor thermal design for the tropics leading to high indoor 
temperatures (Halawa et al., 2018; Wonorahardjo, Sutjahja, Mardiyati, 
Andoni & Thomas, 2020). They therefore need appropriate indoor heat 
mitigation technologies, which is usually fitting air-conditioning. The 
dilemma is that this housing design is often associated with low-cost 
housing and low-income tenants which means that those who can 
afford it the least have the highest energy expenditure to create thermal 
comfort. These occupants are also likely to lack the financial means to 
install better insolation, more efficient air-conditioning units or solar 
panels to generate cheap energy. 

The Northern Territory Government is itself a significant landlord to 
a high proportion of the Indigenous population, providing it with an 
opportunity to take more leadership to ensure its urban and rural 
housing stock is built and maintained in a manner appropriate to hotter 
climates and utilises more cost effective local renewable energy sources. 
Investment in research and technology focused on these types of 
solutions. 

Renters have fewer opportunities than homeowners to alter their 
thermal environment. Policies in this area need to target primarily 
landlords who currently see no investment benefit to improve thermal 
comfort in their rentals. This is a common problem with any investment, 
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such as energy efficient interventions (e.g. insulation or solar panels) 
which are costly for landlords and of most benefit to tenants (referred to 
as split incentives; e.g. Melvin, 2018). Like energy efficiency, the ca-
pacity of renters for engender heat relief through building design is 
likely to be undermined by landlords lacking incentives to make the 
necessary investment. While some of the investment can be recuperated 
by increasing rents and capital value of the building, the financial in-
centives for landlords are still limited. Overcoming split incentives could 
be achieved through rebate schemes for landlords. In Victoria, for 
example, landlords can, through the Solar Homes Program (Solar Vic-
toria, 2021), access a solar rebate of up $1850 to reduce the costs of 
installing solar panels. This is subject to a Solar Homes Landlord-Tenant 
Agreement. Such a rebate could be brought into being by the Northern 
Territory Government, and extended to building modifications that in-
crease thermal comfort. Another way to incentivise such modifications 
is to provide landlords with low-interest loans where the costs of 
repayment is split between tenants and landlords (see Browne & 
Schultz-Byard, 2021). 

The Northern Territory encompasses a range of climatic zones 
therefore it will be important to continue to define these with ongoing 
shifts in temperatures, and update building codes accordingly. New 
minimal standards for building codes regarding thermal comfort are 
needed. Policies targeting new home construction and modifying 
existing housing stock must work to improve factors associated with 
passive cooling. Cooling energy savings can be achieved with building 
interventions and improvement of the building envelope (Haddad et al., 
2020). Encouragement of more suitable glazing, the positioning of home 
openings (windows and doors) relative to cooling winds, the use of 
shade structures to stop heat collecting, introducing water features for 
natural cooling, and using light coloured and reflective roofing to pro-
tect from over-heating should all be considered. Technological advances 
in photonic radiative structures (Santamouris & Feng, 2018), super cool 
roofs (Baniassadi, Sailor & Ban-Weiss, 2019) and elastocaloric cooling 
(Ulpiani, Bruederlin, Weidemann, Ranzi & Santamouris, 2020) 
demonstrate the rapid improvement of new materials in increasing 
passive cooling solutions to new and old buildings. Some of these ini-
tiatives could become part of standard building codes for future homes, 
while tax incentives could provide the right levers for retrofitted 
modifications. 

Policies targeting more basic personal adaptation strategies, how-
ever, are likely to be some of the cheapest approaches. This research 
suggests the knowledge amongst the general population is low and even 
small gains in this area could be significant. Strategies should involve a 
communication campaign to current and new Territory residents around 
how to adapt to heat such as increasing fluid intake, scheduling stren-
uous outdoor activities in the cooler parts of the day, and wearing light, 
cool clothing. Heat relief and adaptation provides people with more 
understanding about how their bodies can cope with higher tempera-
tures, which in turn becomes part of an overall strategy to decrease 
reliance on air-conditioning or at least to help people control how often 
it is used and at what temperature it is set. These communications 
become even more important to scenarios with high population churn. 
Building up more confidence in dealing with heat can help those who 
spend more time inside than they would like to due to heat. 

More research is needed to reveal barriers to mitigating heat in the 
home, as well as to investigate the nexus between individual adaptation 
and the mitigation strategies being implemented by local government 
and city councils discussed earlier. There is limited knowledge about 
what mitigation measures citizens want at the city level and in public 
spaces, but also how workplaces become part of solutions around heat 
adaptation. 

4.3. Study limitations 

A potential limitation of this study is related to the use of self-rated 
indicators for respondents’ wellbeing and their financial situation. 

This means the results should be used with some caution in the inter-
pretation, although subjective wellbeing measures have been used 
extensively in health and environmental economics and the derived data 
have been found valid for formal analyses (Frey & Stutzer, 2005). 

Another limitation relates to the sample bias. Sample bias arises 
when some members of the population (here those in Alice Springs and 
Darwin) are less likely to be included in the sample than others. This was 
true for Indigenous people and those of low socio-economic background. 
Our survey attracted relatively more people with high levels of educa-
tion, with half of the sample having at least an undergraduate degree, 
and more people who owned their home. Higher education is a common 
characteristic of participants to online surveys, as compared to those 
participating in paper and pen surveys (e.g. Kelfve, Kivi, Johansson & 
Lindwall, 2020) and telephone surveys (e.g. Duffy, Smith, Terhanian & 
Bremer, 2005). One reason for this can be a self-selection bias which, in 
our case, means those people who decided to participate in the survey 
had some interest in the Northern Territory and were aware of issues 
around the quality of life in the Northern Territory. This would also have 
explained the high share of long-term Territorians in the sample while 
those who had just moved to the Northern Territory, probably tempo-
rarily, had no interest in participating in the survey. This means that 
some of the relationships that we found are undermined by these biases, 
or are only valid for parts of the population, and need to be interpreted 
with caution. We aimed to reduce the sample bias by distributing the 
survey invitation through a wide range or channels. 

5. Conclusion 

This study provides evidence about the preferred heat adaptation 
strategies in two regional cities affected by significant increases in 
average temperatures and highlights some of the challenges that lie 
ahead relating to energy use and adaptation equity. The study uses data 
from an online survey of residents in Darwin and Alice Springs. Heat is a 
public health concern in both cities, diminishing wellbeing and 
increasing mortality and morbidity. The climate is also a factor in peo-
ples’ location and migration choices with some people preferring hot 
climates while others avoiding them. Adaptive capacity declines, how-
ever, when heat becomes extreme and population declines are expected 
for very hot locations and regions. Understanding how people adapt to 
heat can help policy-makers support heat relief measures and potentially 
reduce rates of emigration. The share of respondents in this study who 
said they made deliberate heat adaptations was low at 37%. The reasons 
for this low share could have been that they cope with heat without 
labelling it an adaptation, that they are unaware of increasing heat and 
the need to adjust, or that they are acclimatised and do not consider they 
need to change their behaviour. An awareness raising campaign is 
needed in the Northern Territory to prepare current and future residents 
and those visiting for increasing heat, focusing on simple personal 
adaptive strategies and cheap passive cooling designs at home. 

Both empirical and text analysis in this study revealed a high de-
pendency on the use of air-conditioning to cope with increasing heat in 
the Northern Territory. This has economic implications of rising energy 
costs and many people mitigate these by installing solar panels on their 
homes. We conclude that those people who own their homes are in a 
better position to make adapt to increasing heat in the Northern Terri-
tory, leaving renters disadvantaged since they are limited in their ability 
to upgrade or install air-conditioning, install pools, harness passive 
cooling and access renewable energy to keep electricity bills low. This is 
of political relevance since the Northern Territory has the highest pro-
portion of renters in Australia. Policies are needed to support those who 
do not have the financial means to install costly heat relief inventions 
such as more efficient air-conditioning, insulation, pools and solar 
panels with a particular focus on landlords who, at the moment, lack the 
incentive to make their rental dwellings heat-smart. The problem may 
be particularly acute for young people, who are more likely to rent, and 
for whom staying inside was the preferred strategy, a change in 
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behaviour that has a range of social and health implications beyond heat 
adaptation. The information from this study has policy applications in 
relation to education and adoption strategies for climate-related heat 
increases and in strategies for retaining and attracting populations in hot 
climates where temperatures are increasing. 
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