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Abstract
Background In this study, the theory of planned behaviour (TPB) was used to examine the determinants of the 
heat protection intentions and actions of elderly individuals and individuals with chronic health conditions. This is an 
important topic as understanding the motivations for adapting behaviours to heatwaves can inform the design of 
warning systems and awareness campaigns by public health authorities to mitigate the adverse effects of weather 
hazards on health.

Methods Three phone surveys were conducted in 2015 and 2016 to collect data on a large sample of individuals 
with increased vulnerability to heatwaves in the city of Longueuil, Canada. Prospective and panel fixed effects logit 
models for ordinal variables were used to analyse the factors that influenced heat protection intentions and actions.

Results Attitudes, norms, and perceived control have positive effects on intentions to adopt heatwave protection 
actions and intentions on the effective adoption of these preventive measures. The hypothesis according to which 
perceived control moderates the effect of attitudes and norms on intentions is rejected. In addition, the results 
suggest that elderly individuals are less likely than individuals in other age groups to adopt heat protection actions. 
Health conditions related to vulnerability to hot weather do not seem to significantly improve the adoption of heat 
protection behaviours.

Conclusions The adoption of heatwave protection actions can be improved by public health interventions that 
influence attitudes and social norms related to heat protection behaviours and facilitate their adoption.
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Intentions
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Study background
Heatwaves such as those that occurred in France (2003) 
and the Canadian provinces of Quebec (2010) and British 
Columbia (2021) are associated with an excess of mor-
tality and morbidity, notably among elderly individuals, 
individuals with chronic health conditions and disadvan-
taged social groups [1–3]. As the severity and frequency 
of heatwaves are increasing due to global warming, heat 
warning systems and awareness and prevention cam-
paigns are among the main policy tools used by public 
health authorities to mitigate their adverse effects [3, 4]. 
These interventions are based on the assumption that 
when individuals are provided with relevant and accurate 
information on heat risks and safety tips, they improve 
their adaptation to heatwaves [3]. The design of heatwave 
warnings and awareness campaigns would thus benefit 
from insight into the factors that motivate individuals to 
adapt their behaviour to these weather hazards [5].

Studies of the determinants of heat prevention behav-
iours have examined the effects of sociodemographic 
characteristics such as age, sex and health conditions [4, 
6, 7]. Other studies have used sociocognitive models of 
human behaviour, notably the health belief model [8], 
protective action decision model [9], theory of planned 
behaviour [10] and protection motivation theory [11]. 
These models share the assumption that individuals strive 
to survive by adopting protective behaviours, includ-
ing actions to reduce environmental threats [11]. Their 
interest lies in their parsimony, that is, their capacity to 
propose for empirical testing a small number of factors 
that are presumed to explain heat protection behaviours 
[12]. The results of studies using these frameworks sug-
gest that the adoption of heatwave protection actions is 
positively associated with expected benefits, attitudes 
and social norms [8, 10, 13]. However, mixed results have 
been found regarding the effects of perceived risks and 
self-efficacy [4, 9, 10].

In this study, the theory of planned behaviour (TPB) is 
used to analyse the factors that influence the adoption of 
five heat protection behaviours commonly recommended 
by public health authorities and experts [14–17]. These 
include drinking more water, reducing physical effort, 
taking cool showers and baths, visiting cool or air-con-
ditioned places and using air conditioning systems. As 
Fig. 1 shows, the TPB presumes that the adoption of heat 
protection actions depends on individuals’ intentions to 
adopt these actions and their perceived control in imple-
menting them. Intentions depend on attitudes, perceived 
social norms and perceived control corresponding to 
heatwave protection behaviours. To trace the causal 
mechanisms of protective actions, the TPB assumes that 
attitudes, norms, and perceived control are forged by 
beliefs that are rooted in individuals’ personalities and 
socioeconomic and demographic characteristics.

Although the TPB is widely used to explain health pro-
tection and pro-environmental behaviours [16, 17], it has 
rarely been used to predict the actions taken by individu-
als to protect themselves from heatwaves. As demon-
strated by McEachan et al. (2011) in their meta-analysis 
of the TPB, the explanatory capacity of this theory var-
ies across behaviours and populations [18]. This hetero-
geneity underlines the importance of conducting studies 
to assess the capacity of the TPB to explain individuals’ 
decisions to protect themselves from heatwaves. In addi-
tion to their contribution to knowledge, the results of 
these studies can be used to enhance the design of policy 
initiatives to improve individuals’ adaptation to heat-
waves, as is the case in other public health fields [19, 20].

With respect to the TPB, the main objective of this 
study is to provide evidence related to the following 
research questions:

  • What are the effects of attitudes, prescriptive norms 
and perceived control on the intention to adopt heat 
protection actions?

Fig. 1 Theory of planned behaviour [15]
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  • Does perceived control moderate the effect of 
attitudes and prescriptive norms on the intention to 
adopt heat protection actions?

  • Are individuals’ intentions and perceived control 
associated with their heat protection actions?

Although not among the primary objectives of this 
study, the influence of vulnerability factors (e.g., age and 
chronic health conditions) on heat protection behaviours 
are also explored in this article.

The main contribution of this paper to the small body 
of studies that have used the TPB to analyse adaptation 
to heatwaves is twofold: we use robust designs to mitigate 
consistency and endogeneity biases, and we test whether 
perceived control moderates the effect of attitudes and 
norms on intentions. For the first contribution, most 
studies that have adopted the TPB use cross-sectional 
designs and, consequently, are vulnerable to consistency 
and endogeneity biases [21]. Consistency bias is present 
when all the constructs of the TPB are measured simul-
taneously. In their efforts to avoid cognitive dissonance, 
respondents strive to impose coherence between their 
reported behaviours, intentions, attitudes and perceived 
norms and control, leading to inflated coefficients of 
association between the components of the TPB. More-
over, in the TPB, intentions are supposed to impact the 
future rather than current or past behaviours; accord-
ingly, they should be measured before behaviours [22]. 
To address these problems, this study used a prospec-
tive design that involved collecting data on heat protec-
tion behaviours one month after data were collected on 
presumed drivers of behaviour, as explained in the meth-
ods section. [19, 20]. Regarding the endogeneity issue, 
it is plausible that in addition to the factors advanced 
by the TPB, other variables have direct effects on inten-
tions and behaviours. Unfortunately, most studies do not 
adequately control for these factors when testing the TPB 
[10]. In this study, the fixed effect panel model for ordinal 
variables was used to test the effects of attitudes, norms, 
and perceived control on intentions, allowing for the con-
trol of constant unobservable confounding factors. This 
design provides a consistent foundation for inferring 
causal relationships between these variables in compari-
son with cross-sectional and prospective designs.

The second contribution of this paper is its test of 
whether perceived control moderates the effects of atti-
tudes and perceived norms on intentions. In some ver-
sions of the TPB [14], the effect of attitudes on intentions 
is assumed to be greater for individuals with high per-
ceived control. Individuals with high perceived control 
are also assumed to pay less attention to social norms in 
their behaviours. The moderating effect of perceived con-
trol remains largely underinvestigated in empirical stud-
ies of the TPB [14].

Methods
Study variables
This study used the TPB to predict five heat protection 
behaviours: drinking water, using air conditioners, tak-
ing cool showers and baths, reducing physical effort, and 
visiting cool or air-conditioned places. These behaviours 
were chosen because they are frequently recommended 
by public health authorities and experts to protect against 
heatwave risks [3, 23].

Attitudes were measured by the perceived utility of 
the five behaviours to protect respondents’ health from 
the risks of heatwaves. The utility of each behaviour was 
measured on a five-point scale (1 = completely useless 
to 5 = completely useful). Two items were used to mea-
sure prescriptive norms. The first item measured on a 
five-point scale the extent to which respondents agreed 
with the statement that most of their significant persons 
thought that they should take actions to protect them-
selves from heatwaves (1 = totally disagree to 5 = totally 
agree). The second item measured, on the same scale, the 
likelihood that most of their significant persons would 
advise them to adopt heat protection actions (1 = very 
improbable to 5 = very probable). The average score of 
the two items was used in the regression analyses. For 
perceived control, the respondents were asked how easy 
or difficult it was for them to adopt each of the five heat 
protection behaviours in question (1 = very difficult to 
5 = very easy). To measure intentions, the respondents 
were asked to indicate their intention to adopt each of the 
recommended behaviours in the next heatwave (1 = very 
unlikely to 5 = very likely).

Data on the adoption of heat protection behaviours 
were collected immediately after the 2015 heatwave from 
July 27 to 29. This method was expected to yield more 
accurate data on heat protection behaviours than the 
commonly used method of asking individuals to report 
their behaviours during heatwaves in general [24, 25]. The 
study participants were asked to indicate the frequency 
of drinking water and exerting physical effort during this 
heatwave (1 = much less often than usual to 5 = much 
more often than usual). With regard to cool showers and 
baths, frequenting cool or air-conditioned places, and 
using air conditioners, the respondents were first asked 
about whether they had adopted each behaviour. Those 
who answered affirmatively were then asked to indicate 
on a five-point scale their frequency of adopting this 
heat protection action (1 = much less often than usual to 
5 = much more often than usual). For each behaviour, the 
answers to these two questions were merged to create a 
new variable that took the value of 0 if the respondent 
had not adopted the behaviour at all and 5 if the respon-
dent had adopted the behaviour much more often than 
usual.
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Study sample
This study is part of a research project on the effects of an 
automated weather warning system for people vulnerable 
to heat and smog that was conducted in the city of Lon-
gueuil, Canada, between 2015 and 2017. This study was 
approved by the ethics committee of the National Insti-
tute for Scientific Research (CER-15-370).

Study participants were recruited by the Direction of 
the Quebec Ministry of Public Health in the region of 
Montérégie in collaboration with the researchers, munic-
ipalities, and community organizations of the city of Lon-
gueuil. Individuals who met at least one of the following 
four eligibility criteria related to heat vulnerability were 
recruited:

1. being 65 years of age or older.
2. having heart or lung medical conditions.
3. suffering from diabetes, kidney failure or 

neurological disorders.
4. having mental health issues.

The call for participation in this project was published 
in local newspapers and social media and advertised in 
municipal buildings. Meetings with prospective partici-
pants were held to present the research project and to 
explain the conditions of participation. Individuals could 
register for the research project in person at these meet-
ings, online, or by phone or email. A total of 1811 indi-
viduals who met the eligibility criteria were ultimately 
recruited. Given that participation in this project was 
voluntary, the sample of this study was not random.

Data collection
The first draft of the questionnaire was prepared after 
reviewing the relevant literature on the issue [6, 26] and 
was reviewed by 5 public health experts. The revised ver-
sion was then pretested on 22 people who met the afore-
mentioned eligibility criteria.

The data used in this study were collected by three 
successive phone surveys. The first survey took place in 
2015 from June 25 to July 14. The survey collected data 
on attitudes, norms, perceived control, and intentions 
to adopt heat protection actions. Collecting data on the 
socioeconomic and demographic characteristics of the 
study participants was also one of the objectives of this 
survey. A response rate of 79.4% was obtained. The sec-
ond survey was conducted immediately after the 2015 
heatwave, which hit the city of Longueuil between 27 and 
29 July. Its objective was to collect data on the adoption 
of heat protection behaviours by study participants who 
responded to the first survey. A response rate of 82.6% 
was achieved. The third survey was conducted in June 
2016 and, like the first survey, aimed to collect data on 
attitudes, norms, perceived control, and intentions. This 

survey was intended for the respondents of the first sur-
vey, and a response rate of 54.8% was obtained. A rich 
database was therefore built that contained two repeated 
measures of attitudes, norms, perceived control, and 
intentions and one measure of the adoption of heatwave 
protection behaviours in addition to the sociodemo-
graphic characteristics of the study participants.

Data analysis
Heatwave protection intentions and behaviours were 
measured on ordinal scales, as discussed above. Ordinal 
logit regressions were therefore used to measure their 
associations with their presumed determinants. Specifi-
cally, the fixed effects ordered logit model for panel data 
was used to test the effect of attitudes, norms, and per-
ceived control on the intention to adopt heat protection 
behaviours [27]. Data from the first and third surveys 
were used for this purpose. The fixed effects ordered logit 
model enables the control of unobservable confound-
ing factors of study participants that are constant over 
time. As this design reduces the risk of endogeneity, it 
lends more credibility to causal inferences [28, 29]. To the 
best of our knowledge, no previous study has used this 
method to test the effects of attitudes, norms, and per-
ceived control on the intention to adopt heatwave protec-
tion behaviours.

In this study, it was not possible to use the fixed effect 
model to test the effects of intentions and perceived con-
trol on the adoption of heat protection behaviours given 
that only one measurement of behaviours was completed. 
Instead, an ordered logit model for cross-sectional data 
was implemented. To mitigate the risk of endogeneity, 
the observable characteristics of the study participants 
were controlled for. Moreover, data on attitudes, norms, 
perceived control and intentions were collected in the 
first survey, and data on behaviour were collected in the 
second survey, as recommended for studies using the 
TPB [19, 20]. While this design does not provide strong 
protection against unobservable confounding factors 
compared to the fixed effect design, it has the advantage 
of attenuating consistency biases [21].

Study results
Descriptive statistics
Table  1 presents the sociodemographic characteristics 
of the study participants using the data of the first sur-
vey. The sample was composed mainly of women (72.5%), 
aged 65 years and older (81.1%), and born in Canada 
(93.6%). The data also indicate that 30.1% of the study 
participants had a university degree, and 71.9% had an 
annual gross family income less than CAD$50,000. Con-
cerning health conditions, 73.4% of the respondents 
suffered from at least one of the following chronic dis-
eases associated with vulnerability to hot weather: heart 
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disease, diabetes, kidney failure, respiratory disease, and 
neurological disorders. Compared to census data on the 
population of Longueuil, women and elderly individuals 
were overrepresented in the sample of this study.

Table  2 shows that the study participants had very 
positive attitudes towards heat protection behaviours. In 
fact, 95.9% and 95.6% of respondents considered drink-
ing water and reducing physical effort, respectively, 
to be somewhat useful or totally useful for protecting 

themselves from the heat. These rates were 88.7% for fre-
quenting cool or air-conditioned places, 84.8% for taking 
cool showers and baths and 88.9% for using air condi-
tioning systems.

The statistics on prescriptive norms presented in 
Table  3 indicate that a strong majority of respondents 
believed that most of the people who were significant to 
them thought that they should protect themselves from 
the heat (93.8%) or would advise them to do so (84.7%). 
The social context thus seems to support and encourage 
individuals to protect themselves from heatwaves.

Concerning perceived control, the implementation 
of heat protection behaviours did not seem to be chal-
lenging for most of the study participants, as shown in 
Table 4.

Table 5 indicates that in the case of a heatwave, a high 
proportion of respondents had the intention to drink 
more water than usual (88.4%), reduce physical effort 
(91.3%), use air conditioners (88.4%) and take cool 
showers or baths (76.8%). However, just over half of the 
respondents expressed their intention to frequent cool or 
air-conditioned places (52.9%).

The second survey collected data on the behaviours of 
the study participants during the 2015 heatwave from 27 
to 29 July. We detected significant differences across heat 
protection behaviours. A strong majority of respondents 
reported that during this episode, they took cool baths or 
showers (69.3%), increased their consumption of water 
(67%), used air conditioners more (77.4%), and reduced 
their physical effort (64.7%) (Table  6). In contrast, only 
40.5% of the respondents visited cool or air-conditioned 
places, and 32.4% of those respondents reported doing so 
more often than usual. It is also interesting to note that 
a significant portion of the study participants did not 
change their behaviours during this episode, as indicated 
in the fourth column of Table 6.

Drivers of intentions to adopt heatwave protection 
behaviours
As intentions to adopt heat protection behaviours were 
measured on a 5-point scale, ordinal logit models for 
panel data were used to test the effect of attitudes, norms 
and perceived control on this variable [27]: 

 

Logit [Pr (Yit > S | αi, Ait, Nit, Cit, Tt)]
= αi + β1Ait + β2Nit + β3Cit + βtTt − Ks

Where:
Yit: intention of individual i expressed in period t to 

adopt heat protection behaviours;
S: category of the ordinal variable Y (intention has 5 

ordered categories);
KS: parameter corresponding to category S;
αi: fixed effect specific to individual i;

Table 1 Sample characteristics (n = 1338)
Variable Percentage
Women 72.5%
Chronic diseases 73.4%
Age: 18–64 years 18.9%
Age: 65–74 years 44.3%
Age: 75 years or over 36.8%
Income < 25k 39.1%
Income between 25 and 50k 32.8%
Income more than 50k 28.3%
University diploma 30.1%
Immigrants 6.4%
Data source: First survey

Table 2 Attitudes towards heatwave protection behaviours
Behaviours Totally 

useless
Somewhat 
useless

Neutral Some-
what 
useful

Totally 
useful

Drinking 
more water 
than usual

0.5% 1.1% 2.5% 13.1% 82.8%

Reducing 
physical 
effort

0.6% 0.8% 2.9% 15.7% 80.1%

Spending 
time in 
cool or air-
conditioned 
places

4.4% 2.6% 4.3% 16.2% 72.5%

Using air 
conditioner

3.4% 2.2% 5.5% 16.7% 72.2%

Taking cool 
showers or 
baths

3.9% 2.3% 9.03% 22.9% 61.9%

Data source: First survey

Table 3 Prescriptive norms related to heatwave protection 
behaviours
Measurement scale 1 2 3 4 5
Most people significant to you 
think you should protect yourself 
from heat (1: totally disagree to 5: 
totally agree)

0.7% 1.0% 4.4% 14.6% 79.2%

Most people significant to you 
would advise you to protect 
yourself from heat (1: very im-
probable to 5: very probable)

3.5% 4.5% 7.4% 21.1% 63.6%

Data source: First survey
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Ait: attitudes of individual i in period t;
Nit: perception of norms by individual i in period t;
Cit: perceived control by i in period t;
Tt: data collection period (0 = summer 2015, 1 = sum-

mer 2016).

The fixed-effects panel model enables us to control for 
confounding factors that are constant over time (αi), such 
as respondents’ sex or ethnicity. Moreover, introducing 
the period variable into the model makes it possible to 
control for the time effect. However, this method is vul-
nerable to unobservable differences between study par-
ticipants that vary over time (αit), such as changes in the 
health status of respondents between the two measure-
ment points or in the subjective factors not accounted for 
by the TPB. The data from the first survey (summer 2015) 
and the third survey (summer 2016) were used to imple-
ment the panel fixed effect logit model.

The data were analysed using the feologit command 
published in the Stata Journal in 2020 with the odds ratio 
option [29]. The results of this analysis are presented in 
Table 7. The odds ratios of attitudes and perceived con-
trol variables were greater than one and statistically sig-
nificant in all models, suggesting that these variables 
reinforced the intention to adopt heat protection behav-
iours. Regarding the effects of norms, the odds ratio of 
this variable was greater than one and was statistically 
significant according to two models; however, in three 
models, no significant association with heat protection 
intentions was found. Attitudes and perceived control 
and, to a lesser extent, prescriptive norms thus behaved 
as predicted by the TPB. The analysis also suggested 
that their effects were not uniform across heat protec-
tion behaviours. In fact, the odds ratios varied between 
1.53 and 4.02 for attitudes, 1.76 and 2.25 for perceived 
control and 1.10 and 2 for norms. In addition to differ-
ences across behaviours, attitudes and perceived control 
seemed to have a greater influence on intentions than 
prescriptive norms.

As mentioned above, some extensions of the TPB sug-
gest that perceived control moderates the effects of atti-
tudes and norms on intentions [14]. The interaction 
terms of perceived control with attitudes and norms were 
introduced to test this assumption. To reduce collinear-
ity between the variables and their interaction terms, 
the mean-centred values of the independent variables 
(subtracting the means from the variables) were used 

Table 4 Perceived control of heatwave protection behaviours
Measurement 
scale

Very 
difficult

Somewhat 
difficult

Neutral Some-
what 
easy

Very 
easy

Drink more 
water than 
usual

1.8% 3.6% 5.3% 14.4% 75.1%

Reduce physi-
cal effort

2.4% 2.0% 5.9% 18.3% 71.5%

Spend time 
in cool or air-
conditioned 
places

6.0% 6.2% 10.2% 18.6% 59.0%

Use air 
conditioner

1.5% 0.8% 2.3% 12.9% 82.6%

Take cool 
showers or 
baths

3.9% 2.7% 5.9% 16.3% 71.15%

Data source: First survey

Table 5 Intentions to adopt heat protection behaviours
Mea-
sure-
ment 
scale

Very 
improbable

Somewhat 
Improbable

Neutral Some-
what 
prob-
able

Very 
prob-
able

Drink 
more 
water 
than 
usual

3.9% 1.9% 5.8% 16.6% 71.8%

Re-
duce 
physi-
cal 
effort

2.3% 1.7% 4.7% 15.7% 75.6%

Spend 
time 
in 
cool 
or air-
condi-
tioned 
places

17.6% 13.3% 16.3% 17.7% 35.2%

Use 
air 
condi-
tioner

3.6% 1.9% 5.8% 12.3% 76.1%

Take 
cool 
show-
ers or 
baths

7.4% 4.9% 11% 17.9% 58.9%

Data source: First survey

Table 6 Adoption of heatwave protection behaviours
Measurement scale Much 

less 
than 
usual

Slight-
ly less 
than 
usual

As 
much 
as 
usual

Slightly 
more 
than 
usual

Much 
more 
than 
usual

Drank water 0% 0.4% 32.7% 34.7% 32.3%
Exerted physical effort 31.9% 32.8% 31% 3.1% 1.4%
Spent time in cool or air-
conditioned places

2.1% 4.2% 61.4% 25.9% 6.5%

Used air conditioner 0.2% 0.6% 31.1% 22.8% 54.6%
Took cool showers or 
baths

0% 0.1% 56.1% 33.4% 10.4%

Data source: Second survey
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in regression analyses (Tabachnick and Fidell, 2001). 
As indicated in Table 8, only the interaction term of the 
variable of perceived control of reducing physical effort 
with the variable of prescriptive norms was statistically 
significant, but it was inconsistent with the prediction of 
the TPB. The evidence thus suggests that perceived con-
trol does not significantly moderate the effect of norms 
and attitudes on the intention to adopt heat protection 
behaviours.

The panel fixed effects model exploits within-individ-
ual variance to estimate regression coefficients. In the 
case of the TPB, this can be an important challenge as 
attitudes, norms and perceived control are belief-based 
constructs and beliefs, particularly core beliefs, are pre-
sumed to be relatively stable over time [30]. This would 
be an issue in this study if some categories of respon-
dents did not change their attitudes and perceptions and, 

consequently, if the study results were not applicable to 
their situation. To explore this possibility, the percent-
ages of respondents whose attitudes, perceived control 
and perceived norms remained unchanged between the 
two measurement points are reported in Tables 9, 10 and 
11, respectively. The data indicate that the stability of the 
constructs of the TPB is not an issue for this study as all 
categories of respondents reported significant changes in 
their attitudes and perceptions between the two periods. 
However, the frequency of this change was not uniform 
across categories, with respondents reporting maximum 
scores indicating the highest percentages of unchanged 
attitudes and perceptions.

Table 7 The effect of attitudes, norms and perceived control on the intention to adopt heatwave protection behaviours
Variables Drinking water Reducing physical 

effort
Taking cool baths and 
showers

Visiting cool or air-condi-
tioned places

Using 
AC

Attitudes 1.83***
(0.43)

2.88***
(0.81)

2.37***
(0.37)

1.53***
(0.16)

4.02***
(1.23)

Norms 2.00***
(0.44)

1.39*
(0.27)

1.85***
(0.39)

1.19
(0.18)

1.10
(0.27)

Perceived control 1.84***
(0.31)

2.03***
(0.40)

2.38***
(0.42)

1.76***
(0.22)

2.25***
(0.52)

Period 0.96
(0.16)

0.94
(0.18)

1.35*
(0.18)

1.35**
(0.18)

1.63**
(0.36)

N 476 416 546 692 284
Wald chi2
Pseudo R square

41.02***
0.19

34.89***
0.24

61.87***
0.37

45.93***
0.14

35.79***
0.33

Odds ratios are reported

Robust standard errors in parentheses

***: p < 0.01; **: P < 0.05; *: P < 0.10

Table 8 Testing the moderating effect of perceived control on heatwave protection intentions
Variables Drinking water Reducing physical 

efforts
Taking cool baths and 
showers

Visiting cool or air-condi-
tioned places

Using 
the AC

Attitudes 1.96**
(0.55)

3.21***
(1.01)

2.37***
(0.38)

1.52***
(0.16)

3.71***
(1.24)

Perceived control 1.93***
(0.31)

2.64***
(0.58)

2.38***
(0.45)

1.76***
(0.23)

2.41***
(0.57)

Norms 2.12***
(0.47)

1.75**
(0.38)

1.88***
(0.39)

1.13
(0.17)

1.07
(0.27)

Attitudes* control 1.19
(0.16)

1.12
(0.15)

0.99
(0.13)

1.01
(0.07)

1.27
(0.37)

Norm * control 0.85
(0.22)

1.78***
(0.36)

1.10
(0.18)

1.19
(0.13)

1.90
(0.75)

Period 0.96
(0.16)

099
(0.20)

1.36*
(0.24)

1.35**
(0.18)

1.63**
(0.36)

N
Wald chi2
Pseudo R square

476
48.07***
0.20

416
40.43***
0.29

546
62.67***
0.37

692
46.59***
0.14

284
38.52***
0.35

Odds ratios are reported

Robust standard errors in parentheses

***: p < 0.01; **: P < 0.05; *: P < 0.1
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Factors affecting the adoption of heat protection 
behaviours
The associations of the intention and perceived control 
with the frequency of adopting heat protection behav-
iours according to the ordinal logit model for cross-sec-
tional data are presented in Table 12. In this analysis, the 
sex, education, age and health conditions of the study 
participants were used as control variables.

The results showed that the odds ratios of intentions 
were greater than one and were statistically significant 
for four out of five behaviours. Individuals with strong 
intentions were therefore more likely to increase the fre-
quency of adopting heat protection actions. In contrast, 

the odds ratios of perceived control were not statisti-
cally significant in four models, suggesting that this vari-
able did not have a direct influence on heat protection 
behaviours. The positive associations between intentions 
and heatwave protection behaviours were predicted by 
the TPB and were convergent with the results of empiri-
cal studies on this topic. In fact, the only available study 
that explicitly used the TPB to analyse heatwave adapta-
tion found a positive effect of intentions on behaviours 
[10]. Likewise, two meta-analyses of studies in the field 
of public health that used prospective designs and con-
trolled for past behaviours showed positive associations 
between intentions and behaviours [18, 22]. Contrary to 
our results, however, these studies showed that perceived 
control had a direct effect on behaviours in addition to its 
indirect effect through intentions.

Regarding the control variables, the TPB presumes that 
the effects of background factors on behaviours are medi-
ated by attitudes, norms, perceived control and inten-
tions. The odds ratios of the control variables, however, 
suggest that sex, education, age and respiratory diseases 
have direct effects on behaviours.

While the TPB is useful for understanding the effect of 
individuals’ subjectivity on heatwave protection behav-
iours, it fails to address the needs of public health policy-
makers and professionals to obtain insight into the level 
of compliance with heatwave protection recommenda-
tions by individuals from different backgrounds, notably 
those who are vulnerable to heatwaves. This information 
is more relevant for the design of heat protection inter-
ventions that are based on objective characteristics than 
on subjective and less observable characteristics of the 
population. The relationship between heat protection 
behaviours and the factors associated with vulnerability 
to this hazard that were used to select the participants 
in this study were therefore reanalysed without account-
ing for the mediating effects of the TPB constructs. This 
analysis differed from the one presented in Table  12 
because the odds ratios measure the total effects on 
behaviours, not only the direct effects of the background 
factors included in the regressions.

The results of this analysis are presented in Table  13. 
Notably, the odds ratios of individuals with heart disease, 
diabetes and neurological disorders were close to one 
and not statistically significant. These health conditions 
do not seem to influence heat protection behaviours. 
Individuals with respiratory diseases are more likely to 
reduce their physical effort during heatwaves, but they 
are less inclined to visit cool or air-conditioned places. 
Regarding the effect of age, the odds ratio for individu-
als older than 75 years was less than one according to 
four models (p value < 0.1), suggesting that seniors are 
less likely to adapt their behaviours to heatwaves than are 
individuals in the other age groups. The odds ratio of sex 

Table 9 Percentage of respondents whose attitudes did not 
change between the first and second periods
Response 
categories

Drink-
ing 
water

Reduc-
ing 
physical 
effort

Visiting cool 
or air-condi-
tioned places

Taking 
cool 
baths and 
showers

Using 
the 
AC

Not at all 
useful

14.25 0 17.14 29.17 31.25

Not useful 0 0 4.26 8.82 25
Somewhat 
useful

20.00 12.00 12.12 18.28 29.17

Useful 15.23 24.56 16.77 27.36 24.53
Very useful 80.13 86.43 82.99 73.33 82.25
All 
categories

64.89 64.89 50.47 46.32 68.07

Table 10 Percentage of respondents whose perceived control 
did not change between the first and second periods
Response 
categories

Drink-
ing 
water

Reduc-
ing 
physical 
effort

Visiting cool 
or air-condi-
tioned places

Taking 
cool 
baths and 
showers

Using 
the 
AC

Very difficult 20.00 44.44 32.14 50.00 0
Difficult 6.25 19.5 22.73 13.33 -
Somewhat 
difficult

17.39 18.92 31.94 14.04 16.67

Easy 19.15 26.67 29.14 25.45 16.67
Very easy 82.53 79.37 76.92 80 87.33
All 
categories

64.06 61.55 58.07 52.27 71.83

Table 11 Percentage of respondents whose perceived norms 
did not change between the first and second periods
Response categories Norm 1 Norm 2
1 0.00 5.88
2 0.00 6.67
3 9.68 8.62
4 29.41 31.52
5 85.34 71.13
All categories 68.81 50.84
Norm 1: from 1 = totally disagree to 5 = totally agree

Norm 2: from 1 = very improbable to 5 = very probable
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Table 12 The association between intentions and perceived control and heat protection behaviours
Variables Drinking water Reducing physical 

effort
Taking cool baths and 
showers

Visiting cool and air-condi-
tioned places

Using 
the 
AC

Intentions 1.60***
(0.13)

1.26***
(0.10)

1.56***
(0.10)

1.49***
(0.08)

1.02
(0.08)

Perceived control 1.12
(0.08)

1.01
(0.07)

1.16**
(0.09)

1.04
(0.07)

1.03
(0.13)

Sex (1 = man, 0 = women)) 0.67***
(0.09)

0.60***
(0.08)

0.94
(0.13)

0.82
(0.12)

0.63***
(0.09)

Education 0.97
(0.05)

1.03
(0.06)

0.85***
(0.05)

1.03
(0.06)

1.18**
(0.07)

Age > 75 years 0.80*
(0.11)

0.72**
(0.09)

0.85
(0.11)

0.91
(0.13)

0.83
(0.12)

Heart disease 1.18
(0.15)

1.09
(0.14)

0.99
(0.12)

0.97
(0.13)

1.17
(0.16)

Respiratory disease 1.26*
(0.17)

1.61***
(0.22)

1.03
(0.14)

0.75*
(0.12)

1.21
(0.19)

Diabetes 0.97
(0.14)

1.21
(0.17)

1.30*
(0.19)

1.08
(0.17)

0.92
(0.15)

Neurological disorder 0.73
(0.15)

0.91
(0.18)

1.11
(0.23)

1.29
(0.28)

0.99
(0.22)

N 970 958 963 935 781
LR chi2
Pseudo R square

79.50***
0.04

53.36***
0.02

120.42***
0.05

89.06***
0.04

20.28**
0.01

Odds ratios are reported

Standard errors in parentheses

***: p < 0.01; **: P < 0.05; *: P < 0.1

Table 13 Association between background conditions and heatwave protection behaviours
Variables Drinking water Reducing physical 

effort
Taking cool baths and 
showers

Visiting cool or air-condi-
tioned places

Using 
the AC

Sex (1 = man, 0 = women)) 0.64***
(0.08)

0.57***
(0.07)

0.83
(0.11)

0.82
(0.12)

0.63***
(0.09)

Education 1.00
(0.05)

1.08
(0.06)

0.83***
(0.04)

1.01
(0.06)

1.19***
(0.07)

Age > 75 years 0.77**
(0.10)

0.73**
(0.09)

0.80*
(0.10)

0.78*
(0.10)

0.84
(0.12)

Heart disease 1.10
(0.14)

1.13
(0.14)

0.96
(0.12)

0.97
(0.13)

1.16
(0.16)

Respiratory disease 1.12
(0.15)

1.58***
(0.21)

0.97
(0.13)

0.74**
(0.11)

1.14
(0.17)

Diabetes 0.91
(0.13)

1.23
(0.17)

1.26
(0.18)

1.10
(0.17)

0.94
(0.15)

Neurological disorder 0.72*
(0.14)

0.89
(0.17)

0.95
(0.20)

1.12
(0.25)

1.07
(0.23)

N 998 982 995 1000 818
LR chi2
Pseudo R square

20.11***
0.01

42.21***
0.02

21.45***
0.01

11.94*
0.01

20.28***
0.01

Odds ratios are reported

Standard errors in parentheses

***: p < 0.01; **: P < 0.05; *: P < 0.1
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was statistically significant according to three models and 
was between 0.57 and 0.64, suggesting that men were less 
likely than women to protect themselves from heatwaves. 
Finally, the effect of education was not consistent across 
behaviours. Education seemed to decrease the odds ratio 
of taking cool showers and to increase the odds ratio of 
using air conditioners.

Discussion
The fight against heatwaves is a shared responsibility 
between governments, citizens and the private sector 
[31]. This collective responsibility is notably salient in the 
case of heat warning systems and awareness campaigns, 
as the government is expected to provide relevant infor-
mation in a timely fashion to help citizens react positively 
to weather hazards by adopting appropriate protective 
actions. Since these interventions use information as pol-
icy instruments to influence individuals’ behaviour, their 
effectiveness is largely conditional on the validity of the 
assumptions related to human behaviours. This situation 
highlights the importance of using well-established theo-
retical models to understand the factors that influence 
the ways in which individuals react to weather hazards [5, 
11].

This study is one of the few studies to systematically use 
the TPB to identify the factors that explain the adoption 
of five protection behaviours that are commonly recom-
mended to mitigate the adverse effects of heatwaves on 
population health. The analysis indicated that attitudes, 
prescriptive norms and perceived control had positive 
effects on intentions to adopt heat protection actions. 
Moreover, a positive association was found between 
intentions and heat protection behaviours. These results 
are consistent with the TPB and empirical studies that 
use this theory to predict actions undertaken by individu-
als to protect themselves from heatwaves [10] and health 
risks [20, 22] and to explain behaviours in general [18, 22, 
32]. However, contrary to Barbara and Ajzen (2020), the 
assumption that perceived control moderates the effects 
of attitudes and prescriptive norms on intentions was not 
supported by the results of this study. The TPB thus con-
tributes to understanding heatwave adaptation by stress-
ing the importance of attitudes, norms and perceived 
control in choosing protection actions.

In addition to assessing the capacity of the TPB to 
explain heatwave adaptation, this study explored the 
associations between risk factors and the adoption of 
preventive measures. Compared with individuals in other 
social groups, men and elderly individuals were less likely 
to adjust their behaviours to heatwaves. Furthermore, 
health conditions associated with increased risks of heat-
waves, namely, heart and respiratory diseases, diabe-
tes, and neurological conditions, did not seem to have a 
notable influence on heat protection behaviours. These 

results are rather concerning given that individuals who 
are vulnerable to heatwaves have a greater need to adapt 
their behaviours to this weather hazard.

Regarding the policy implications of this study, in prin-
ciple, heat warnings are used to alert the population 
about heatwaves, raise awareness of the associated health 
threats, and recommend health protection actions [3]. As 
this study has found that intentions to adopt heat pro-
tection behaviours are affected by individuals’ attitudes, 
perceived norms, and perceived control, awareness cam-
paigns that target the key beliefs underlying these fac-
tors could improve the effectiveness of heat warnings 
[32]. The available evidence from different behavioural 
domains suggests that the underlying key beliefs of the 
TPB are pliable and therefore susceptible to influence 
by public health interventions [32]. However, as little is 
known about this topic in heat protection behaviours, 
further research is needed to address this question. Simi-
larly, this study suggests that heat warnings would be 
more effective when they take into account users’ ability 
to adopt the recommended behaviours. The findings also 
reveal the need to take action to encourage men and indi-
viduals who are vulnerable to hot weather to adopt the 
heat protection actions recommended by public health 
authorities and experts.

Among the limitations of this study, the TPB distin-
guishes between prescriptive and descriptive norms, but 
the effect of descriptive norms was not analysed in this 
study. Moreover, the estimations of the effects of inten-
tions and perceived control on behaviours would have 
been more consistent if repeated measures of heat pro-
tection behaviours were taken. Finally, the participants 
in this study were not randomly selected, which limits 
the generalizability of the findings. Notwithstanding 
these limitations, this study has the advantage of using 
longitudinal and prospective designs to test the effects 
of attitudes, norms, and intentions on heat protection 
behaviours. Compared to most studies on this issue, 
this study is better able to control for unobserved fixed 
confounding factors when testing the effect of attitudes, 
norms and perceived control on intentions and to reduce 
consistency biases when analysing the factors that influ-
ence the adoption of heat protection behaviours.

Conclusion
Using the ordinal panel fixed effect model, this study 
found firm evidence supporting the assumption that atti-
tudes, prescriptive norms, and perceived control have 
positive effects on the intention to adopt heat protection 
behaviours. Moreover, the analysis rejects the assumption 
that the effects of attitudes and norms are moderated by 
the perception of control. A cross-sectional ordinal logit 
model was used to analyse the determinants of the adop-
tion of heat protection behaviours. The results suggest 
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the presence of positive associations between intentions 
and behaviours. However, old age and health conditions 
that are associated with vulnerability to heatwaves were 
not found to improve protective behaviours.
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