
 
 
 

Charles Darwin University

Climate change–related heat stress and subjective well-being in Australia

Zander, Kerstin K.; Moss, Simon; Garnett, Stephen T.

Published in:
Weather, Climate, and Society

DOI:
10.1175/WCAS-D-18-0074.1

Published: 01/07/2019

Document Version
Peer reviewed version

Link to publication

Citation for published version (APA):
Zander, K. K., Moss, S., & Garnett, S. T. (2019). Climate change–related heat stress and subjective well-being in
Australia. Weather, Climate, and Society, 11(3), 505-520. https://doi.org/10.1175/WCAS-D-18-0074.1

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1175/WCAS-D-18-0074.1
https://researchers.cdu.edu.au/en/publications/e5d3291d-6d51-4e39-9f53-2ddd073ecac3
https://doi.org/10.1175/WCAS-D-18-0074.1


 1 

Climate change-related heat stress and subjective well-being in Australia 1 

 2 

 3 

Kerstin K Zandera),b), Simon Mossc), Stephen T. Garnettd) 4 

 5 

a) Northern Institute, Charles Darwin University, Darwin NT 0909, Australia 6 

b) German Development Institute, 53113 Bonn, Germany 7 

c) School of Psychological and Clinical Sciences, Charles Darwin University, Darwin NT 0909, 8 

Australia. 9 

d) Research Institute for the Environment and Livelihoods, Charles Darwin University, Darwin NT 10 

0909, Australia. 11 

 12 

Corresponding author: Kerstin Zander,  13 

E-mail: kerstin.zander@cdu.edu.au; Phone: +61 8 8946 7368 14 

  15 



 2 

Abstract 16 

There is mounting evidence that climate change impacts compromise peoples’ well-being. Many 17 

regions of Australia have experienced record hot temperatures and more frequent and longer heat 18 

waves with substantial consequences for people, economies and ecosystems. Using data from an 19 

Australia-wide online survey with 1,101 respondents, we investigated the relationship between self-20 

reported measures of heat stress and different dimensions of subjective well-being. After controlling 21 

for socio-economic factors known to affect well-being, we found that heat stress was linked to 22 

peoples’ certainty about and planning for their future but not to their life satisfaction, happiness, 23 

social state, capabilities or their purpose in life. This result indicates that, while heat is not 24 

associated with present well-being, many people worry about the effect increasing heat will have on 25 

their future well-being. People who were uncertain about their future were also more likely than 26 

those who did not feel uncertain to think that heat compromised their productivity People who 27 

agreed that they were competent and capable in their activities rated their heat stress related 28 

productivity loss lower than those who disagreed. The findings are relevant for future studies using 29 

life satisfaction approaches to assess consequences of climate change impacts and to studies in 30 

‘happiness economics’. We recommend that future research on the impact of climate change on 31 

well-being goes beyond simply life satisfaction and happiness and tests multiple well-being 32 

dimensions. 33 

Key words: Australia; climate change impacts; happiness; heat exposure; life satisfaction; positive 34 

psychology; uncertainty 35 

36 
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1. Introduction 37 

Recent studies estimated that there is a 95% chance global temperatures will rise more than 20C 38 

(Raftery et al., 2017) and a 93% chance that global warming will exceed 40C by 2100 (under a 39 

business-as-usual scenario in terms of greenhouse gas emissions; Brown and Caldeira, 2017). It is 40 

also expected that by 2100 half to two thirds of the world’s population will live in areas that exceed 41 

a temperature tolerable to human beings for many days per year (Mora et al., 2017). Exposure to 42 

extreme heat compromises people’s health (Kovats and Hajat, 2008) and cognitive abilities (Gaoua 43 

et al., 2011) and the health burden from heat is predicted to increase as a consequence of climate 44 

change (McMichael and Dear, 2010). Infants and elderly people (Bambrick et al., 2011) as well as 45 

those with pre-existing illnesses (Zhang et al., 2013; Hatvani-Kovacs et al., 2016) are among the most 46 

vulnerable to the health effects of heat. However, heat also reduces opportunities for recreation and 47 

affects productivity of healthy people in the society and workforce (Xiang et al., 2014; Zander et al., 48 

2015; Hatvani-Kovacs et al. 2016; Kjellstrom et al., 2016) as there are clear and absolute limits to the 49 

amount of heat exposure an individual can tolerate (Kovats and Hajat, 2008; Sherwood and Huber, 50 

2010). 51 

The last few years (2013 to 2016) in Australia have all been record hot years (NASA, 2017) 52 

and only one of the warmest ten years occurred before 2005, while nine of the last ten years have 53 

been warmer than average (BoM, 2019). Average temperatures and the frequency and length of heat 54 

waves are predicted to increase further (Cowan et al., 2014). Hotter weather is the most readily 55 

apparent impact of climate change and, since 1900, exposure to extreme heat has killed more people 56 

in Australia than all other natural hazards combined (Coates et al., 2014) and has caused substantial 57 

economic losses because people feel less able to work at full capacity (Zander et al., 2015). The 58 

prominence of heat as an issue in Australia has engendered a substantial body of research on the 59 

impact of heat on human health. For example, during a particularly severe heat wave in 2009, 60 

ambulance call outs and direct heat-related hospital admissions in Adelaide were significantly higher 61 

than during previous heat waves (Nitschke et al., 2011). In Brisbane an extreme heat wave was also 62 
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associated with increased hospital admissions, particularly in areas of low-income households and 63 

high population density (Hondula and Barnett, 2014). Mortality increased during almost all 64 

heatwaves (1988 to 2009) in Brisbane, Melbourne and Sydney, particularly among women and the 65 

elderly (Tong et al., 2014). 66 

However, there is much less research on the effects of heat stress1 more broadly on well-being 67 

(subjective well-being SWB), of which physical health is one facet. Variations in well-being have 68 

economic consequences (Piekałkiewicz, 2017) and hot weather reduces well-being even if the effects 69 

are not physically manifest (Rehdanz an d Maddison, 2005; Connolly, 2013; Tsutsui, 2013). 70 

However, the concept of well-being has many dimensions (Steptoe et al., 2015; Frey, 2018). The 71 

most commonly used measure of well-being, usually evaluated from responses to a single question, 72 

is life satisfaction, a person’s evaluation of how they perceive her/his life has been so far (Frey et al., 73 

2010; García-Mainar et al., 2015). This measure of wellbeing is expected to increase in some cooler 74 

parts of the world as mean temperatures rise but to decline in regions that are already hot (Maddison 75 

and Rehdanz, 2011) and where climate change related extreme weather events, such as floods 76 

(Luechinger and Raschky, 2009; Sekulova and van den Bergh, 2016; von Möllendorff and Hirschfeld, 77 

2016), droughts (Carroll et al., 2009) and heat waves (Osberghaus and Kühling, 2016), become more 78 

frequent or severe. Life satisfaction has also been used as a proxy for experienced utility in approaches 79 

that monetarize the impacts of natural hazards (e.g., Luechinger and Raschky, 2009) with natural 80 

disasters causing a welfare loss (called the life satisfaction approach; see Welsch, 2007). 81 

                                                 
1 Heat stress is used to describe all health disorders related to exposure to extreme heat, including 

relatively mild effects such as physical and psychological heat exhaustion to more severe heat 

strokes (Parsons, 2003; Kovats and Hajat, 2008). Heat stress occurs when the body's temperature 

regulation fails and body temperature rises to critical levels, and is exacerbated by dehydration and 

high air humidity. 
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Impacts of climate change, including those caused by heat, on other dimensions of 82 

subjective well-being (SWB) are less well understood as is the extent to which SWB can mediate 83 

consequences of climate change impacts. Facets of SWB include positive emotions, engagement, 84 

satisfaction and meaning in life (OECD, 2013), all of which may be affected by heat with 85 

consequences for both the individual and the society. Disaggregating well-being into its various 86 

components allows both an appreciation of the complexity of responses to the impending higher 87 

temperatures and an understanding of where policy change can most effectively maintain well-88 

being in the face of climate change. This paper therefore aims to 1) assess the impact of climate 89 

change-related self-reported heat stress on different dimensions of SWB of people living in 90 

Australia, and 2) understand the relationship between SWB and heat stress related productivity loss, 91 

a substantial economic consequence of heat stress for society as a whole (Zander et al., 2015). Our 92 

research contributes to the emerging but still scarce literature on socio-economic impacts of 93 

increasing heat (Kjellstrom et al., 2016; Reyer et al., 2017), which, to date, is largely localised (e.g. 94 

Williams et al., 2017) and limited to research on health impacts (mortality and morbidity) and 95 

vulnerability (e.g. Bi et al., 2011; Bambrick et al., 2011; Nitschke et al., 2011; Zhang et al., 2013; 96 

Hondula and Barnett, 2014; Tong et al., 2014; Hatvani-Kovacs et al., 2016). 97 

2. Materials and methods 98 

2.1. Framework and approach 99 

Self-reported SWB has been found to be reliable and measurable (Di Tella et al., 2003; Frey and 100 

Stutzer, 2005). Three aspects of SWB can be distinguished: evaluative well-being (life satisfaction), 101 

hedonic well-being (feelings of happiness, sadness, anger, stress, and pain), and eudemonic well-102 

being (sense of purpose and meaning in life) (Graham and Nikolova, 2015; Steptoe et al., 2015). In 103 

the field of environmental economics, evaluative well-being is usually measured in the form of life 104 

satisfaction (e.g. Maddison and Rehdanz, 2011; García-Mainar et al., 2015). Life satisfaction refers 105 

to a person’s evaluation of how they perceive her/his life has been so far (Frey et al., 2010; García-106 
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Mainar et al., 2015). Happiness refers to a person’s current situation, capturing a momentary 107 

situation, effect, feeling or experience (Kahneman and Krueger, 2006), and, while a major goal of 108 

human beings, often defies formal definition because it is so contingent on individual context (Frey, 109 

2018). Economists often use the two terms, ‘happiness’ and ‘life satisfaction’ interchangeably (e.g. 110 

Rehdanz and Maddison, 2005; Ferrer-i-Carbonell and Gowdy, 2007; Anand et al., 2011; García-111 

Mainar et al., 2015; Sekulova and van den Bergh, 2016; Welsch and Biermann, 2016) and some 112 

(e.g. Frey, 2018) refer to happiness as the scientific term for SWB which can be measured through 113 

self-reported life satisfaction. In this study, however, we have purposely distinguished between 114 

happiness and life satisfaction and asked respondents to self-report on both in separate questions. 115 

We have also examined other elements of SWB, particularly its eudemonic dimensions, following 116 

OECD’s guidelines on measuring SWB (OECD, 2013). In total, we measured six dimensions of 117 

SWB (Table 1). 118 

[Table 1 here] 119 

We hypothesise that heat stress levels are lower among people with higher levels of well-120 

being, i.e. among those who are satisfied with their lives, are happy, have a sense of purpose or 121 

meaning in life, feel certain about their future and so are able to plan ahead, have supportive and 122 

rewarding social relationships, and who feel competent and capable in the activities that are 123 

important to them. We also hypothesise that those with higher SWB are less affected by heat stress 124 

in their daily activities, here measured as percentage productivity loss when heat stressed. Given the 125 

strength of evidence that happiness positively affects performance (e.g. Zelenski et al., 2008; 126 

Oswald et al., 2015; Bryson et al. 2017), we would expect a negative relationship between SWB 127 

and heat stress related productivity loss, although we acknowledge that there will be physiological 128 

thresholds beyond which the performance of even the happiest people is compromised. 129 

2.2. Data collection and sampling 130 

We undertook an online survey over a short period of time. This short time frame was important 131 

given our topic of perceived heat stress and encompassed a few days (between 9th and 15th of May 132 
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2017) at the time of the year when extremes of either heat or cold are highly unlikely so that 133 

thermal conditions on the day of the survey would have minimal influence. 134 

The survey was piloted through in-person interviews with staff and students at Charles 135 

Darwin University (10) and also online (25). The online piloting was done through MicroWorkers, 136 

a platform where people can sign up to do jobs for payments. We screened for people living in 137 

Australia and offered AUD 1.50 to complete the survey. The questionnaire used for the piloting had 138 

an additional open-ended text box at the end where we specifically asked for feedback about the 139 

survey such as its clarity and time needed for completion. After the piloting, online and in-person, 140 

the wordings of some questions were slightly changed for the main survey, but the questions and 141 

the order were retained. We obtained ethics approval from the Charles Darwin University Human 142 

Research Ethics Committee. At the start of the online survey we sought informed consent of each 143 

participant. 144 

For the final survey, we commissioned a research company (Survey Sampling International) 145 

to distribute the link to our online survey to members of their panel. The company’s panel 146 

comprises about 300,000 people living in Australia. The panel is recruited through various online 147 

and offline sources (no self-recruitment) and is constantly updated. The research company 148 

randomly invited 5,000 people from their panel, thereby accounting for pre-defined distributions 149 

such as having an equal gender distribution, a distribution across Australia states and territories in 150 

proportion to their population size and had an age distribution (among people over 18) representing 151 

the national age distribution. No specific assumptions about work status and employment details 152 

were sought, since we wanted a good cross-section of the Australian population. 153 

Panel members received an email with the invitation to participate and the link to our 154 

survey. No information was provided about the topic of the survey. In the invitation email panel 155 

members were only informed that it was a research survey, that it was likely to take about 15 156 

minutes to complete and that they would receive between AUD 1 and AUD 2 upon completion (an 157 

amount set and paid by the research company). 158 
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We used an online survey because it is cost-efficient although we recognise that online 159 

surveys have limitations and potential biases. While data from online surveys do not differ 160 

significantly from those obtained using other survey modes (e.g. Nielsen, 2011; Windle and Rolfe, 161 

2011), respondents to online surveys are often being better educated, younger and have higher 162 

incomes than those responding to other survey modes (e.g. Nielsen, 2011; Windle and Rolfe, 2011). 163 

Attitudinal characteristics may also differ between online and other modes (Nielsen, 2011; Windle 164 

and Rolfe, 2011). 165 

The response rates of online surveys are also usually lower than in surveys of other modes 166 

(Shih and Fan 2009). The low response rates for online surveys might be because the benefits from 167 

the ‘feeling of importance’ when participating in a survey are lower in online surveys due to lack of 168 

personal contact with an interviewer or because the barrier not to participate is lower because 169 

personal contact is missing (Nielsen, 2011). 170 

2.3. Questionnaire 171 

We asked respondents to self-rate their level of heat stress in the last 12 months by asking “Do you 172 

ever feel stressed by heat in what you are doing?”. Five categories were available of which 173 

respondents could choose one: “Not at all”, “Yes, but rarely”, “Yes, sometimes”, “Yes, often” and 174 

“Yes, very often” (see questionnaire in Table S1 in Supplementary Materials). The heat stress 175 

question was not specifically targeted for activities at the workplace or at home, but included all 176 

activities and all times of the day (and night). Those respondents who chose any response but “No, 177 

not at all” were then asked if they felt they were less productive when feeling heat stressed. The 178 

question had five possible answers, which were the same categories as for the previous heat stress 179 

question. If respondents answered that they were, at least, rarely less productive, then their 180 

productivity loss was assessed through self-reported loss on a percentage scale from 1 to 100, with 181 

the corresponding question: “On average, how much less productive -as a percentage- would you 182 

say you are on a scale from 1 (not much) to 100 (a lot) on a hot day?” (see also Zander et al. (2015) 183 

for the same methodology to elicit heat stress and productivity loss). 184 
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To elicit life satisfaction, we asked “All things considered, how satisfied are you with your 185 

life?”. The response was on a scale from 0 to 10, as used elsewhere (e.g. García-Mainar et al., 2015; 186 

von Möllendorff and Hirschfeld, 2016). This question on an 11-point-scale2 is also used in 187 

European wide social surveys (EES3; see, e.g. Welsch and Biermann, 2014; and SILC4, see, e.g. 188 

Welsch and Biermann, 2016) and in national surveys in Germany (German Socio Economic Panel; 189 

see, e.g., Osberghaus and Kühling, 2016) and Australia (HILDA; see, e.g. Ambrey and Fleming, 190 

2014; Feddersen et al., 2016). Other elements of SWB were measured as agreement to a series of 191 

statements (see Table 1 and Figure 1) with responses on 4-point scales from 1 (strongly disagree) to 192 

4 (strongly agree). 193 

Physical and mental exertion of respondents’ jobs were gauged on a scale from 1 to 10 with 194 

the associated question being: “On a scale from 1 to 10, how physically (mentally) demanding is 195 

your job, with 1 not very demanding and 10 very demanding?” 196 

2.4. Data analyses 197 

To explore the impacts of self-reported heat stress and various control variables on those SWB 198 

dimensions that were asked as “Agree-statements”, we ran a series of logit models. The dependent 199 

variables were the answers to the SWB statement questions, grouped into 1 when respondents 200 

strongly agreed or agreed, and into 0 when they disagreed or strongly disagreed. 201 

To explore the impacts of heat stress and control variables on life satisfaction we ran an 202 

ordered probit model with the dependent variable being life satisfaction, ranging from 0 to 10. 203 

                                                 
2 Other common ranges of the scale to measure life satisfaction exist. Using a similar question on life satisfaction, a 

scale from 1 to 10 is often used (e.g. van Praag and Baarsma, 2005; Maddison and Rehdanz, 2011; Sekulova and van 

den Bergh, 2016). The Eurobaromter public opinion survey uses a qualitative rating scheme on a four-point scale, and 

data from it are the subject of many studies (e.g. Di Tella et al., 2003; Luechinger and Raschky, 2009). A similar 

qualitative approach with a 7-point scale is also common (e.g. Dear et al., 2002; Ferrer-i-Carbonell and Gowdy, 2007). 

3 http://www.europeansocialsurvey.org/ 

4 https://www.bfs.admin.ch/bfs/en/home/statistics/economic-social-situation-population/surveys/silc.html 
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Otherwise we treated used all five categories for the variable “heat stress” (ranging from 0 (not at 204 

all heat stressed) to 4 (very often heat stressed)) as we did for the seven categories of income (see 205 

Table 2) and the five categories for education and for health status. 206 

Bivariate analyses were applied to explain heat stress and percentage reduction in 207 

productivity from heat stress. Chi-square, ANOVA and Kruskal-Wallis (KW) tests were used to 208 

compare respondents’ reported heat stress categories for different socio-economic and demographic 209 

variables. If necessary, post hoc multiple comparison tests were conducted (Tukey's test after 210 

ANOVA and Dunn's test after KW). The KW test with post hoc comparison was also used to 211 

compare differences in the percentage productivity losses among respondents with different levels 212 

of SWB. 213 

3. Results 214 

3.1. Sample characteristics 215 

3.1.1. Response rate 216 

Of the 5,000 invited panellists and potential respondents, 1,175 started the survey (23.5%). Seventy-217 

four people (6.3%) dropped out, leaving 1,101 complete responses, equivalent to a response rate of 218 

22% which is in line with common response rates from online surveys (Shih and Fan 2009). Such a 219 

response rate was expected and is about average for response rates from online surveys (e.g. Shih 220 

and Fan, 2009). However, this response rate cannot be compared to response rates from mail or 221 

personal surveys. It is not clear how many of the 5,000 invited people actually saw the invitation 222 

and we do not know reasons for why they have not started the survey. 223 

The distribution of responses across the states and territories reflects well the national 224 

distribution, as was expected given the instructions for survey distribution. Nearly 78% of the 225 

responses came from the three highest populated states (New South wales, Victoria and 226 

Queensland), which is the same as the actual distribution of the population (ABS, 2018; Table 2). 227 
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3.1.2. Personal characteristics 228 

The mean age was 44.2 (SD: 14.6) with a median of 44 (Table 2). This is higher than the national 229 

median of 38 (ABS, 2016a), as expected because we only targeted adults whereas the national 230 

statistics include children. As requested of the survey company, the gender split was about 50/50. 231 

Sixty-two percent of respondents had an annual gross income of less than AUD 100,000 with 22% 232 

having incomes between AUD 100,000 and AUD 150,000. The median category was “AUD 61,000 233 

to 80,000”, which compares well with the median national gross income of about AUD 80,000 234 

(AUD 1,616 weekly; ABS, 2017a). The national mean gross income is about AUD 110,000 (AUD 235 

2,109 weekly; ABS, 2017a). However, in line with other studies (Nielsen, 2011; Windle and Rolfe, 236 

2011), our sample was better educated than the average Australian - about 43% of respondents had 237 

a university degree (or were pursuing one), compared to 16% nationally (ABS, 2016a). About 63% 238 

of respondents had a partner, compared with 62% of adults over 18 nationally being married or in a 239 

de-facto relationship (ABS, 2016b). 240 

More than half (55%) worked full-time, 28% part-time, 14% had casual jobs and less than 241 

3% (31 people) were not in a paid position compared with national percentages of 57 (full-time), 20 242 

(part-time) and 23 (casual) of those working (ABS, 2016c) and a national unemployment rate of 243 

5.6% at the time of the survey (ABS, 2017b). About 78% of respondents had air-conditioning at 244 

home. 245 

Most respondents (82%) believed humans are implicated in climate change, either as the 246 

main cause (43%) or equally with natural processes (39%), and about 5% (52) thought that climate 247 

change is a scam and not happening (Table 2). Most (78%) also thought that climate change 248 

threatens human health (24% strongly agreed and 54% agreed) and 72% said that they were worried 249 

about climate change for the next generation (22% strongly agreed and 50% agreed). Over half the 250 

respondents had personally witnessed climate change impacts (10% strongly agreed and 48% 251 

agreed). 252 

[Table 2 here] 253 
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3.1.3. Subjective well-being 254 

The answers to the statements measuring SWB are shown in Figure 1. There was no strong 255 

correlation between the measures (with r > 0.7; Table S2 in Supplementary Materials). The 256 

correlation (Spearman's rank) between happiness and life satisfaction was 0.57. The mean life 257 

satisfaction score was 6.6 (SD: 2.0). Responses to the variable ‘My future is too uncertain for me to 258 

plan very far ahead’ showed the highest variation with 54% of respondents agreeing (‘strongly 259 

agree’ plus ‘agree’) and 46% disagreeing (‘strongly disagree’ plus ‘disagree’). There were no 260 

responses to level 10 on the life satisfaction scale (see Figure S1 in Supplementary Materials for 261 

detailed responses to the 0 to 10 life satisfaction scale). 262 

[Figure 1 here] 263 

3.1.4. Heat stress related productivity loss 264 

Ninety-nine percent of respondents who were heat stressed (and 88% of the total sample) reported 265 

productivity loss from heat stress with 35% in the categories “rarely” and “sometimes” and 53% in 266 

the categories “often” and “very often”. On average, respondents were 43.2% less productive when 267 

heat stressed (SD: 27.9) with a median of 42%. The percentage productivity loss was highly 268 

dependent on the severity of heat stress (F(4,1096) = 216.7, p < 0.01). The mean productivity loss 269 

for people who were very often heat stressed was about twice that of people who were rarely heat 270 

stressed (68% vs. 33%). The mean productivity loss of those who were often heat stressed was 271 

57%, and of those sometimes heat stressed 47% (Figure S2 in Supplementary Materials). 272 

3.2. Explaining heat stress 273 

Almost 90% of respondents reported that they had been heat stressed in the reference year 2016 274 

with 58% of respondents in the categories “rarely” and “sometimes” and 31% in the categories 275 

“often” and “very often” (Table 2). 276 

Bivariate analyses showed that the level of respondents’ physical exertion (in their jobs and 277 

leisure time) was strongly positively associated with heat stress (KW = 44.54, df = 4, p-value < 278 
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0.0001) (Figure 2). The median level of physical exertion was highest for those very often heat 279 

stressed (6), often heat stressed (5) and sometimes heat stressed (5). There was also a positive, if 280 

weaker, association with the level of mental exertion (KW = 11.58, df = 4, p-value = 0.0207). The 281 

median level of mental exertion was 8 for those very often heat stressed, and 7 for those in all other 282 

heat stress categories. The level of self-reported heat stress did not differ with peoples’ workloads 283 

(χ2 = 7.35, df = 12, p-value = 0.8333). 284 

Age was a weak predictor, at a 10% significant level (F = 2.93, df = 4, p-value = 0.0201) 285 

and without a clear direction. The Tukey test showed that those rarely heat stressed were 286 

significantly older than those often stressed (46.2 years versus 41.9). Average age did not 287 

significantly differ across the other heat stress categories (never: 44.5; sometimes: 44.4; very often: 288 

42.7). 289 

Women reported slightly higher heat stress levels than men (χ2 = 17.84, df = 4, p-value = 290 

0.0013) (Table 3) and health was negatively associated with heat stress (χ2 = 64.95, df = 16, p-value 291 

< 0.0001) (Figure S3 in Supplementary Materials). 292 

The state or territory in which respondents resided had no significant impact on heat stress 293 

(χ2 = 26.32, df = 28, p-value = 0.5553), nor had the employment sector (χ2 = 15.47, df = 16, p-value 294 

= 0. 4903) or having air-conditioning installed at home (χ2 = 5.03, df = 4, p-value = 0.2843). 295 

The attitudinal variables had highly significant impacts on self-reported heat stress (Table 296 

3). Those who strongly agreed and agreed that climate change threatens human health reported 297 

more often that they were heat stressed often and very often (χ2 = 68.50, df = 12, p-value < 0.0001). 298 

Most of those who thought climate change a scam were either never or rarely heat stressed. Climate 299 

change deniers had the highest share among those never heat stressed (χ2 = 56.72, df = 12, p-value < 300 

0.0001). However, those thinking that climate change is mostly caused by natural processes, i.e. 301 

those who think that the climate is changing but not due to human influence, had the highest share 302 

in the category “very often heat stressed”. Those who were not worried for the next generation 303 

(strongly disagreed and disagreed that they were worried) were more likely to be never and less 304 
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likely to be often and very often heat stressed (χ2 = 65.18, df = 12, p-value < 0.0001). Respondents 305 

who strongly agreed and agreed to have personally witnessed climate change impacts were more 306 

likely to be often and very often heat stressed and less likely to be never heat stressed (χ2 = 83.50, 307 

df = 12, p-value < 0.0001). 308 

[Table 3 here] 309 

[Figure 2 here] 310 

3.3. Heat stress and subjective well-being 311 

Self-reported heat stress only significantly affected one SWB dimension, namely “Uncertainty 312 

about the future” (Table 4). Those who reported a higher level of perceived heat stress were more 313 

likely to have strongly agreed or agreed with the statement “My future is too uncertain for me to 314 

plan very far ahead” (see Figure 1 for the summary statistics of the SWB parameters). In other 315 

words, there was a negative relationship between reported heat stress levels and feeling certain 316 

about the future. 317 

[Table 4 here] 318 

The control variable “health status” was the strongest determinant of SBW and had a 319 

positive and highly significant effect on five of the dimensions (life satisfaction, happiness, social 320 

state, purpose in life and capabilities), and a negative effect on uncertainty about the future. Gender 321 

had a significant impact (p-value < 0.05) on only the social state with women more likely than men 322 

to agree or strongly agree that their social relationships are supportive and rewarding. Respondents 323 

with children were more satisfied with their lives (p-value < 0.05), more likely to experience a clear 324 

purpose in life (p-value < 0.01) and more likely to feel competent and capable (p-value < 0.1). 325 

Age had a highly significant U-shaped effect on life satisfaction, happiness, purpose in life 326 

and social state, meaning that these dimensions of SWB declined with age down to a minimum 327 

(about 47) above which they increased. There was no age-effect on capabilities and certainty about 328 

the future. 329 
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Respondents in a partnership were more satisfied with their lives than those without (p-value 330 

< 0.01) and full-time employment was positively associated with life satisfaction and happiness (p-331 

value < 0.05). People with lower income were less certain about their future. Education had no 332 

significant impact on any of the SWB dimensions. 333 

3.4. Heat stress related productivity loss and subjective well-being 334 

Productivity loss from heat stress was significantly higher for respondents who were uncertain 335 

about their future (KW = 46.92, df = 3, p-value < 0.0001) and lower for those who thought they 336 

were competent and capable in their activities that were important to them (KW = 14.46, df = 3, p-337 

value = 0.0023) (Figure 3). Life satisfaction was not associated with the percentage productivity 338 

loss whereas happiness was (KW = 11.54, df = 3, p-value = 0.0091) with happier people having 339 

lower reductions in productivity when heat stressed. The result of the Dunn’s post hoc test showed 340 

that the difference was only significant across the two categories “agree” and “disagree”. There 341 

were no significant relationships between productivity loss and respondents’ social status and their 342 

purpose in life. 343 

[Figure 3 here] 344 

4. Discussion and implications 345 

4.1. Heat stress and subjective well-being 346 

We did not find any associations between heat stress and five of the six SWB dimensions tested 347 

(life satisfaction, happiness, social status, purpose of life, capabilities). This was surprising and in 348 

contrast to the many economic studies showing a negative effect of natural hazards and climate 349 

change on life satisfaction and happiness (e.g., Carroll et al., 2009; Luechinger and Raschky, 2009; 350 

Maddison and Rehdanz, 2011; Sekulova and van den Bergh, 2016). Most of these studies 351 

investigated sudden onset hazards such as floods. The only study of which we are aware that 352 

investigated the effect of heat waves on life satisfaction did find a negative association (Osberghaus 353 

and Kühling, 2016). Our result also contradicts research in the field of positive psychology that 354 
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maintains there is an inverse relationship between general stress and happiness (e.g. Schiffrin and 355 

Nelson, 2010). One reason for the insignificant relationship between most SWB dimensions and 356 

climate change related heat stress could be that happiness and life satisfaction might increase the 357 

extent to which individuals are attuned to heat stress. Therefore, happiness and life satisfaction 358 

could have two conflicting consequences — an increase in the capacity of individuals to withstand 359 

heat stress but a greater sensitivity to or awareness of that stress. These consequences might cancel 360 

each other out and explain the finding that neither happiness nor life satisfaction was significantly 361 

related to perceived heat stress. 362 

We did, however, find a positive association between heat stress and being too uncertain 363 

about the future to plan very far ahead. Our results might imply that peoples’ greatest concerns 364 

about heat are not for their immediate SWB but the effect heat will have on them in the future. This 365 

would be in line with the high share of respondents (72%) who said that they were worried for the 366 

next generation given climate change. They might also be concerned, for instance, that heat will 367 

start to affect their health as they get older, if it does not already, or that they may need to move in 368 

the future if temperatures keep rising, making it difficult for them to plan ahead. While Feddersen et 369 

al. (2016), in a household panel study from Australia, found no relationship between life 370 

satisfaction and longer-term changes in climate this may have been because of differences in 371 

questionnaire design which did not assess other facets of well-being. 372 

It could be that high levels of heat stress make people aware of future consequences of 373 

increasing heat and therefore uncertain about their future and not able to plan far ahead, or that 374 

people are generally uncertain about their futures, for other reasons, and that this makes them more 375 

susceptible to heat stress. This result underscores a risk of heat stress that appears to have been 376 

overlooked. Specifically, as noted by Joshi and Fast (2013), when individuals experience strong 377 

physical urges, such as the urge to consume food or shun the heat, they experience a sense of 378 

dissociation from the future. 379 
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Policies could be implemented that increase people’s positive thinking about their future. On 380 

the workplace level these could be better job security and mentoring, making employees more 381 

certain about their future, and also training them on how to cope better with increasing heat, which 382 

is unavoidable in Australia, without compromising well-being (see Zander et al., 2017). On a 383 

national level, heat stress needs to be mitigated which implies tackling climate change in the first 384 

place. Given Australia is already facing ever-increasing record hot years (BoM, 2019), policies are 385 

needed that help people to cope with heat at home and at work and to become prepared to live in a 386 

hotter climate. Examples evolve around public infrastructure improvements aiming to increase 387 

evapotranspiration in the urban environment, such as green (e.g. parks) and blue (e.g. lakes) spaces 388 

or water-permeable pavements or aiming to increase solar reflectance through the use of cool 389 

materials in building facades, roofs, and pavements (Akbari and Kolokotsa, 2016). At home, 390 

policies helping people to retrofit their homes can help alleviate heat impacts (Rossi et al., 2015). At 391 

the same time increasing public awareness of how to behave in periods of extreme heat (e.g. 392 

appropriate clothing, drinking, resting, cooling, shading) can also help to reduce the health effects 393 

of heat (Kovats and Hajat, 2008). Heat wave action plans and guidelines already exist for some 394 

Australian cities (e.g. Adelaide, Darwin, Melbourne). 395 

Heat stress itself was associated with well-known factors, such as physical exertion and 396 

health. Respondents in labour intense jobs perceived themselves, as expected, more stressed by heat 397 

(e.g. Kjellstrom and Crow 2013; Zander et al., 2015), as did those in poor health (e.g. Bi et al., 398 

2013; Zhang et al., 2013). The finding that women felt more heat stressed was also expected: 399 

women have a different endocrinal physiology than men and lower heat tolerance levels (e.g. 400 

Havenith 2005; Witterseh et al. 2008). Connolly (2013) found that women are much more 401 

responsive than men to weather and that large deviations in rainfall and temperature from the usual 402 

weather (on the day of the survey) reduce women’s’ life satisfaction, but not men’s. The state or 403 

territory where people lived had no significant impact on perceived heat stress levels. Given that we 404 

asked for perceived heat stress, this is not surprising People have different levels of tolerance and 405 
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acclimatisation and feel heat stressed at different temperatures. Another study from Australia on 406 

perceived heat stress, using a different data set, also confirmed that the actual average temperatures 407 

in the regions where people lived were not as important as the perceived temperatures (Zander et 408 

al., 2017). 409 

We found that the appreciation that climate change harms human health, concern for future 410 

generations and the general belief that climate change is real and human-made was positively 411 

associated with heat stress. This can be important in understanding who will take heat relief 412 

measures on hot days, since beliefs are the best predictors of intentions to act (Azen and Budescu, 413 

2003). Those who think that climate change is a scam might either really not feel stressed by heat, 414 

they do not recognise their heat stress, or they do but deny it. Previous research found that climate 415 

change scepticism is a barrier to behaviour which addresses climate change (Lorenzoni et al., 2007) 416 

and those might be the group most vulnerable to heat stress, since they might not take precautionary 417 

measures. Perceiving and having experience of climate change impacts is also important for 418 

adaptation (Howe and Leiserowitz, 2013). Respondents who had personally witnessed the effects of 419 

climate change also reported higher heat stress levels, as expected given that having experienced the 420 

impacts of climate change fosters the belief that changes are happening (Akerlof et al., 2013; Howe 421 

and Leiserowitz, 2013) and therefore makes people more attuned to potential impacts, such as heat 422 

stress. 423 

4.2. Control variables explaining subjective well-being 424 

Some of the control variables had the expected signs in explaining the six dimensions of SWB, such 425 

as the very strong impact of health (Clark et al., 2008). We found a U-shaped relationship between 426 

age and life satisfaction, happiness, social state and purpose in life, as often found in health and 427 

economic research on SWB (e.g. Dear et al., 2002; Blanchflower and Oswald, 2008; Steptoe et al., 428 

2015), but rather disputed in the field of psychology (Frijters and Beatton, 2012). We found only a 429 

marginal gender-effect, related to respondents’ social state. This is in contrast to two studies from 430 

Australia, one of which found that women were more satisfied with their lives than men (Dear et al., 431 
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2002), the other that men were more satisfied than women (Ambrey and Fleming, 2014), and other 432 

studies that found gender effects, but with mixed results (e.g. Chui and Wong, 2016). Having 433 

children had a strong significant positive effect on purpose in life and a weaker positive effect on 434 

capabilities but no effect on happiness and life satisfaction. This was not unsurprising given the 435 

mixed results of previous studies, ranging from positive (e.g. Angeles, 2014) to negative effects 436 

(e.g. Di Tella et al., 2003). 437 

Education had no effect on any of the tested SBW dimensions, which was surprising since 438 

people with higher levels of education have more opportunities in life and are assumed to be 439 

happier (Frey, 2008). So was the relatively small effect of income, which we would have expected 440 

to have a stronger positive impact on SWB (Clark et al., 2008). Income was only positively 441 

associated with life satisfaction, in line with other studies that have found that people with higher 442 

incomes are better able to fulfil their material aspirations and also enjoy higher social status, which 443 

also increases life satisfaction (Frey, 2008). That income was negatively associated with being 444 

uncertain about the future was also unsurprising since people with low incomes are more likely to 445 

feel that they cannot adapt adequately to future situations, including increasing temperatures. One 446 

example relevant for coping with heat is the increasing use of air-conditioning needed to relieve 447 

heat stress at home and rising electricity costs. 448 

4.3. Heat stress and productivity 449 

Two aspects of peoples’ SWB can counteract heat stress related productivity loss: their capabilities 450 

and the ability to plan ahead because they feel certain about their future. Those who felt certain, had 451 

a 10% lower loss in productivity than those uncertain and those feeling capable in the activities that 452 

are important to them considered that their productivity loss was 9% lower than those not feeling 453 

capable. This is in line with previous findings (Zelenski et al., 2008; Oswald et al., 2015), although 454 

we would have expected the same relationship between heat stress related productivity loss and life 455 

satisfaction. We asked specifically about productivity loss because of heat, and a positive valuation 456 

of the life situation might not help when the body cannot cope with the heat. Causality in 457 
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performance-happiness research is debatable, although recent research showed that happiness is an 458 

input (e.g. Oswald et al., 2015), we could not test this in our research because of the survey design. 459 

Almost all of our respondents who reported heat stress also reported productivity loss (99%), 460 

confirming that these two factors are interrelated. Combating heat stress and related reductions in 461 

performance, whether at work or in leisure time, is important for the society and economies of hot 462 

countries. Without appropriate adaptations in workplaces, in the public and at home, costs will 463 

increase as average temperatures become higher and heat waves more frequent and longer lasting 464 

(Cowan et al., 2014). Heat relief might make people feel better now (less heat stressed) and also 465 

more certain about their future so that they are more resilient as temperatures increase further. 466 

4.4. Life satisfaction and happiness 467 

Our paper contributes to the growing body of literature on happiness economics and impacts of 468 

climate change on life satisfaction. With these comes the debate about definitions and dimensions 469 

of SWB. In economics, including environmental economics, in many studies the term life 470 

satisfaction is used synonymously with happiness (e.g. Rehdanz and Maddison, 2005; Anand et al., 471 

2011; García-Mainar et al., 2015; Sekulova and van den Bergh, 2016) and both for general well-472 

being. Here we considered separate measures for happiness, life satisfaction and other four 473 

dimensions of SWB. Life satisfaction reflects on a person’s life as a whole, whereas happiness is a 474 

momentary state of the mind (Frey et al., 2010), in psychology called “positive affect” (Frey, 2008). 475 

We found that self-reported levels of heat stress do not have a significant impact on either life 476 

satisfaction or happiness (see Table 4). 477 

Our result raises the question whether the variable “life satisfaction” should be used for 478 

evaluating impacts of climate change and related extreme weather events, rather than other SWB 479 

dimensions that assess people’s well-being over a shorter time horizon and in the future. Most 480 

people are unlikely to have been affected by climate change until fairly recent increases in the 481 

frequency of hazards and their effects. They may also be aware that worse impacts of climate 482 

change are predicted. Extreme events such as floods, heat waves and cyclones that occur 483 
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infrequently and over a short time frame are unlikely to change how people reflect on how their 484 

lives as a whole have been so far. We therefore suggest that multiple well-being dimensions need 485 

testing in any similar research, not only life satisfaction and happiness as these may not be affected 486 

by momentary effects of climate change, as shown here for heat stress. 487 

In theory the different SWB dimensions measure different feelings. In fact, all the SWB 488 

dimensions we used are likely to intersect, which might be why we obtained similar results (e.g. 489 

positive impact of health on each dimension) and no significant impact of heat stress on neither of 490 

the SWB dimensions that expressed a positive feeling. For instance, people who reported higher life 491 

satisfaction are probably also happier, and both dimensions are positively correlated with 492 

capabilities and having a socially rewarding life (Frey, 2008). The question about uncertainty stood 493 

out, since it is not necessary that peoples’ evaluation of their past and present well-being is 494 

correlated with their future certainty and prospects. For many, increasing heat from climate change 495 

seems to be one of the future uncertainties about which they are particularly concerned. 496 

4.5. Limitations and research needs 497 

A potential limitation of this study was that the data were obtained from self-reported measures so 498 

the results should be used with some caution in the interpretation. On the other hand, SWB 499 

measures have been used extensively in environmental and health economics and the derived data 500 

have been found valid for formal analyses (Di Tella et al., 2003; Frey and Stutzer, 2005). Moreover, 501 

Zander et al. (2015), to some extent, verified the use of self-reported heat stress and productivity 502 

measures, as they have been used in assessing the economic burden of chronical diseases. Their 503 

study used a different data set from Australia, where an online survey was repeated with two 504 

different sets of respondents but no differences in self-rated heat stress levels or productivity loss 505 

could be detected between the two surveys. 506 

Sample bias could have arisen from the fact that respondents were relatively well educated, 507 

as often found with online surveys (see section 2.2). However, education had no significant impact 508 
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on heat stress, nor significantly moderated the observed pattern of results. Therefore, any bias that 509 

might have arisen in relation to the online sample would not have affected our results. 510 

Future research could extend and refine this study. As already mentioned, future research on 511 

the impact of climate change on well-being has to go beyond life satisfaction and happiness, and 512 

multiple well-being dimensions need testing, particularly purpose in life and peoples’ future 513 

prospects and certainties. Secondly, the facets of SWB could be manipulated experimentally, and 514 

hence the direction of causality established definitively, for both the causality between heat stress 515 

and SWB and heat stress related productivity loss and SWB. 516 

5. Conclusions 517 

Heat stress, which is likely to be experienced more frequently as climate change progresses, 518 

impedes human performance and labour productivity. This study found that 90% of respondents to 519 

an Australian-wide online survey conducted in May 2017 reported they had been stressed by heat in 520 

the previous 12 months. We found no negative impact of their heat stress on life satisfaction 521 

(evaluation of life as a whole) or on happiness (a momentary emotional state). Those with higher 522 

levels of reported heat stress, however, were less likely to be certain about their future or to feel 523 

able to plan ahead. This study also tested the premise that SWB could diminish the extent to which 524 

heat stress coincides with productivity loss. We found that the negative association between heat 525 

stress and productivity might be lower for people feeling strongly that they have purpose and 526 

meaning in life than those lacking purpose. Consequently, policies, practices, and procedures that 527 

enable individuals to feel more certain about their future, shape their life and pursue meaningful 528 

aspirations might be especially important as climate changes. Without these provisions, heat stress 529 

tends to orient the attention of individuals towards their more immediate concerns, potentially 530 

curbing their feelings about meaning in life, and thus amplifying the adverse effect of heat on 531 

productivity. 532 



 23 

Acknowledgments 533 

This research was supported by a small grant from the Faculty of Law, Education, Business and 534 

Arts (LEBA) at Charles Darwin University. The lead author is supported by the Alexander von 535 

Humboldt Foundation. 536 

537 



 24 

References 538 

Akbari H, Kolokotsa D (2016) Three decades of urban heat islands and mitigation technologies 539 

research. Energy Build 133:834-842. doi:10.1016/j.enbuild.2016.09.067 540 

Akerlof K, Maibach EW, Fitzgerald D, Cedeno AY, Neuman A (2013) Do people ‘‘personally 541 

experience’’ global warming, and if so how, and does it matter? Global Environ Change 21:81-542 

91. doi:10.1016/j.gloenvcha.2012.07.006 543 

Ambrey C, Fleming C (2014) Public greenspace and life satisfaction in urban Australia. Urban Stud 544 

51:1290-1321. doi:10.1177/0042098013494417 545 

Anand P, Krishnakumar J, Tran NB (2011) Measuring welfare: latent variable models for happiness 546 

and capabilities in the presence of unobservable heterogeneity. J Public Econ 95:205-215. 547 

doi:10.1016/j.jpubeco.2010.11.007 548 

Angeles L (2010) Children and life satisfaction. J Happiness Stud 11:523-538. doi:10.1007/s10902-549 

009-9168-z 550 

Australian Bureau of Statistics (ABS) (2016a) 2016 Census Quick Stats: Australia. ABS, Canberra. 551 

http://www.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/036 552 

(accessed 20 Nov 2018) 553 

Australian Bureau of Statistics (ABS) (2016b) 2016 Census of Population and Housing, 554 

TableBuilder, MDCP Social Marital Status. ABS, Canberra. 555 

Australian Bureau of Statistics (ABS) (2016c) Catalogue 6306.0: Employee Earnings and Hours, 556 

Australia, May 2016. ABS, Canberra. 557 

http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/27641437D6780D1FCA558 

2568A9001393DF?opendocument (accessed 14 Dec 2018) 559 

https://doi-org.ezproxy.cdu.edu.au/10.1016/j.enbuild.2016.09.067
http://www.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/036
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/27641437D6780D1FCA2568A9001393DF?opendocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/27641437D6780D1FCA2568A9001393DF?opendocument


 25 

Australian Bureau of Statistics (ABS) (2017a) Catalogue 6523.0: Household Income and Wealth, 560 

Australia, 2015-16. ABS, Canberra. 561 

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6523.0Main+Features12015-562 

16?OpenDocument (accessed 20 Nov 2018) 563 

Australian Bureau of Statistics (ABS) (2017b) Labour statistics in brief. 564 

http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/6102.0.55.001~Feb%202018~565 

Main%20Features~1.%20Labour%20Statistics%20in%20Brief~47 (accessed 14 Dec 2018) 566 

Australian Bureau of Statistics (ABS) (2018) Australian Demographic Statistics, Jun 2018. 567 

http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendo568 

cument (accessed 13 March 2019) 569 

Azen R, Budescu DV (2003) The dominance analysis approach for comparing predictors in 570 

multiple regression. Psychol Methods 8:129-148. doi:10.1037/1082-989X.8.2.129 571 

Bambrick HJ, Capon AG, Barnett GB, Beaty RM, Burton AJ (2011) Climate change and health in 572 

the urban environment: adaptation opportunities in Australian cities. Asia Pac J Public Health 573 

23:67S-79S. doi:10.1177/1010539510391774 574 

Bi P, Williams S, Loughnan M, Lloyd G, Hansen A, Kjellstrom T, Dear K, Saniotis A (2011) The 575 

effects of extreme heat on human mortality and morbidity in Australia: implications for public 576 

health. Asia Pac J Public Health 23:27S-36S. doi:10.1177/1010539510391644 577 

Blanchflower DG, Oswald AJ (2008) Hypertension and happiness across nations. J Health Econ 578 

27:218-233. doi:10.1016/j.jhealeco.2007.06.002 579 

Bureau of Meteorology (BoM) (2019) Annual climate statement 2018. Australian Government, 580 

Canberra. http://www.bom.gov.au/climate/current/annual/aus/#tabs=Overview (accessed 20 581 

Feb 2019). 582 

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6523.0Main+Features12015-16?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/6523.0Main+Features12015-16?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/6102.0.55.001~Feb%202018~Main%20Features~1.%20Labour%20Statistics%20in%20Brief~47
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/6102.0.55.001~Feb%202018~Main%20Features~1.%20Labour%20Statistics%20in%20Brief~47
http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/D56C4A3E41586764CA2581A70015893E?Opendocument
http://www.bom.gov.au/climate/current/annual/aus/#tabs=Overview


 26 

Brown PT, Caldeira K (2017) Greater future global warming inferred from Earth’s recent energy 583 

budget. Nature 552:45-50. doi:10.1038/nature24672 584 

Bryson A, Forth J, Stokes L (2017) Does employees’ subjective well-being affect workplace 585 

performance? Hum Relat 70:1017-1037. doi:10.1177/0018726717693073 586 

Carroll N, Frijters P, Shields MA (2009) Quantifying the costs of drought: new evidence from life 587 

satisfaction data. J Popul Econ 22:445-461. doi:10.1007/s00148-007-0174-3 588 

Chui WH, Wong MYH (2016) Gender differences in happiness and life satisfaction among 589 

adolescents in Hong Kong: relationships and self-concept. Soc Indic Res 125:1035-1051. 590 

doi:10.1007/s11205-015-0867-z 591 

Clark AE, Frijters P, Shields MA (2008) Relative income, happiness, and utility: an explanation for 592 

the Easterlin paradox and other puzzles. J Econ Lit 46:95-144. doi:10.1257/jel.46.1.95 593 

Coates L, Haynes K, O’Brien J, McAneney J, de Oliveira FD (2014) Exploring 167 years of 594 

vulnerability: an examination of extreme heat events in Australia. 1844–2010. Environ Sci 595 

Policy 42:33-44. doi:10.1016/j.envsci.2014.05.003 596 

Connolly M (2013) Some like it mild and not too wet: the influence of weather on subjective well-597 

being. J Happiness Stud 14:457-473. doi:10.1007/s10902-012-9338-2 598 

Cowan T, Purich A, Perkins S, Pezza A, Boschat G, Sadler K (2014) More frequent, longer, and 599 

hotter heat waves for Australia in the twenty-first century. J Climate 27:5851-5871. 600 

doi:10.1175/JCLI-D-14-00092.1 601 

Dear K, Henderson S, Korten A (2002) Well-being in Australia. Soc Psychiatry Psychiatr 602 

Epidemiol 37:503-509. doi:10.1007/s00127-002-0590-3 603 

Di Tella R, MacCulloch RJ, Oswald AJ (2003) The macroeconomics of happiness. Rev Econ Stat 604 

85:809-827. doi:10.1162/003465303772815745 605 

https://doi.org/10.1177/0018726717693073


 27 

Feddersen J, Metcalfe R, Wooden M (2016) Subjective wellbeing: why weather matters. J R Stat 606 

Soc A 179:203-228. doi:10.1111/rssa.12118 607 

Ferrer-i-Carbonell A, Gowdy JM (2007) Environmental degradation and happiness. Ecol Econ 608 

60:509-516. doi:10.1016/j.ecolecon.2005.12.005 609 

Frey BS, Stutzer A (2005) Happiness research: state and prospects. Rev Soc Econ 63:207-228. 610 

doi:10.1080/00346760500130366 611 

Frey BS, Luechinger S, Stutzer A (2010) The life satisfaction approach to environmental valuation. 612 

Annu Rev Resour Economics 2:139-160. doi:10.1146/annurev.resource.012809.103926 613 

Frey BS (2018) Economics of Happiness, Springer. 614 

Frijters P, Beatton T (2012) The mystery of the U-shaped relationship between happiness and age. J 615 

Econ Behav Organ 82:525-542. doi:10.1016/j.jebo.2012.03.008 616 

García-Mainar I, Montuenga VM, Navarro-Paniagua M (2015) Workplace environmental 617 

conditions and life satisfaction in Spain. Ecol Econ 119:136-146. 618 

doi:10.1016/j.ecolecon.2015.08.017 619 

Gaoua N, Racinais S, Grantham J, El Massioui F (2011) Alterations in cognitive performance 620 

during passive hyperthermia are task dependent. Int J Hyperthermia 27:1-9. 621 

doi:10.3109/02656736.2010.516305 622 

Graham C, Nikolova M (2015) Bentham or Aristotle in the development process? An empirical 623 

investigation of capabilities and subjective well-being. World Dev 68:163-179. 624 

doi:10.1016/j.worlddev.2014.11.018 625 

Hatvani-Kovacs G, Belusko M, Skinner N, Pockett J, Boland J (2016) Drivers and barriers to heat 626 

stress resilience. Sci Total Environ 571:603-614. doi:10.1016/j.scitotenv.2016.07.028 627 



 28 

Havenith G (2005) Temperature regulation, heat balance and climatic stress. In: Kirch W, Bertollini 628 

R, Menne B (Eds), Extreme weather events and public health responses. Springer, Heidelberg, 629 

pp. 69-80. 630 

Hondula DM, Barnett AG (2014) Heat-related morbidity in Brisbane, Australia: spatial variation 631 

and area-level predictors. Environ Health Perspect 122:831-836. doi:10.1289/ehp.1307496 632 

Howe PD, Leiserowitz A (2013) Who remembers a hot summer or a cold winter? The asymmetric 633 

effect of beliefs about global warming on perceptions of local climate conditions in the U.S. 634 

Global Environ Change 23:1488-1500. doi:10.1016/j.gloenvcha.2013.09.014 635 

Joshi PD, Fast NJ (2013) Power and reduced temporal discounting. Psychol Sci 4:432-438. 636 

doi:10.1177/0956797612457950 637 

Kahneman D, Krueger AB (2006) Developments in the measurement of subjective well-being. J 638 

Econ Perspect 20:3-24. doi:10.1257/089533006776526030 639 

Kjellstrom T, Crow J (2011) Climate change, workplace heat exposure, and occupational health and 640 

productivity in Central America. Int J Occup Environ Health 17:270-281. 641 

doi:10.1179/107735211799041931xxx 642 

Kjellstrom T, Briggs D, Freyberg C, Lemke B, Otto M, Hyatt O (2016) Heat, human performance, 643 

and occupational health: a key issue for the assessment of global climate change impacts. Annu 644 

Rev Public Health 37:97-112. doi:10.1146/annurev-publhealth-032315-021740 645 

Kovats RS, Hajat S (2008) Heat stress and public health: a critical review. Annu Rev Public Health 646 

29:41-55. doi:10.1146/annurev.publhealth.29.020907.090843 647 

Lorenzoni I, Nicholson-Cole S, Whitmarsh L (2007) Barriers perceived to engaging with climate 648 

change among the UK public and their policy implications. Glob Environ Change 17:445-459. 649 

doi:10.1016/j.gloenvcha.2007.01.004 650 



 29 

Luechinger S, Raschky PA (2009) Valuing flood disasters using the life satisfaction approach. J 651 

Public Econ 93:620-633. doi:10.1016/j.jpubeco.2008.10.003 652 

Maddison D, Rehdanz K (2011) The impact of climate on life satisfaction. Ecol Econ 70:2437-653 

2445. doi:10.1016/j.ecolecon.2011.07.027 654 

McMichael AJ, Dear KBG (2010) Climate change: heat, health, and longer horizons. Proc Natl 655 

Acad Sci USA 107:9483-9484. doi:10.1073/pnas.1004894107 656 

Mora C, Dousset B, Caldwell IR, Powell FE, Geronimo RC, Bielecki CR, Counsell CWW, Dietrich 657 

BS, Johnston ET, Louis LV, Lucas MP, McKenzie MM, Shea AG, Tseng H, Giambelluca TW, 658 

Leon LR, Hawkins E, Trauernicht C (2017) Global risk of deadly heat. Nature Clim Chang 659 

7:501-506. doi:10.1038/nclimate3322 660 

NASA (2017) NASA, NOAA data show 2016 warmest year on record globally. Retrieved from 661 

https://www.nasa.gov/press-release/nasa-noaa-data-show-2016-warmest-year-on-record-662 

globally (accessed 3 March 2018) 663 

Nielsen JS (2011) Use of the Internet for willingness-to-pay surveys: a comparison of face-to-face 664 

and web-based interviews. Resour Energy Econ 33:119-129. 665 

doi:10.1016/j.reseneeco.2010.01.006 666 

Nitschke M, Tucker GR, Hansen AL, Williams S, Zhang Y, Peng B (2011) Impact of two recent 667 

extreme heat episodes on morbidity and mortality in Adelaide, South Australia: a case-series 668 

analysis. Environ Health 10:42. doi:10.1186/1476-069X-10-42 669 

OECD (2013) OECD Guidelines on measuring subjective well-being. OECD Publishing, Paris 670 

Osberghaus D, Kühling J (2016) Direct and indirect effects of weather experiences on life 671 

satisfaction – which role for climate change expectations? J Environ Plann Man 59:2198-2230. 672 

doi:10.1080/09640568.2016.1139490 673 



 30 

Oswald AJ, Proto E, Sgroi D (2015) Happiness and productivity. J Labour Econ 33:789-822. 674 

doi:10.1086/681096 675 

Parsons K (2003) Human thermal environment. The effects of hot, moderate and cold temperatures 676 

on human health, comfort and performance. 2nd Ed. CRC Press, New York 677 

Piekałkiewicz M (2017) Why do economists study happiness? Econ Labour Relat Re 28:361-377. 678 

doi:10.1177/1035304617717130  679 

Raftery AE, Zimmer A, Frierson DMW, Startz R, Liu P (2017) Less than 2 °C warming by 2100 680 

unlikely. Nature Clim Chang 7:637-641. doi:10.1038/nclimate3352 681 

Rehdanz K, Maddison D (2005) Climate and happiness. Ecol Econ 52:111-125. 682 

doi:10.1016/j.ecolecon.2004.06.015 683 

Reyer CPO, Rigaud KK, Fernandes E, Hare W, Serdeczny O, Schellnhuber HJ (2017) Turn down 684 

the heat: regional climate change impacts on development. Reg Environ Change 17:1563-1568. 685 

doi:10.1007/s10113-017-1187-4 686 

Rossi F, Castellani B, Presciutti A, Morini E, Filipponi M, Nicolini A, Santamouris M (2015) 687 

Retroreflective façades for urban heat island mitigation: Experimental investigation and energy 688 

evaluations. Appl Energy 145:8-20. doi:10.1016/j.apenergy.2015.01.129 689 

Schiffrin HH, Nelson SK (2010) Stressed and happy? Investigating the relationship between 690 

happiness and perceived stress. J Happiness Stud 11:33-39. doi:10.1007/s10902-008-9104-7 691 

Sekulova F, van den Bergh JCJM (2016) Floods and happiness: empirical evidence from Bulgaria. 692 

Ecol Econ 126:51-57. doi:10.1016/j.ecolecon.2016.02.014 693 

Sherwood S, Huber M (2010) An adaptability limit to climate change due to heat stress. Proc Natl 694 

Acad Sci USA 107:9552–9555. 695 

https://doi.org/10.1177/1035304617717130


 31 

Shih T-H, Fan X (2009) Comparing response rates in e-mail and paper surveys: a meta-analysis. 696 

Rev Educ Res 4:26-40. doi:10.1016/j.edurev.2008.01.003 697 

Steptoe A, Deaton A, Stone AA (2015) Subjective wellbeing, health, and ageing. Lancet 385:640-698 

648. doi:10.1016/S0140-6736(13)61489-0 699 

Tong S, Wang XY, Yu W, Chen D, Wang X (2014) The impact of heatwaves on mortality in 700 

Australia: a multicity study. BMJ Open 4:e003579. doi:10.1136/bmjopen-2013-003579 701 

Tsutsui Y (2013) Weather and individual happiness. Weather Clim Soc 5:70-82. 702 

doi:10.1175/WCAS-D-11-00052.1 703 

van Praag BMS, Baarsma BE (2005) Using happiness surveys to value intangibles: the case of 704 

airport noise. Econ J 115:224-246. doi:10.1111/j.1468-0297.2004.00967.x 705 

von Möllendorff C, Hirschfeld J (2016) Measuring impacts of extreme weather events using the life 706 

satisfaction approach. Ecol Econ 121:108-116. doi:10.1016/j.ecolecon.2015.11.013 707 

Welsch H (2007) Environmental welfare analysis: a life satisfaction approach. Ecol Econ 67:544-708 

551. doi:10.1016/j.ecolecon.2006.07.017 709 

Welsch H, Biermann P (2014) Electricity supply preferences in Europe: evidence from subjective 710 

well-being data. Resour Energy Econ 38:38-60. doi:10.1016/j.reseneeco.2014.05.003 711 

Welsch H, Biermann P (2016) Measuring nuclear power plant externalities using life satisfaction 712 

data: a spatial analysis for Switzerland. Ecol Econ 126:98-111. 713 

doi:10.1016/j.ecolecon.2016.02.016 714 

Williams S, Hanson-Easey S, Robinson G, Pisaniello D, Newbury J, Saniotis A, Bi P (2017) Heat 715 

adaptation and place: experiences in South Australian rural communities. Reg Environ Change 716 

17:273-283. doi:10.1007/s10113-016-1011-6 717 



 32 

Windle J, Rolfe J (2011) Comparing responses from internet and paper-based collection methods in 718 

more complex stated preference environmental valuation surveys. Econ Anal Policy 41:83-97. 719 

doi:10.1016/S0313-5926(11)50006-2 720 

Witterseh T, Wyon DP, Clausen G (2004) The effects of moderate heat stress and open-plan office 721 

noise distraction on SBS symptoms and of the performance of office work. Indoor Air 14:30-40. 722 

doi:10.1111/j.1600-0668.2004.00305.x 723 

Xiang J, Bi P, Pisaniello D, Hansen A (2014) Health impacts of workplace heat exposure: an 724 

epidemiological review. Ind Health 52:91-101. doi:10.2486/indhealth.2012-0145 725 

Zander KK, Botzen WJW, Oppermann E, Kjellstrom T, Garnett ST (2015) Heat stress causes 726 

substantial labour productivity loss in Australia. Nat Clim Change 5:647-651. 727 

doi:10.1038/nclimate2623 728 

Zander KK, Moss SA, Garnett ST (2017) Drivers of heat stress susceptibility in the Australian 729 

labour force. Environ Res 152:272-279. doi:10.1016/j.envres.2016.10.029 730 

Zelenski JM, Murphy SA, Jenkins DA (2008) The happy-productive worker thesis revisited. J 731 

Happiness Stud 9:521-537. doi:10.1007/s10902-008-9087-4 732 

Zhang Y, Nitschke M, Bi P (2013) Risk factors for direct heat-related hospitalization during the 733 

2009 Adelaide heatwave: a case crossover study. Sci Total Environ 442:1-5. 734 

doi:10.1016/j.scitotenv.2012.10.042 735 

736 



 33 

Tables 737 

Table 1: Dimensions of subjective well-being (SWB) and measures used in the study 738 

Category of 

SWB 
Measurement 

Proxy used in 

study 
Associate question and scale of self-reports 

Evaluative 

Life evaluation 
Life satisfaction 

 

“All things considered, how satisfied are 

you with your life?” 

Scale: 0 to 10 

Reflective evaluation of a 

person’s social inclusions 

and networks 

Social state  

Agreement with statement “My social 

relationships are supportive and 

rewarding” 

Hedonic 

Assessment of emotional 

state / experience in life / 

“positive affect” 

Happiness Agreement with statement “I am happy.” 

Eudemonic 

Assessment of a person’s 

sense of meaning and 

purpose in life 

Purpose in life 
Agreement with statement “I experience a 

clear sense of purpose in life” 

A reflection of a person’s 

certainty about their 

future 

Uncertainty 

Agreement with statement “My future is 

too uncertain for me to plan very far 

ahead“ 

Assessment of a person’s 

ability to cope with 

changing conditions 

Capabilities 

Agreement with statement “I am 

competent and capable in the activities that 

are important to me” 

Social state, Happiness, Purpose in life, Uncertainty and Capability were all measured on a four-point scale: 739 

Strongly agree (4), Agree (3), Disagree (2), Strongly disagree (1) 740 

  741 
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Table 2: Sample characteristics (N = 1,101) 742 

Personal and work-related characteristic  

Mean age (SD) 44.2 (14.6) 

Female 50.3% 

Health status (scale from 1: very poor to 5: very good) (SD) 

   Very poor (1) 

   Poor (2) 

   Fair (3) 

   Good (4) 

   Very good (5) 

3.8 (0.8) 

0.6% 

2.5% 

26.4% 

52.7% 

17.7% 

Gross income in AUD (scale from 1: very low to 7: very high) (SD) 

   less than 20,000 (1) 

   21,000 - 40,000 (2) 

   41,000 - 60,000 (3) 

   61,000 - 80,000 (4) 

   81,000 - 100,000 (5) 

   101,000 - 150,000 (6) 

   151,000 - 300,000 (7) 

4.4 (1.8) 

4.2% 

13.8% 

18.3% 

13.9% 

15.7% 

21.9% 

12.2% 

Education (scale from 1: very low to 5: very high) (SD) 

   Preparatory / elementary school (1) 

   Secondary school (2) 

   Intermediate Diploma / Certificate (3) 

   Undergraduate degree (4) 

   Postgraduate degree (5) 

3.3 (1.0) 

2.6% 

22.8% 

31.9% 

27.6% 

15.1% 

Having children 30.5% 

Having a partner 73.6% 

Level of physical exertion of daily activities (scale from 1 to 10) (SD) 4.8 (2.6) 

Level of mental exertion of daily activities (scale from 1 to 10) (SD) 6.8 (2.2) 

Workload 

   Full-time 

   Part-time 

   Casual 

   Not in paid employment 

 

55.4% 

27.5% 

11.3% 

5.8% 

Sector of employment 

   White collar (public administration, finance, insurance, education, research, real estate) 

   Grey collar (wholesale and retail, transport, communication, policy, security) 

   Blue collar (agriculture, cleaning, construction, electricity, fishery, forestry, 

manufacturing, mining, water and waste) 

   Gold collar (medical, law) 

   Pink collar (hospitality, tourism, entertainment and sport) 

 

31.2% 

24.1% 

23.0% 

 

13.1% 

8.6% 

  743 
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State or territory of residencea) 

   New South Wales (NSW) 

   Victoria (VIC) 

   Queensland (QLD) 

   Western Australia (WA) 

   South Australia (SA) 

   Australian Capital Territory (ACT) 

   Tasmania (TAS) 

   Northern Territory (NT) 

 

33.6% 

24.9% 

19.2% 

9.6% 

7.7% 

1.9% 

1.9% 

1.2% 

Climate change threatens human health 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

 

24.0% 

54.2% 

17.9% 

3.9% 

Belief in climate change and its cause 

   Climate change is mainly caused by human activity 

   Climate change is partly caused by natural processes and partly by human activity 

   Climate change is mainly caused by natural processes 

   Climate change is a scam and I don’t believe it is happening 

 

42.7% 

12.9% 

39.7% 

4.7% 

Worry for the next generation because of climate change 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

 

21.6% 

50.2% 

22.0% 

6.2% 

Personally witnessed the impacts of climate change 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

 

10.1% 

47.8% 

34.2% 

7.9% 

Do you ever feel stressed by heat in what you are doing? 

   No, never 

   Yes, rarely 

   Yes, sometimes 

   Yes, often 

   Yes, very often 

 

10.6% 

24.4% 

33.7% 

18.9% 

12.4% 

a) National population distribution across states and territories: 744 

NSW: 32.0%; VIC: 25.9%; QLD: 20.0%; WA: 10.4%; SA: 7.0%; ACT: 1.7%; TAS: 2.1%, NT: 1.0% (ABS, 2018) 745 

 746 
  747 
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Table 3: results of bivariate analyses of factors affecting heat stress (N = 1,101) 748 

 
Heat stress category 

 

Never 

(10.6%) 

Rarely 

(24.4%) 

Sometimes 

(33.7%) 

Often 

(18.9%) 

Very often 

(12.4%) 

Workload 

   Full-time 

…Part-time 

   Casual 

   Not in paid job 

32 (11.6%) 

12 (10.6%) 

71 (7.6%) 

2 (6.5%) 

69 (24.9%) 

39 (22.8%) 

152 (24.8%) 

9 (29.0%) 

112 (31.6%) 

56 (37.0%) 

193 (35.7%) 

10 (32.3%) 

49 (20.2%) 

30 (16.2%) 

123 (19.1%) 

6 (19.4%) 

41 (11.6%) 

20 (13.5%) 

71 (12.7%) 

4 (12.9%) 

Occupation 

   White collar 

   Grey collar 

   Blue collar 

   Gold collar 

   Pink collar 

28 (8.1%) 

35 (13.2%) 

29 (11.5%) 

13 (9.0%) 

12 (12.6%) 

92 (26.7%) 

64 (24.2%) 

59 (23.3%) 

28 (19.4%) 

26 (27.4%) 

 

120 (34.9%) 

92 (34.7%) 

84 (33.2%) 

50 (34.7%) 

25 (26.3%) 

65 (18.9%) 

39 (14.7%) 

49(19.4%) 

32 (22.2%) 

23 (24.2%) 

39 (11.3%) 

35 (13.2%) 

32 (12.6%) 

21 (14.6%) 

9 (9.5%) 

State or territory 

   New South Wales (NSW) 

   Victoria (VIC) 

   Queensland (QLD) 

   Western Australia (WA) 

   South Australia (SA) 

  Australian Capital Territory (ACT) 

   Tasmania (TAS) 

   Northern Territory (NT) 

39 (10.5%) 

31 (11.3%) 

23 (10.9%) 

15 (14.2%) 

5 (5.9%) 

1 (4.8%) 

2 (9.5%) 

1 (7.7%) 

76 (20.5%) 

76 (27.7%) 

49 (23.2%) 

25 (23.6%) 

22 (25.9%) 

9 (42.9 %) 

7 (33.3%) 

5 (38.5%) 

122 (33.0%) 

97 (35.4%) 

69 (32.7%) 

37 (34.9%) 

30 (35.3%) 

6 (28.6%) 

6 (28.6%) 

4 (30.8%) 

78 (21.1%) 

47 (17.2%) 

37 (17.5%) 

16 (15.1%) 

21 (24.7%) 

3 (14.3%) 

4 (19.0%) 

2 (15.4%) 

55 (14.9%) 

23 (8.4%) 

33 (15.6%) 

13 (12.3%) 

7 (8.2%) 

2 (9.5%) 

2 (9.5%) 

1 (7.7%) 

Gender 

   Female 

   Male 

39 (7.0%) 

78 (14.3%) 

136 (24.5%) 

133 (24.3%) 

188 (33.9%) 

183 (33.5%) 

112 (20.2%) 

96 (17.6%) 

79 (14.3%) 

57 (10.4%) 

Health 

   Very bad 

   Bad 

   Fair 

   Good 

   Very good 

0 (0.0%) 

3 (10.7%) 

25 (8.6%) 

55 (9.5%) 

34 (17.4%) 

0 (0.0%) 

1 (3.6%) 

63 (21.6%) 

151 (26.0) 

54 (27.7%) 

3 (42.9%) 

6 (21.4%) 

95 (32.6%) 

214 (36.9%) 

53 (27.2%) 

0 (0.0%) 

10 (35.7%) 

60 (20.6%) 

112 (19.3%) 

26 (13.3%) 

4 (57.1%) 

8 (28.6%) 

48 (16.5%) 

48 (8.3%) 

28 (14.4%) 

Air-conditioning at home 

   Yes 

   No 

90 (10.4%) 

27 (11.3%) 

210 (24.3%) 

59 (24.8%) 

295 (34.2%) 

76 (31.9%) 

170 (19.7%) 

38 (16.0%) 

98 (11.4%) 

38 (16.0%) 
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Climate change threatens health 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

19 (7.2%) 

54 (9.0%) 

32 (16.2%) 

12 (27.9%) 

53 (20.1%) 

154 (25.8%) 

49 (24.9%) 

13 (30.2%) 

76 (28.8%) 

216 (36.2%) 

74 (37.6%) 

5 (11.6%) 

57 (21.6%) 

117 (19.6%) 

26 (13.2%) 

8 (18.6%) 

59 (22.3%) 

56 (9.4%) 

16 (8.1%) 

5 (11.6%) 

Cause of climate change 

   Mainly human 

   Human and nature 

   Mainly nature 

   Scam 

44 (9.4%) 

35 (8.0%) 

24 (16.9%) 

14 (26.9%) 

100 (21.3%) 

131 (30.0%) 

24 (16.9%) 

14 (26.9%) 

163 (34.7%) 

160 (36.6%) 

36 (25.4%) 

12 (23.1%) 

108 (23.0%) 

64 (14.6%) 

29 (20.4%) 

7 (13.5%) 

55 (11.7%) 

47 (10.8%) 

29 (20.4%) 

5 (9.6%) 

Worry for next generation 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

20 (8.4%) 

42 (7.6%) 

36 (14.9%) 

19 (27.9%) 

54 (22.7%) 

133 (24.1) 

64 (26.4%) 

18 (26.5%) 

62 (26.1%) 

205 (37.1%) 

92 (38.0%) 

12 (17.6%) 

55 (23.1%) 

110 (13.2%) 

32 (13.2%) 

11 (16.2%) 

47 (19.7%) 

63 (7.4%) 

18 (7.4%) 

8 (11.8%) 

Witnessed climate change impacts 

   Strongly agree 

   Agree 

   Disagree 

   Strongly disagree 

10 (9.0%) 

33 (6.3%) 

49 (13.0%) 

25 (28.7%) 

24 (21.6%) 

118 (22.4%) 

103 (27.3%) 

24 (27.6%) 

21 (18.9%) 

193 (36.7%) 

138 (36.6%) 

19 (21.8%) 

30 (27.0%) 

117 (22.2%) 

51 (13.5%) 

10 (11.5%) 

26 (23.4%) 

65 (12.4%) 

36 (9.5%) 

9 (10.3%) 

White collar: public administration, finance, insurance, education, research, real estate 749 

Grey collar: wholesale and retail, transport, communication, policy, security 750 

Blue collar: agriculture, cleaning, construction, electricity, fishery, forestry, manufacturing, mining, water and waste 751 

Gold collar: medical, law 752 

Pink collar: hospitality, tourism, entertainment and sport 753 

 754 
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Table 4: Impact of heat stress and control variables on different dimensions of subjective well-being (N = 1,101) 

 
Life satisfaction Happiness Social state Purpose in life Uncertainty Capabilities 

 
Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE 

Constant 0.57 0.40 -1.32 1.05 -0.18 1.01 -0.63 0.91 4.95*** 0.90 0.18 1.30 

Heat stress 0.01 0.03 -0.11 0.07 -0.03 0.07 -0.01 0.06 0.22*** 0.06 -0.10 0.09 

Age -0.07*** 0.02 -0.09** 0.04 -0.11*** 0.04 -0.13*** 0.04 -0.04 0.04 -0.07 0.06 

Age squared 0.001*** <0.001 0.001** 0.001 0.001*** <0.001 0.002*** <0.001 <0.001 <0.001 0.001 <0.001 

Health 0.58*** 0.04 0.97*** 0.12 0.71*** 0.10 0.70*** 0.10 -0.63*** 0.09 0.65*** 0.13 

Income 0.03 0.02 0.07 0.05 0.07 0.05 0.06 0.05 -0.16*** 0.04 0.004 0.07 

Female 0.08 0.07 -0.03 0.17 0.36** 0.16 0.09 0.15 -0.22 0.14 0.12 0.21 

With children 0.18** 0.08 0.11 0.20 0.21 0.19 0.59*** 0.17 -0.04 0.16 0.42* 0.25 

With partner 0.33*** 0.08 0.14 0.20 0.22 0.18 -0.02 0.17 -0.27 0.16 0.13 0.25 

Education -0.01 0.03 -0.02 0.08 0.06 0.08 0.07 0.07 0.04 0.06 0.01 0.10 

Full-time 0.17* 0.09 0.48** 0.24 -0.12 0.23 0.32 0.21 -0.23 0.20 -0.08 0.32 

Part-time -0.01 0.10 0.26 0.25 0.04 0.24 0.30 0.22 -0.13 0.21 -0.20 0.34 

Nagelkerke R2 0.20 0.17 0.12 0.13 0.19 0.10 

***, **, * = significance at 1%, 5%, 10% level 

Life satisfaction: measured on a scale from 0 to 10, 0 = very dissatisfied, analysed using an ordered probit model.  

All other dependent variables were coded 1/0 as per agreement to statements (see section 2.4) and analysed using binary logit models 

Heat stress: measured on a scale from 1 to 4, 1= rarely 

Health: measured on a scale from 1 to 4, 1= very bad 

Income: measured on a scale from 1 to 7, 1 = very low 
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Education: measured on a scale from 1 to 5, 1 = low level 
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Figures 

Figure 1: Responses to a series of statements on subjective well-being (N = 1,101) 
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Figure 2: Boxplots showing the relationships between heat stress and physical (left) and 

mental (right) exertion, both measured on a scale from 1 (very low) to 10 (very high) (N = 

1,101) 
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Figure 3: Impact of different dimensions of subjective well-being on heat stress related 

subjective productivity loss 

 

x-axes: 1 = strongly disagree; 2 = disagree; 3 = agree; 4 = strongly agree for statements capturing respondents’ 

subjective well-being dimensions (see Table 1): 

‘Uncertainty = My future is too uncertain for me to plan very far ahead 

‘Capabilities’ = I am competent and capable in the activities that are important to me 

‘Happiness’ = I am happy 

‘Purpose in life’ = I experience a clear sense of purpose in life 

‘Social state’ = My social relationships are supportive and rewarding 

x-axis for ‘Life satisfaction’: ordinal scale from 1 to 10 assessing statement ‘All things considered, how satisfied are 

you with your life?’ 


