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Abstract
Vulnerability to heat waves and their negative effects on health vary not only due to
individual factors but also due to situational factors, such as time and geography. Hence,
we explored seasonal variations and predictors of heat wave feelings of threat across
different heat wave geographical susceptibility locations in Portugal. A total of 238
Portuguese residents responded to a web-based longitudinal survey: before the summer,
during a heat wave in the summer, during the summer, and after the summer. Geograph-
ical location was used as an indicator of risk exposure, operationalized as heat wave
occurrence susceptibility (low, moderate, high). Heat wave demands and resources per-
ceptions were assessed to compute an indicator of heat wave feelings of threat. During
the heat wave, feelings of threat were higher among participants in high-susceptibility
locations, with demands outweighing resources perceptions, suggesting greater distress
and coping difficulty. Regression analysis suggested that older participants and female
participants living in moderate–high-susceptibility locations had greater difficulty in
recovering. Heat wave risk perception and positive affect about heat were identified
as the most consistent predictors of heat wave feelings of threat, with risk perception
increasing and positive affect decreasing such feelings. Participants with (individual
and geographical) vulnerability profiles, who had greater difficulty in coping and recov-
ering from heat waves, could benefit from resource-building/enhancing interventions.
In a climatic crisis context, monitoring psychological responses to heat waves (e.g.,
threat) may enable anticipated action to build resilience before, rather than after, the
effects become damaging to physical and psychological health.
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1 INTRODUCTION

Excessive exposure to extreme hot weather events can bring
significant complications to individuals, affecting their health
and wellbeing (Agüero, 2014; Charlson et al., 2021; Kovats
& Hajat, 2008; Ma et al., 2015; World Health Organization
[WHO], 2015). These negative effects can range from minor
symptoms, such as headache, nausea, sweating, weakness,
impaired cognition, experience of negative emotions, and loss
of productivity, to severe physical and mental complications,
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such as heat exhaustion, heat stroke, dehydration, distress,
anxiety, depression, and even death (Clayton et al., 2021;
Gasparrini & Armstrong, 2011; Hajat et al., 2010, 2014;
Laurent, 2021; Liu et al., 2021; Luber & McGeehin, 2008;
McGregor et al., 2007; Oray et al., 2018; Thompson et al.,
2018). Yet, the negative effects of extreme heat on health and
wellbeing vary across time, individuals, communities, popu-
lations, and geographical locations (Esplin et al., 2019; Hass
et al., 2021; Howe et al., 2019; Koppe et al., 2004; Mayrhuber
et al., 2018). This variation may be due not only to individual
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factors such as sociodemographic characteristics (e.g., age;
gender; education level) but also to situational factors such
as geographical (e.g., intensity and frequency of exposure)
and acclimation and adaptation processes (e.g., physiological
adaptation; familiarization; habituation). For example, when
compared to individuals living in geographical locations less
susceptible to the occurrence of heat waves and thus less
exposed to their risks, individuals in more susceptible loca-
tions may be more accustomed and familiarized with those
events. Such experience may have enabled them to mobi-
lize not only procedural knowledge and material resources,
but also physical, psychological, and social resources to help
counter the effects of extreme heat (Arbuthnott et al., 2016;
Esplin et al., 2019; Stocker et al., 2013; Valois et al., 2017).
Other factors, such as having healthy lifestyles (e.g., healthy
eating habits; regular physical activity), good health condi-
tion (e.g., absence of comorbidities), social support networks
(e.g., living with others; being integrated in the community),
adequate living conditions (e.g., thermal insulation), available
protective equipment (e.g., air conditioning units), economic
safety (e.g., having employment), and local interventions and
support facilities (e.g., public health interventions; commu-
nity cooling centers) have also been shown to mitigate the
negative impacts of extreme heat on health and wellbeing
(Arbuthnott et al., 2016; Bakhsh et al., 2018; Bose-O’Reilly
et al., 2021; Hancock & Vasmatzidis, 2003; Hass & Ellis,
2019; Hass et al., 2021; Marinucci et al., 2014; Mayrhu-
ber et al., 2018; Rodrigues et al., 2020; Widerynski et al.,
2017).

However, more frequent and intense exposure to extreme
heat, coupled with other factors such as age or belong-
ing to a risk group, can also deplete individuals physical,
psychological, and social resources (Hajat et al., 2014; Han-
cock & Vasmatzidis, 2003; Kovats & Hajat, 2008). This
can be further aggravated when the geographical locations
more susceptible to the occurrence of heat waves also cor-
respond to more isolated and low-income areas, with older
or more vulnerable populations, and greater inequalities in
the access to physical and psychological healthcare, as is
the case in Portugal (Di Meglio et al., 2018; Mauritti et al.,
2019; Moreira, 2011; Ordem dos Psicólogos Portugueses
[OPP], 2020; Rego et al., 2013; Rodrigues, 2019; Rodrigues
et al., 2020, 2021; Silva, 2012). For example, these regions
are typically located in the interior of the country and
are characterized by small villages and towns with lower
demographic density, having higher aging and elderly depen-
dency indexes, lower per capita purchasing power, fewer job
opportunities, scarcity of commercial and business centers,
and greater barriers in the access to emergency, primary,
and specialized healthcare units (e.g., greater travel dis-
tance and/or uneven terrain depending on the region). In that
regard, how heat waves and hot weather impact individu-
als living in different heat wave geographical susceptibility
locations, and their psychological responses to such events
over time (e.g., threat and stress), is still understudied in
research.

1.1 Demands and resources perceptions as
an indicator of threat and stress

Psychological responses of threat and stress as well as subja-
cent adaptation and coping behaviors can be understood as a
function of individuals subjective evaluation of (1) demands
(i.e., perceived demands—danger; effort; uncertainty) posed
by heat waves and other extreme hot weather events and
(2) personal and social resources (i.e., perceived resources—
knowledge and capabilities; dispositions; external support)
available to cope with such demands (Blascovich, 2007;
Blascovich & Mendes, 2000, 2010; Domingos et al., 2020;
Fredrickson, 2004; Gaspar et al., 2015, 2023; Gonzalez-Mulé
& Cockburn, 2017; Gonzalez-Mulé et al., 2021; Jenny et al.,
2019; Li et al., 2013; Skinner et al., 2003; Skinner & Zimmer-
Gembeck, 2007, 2015). Particularly, the ratio (D/R) between
demands (D) and resources (R) perceptions has been system-
atically associated to specific psychological, physiological,
and behavioral outcomes (for a review, see Blascovich &
Mendes, 2000, 2010; Tomaka et al., 1993, 1997). According
to the authors, higher values of this ratio (i.e., when perceived
demands are significantly higher than resources; D/R > 1)
have been associated to higher distress, worry, exhaustion,
avoidance rather than approach behaviors (e.g., withdrawal;
freeze), and more pernicious cardiovascular response pat-
terns (e.g., greater total peripheral resistance). Lower values
of this ratio (i.e., when perceived demands are signifi-
cantly lower than resources; D/R < 1) have been associated
to lower stress (i.e., distress and eustress), worry, exhaus-
tion, and less pernicious cardiovascular response patterns,
but also lower motivation for protection (e.g., unawareness;
underestimation). Balanced values of this ratio (i.e., when
perceived demands and resources are not significantly dif-
ferent; D/R ≈ 1) have been associated to higher eustress,
protective response, and approach rather than avoidance
behaviors (e.g., prevention; planning) while maintaining less
pernicious cardiovascular response patterns, making this an
“optimal motivational state”. This motivational state happens
when feelings of threat (D/R) are high enough to promote
protective action without inducing damaging levels of stress
or withdrawal/freeze behaviors (i.e., challenge). Moreover,
there is evidence that this type of operationalization (i.e.,
D/R) represents a type of canonical cortical operation1 that
provides explanation and context for the neural mechanisms
behind the formation of these feelings, that is, for exam-
ple, the feelings and the creation of meaning resulting from
the comparison between two perceptions (Aqil et al., 2021;
Carandini & Heeger, 2012; Louie et al., 2013).

Feelings of threat (D/R) can be influenced by multiple
individual and sociodemographic factors and are typically
context-dependent (Blascovich & Mendes, 2000; Theorell &
Karasek, 1996), being unclear if or how they vary in the con-

1 Canonical cortical operations are mathematical operations applied by the brain in a
wide variety of contexts and capable of explaining and unifying seemingly unrelated
neural and perceptual phenomena (Aqil et al., 2021).
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 3

text of heat waves as well as across different seasons and
heat wave geographical susceptibility locations. This under-
standing can be particularly important, as it may provide
an evidence-based indicator about how different populations,
in different geographical locations and at different times of
the year, are feeling about heat waves (i.e., an indicator
of threat posed by heat waves) and how they are coping
with and recovering from heat waves and hot weather (i.e.,
an indicator of stress associated with heat waves and hot
weather). Because feelings of threat (D/R) are operational-
ized from demands (D) and resources (R) perceptions, it has
the advantage of also providing decision makers with addi-
tional information about the prevalence of such perceptions.
Additionally, better knowledge about predictors of feelings
of threat (D/R) can provide decision makers with evidence
for targeted interventions to promote protective action with-
out inducing damaging levels of stress. Due to their predictive
role, feelings of threat (D/R) can be further used as an indi-
cator of change in such interventions (Blascovich & Mendes,
2010).

In the context of heat waves, research suggests that fac-
tors, such as heat wave risk perception, positive affect about
heat, need for cognition, temperature feeling, temperature
interference in daily life, and awareness of heat protection
recommendations, may play an important role in shaping
feelings of threat, although their role is still unclear (Beck-
mann & Hiete, 2020; Bruine de Bruin et al., 2016; Hajat
et al., 2010; Hass et al., 2021; Lefevre et al., 2015). The cur-
rent study aims to contribute to this by providing a better
understanding of such role.

1.2 Current study

We conducted a web-based survey with a longitudinal
research design to explore feelings of threat (D/R), as an
indicator of how participants living in different geographical
locations of Portugal, varying in heat wave occurrence sus-
ceptibility (i.e., heat wave geographical susceptibility), felt
about heat waves. This was assessed across different sea-
sons of the year (i.e., an indicator of threat posed by heat
waves), reflecting an overall longitudinal indicator of how
participants coped with and recovered from heat waves and
hot weather (i.e., an indicator of stress associated with heat
waves and hot weather).

For that, we focused on three research questions: (RQ1)
Are there seasonal variations in heat wave feelings of threat
(D/R) within the groups of participants living in the different
heat wave geographical susceptibility locations of Portugal?
(RQ2) Are there seasonal variations in heat wave feelings of
threat (D/R) between the groups of participants living in the
different heat wave geographical susceptibility locations of
Portugal? and (RQ3) What factors predicted heat wave feel-
ings of threat (D/R) across different seasons and different heat
wave geographical susceptibility locations of Portugal?

2 METHODS

2.1 Sample

The web-based longitudinal survey was completed by a sam-
ple of 238 Portuguese residents that participated in all 4
waves: (1) in the spring before the summer; (2) during a
heat wave in the summer; (3) during the summer; and (4)
in the autumn after the summer. The sample was recruited
following nonrandom sampling procedures, namely, through
convenience and snowball sampling, resorting to institutions
that served as informants in the community (e.g., parish coun-
cils; elderly associations; universities) and other participants
for reference to potential participants. In that regard, we
requested these institutions collaboration for disseminating
the survey among their users. Additionally, survey instruc-
tions also requested that participants share the survey within
their social network.

Participants were between 17 and 89 years old (M = 39.13;
SD = 17.14), with 70.2% (n = 167) female, 68.9% (n = 164)
reporting at least level 3 professional/vocational or higher
education level, 15.1% (n= 36) reporting living alone, 52.9%
(n = 126) reporting doing regular physical activity, 62.6%
reporting being employed (n= 149), and 0.4% (n= 1) report-
ing having a health condition that could condition exposure to
hot weather (asthma).2 It should be noted that this is not a rep-
resentative sample of the Portuguese population, presenting
a higher proportion of female participants, higher education
level, and higher employment rates than what is found in the
Portuguese population.

2.2 Procedure and measures

Data was collected between June 2018 and November 2018.
The first survey wave (SW1) took place in June 2018, dur-
ing the last month of spring, before a heat wave. The second
survey wave (SW2) took place in August 2018, just after
the beginning of the summer and during a heat wave with
maximum average temperatures above 40◦C and minimum
average temperatures above 20◦C (Instituto Português do
Mar e da Atmosfera [IPMA], 2018a). The third survey wave
(SW3) took place outside of a heat wave during the sum-
mer in September 2018, which was characterized as the
hottest September since 1931 (IPMA, 2018b). The fourth
wave (SW4) took place in November 2018 outside of a heat
wave during the autumn, after the “summerlike” tempera-
tures that characterized the beginning of autumn 2018 in the

2 Considering this participant’s heat wave geographical susceptibility group (high sus-
ceptibility), it was observed that, for this participant and across survey waves, feelings
of threat (D/R) were below average, suggesting that, in this case, reporting a condition
did not contribute for an overestimation of feelings of threat.
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4 DOMINGOS ET AL.

country started decreasing3 (IPMA, 2018b). In the first survey
wave, participants received an email invitation to an online
survey about climate change and natural hazards, with the fol-
lowing instruction: “the aim of this study is to investigate how
people cope with climate change and natural hazards, such
has extreme temperature, throughout the different seasons
of the year.” This also included information about follow-
up survey waves, research contact procedures, and informed
consent, including the right to withdraw from the study at any
moment if they wished so. No additional information regard-
ing the survey was provided. On subsequent survey waves,
participants received an email with the same background
information and a request for continuing their participation.
Periodic reminders were also sent to participants who had not
yet given their responses. Collected measures are described
below.

2.2.1 Geographical susceptibility to the
occurrence of heat waves (heat wave geographical
susceptibility4)

This variable was assessed by asking participants the location
where they lived (e.g., town, village, hamlet name) and con-
sulting the geographical susceptibility level to the occurrence
of heat waves in that location, as issued in the Portuguese
National Civil Protection Commission Platform for Disas-
ter Risk Reduction (Plataforma Nacional para a Redução
do Risco de Catástrofes—PNRRC) “InfoRiscos”5 web tool.
Figure 1 shows the heat wave geographical susceptibility
map for Portugal. Depending on participants living location,
heat wave geographical susceptibility level was coded as low,
moderate, high, or very high. Because the four survey waves
were completed by only four participants who reported living
in very high heat wave geographical susceptibility locations,
we decided to merge this sample with the sample of par-
ticipants in the high-susceptibility category.6 As such, the
indicator of heat wave geographical susceptibility used in the
analysis is comprised by three levels: (1) low susceptibility;
(2) moderate susceptibility; (3) high susceptibility.

3 The beginning of autumn 2018 in Portugal was characterized by very high values of air
temperature, having been exceeded (or equaled) the values of the maximum temperature
for the month of September (IPMA, 2018b).
4 Heat wave geographical susceptibility is defined as the annual probability of
occurrence of heat waves in such locations, with the following classification:
low susceptibility—probability ≤30%; moderate susceptibility—probability 31%–
50%; high susceptibility—probability 51%–70%; very high susceptibility—probability
≥70%. In Portugal, the Institute for Sea and Atmosphere defines heat waves as 6 or
more consecutive days with maximum daily temperatures 5◦C above the average value
for the reference period, or 3 consecutive days with maximum daily temperatures 10◦C
above the average value for the reference period.
5 The “InfoRiscos” web tool is part of the Portuguese National Platform for Disaster
Risk Reduction (Plataforma Nacional para a Redução do Risco de Catástrofes) and
managed by the Portuguese National Civil Protection Commission. This web tool can
be accessed at https://www.pnrrc.pt/index.php/geovisualizador/.
6 For these four participants and across survey waves, feelings of threat (D/R) were
below average, suggesting that the inclusion on the high susceptibility group did not
contribute for an overestimation of feelings of threat.

2.2.2 Heat wave feelings of threat

This variable was computed by dividing the reported aver-
aged value of demands perceptions by the reported averaged
value of resources perceptions (D/R) in line with the threat
appraisal operationalization proposed by Tomaka et al. (1993,
1997). Besides providing an indicator of the magnitude of
heat wave feelings of threat, the computed measure also
provides information on when perceived demands exceed
perceived resources and vice versa (i.e., when perceived
demands are greater than perceived resources feelings of
threat indicator will be greater than 1, and lower other-
wise). To enable the computation of this indicator, heat
wave demands and resources perceptions were assessed using
two separate scales derived from the work developed by
Domingos et al. (2020). Items for these scales were redacted
following the categories and themes identified in the inter-
views conducted by Domingos et al. (2020), which enabled
the identification of public expressions of heat wave demands
and available coping resources. Prior to this study, we con-
ducted a pretest with a small sample of participants residing
in different geographical locations of Portugal to check if
there were any issues with the wording used in the items
redaction and assess if the items were understood by respon-
dents as reflecting heat wave demands and available coping
resources. The demands scale is comprised by 13 items rep-
resenting danger, effort, and uncertainty, and the resources
scale is comprised by 18 items representing knowledge, abil-
ities, skills, and also individual dispositions, and external
support (Appendix A). Both use a response scale anchored
from 1 (strongly disagree) to 5 (strongly agree). On each
survey wave, the demands scale was first presented to the
participants with the instruction, “The following statements
represent possible demands posed by heat waves, please rate
how much you agree or disagree with each one”, followed
by the 13 items presented in randomized order. Next, for the
resources scale, participants received the instruction: “The
following statements represent possible resources to cope
with the demands posed by heat waves, please rate how much
you agree or disagree with each one”, which was followed
by the 18 items presented in randomized order. Reliability,
observed for each survey wave, across the 13 demands scale
items (Cronbach’s α: SW1= 0.88; SW2= 0.89; SW3= 0.89;
SW4 = 0.89) and the 18 resources scale items (Cronbach’s α:
SW1 = 0.86; SW2 = 0.85; SW3 = 0.86; SW4 = 0.85) was
good and sufficient to warrant computing each participant’s
mean rating. No item had to be dropped (see Appendix B).
As these are new scales, and to provide additional evidence
on their validity, we also present a test–retest reliability cor-
relation matrix (see Appendix C) and an exploratory factor
analysis (see Appendix D). Results from the test–retest reli-
ability correlation matrix show moderate-to-strong positive
correlations between the repeated measures of demands and
resources, respectively. Correlations were strongest between
the Second Survey Wave (during a heat wave in the summer)
and the Third Survey Wave (during the summer). Results
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 5

F I G U R E 1 Portuguese National Civil Protection Commission Platform for Disaster Risk Reduction “InfoRiscos” Web Tool: with the heat wave
geographical susceptibility layer and respective heat wave susceptibility levels for mainland Portugal. Note: green, low susceptibility; yellow, moderate
susceptibility; orange, high susceptibility; red, very high susceptibility. Source: https://www.pnrrc.pt/index.php/geovisualizador/.

from the exploratory factor analysis explain more than 50%
of the variance of the demands and resources scales and
suggest differences between how items were grouped theoret-
ically and how items were factored together. Nevertheless, the
emerging factors’ content and themes are concurrent with the
theoretical categories that guided the creation of the demands
and resources scales, with some logical adjustments such
as danger and effort factoring together, and external sup-
port being divided into different subcategories (see Appendix
D). It should be noted that as these are new measures being
developed, more work is needed to better understand the
construct of demands and resources perceptions, their dimen-
sions, and factorial structure. Overall, the scales present good
indicators of internal consistency, test–retest reliability, and
the items factored together in a coherent factorial struc-
ture. These scales reflect participants overall perception of
demands posed by heat waves and of available resources to
cope with them, and they were used to compute the feelings
of threat indicator (D/R).

2.2.3 Heat wave risk perception

This variable was operationalized as a composite measure of
the perceived risk of heat waves to oneself and others. This
measure was comprised by three items using a response scale
anchored from 1 (extremely low) to 5 (extremely high). On
each survey wave, participants were asked, “How do you rate
the level of risk that heat waves have or may have?” consider-
ing the following items: (1) “For you”; (2) “For your family”;
(3) “For the Portuguese population”. Reliability, observed
for each survey wave, was good and sufficient to war-

rant computing each participant’s mean rating of heat wave
risk perception (Cronbach’s α: SW1 = 0.83; SW2 = 0.83;
SW3 = 0.86; SW4 = 0.85).

2.2.4 Temperature feeling

This variable was operationalized as a measure of how hot or
cold participants perceived the temperature to be during the
5 days prior to participating in each survey wave, consider-
ing the season. This was measured with a single item using a
response scale anchored from 1 (a lot colder than average for
the season) to 5 (a lot hotter than average for the season). In
each survey wave, participants were asked, “Considering the
current season, how do you classify the temperature you felt
in the last five days?”.

2.2.5 Temperature interference in daily life

This variable was operationalized as a measure of the per-
ceived interference of high temperatures in regular daily life
or routine. This measure included individual and social com-
ponents and was comprised by three items using a response
scale anchored from 1 (nothing at all) to 5 (extremely).
On each survey wave, participants were instructed, “How
much did the temperatures felt in the last five days inter-
fered with?” and considered the following items: (1) “Your
daily life or routine”; (2) “The daily life or routine of your
family”; (3) “The daily life or routine of the Portuguese pop-
ulation”. Reliability, observed for each survey wave, was
good and sufficient to warrant computing each participant’s
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6 DOMINGOS ET AL.

mean rating of perceived temperature interference in daily
life (Cronbach’s α: SW1 = 0.86; SW2 = 0.88; SW3 = 0.88;
SW4 = 0.89).

2.2.6 Positive affect about heat

This variable was assessed based on the translated version7

of the scale proposed by Lefevre et al. (2015). Participants
rated their positive affect about hot weather, on four items,
using a response scale anchored from 1 (strongly disagree)
to 5 (strongly agree). In each survey wave, participants were
instructed to “Read the following statements and rate how
much you agree or disagree with each one, considering the
meaning that hot weather has for you”. They considered the
following items, presented in randomized order: (1) “I love
hot weather”; (2) “I want to get tanned”; (3) “I spend time in
the sun when I can”; and (4) “I go on holiday to seek out warm
or hot weather”. Reliability, observed for each survey wave,
was good and sufficient to warrant computing each partici-
pant’s mean rating, as reflecting overall positive affect about
heat (Cronbach’s α: SW1 = 0.80; SW2 = 0.81; SW3 = 0.83;
SW4 = 0.82).

2.2.7 Need for cognition

This variable was measured using the short version proposed
by Epstein et al. (1996) included in the Rational-Experiential
Inventory short scale (REI-10), which was translated to Por-
tuguese.8 This scale is comprised by five items, using a
response scale anchored from 1 (completely false) to 5
(completely true). On each survey wave, participants were
instructed to “Read the following statements and rate how
much you agree or disagree with each one”. They considered
the following items, presented in randomized order: (1) “I
don’t like to have to do a lot of thinking” (reverse coded); (2)
“I try to avoid situations that require thinking in depth about
something” (reverse coded); (3) “I prefer to do something
that challenges my thinking abilities rather than something
that requires little thought”; (4) “I prefer complex to sim-
ple problems”; and (5) “Thinking hard and for a long time
about something gives me little satisfaction” (reverse coded).
Reliability across the five items, observed for each survey
wave, was good and sufficient to warrant computing each
participant’s mean rating, as reflecting a measure of partici-

7 The original version in English (Lefevre et al., 2015) was translated to Portuguese and
reverse translated to English by two independent translators fluent in both English and
Portuguese, and then screened by a third independent translator fluent in both languages.
The final version of the scale, in Portuguese, was then reviewed by the researchers
and pre-tested on a sample of Portuguese participants before being included in the
study. Two items from the original scale were previously excluded due to low internal
consistency. The Portuguese version can be made available upon request to the authors.
8 The original version in English (Epstein et al., 1996) was translated to Portuguese and
reverse translated to English by two independent translators fluent in both English and
Portuguese, and then screened by a third independent translator fluent in both languages.
The final version of the scale, in Portuguese, was then reviewed by the researchers and
pre-tested on a sample of Portuguese participants before being included in the study.
The Portuguese version can be made available upon request to the authors.

pants overall need for cognition (Cronbach’s α: SW1 = 0.82;
SW2 = 0.82; SW3 = 0.85; SW4 = 0.87).

2.2.8 Reports of having heard heat protection
recommendations

From the second survey wave onward, and in line with
Lefevre et al. (2015), this variable was assessed based on
participants reports of whether they had heard specific pub-
lic recommendations about how to protect themselves from
heat in the 5 days prior to their participation in the study. For
that, we asked participants, “in the last week did you hear or
read any news, information, or recommendation about what
to do or how to protect yourself from heat?” Possible answers
were “yes” and “no”.

2.2.9 Demographic variables

Participants reported their age, gender, highest level of edu-
cation completed, whether they lived alone or with others,
whether they did regular physical activity or not, if they had
(in their opinion) any health condition that could prevent or
make inadvisable the exposure to hot weather, and employ-
ment status. Comprehensive descriptive statistics can be seen
in Appendix E.

2.3 Analysis plan

Seasonal variations in heat wave feelings of threat (D/R)
within the groups of participants living in the different
heat wave geographical susceptibility locations of Portu-
gal were assessed using within-subjects ANOVAs (RQ1).
Between-subjects ANOVAs were used to further assess sea-
sonal variations in heat wave feelings of threat (D/R) between
the groups of participants living in the different heat wave
geographical susceptibility locations of Portugal (RQ2). Pre-
dictors of heat wave feelings of threat across different seasons
and different heat wave geographical susceptibility locations
of Portugal were assessed using multiple linear regressions
(RQ3). All analyses were conducted in IBM SPSS 20, and
the verification of assumptions (e.g., normality; absence
of multivariate outliers) for the used statistical tests and
bias corrections was performed in line with Marôco (2014)
and Tabachnick and Fidell (2007). For all analyses, we set
α = 0.05 (two-sided).

3 RESULTS

3.1 Seasonal and geographical variations in
heat wave feelings of threat (RQ1/RQ2)

Figure 2 consolidates the results of seasonal variations in heat
wave feelings of threat (D/R) within and between participants
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 7

F I G U R E 2 Seasonal variations in heat wave feelings of threat within
and between participants living in the different heat wave geographical
susceptibility locations. Note: SW1, First Survey Wave (before the
summer); SW2, Second Survey Wave (during a heat wave in the summer);
SW3, Third Survey Wave (during the summer); SW4, Fourth Survey Wave
(after the summer). Scale ranging from 0.2 to 5. Versions of the figure
separated by heat wave geographical susceptibility location can be seen,
respectively, in Appendix F (Figure F1–F3). Details on differences between
demands and resources perceptions, highlighting when D/R > 1, D/R < 1,
and D/R ≈ 1, can be seen in Appendix G.

living in the different heat wave geographical susceptibility
locations of Portugal, showing that (RQ1) Seasonal varia-
tions in heat wave feelings of threat were only significant
within participants living in high (F(3, 246) = 12.271;
p < 0.001; η2

p = 0.130; π = 0.998) and moderate (F(3,
144) = 5.445; p < 0.01; η2

p = 0.102; π = 0.904) heat
wave geographical susceptibility locations, and nonsignifi-
cant (F(3, 315) = 0.431; p = 0.690; η2

p = 0.004; π = 0.127)
within participants living in low heat wave geographical sus-
ceptibility locations; and that (RQ2) in each survey wave
were observed examples of significant differences in heat
wave feelings of threat between participants living in the dif-
ferent heat wave geographical susceptibility locations (F(8,
466) = 6.298; p < 0.001; η2

p = 0.102; π = 1.000).
Details on means and standard deviations can be seen in
Appendix E.

3.1.1 Higher feelings of threat during a heat
wave within participants living in high heat wave
geographical susceptibility locations

For participants living within high-susceptibility locations,
feelings of threat were significantly higher during a heat
wave in the summer (SW2; M = 1.10; SD = 0.27)
than before the summer (SW1; M = 0.97; SD = 0.24;
p < 0.001; 95% CI[0.06; 0.19]), during the summer (SW3;
M = 1.03; SD = 0.28; p < 0.01; 95% CI[0.02; 0.11]),
and after the summer (SW4; M = 0.96; SD = 0.22;
p < 0.001; 95% CI[0.07; 0.21]). No other significant dif-
ferences were observed among survey waves for these
participants.

3.1.2 Higher feelings of threat during a heat
wave within participants living in moderate heat
wave geographical susceptibility locations

For participants living within moderate-susceptibility loca-
tions, feelings of threat were significantly higher during a
heat wave in the summer (SW2; M = 0.99; SD = 0.15) than
before the summer (SW1; M = 0.92; SD = 0.16; p < 0.05;
95% CI[0.01; 0.13]) and after the summer (SW4; M = 0.94;
SD = 0.13; p < 0.05; 95% CI[0.01; 0.09]). No other sig-
nificant differences were observed between survey waves for
these participants.

3.1.3 Higher feelings of threat in high heat
wave geographical susceptibility locations before
the summer

Feelings of threat were significantly higher among partic-
ipants living in high-susceptibility locations (M = 0.97;
SD = 0.24) than among participants living in low-
susceptibility locations (M = 0.84; SD = 0.25; p < 0.001;
95% CI[0.05; 0.21]). Differences between participants
living in moderate-susceptibility locations (M = 0.92;
SD = 0.16) and participants living in low-susceptibility loca-
tions (M = 0.84; SD = 0.25) were marginally significant
(p < 0.10; 95% CI[−0.01; 0.18]). Differences between par-
ticipants living in high-susceptibility locations (M = 0.97;
SD = 0.24) and participants living in moderate-susceptibility
locations (M = 0.92; SD = 0.16) were nonsignificant
(p = 0.431; 95% CI[−0.05; 0.15]).

3.1.4 Higher feelings of threat in high heat
wave geographical susceptibility locations during
a heat wave in the summer

Feelings of threat were significantly higher among partic-
ipants living in high-susceptibility locations (M = 1.10;
SD = 0.27) than among participants living in moderate
(M = 0.99; SD = 0.15; p < 0.05; 95% CI[0.01; 20]) and low-
susceptibility locations (M = 0.86; SD = 0.23; p < 0.001;
95% CI[0.16; 0.32]). These were also significantly higher
among participants living in moderate-susceptibility loca-
tions (M= 0.99; SD= 0.15) than among participants living in
low-susceptibility locations (M = 0.86; SD = 0.23; p < 0.01;
95% CI[0.04; 0.23]).

3.1.5 Higher feelings of threat in high and
moderate heat wave geographical susceptibility
locations during the summer

Feelings of threat were significantly higher among
participants living in high-susceptibility locations
(M = 1.03; SD = 0.28) than among participants living in
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8 DOMINGOS ET AL.

low-susceptibility locations (M= 0.84; SD= 0.22; p< 0.001;
95% CI[0.11; 0.27]). These were also significantly higher
among participants living in moderate-susceptibility loca-
tions (M= 0.96; SD= 0.16) than among participants living in
low-susceptibility locations (M = 0.84; SD = 0.22; p < 0.01;
95% CI[0.03; 0.21]). Differences between participants liv-
ing high-susceptibility locations (M = 1.03; SD = 0.28)
and participants living in moderate-susceptibility locations
(M = 0.96; SD = 0.16) were nonsignificant (p = 0.206; 95%
CI[−0.03; 0.17]).

3.1.6 Higher feelings of threat in high and
moderate heat wave geographical susceptibility
locations after the summer

Feelings of threat were significantly higher among partic-
ipants living in high-susceptibility locations (M = 0.96;
SD = 0.22) than among participants living in low-
susceptibility locations (M = 0.85; SD = 0.21; p < 0.001;
95% CI[0.05; 0.19]). These were also significantly higher
among participants living in moderate-susceptibility loca-
tions (M= 0.94; SD= 0.13) than among participants living in
low-susceptibility locations (M = 0.85; SD = 0.21; p < 0.05;
95% CI[0.02; 0.18]). Differences between participants liv-
ing in high-susceptibility locations (M = 0.96; SD = 0.22)
and participants living in moderate-susceptibility locations
(M = 0.94; SD = 0.13) were nonsignificant (p = 0.805; 95%
CI[−0.06; 0.11]).

3.2 Seasonal and geographical predictors of
heat wave feelings of threat (RQ3)

Regarding RQ3, in the overall and across survey waves and
heat wave geographical susceptibility locations, heat wave
risk perception was identified as the most consistent posi-
tive predictor, increasing heat wave feelings of threat. Positive
affect about heat was identified as the most consistent nega-
tive predictor, decreasing heat wave feelings of threat. Yet,
situations were identified across heat wave geographical sus-
ceptibility locations where only one or none of the two was
found to be a significant predictor. Temperature interference
in daily life was found to be a positive predictor, increasing
heat wave feelings of threat during a heat wave (SW2) in
high and low heat wave geographical susceptibility locations,
and during the summer (SW3) in high heat wave geograph-
ical susceptibility locations. Need for cognition was found
to be a negative predictor, decreasing heat wave feelings of
threat during a heat wave (SW2) in high heat wave geograph-
ical susceptibility locations. Being employed was also found
to be a negative predictor, decreasing heat wave feelings of
threat before the summer (SW1) in high heat wave geograph-
ical susceptibility locations, as well as during a heat wave
(SW2) and during the summer (SW3) in low heat wave geo-
graphical susceptibility locations. Factors such as age and

being female were found to be positive predictors, increas-
ing heat wave feelings of threat after a heat wave (SW3
& SW4), particularly in high (age; being female) and mod-
erate (being female) heat wave geographical susceptibility
locations. As such, the analysis identified two classes of pre-
dictors: (1) predictors that increased heat wave feelings of
threat, such as heat wave risk perception, temperature inter-
ference in daily life, being female, and age; and (2) predictors
that decreased heat wave feelings of threat, such as positive
affect about heat, need for cognition, and employment sta-
tus. Detailed results of regression analyses can be seen in
Appendix H.

3.2.1 Significant predictors of heat wave
feelings of threat before the summer (SW1) in the
different heat wave geographical susceptibility
locations

In low-susceptibility locations, heat wave risk perception
increased (β = 0.41; p < 0.001; 95% CI[0.07; 0.18]), and
positive affect about heat decreased (β = −0.29; p < 0.01;
95% CI[−0.13; −0.03]) feelings of threat. In moderate-
susceptibility locations, positive affect about heat decreased
(β = −0.45; p < 0.01; 95% CI[−0.20; −0.03]) feelings of
threat. In high-susceptibility locations, positive affect about
heat (β = −0.30; p < 0.01; 95% CI[−0.14; −0.02]) and being
employed (β = −0.28; p < 0.05; 95% CI[−0.26; −0.01])
decreased feelings of threat, whereas heat wave risk per-
ception increased them (β = 0.27; p < 0.01; 95% CI[0.02;
0.16]).

3.2.2 Significant predictors of heat wave
feelings of threat during a heat wave in the
summer (SW2) in the different heat wave
geographical susceptibility locations

In low-susceptibility locations, positive affect about heat
(β = −0.29; p < 0.01; 95% CI[−0.11; −0.03]) and being
employed (β = −0.17; p < 0.05; 95% CI[−0.16; 0.000])
decreased feelings of threat. Heat wave risk perception
(β = 0.28; p < 0.01; 95% CI[0.02; 0.14]) and temperature
interference in daily life (β = 0.28; p < 0.01; 95% CI[0.02;
0.12]) increased feelings of threat. In moderate-susceptibility
locations, heat wave risk perception increased (β = 0.45;
p < 0.01; 95% CI[0.03; 0.17]) and positive affect about heat
decreased (β = −0.35; p < 0.05; 95% CI[−0.12; −0.01])
feelings of threat. In high-susceptibility locations, need for
cognition (β = −0.29; p < 0.01; 95% CI[−0.18; −0.03])
and positive affect about heat (β = −0.22; p < 0.05; 95%
CI[−0.12; −0.01]) decreased feelings of threat, whereas tem-
perature interference in daily life increased them (β = 0.23;
p < 0.05; 95% CI[0.01; 0.14]).
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 9

3.2.3 Significant predictors of heat wave
feelings of threat during the summer (SW3) in the
different heat wave geographical susceptibility
locations

In low-susceptibility locations, positive affect about heat
(β = −0.18; p < 0.05; 95% CI[−0.08; −0.001]) and being
employed (β = −0.17; p < 0.05; 95% CI[−0.16; −0.001])
decreased feelings of threat, whereas heat wave risk percep-
tion increased them (β = 0.50; p < 0.001; 95% CI[0.07;
0.19]). In moderate-susceptibility locations, positive affect
about heat decreased (β = −0.40; p < 0.05; 95% CI[−0.15;
−0.02]) and being female increased (β = 0.44; p < 0.05;
95% CI[0.04; 0.27]) feelings of threat. In high-susceptibility
locations, temperature interference in daily life (β = 0.48;
p < 0.001; 95% CI[0.08; 0.25]), age (β = 0.43; p < 0.05;
95% CI[0.001; 0.01]), and being female (β = 0.32; p < 0.01;
95% CI[0.07; 0.34]) increased feelings of threat.

3.2.4 Significant predictors of heat wave
feelings of threat after the summer (SW4) in the
different heat wave geographical susceptibility
locations

In low-susceptibility locations, heat wave risk perception
increased (β = 0.39; p < 0.001; 95% CI[0.05; 0.16]) and
positive affect about heat decreased (β = −0.28; p < 0.01;
95% CI[−0.10; −0.02]) feelings of threat. In moderate-
susceptibility locations, heat wave risk perception increased
feelings of threat (β = 0.49; p < 0.01; 95% CI[0.03; 0.16]).
In high-susceptibility locations, heat wave risk perception
(β = 0.27; p < 0.05; 95% CI[0.02; 0.16]) and being female
(β = 0.25; p < 0.05; 95% CI[0.01; 0.24]) increased feelings
of threat.

4 DISCUSSION

Extreme hot weather events such as heat waves have serious
impacts on health and wellbeing. Yet, how heat waves and
hot weather impact individuals living in different heat wave
geographical susceptibility locations of Portugal, as well as
their psychological responses (e.g., threat and stress) to such
events over time is still unclear (Esplin et al., 2019). Here,
we explored seasonal variations (before the summer; during
a heat wave in the summer; during the summer; after the sum-
mer) and predictors of heat wave feelings of threat (indicators
computed from perceived demands and resources) across
different heat wave geographical susceptibility locations in
Portugal. We found evidence of seasonal and geographical
variations in heat wave feelings of threat, suggesting that
the heat wave was more threatening for participants in high
heat wave geographical susceptibility locations, compared to
participants in other locations. Moreover, we identified heat
wave risk perception as the most consistent positive predictor

of heat wave feelings of threat, and positive affect about heat
as the most consistent negative predictor. This suggests that
positive affect about heat may work as a protective resource
in some situations, that is, by reducing feelings of threat
and distress when these are high and other resources may
be lacking. However, it may also reduce feelings of threat
in situations where these probably would need to be pro-
moted for motivating protective behavior, that is, when the
potentially risky situation is appraised as safe rather than
challenging.

During the heat wave, we found that heat wave feelings
of threat were higher among participants in high heat wave
geographical susceptibility locations, when compared to par-
ticipants in moderate- and low-susceptibility locations. Heat
wave feelings of threat were also higher among participants
in moderate heat wave geographical susceptibility locations,
when compared to participants in low-susceptibility loca-
tions. Yet, differently from participants in moderate heat
wave geographical susceptibility locations where perceived
demands and available coping resources did not differ signif-
icantly (D/R ≈ 1), participants in high susceptibility locations
perceived significantly more demands than available cop-
ing resources (D/R > 1). This suggests that participants in
high heat wave geographical susceptibility locations may
have experienced not only greater threat but also greater dis-
tress and difficulty in coping with the heat wave. Differently,
participants in moderate heat wave geographical susceptibil-
ity locations may have experienced a situation where heat
wave perceived demands were concerning, but resources
were perceived as enough to enable coping without induc-
ing damaging levels of stress or withdrawal/freeze behaviors
(Blascovich, 2007; Blascovich & Mendes, 2000, 2010; Skin-
ner et al., 2003; Skinner & Zimmer-Gembeck, 2007, 2015;
Tomaka et al., 1993, 1997).

Before and after the heat wave, we found no significant dif-
ferences in heat wave feelings of threat between participants
in high and moderate heat wave geographical susceptibil-
ity locations, with such feelings progressively decreasing in
both locations after the heat wave. Although the trend sug-
gests that participants recovered after the heat wave (i.e.,
D/R ≈ 1 or D/R < 1), analysis of predictors of heat wave
feelings of threat shows that older participants and female
participants living in moderate–high-susceptibility locations
had greater difficulty in recovering. For example, accord-
ing to Hass et al. (2021), women typically express high heat
risk perception as they often take on a larger caretaking role,
which can potentially increase their levels of threat and dis-
tress after heat waves, when taking care of affected family
members.

Interestingly, we found that heat wave feelings of threat
did not vary significantly, over time, among participants
in low heat wave geographical susceptibility locations. For
these participants, perceived heat wave demands were always
significantly lower than perceived resources (D/R< 1). More-
over, the indicator of heat wave feelings of threat (D/R)
tended to be significantly lower for participants in low heat
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10 DOMINGOS ET AL.

wave geographical susceptibility locations, when compared
to participants in high and moderate heat wave geographical
susceptibility locations, except before the heat wave, when
it did not differ significantly from participants in moder-
ate heat wave geographical susceptibility locations. On the
one hand, this suggests that, at the time, and considering
potential differences in the magnitude of the heat wave in
low heat wave geographical susceptibility locations, partic-
ipants perceived enough resources to cope with the perceived
demands posed by the heat wave. This was also supported by
predictor analysis, which identified being employed, a factor
typically associated to heat protection and adaptive response
(Hass et al., 2021), as contributing to lower heat wave feel-
ings of threat among these participants during and right after
the heat wave. This could possibly be due to the fact that
those being employed could, on average, be wealthier than
those unemployed and have greater resources to cope with
the heat wave. Yet, this interpretation should be taken with
care, as we did not collect data about participant’s socioeco-
nomic status in this study. On the other hand, considering that
low feelings of threat (i.e., when resources significantly out-
weigh demands) are also associated to lower motivation for
protection (Blascovich, 2007; Blascovich & Mendes, 2000,
2010), it is possible that participants living in these geo-
graphical locations were maybe still lacking awareness of
the demands and the risk posed by heat waves. For exam-
ple, as suggested by Hass et al. (2021, p. 5), “when a person
believes they are acclimatized to heat or believe they already
know what measures to take, they are less likely to take
protective measures.” The latter can be exacerbated by posi-
tive affect about heat, as suggested by the predictor analysis
and research showing that positive affect about heat tends to
reduce heat protection intentions and behaviors (Bruine de
Bruin et al., 2016; Lefevre et al., 2015). In fact, it was more
consistent in lowering heat wave feelings of threat than pre-
dictors typically associated with the mobilization of resources
and generation of alternatives for protection (e.g., ideas on
how to protect themselves), such as need for cognition and
employment status (Bakker, 1999; Bruine de Bruin et al.,
2015; Hass et al., 2021; Hittner, 2004; Ruiter et al., 2004;
Williams-Piehota et al., 2003), representing a potential affec-
tive bias with implications for health and wellbeing (i.e., “a
threat that evokes positive affect”; Bruine de Bruin et al.,
2016), but also a protective factor when resources are lack-
ing (Skinner et al., 2003; Skinner & Zimmer-Gembeck, 2007,
2015; Swim et al., 2009).

Although studies suggest that greater heat wave risk per-
ception can increase heat protection intentions and behaviors
(Ban et al., 2019; Bruine de Bruin et al., 2016; Esplin
et al., 2019; Hajat et al., 2010; Hass et al., 2021; Kalkstein
& Sheridan, 2007; Lefevre et al., 2015; Sheridan, 2007),
these findings, in accordance with Esplin et al. (2019), also
highlight that increasing heat wave risk perception with-
out providing resources, can have a detrimental effect as
it may result in greater threat, distress, and further deple-
tion of physical and psychological resources (Clayton et al.,

2021; Swim et al., 2009). Furthermore, research suggests
that following the communication of heat warnings, cop-
ing resources are not always immediately available (Esplin
et al., 2019), the effectiveness of various heat protection
measures is often unknown, and protective behaviors are
still misunderstood (Hass et al., 2021; Kalkstein & Sheri-
dan, 2007; Sheridan, 2007). Considering this context, results
further indicate that people living in high heat wave geo-
graphical susceptibility locations of Portugal and potentially
vulnerable groups (e.g., elderly; females) living in both high-
and medium-susceptibility locations, could greatly benefit
from resource-building interventions to help them cope with
and recover from the demands posed by these extreme hot
weather events.

Results also suggest that closer monitoring of people’s
awareness of demands and availability of resources (e.g.,
ability) to cope with these events across different heat wave
geographical susceptibility locations is needed and can be
useful for policy planning. Such monitoring may enable, for
example, the timely delivery of resource-building interven-
tions, that is, before rather than after the effects of extreme
heat become damaging to health and wellbeing (Kim et al.,
2014). This capability may be particularly important con-
sidering the vulnerability of Portugal to climate change
(Naumann et al., 2020; Rocha et al., 2020; Rodrigues et al.,
2021; Schleussner et al., 2019) and the fact that extreme hot
weather events are expected to become more intense, fre-
quent, and long-lasting (Clayton et al., 2015; Hajat et al.,
2014; Howe et al., 2019; Intergovernmental Panel on Climate
Change [IPCC], 2014; Lefevre et al., 2015; World Economic
Forum [WEF], 2017). The institutional capability to monitor,
identify emerging threats, and implement measures before
such threats escalate gains further importance considering
that some of the locations most susceptible to heat waves
in Portugal also correspond to locations characterized by an
older and more vulnerable population, with lower formal edu-
cation levels, lower income, poorer housing conditions, and
greater inequalities in the access to physical and psycho-
logical healthcare, that is, with less resources (Di Meglio
et al., 2018; Mauritti et al., 2019; Moreira, 2011; OPP, 2020;
Rego et al., 2013; Rodrigues, 2019; Rodrigues et al., 2020,
2021; Silva, 2012). In that regard, the survey-based method-
ology used in this study provides a practical example of an
evidence-based and theory-driven, easy-to-implement, and
relatively low-cost way for assessing indicators of psycho-
logical responses of threat and stress associated with heat
waves and hot weather, with the potential to be adapted and
applied in the assessment of other “real world risky situa-
tions.” Because feelings of threat (D/R) are operationalized
from demands (D) and resources (R) perceptions, it has
the advantage, if needed, of also providing decision mak-
ers with additional information about the prevalence of such
perceptions.

Although providing preliminary evidence that monitor-
ing heat wave demands and resources perceptions over time
enables better understanding about peoples’ psychological
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 11

responses of threat and stress associated with such extreme
weather events, the current study presents some limitations.
The sample was collected following non-random sampling
procedures and is not representative of the Portuguese pop-
ulation or of the populations living in the different heat
wave geographical susceptibility locations. As such, results
are indicative, and generalizations should be parsimonious.
Yet, the sample captures the heterogeneity of some sociode-
mographic characteristics of those populations, and robust
statistical procedures were used to reduce the potential impact
of sample limitations. Moreover, when collecting the sample,
procedures were implemented for limiting biasing effects of
convenience samples, namely, through the diversification of
the geographical locations where the sample was recruited.
As such, the sample was comprised by participants from
multiple locations within the same heat wave geographi-
cal susceptibility level (i.e., living in different geographical
locations with the same level of heat wave occurrence sus-
ceptibility), from the north to south, and from littoral to
inland. Lastly, it should be noted that although presenting
good indicators of internal consistency, test–retest reliability,
and items factoring together in a coherent factorial structure,
the demands and resources perception scales correspond to
new instruments that are still being improved. Nevertheless,
we believe that this work also provides a much needed con-
tribution to understanding the nature and dimensions of these
constructs, promoting further developments.

Despite its limitations, the current study provides a much
needed exploratory longitudinal analysis, whose absence
was previously recognized as a limitation in the field of
human responses to extreme hot weather events (see Hass
et al., 2021). Future studies can explore more comprehen-
sive samples, consider additional predictors, and include
behavioral and physiological indicators of threat and stress.
Such studies can also include measures of magnitude of
heat waves in different heat wave geographical susceptibil-
ity locations (e.g., daily or average temperature during the
heat wave) and individual acclimation to heat (e.g., habitua-
tion). In line with Hass et al. (2021), the current longitudinal
study also highlights the importance of greater integration
between research and intervention to provide citizens with
the individual and social resources they still need to cope
with, adapt, and build resilience to the demands posed by
extreme hot weather events and other emerging risks in a
context of climate crisis. For example, it provides practi-
cal evidence indicative that people living in high heat wave
geographical susceptibility locations of Portugal may still be
needing protective resources, while highlighting the need to
monitor threat and stress responses in moderate and low geo-
graphical susceptibility locations. By doing this, resources
can be provided before, rather than after, these individuals
start experiencing damaging levels of distress due to heat
waves.
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A P P E N D I X A : H E AT WAV E D E M A N D S A N D R E S O U R C E S P E R C E P T I O N S C A L E S

Scales of heat wave demands and resources perceptions, with items in their respective theoretical subcategories and instructions

Demands scale

The following statements represent possible demands posed by heat waves; please rate how much you agree or disagree with each one. During a heat wave…

Danger It1. There is greater danger to my physical and bodily health (more headaches, colds, etc.)

It2. There is greater danger to my mental health (more stress, anxiety, discomfort, etc.)

It3. There is greater danger to my life (more likely to faint, lose consciousness, dying, etc.)

It4. There is greater danger to my social life (more likely to be isolated, away from others, miss on social events, etc.)

It5. There is greater danger for people typically seen as more “vulnerable” (children, elderly, etc.)

It6. There is greater danger to the environment (pets, plants, wildlife, etc.)

Effort It7. I have greater physiologic effort (more sweating, accelerated heartbeat, alterations in blood pressure, etc.)

It8. I have greater physical effort (more tiredness, fatigue, apathy, weakness, etc.)

It9. I have greater mental effort (more difficulty in thinking, concentrating, making decisions, etc.)

It10. I have greater emotional effort (more discomfort, irritability, difficulty in maintaining good mood, etc.)

It11. I have a greater financial effort (more expenses with air conditioning equipment, fans, and other climatization devices,
electricity bills, etc.)

Uncertainty It12. I have greater doubts about what can happen to me (consequences, harms, risks, etc.)

It13. I have greater doubts about what to do to protect myself (available resources, protective behaviors, etc.)

Resources scale

The following statements represent possible resources to cope with the demands posed by heat waves; please rate how much you agree or disagree with each
one. During a heat wave…

Knowledge,
abilities, and
skills

It1. I have equipment that can help me deal with the heat (air conditioning, fans, chillers, etc.)

It2. I have clothing that can help me cope with the heat (fresh and transpirable clothes, hats, etc.)

It3. I have objects that can help me cope with the heat (hand fans, water sprayers, etc.)

It4. I have information and communication technologies that can help me cope with the heat (social networks, smart apps,
etc.)

It5. I have financial resources that can help me cope with the heat (readily available money, savings, etc.)

It6. I have access to places that can help me cope with the heat (places with shades, cooled places, climatized places, etc.)

It7. I have physical capabilities that can help me cope with the heat (stamina, vitality, physical health, etc.)

It8. I have mental capabilities that can help me cope with the heat (ability to plan ahead, devise strategies, etc.)

It9. I have emotional capabilities that can help me cope with the heat (ability to control my emotions, to recognize and control
what I’m feeling, etc.)

It10. I have avoidance behaviors that can help me cope with the heat (escape the heat, avoid going outside, etc.)

It11. I have approach behaviors that can help me cope with the heat (looking for protective places, hydrate myself, etc.)

Dispositions It12. I have personality tendencies that can help me cope with the heat (being calm, patient, understanding, interested, etc.)

It13. I have thinking and action tendencies that can help me cope with the heat (being proactive, preventive, thoughtful, etc.)

External Support It14. I have family and friends who can support and help me cope with the heat (relatives, neighbors, etc.)

It15. I have professionals who can give me recommendations and help me cope with the heat (health professionals, firefighters,
etc.)

It16. I have available information that can help me cope with the heat (informative pamphlets, web pages, etc.)

It17. I have a belief that my faith in God, or in other spiritual beliefs, can help me cope with the heat

It18. I have institutions that can help me cope with the heat, if necessary (associations, community institutions, health
authorities, etc.)

Note: The Portuguese version can be made available upon request to the authors. The English version presented above is a simple translation from the Portuguese version used in
the study. Before use in English or another language, the scales should be adapted and adjusted to the specific cultural background of the country and, if possible, validated. Each
scale was presented separately (demands first), and the item presentation of each scale was randomized. Both scales used a response scale anchored from 1 (strongly disagree) to 5
(strongly agree).
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A P P E N D I X B : C R O N B AC H ’ S A L P H A R E L I A B I L I T Y S TAT I S T I C S F O R D E M A N D S
A N D R E S O U R C E S S C A L E S

Cronbach’s alpha for demands and resources scales in each survey wave and average

No. items α SW1 α SW2 α SW3 α SW4 Average α

Demands 13 0.876 0.888 0.886 0.892 0.886

Resources 18 0.859 0.845 0.859 0.853 0.854

Note: SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey Wave (during the summer); SW4, Fourth
Survey Wave (after the summer).

Demands and resources scales Cronbach’s alpha if item deleted

Demands scale Resources scale

α SW1 α SW2 α SW3 α SW4 α SW1 α SW2 α SW3 α SW4

Item 1 0.859 0.873 0.872 0.875 0.854 0.839 0.850 0.853

Item 2 0.858 0.871 0.869 0.875 0.852 0.837 0.854 0.845

Item 3 0.863 0.871 0.879 0.880 0.852 0.835 0.851 0.846

Item 4 0.868 0.879 0.875 0.884 0.849 0.831 0.848 0.844

Item 5 0.878 0.890 0.889 0.892 0.856 0.840 0.853 0.849

Item 6 0.875 0.891 0.887 0.893 0.849 0.833 0.849 0.845

Item 7 0.874 0.881 0.882 0.885 0.850 0.835 0.850 0.845

Item 8 0.864 0.879 0.876 0.883 0.848 0.830 0.847 0.844

Item 9 0.861 0.872 0.869 0.877 0.851 0.829 0.845 0.841

Item 10 0.861 0.874 0.869 0.875 0.858 0.850 0.858 0.849

Item 11 0.872 0.887 0.880 0.890 0.850 0.839 0.856 0.842

Item 12 0.865 0.879 0.879 0.884 0.851 0.835 0.850 0.845

Item 13 0.869 0.885 0.878 0.890 0.849 0.831 0.844 0.841

Item 14 – – – – 0.852 0.841 0.852 0.844

Item 15 – – – – 0.847 0.829 0.841 0.839

Item 16 – – – – 0.843 0.829 0.846 0.838

Item 17 – – – – 0.872 0.864 0.874 0.872

Item 18 – – – – 0.855 0.841 0.854 0.849

Note: SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey Wave (during the summer); SW4, Fourth
Survey Wave (after the summer).
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A P P E N D I X C : T E S T – R E T E S T R E L I A B I L I T Y C O R R E L AT I O N M AT R I X F O R
D E M A N D S A N D R E S O U R C E S S C A L E S

Correlations between the demands scale applied on each survey wave

Variable Demands SW1 Demands SW2 Demands SW3 Demands SW4

Demands SW1 –

Demands SW2 0.652*** –

Demands SW3 0.683*** 0.809*** –

Demands SW4 0.686*** 0.715*** 0.750*** –

Note: SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey Wave (during the summer); SW4, Fourth
Survey Wave (after the summer).
*** p < 0.001.

Correlations between the resources scale applied on each survey wave

Variable Resources SW1 Resources SW2 Resources SW3 Resources SW4

Resources SW1 –

Resources SW2 0.679*** –

Resources SW3 0.702*** 0.816*** –

Resources SW4 0.587*** 0.653*** 0.693*** –

Note: SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey Wave (during the summer); SW4, Fourth
Survey Wave (after the summer).
***p < 0.001.

A P P E N D I X D : D E M A N D S A N D R E S O U R C E S S C A L E S E X P L O R AT O R Y FAC T O R
A N A LY S I S

Demands scale exploratory factor analysis

Factor 1 Factor 2 Factor 3

Demands item 10 0.700

Demands item 9 0.626

Demands item 8 0.619

Demands item 2 0.603

Demands item 1 0.574

Demands item 7 0.533

Demands item 3 0.492

Demands item 12 0.852

Demands item 13 0.634

Demands item 4 0.605

Demands item 11 0.438

Demands item 5 0.743

Demands item 6 0.736

Note: Demands scale exploratory factor analysis considered the first application of the scale (i.e., first survey wave—before the summer). Kaiser–Meyer–Olkin (KMO) = 0.882.
Applied factoring method is ordinary least squares. Applied rotation method is Varimax. Base analysis on Polychoric/tetrachoric correlation matrix. The three-factor solution, based
on scree plot inflection point, explains 56.2% of variance.
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18 DOMINGOS ET AL.

Demands scale items grouped by factors retained in exploratory factor analysis

Factor 1 (e.g., physical and psychological danger and effort)

Demands item 10 I have greater emotional effort (more discomfort, irritability, difficulty in maintaining good mood, etc.)

Demands item 9 I have greater mental effort (more difficulty in thinking, concentrating, making decisions, etc.)

Demands item 8 I have greater physical effort (more tiredness, fatigue, apathy, weakness, etc.)

Demands item 2 There is greater danger to my mental health (more stress, anxiety, discomfort, etc.)

Demands item 1 There is greater danger to my physical and bodily health (more headaches, colds, etc.)

Demands item 7 I have greater physiologic effort (more sweating, accelerated heartbeat, alterations in blood pressure, etc.)

Demands item 3 There is greater danger to my life (more likely to faint, lose consciousness, dying, etc.)

Factor 2 (e.g., general, social, and financial uncertainties)

Demands item 12 I have greater doubts about what can happen to me (consequences, harms, risks, etc.)

Demands item 13 I have greater doubts about what to do to protect myself (available resources, protective behaviors, etc.)

Demands item 4 There is greater danger to my social life (more likely to be isolated, away from others, miss on social events, etc.)

Demands item 11 I have a greater financial effort (more expenses with air conditioning equipment, fans, and other climatization devices, electricity
bills, etc.)

Factor 3 (e.g., social and environmental dangers)

Demands item 5 There is greater danger for people typically seen as more “vulnerable” (children, elderly, etc.)

Demands item 6 There is greater danger to the environment (pets, plants, wildlife, etc.)

Resources scale exploratory factor analysis

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Resources item 11 0.810

Resources item 10 0.639

Resources item 2 0.607

Resources item 6 0.586

Resources item 3 0.394

Resources item 13 0.576

Resources item 12 0.753

Resources item 9 0.720

Resources item 7 0.643

Resources item 8 0.593

Resources item 18 0.719

Resources item 15 0.578

Resources item 17 0.564

Resources item 5 0.766

Resources item 1 0.442

Resources item 14 0.437

Resources item 4 0.611

Resources item 16 0.488

Note: Resources scale exploratory factor analysis considered the first application of the scale (i.e., first survey wave—before the summer). Kaiser–Meyer–Olkin (KMO) = 0.875.
Applied factoring method is ordinary least squares. Applied rotation method is Varimax. Base analysis on Polychoric/tetrachoric correlation matrix. The five-factor solution, based
on scree plot inflection point, explains 57.1% of variance.
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 19

Resources scale items grouped by factors retained in exploratory factor analysis

Factor 1 (e.g., approach and avoidance coping behaviors)

Resources item 11 I have approach behaviors that can help me cope with the heat (looking for protective places, hydrate myself, etc.)

Resources item 10 I have avoidance behaviors that can help me cope with the heat (escape the heat, avoid going outside, etc.)

Resources item 2 I have clothing that can help me cope with the heat (fresh and transpirable clothes, hats, etc.)

Resources item 6 I have access to places that can help me cope with the heat (places with shades, cooled places, climatized places,
etc.)

Resources item 3 I have objects that can help me cope with the heat (hand fans, water sprayers, etc.)

Factor 2 (e.g., physical and psychological coping capabilities)

Resources item 13 I have thinking and action tendencies that can help me cope with the heat (being proactive, preventive, thoughtful,
etc.)

Resources item 12 I have personality tendencies that can help me cope with the heat (being calm, patient, understanding, interested,
etc.)

Resources item 9 I have emotional capabilities that can help me cope with the heat (ability to control my emotions, to recognize and
control what I’m feeling, etc.)

Resources item 7 I have physical capabilities that can help me cope with the heat (stamina, vitality, physical health, etc.)

Resources item 8 I have mental capabilities that can help me cope with the heat (ability to plan ahead, devise strategies, etc.)

Factor 3 (e.g., instrumental external support)

Resources item 18 I have institutions that can help me cope with the heat, if necessary (associations, community institutions, health
authorities, etc.)

Resources item 15 I have professionals who can give me recommendations and help me cope with the heat (health professionals,
firefighters, etc.)

Resources item 17 I have a belief that my faith in God, or in other spiritual beliefs, can help me cope with the heat

Factor 4 (e.g., proximity and material external support)

Resources item 5 I have financial resources that can help me cope with the heat (readily available money, savings, etc.)

Resources item 1 I have equipment that can help me deal with the heat (air conditioning, fans, chillers, etc.)

Resources item 14 I have family and friends who can support and help me cope with the heat (relatives, neighbors, etc.)

Factor 5 (e.g., informational and technological external support)

Resources item 4 I have information and communication technologies that can help me cope with the heat (social networks, smart
apps, etc.)

Resources item 16 I have available information that can help me cope with the heat (informative pamphlets, web pages, etc.)
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20 DOMINGOS ET AL.

A P P E N D I X E : D E S C R I P T I V E S TAT I S T I C S F O R A L L VA R I A B L E S C O L L E C T E D I N
T H E S T U D Y

Descriptive statistics

Variable M; SD; n or % (n)

Heat wave geographical susceptibility

Low susceptibility 44.5% (106)

Moderate susceptibility 20.6% (49)

High susceptibility 33.2% (79)

Very high susceptibility (merged with high) 1.7% (4)

Age global M = 39.13; SD = 17.14; n = 238

16–25 24.8% (59)

26–60 58.8% (140)

61–75 13.9% (33)

+76 2.5% (6)

Age low susceptibility M = 34.29; SD = 12.65; n = 106

16–25 28.3% (30)

26–60 66.0% (70)

61–75 5.7% (6)

+76 0.0% (0)

Age moderate susceptibility M = 38.29; SD = 17.47; n = 49

16–25 32.7% (16)

26–60 51.0% (25)

61–75 14.3% (7)

+76 2.0% (1)

Age high susceptibility M = 45.86; SD = 19.72; n = 83

16–25 15.7% (13)

26–60 54.2% (45)

61–75 24.1% (20)

+76 6.0% (5)

Gender global

Male 29.8% (71)

Female 70.2% (167)

Gender low susceptibility

Male 34.0% (36)

Female 66.0% (70)

Gender moderate susceptibility

Male 28.6% (14)

Female 71.4% (35)

Gender high susceptibility

Male 25.3% (21)

Female 74.7% (62)

Education level global M = 4.25; SD = 1.10; n = 238

None (L1) 0% (0)

Primary education (L2) 10.1% (24)
(Continues)
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 21

Descriptive statistics

Variable M; SD; n or % (n)

Secondary education (L3) 21.0% (50)

Professional/vocational education (L4) 2.9% (7)

Higher education (L5) 66.0% (157)

Education level low susceptibility M = 4.66; SD = .80; n = 106

None (L1) 0% (0)

Primary education (L2) 2.8% (3)

Secondary education (L3) 12.3% (13)

Professional/vocational education (L4) .9% (1)

Higher education (L5) 84.0% (89)

Education level moderate susceptibility M = 4.22; SD = 1.05; n = 49

None (L1) 0% (0)

Primary education (L2) 6.1% (3)

Secondary education (L3) 26.5% (13)

Professional/vocational education (L4) 6.1% (3)

Higher education (L5) 61.2% (30)

Education level high susceptibility M = 3.73; SD = 1.25; n = 83

None (L1) 0% (0)

Primary education (L2) 21.7% (18)

Secondary education (L3) 28.9% (24)

Professional/vocational education (L4) 3.6% (3)

Higher education (L5) 45.8% (38)

Living alone global

Yes 15.1% (36)

No 84.9% (202)

Living alone low susceptibility

Yes 19.8% (21)

No 80.2% (85)

Living alone moderate susceptibility

Yes 8.2% (4)

No 91.8% (45)

Living alone high susceptibility

Yes 13.3% (11)

No 86.7% (72)

Physical activity global

Yes 52.9% (126)

No 47.1% (112)

Physical activity low susceptibility

Yes 59.4% (63)

No 40.6% (43)

Physical activity moderate susceptibility

Yes 44.9% (22)

No 55.1% (27)

Doing physical activity high susceptibility

Yes 49.4% (41)

No 50.6% (42)
(Continues)
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22 DOMINGOS ET AL.

Descriptive statistics

Variable M; SD; n or % (n)

Health condition global

Yes (asthma; high susceptibility) 0.4% (1)

No 99.6% (237)

Employ status global

Employed 62.6% (149)

Unemployed/retired 37.4% (89)

Employ status low susceptibility

Employed 69.8% (74)

Unemployed/retired 30.2% (32)

Employ status moderate susceptibility

Employed 55.1% (27)

Unemployed/retired 44.9% (22)

Employ status high susceptibility

Employed 57.8% (48)

Unemployed/retired 42.2% (35)

Heard heat protection recommendations

Survey Wave 2 Global

Yes 81.5% (194)

No 18.5% (44)

Survey Wave 3 Global

Yes 78.2% (186)

No 21.8% (52)

Survey Wave 4 Global

Yes 83.2% (198)

No 16.8.% (40)

Survey Wave 2 low susceptibility

Yes 77.4% (82)

No 22.6% (24)

Survey Wave 2 moderate susceptibility

Yes 81.6% (40)

No 18.4% (9)

Survey Wave 2 high susceptibility

Yes 86.7% (72)

No 13.3% (11)

Survey Wave 3 low susceptibility

Yes 73.6% (78)

No 26.4% (28)

Survey Wave 3 moderate susceptibility

Yes 75.5% (37)

No 24.5% (12)

Survey Wave 3 high susceptibility

Yes 85.5% (71)

No 14.5% (12)

Survey Wave 4 low susceptibility

Yes 78.3% (83)

No 21.7% (23)
(Continues)
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 23

Descriptive statistics

Variable M; SD; n or % (n)

Survey Wave 4 moderate susceptibility

Yes 87.8% (43)

No 12.2% (6)

Survey Wave 4 high susceptibility

Yes 86.7% (72)

No 13.3% (11)

Heat wave feelings of threat (D/R)

Survey Wave 1 global M = 0.90; SD = 0.24; n = 238

Survey Wave 2 global M = 0.96; SD = 0.25; n = 238

Survey Wave 3 global M = 0.93; SD = 0.25; n = 238

Survey Wave 4 global M = 0.91; SD = 0.20; n = 238

Survey Wave 1 low susceptibility M = 0.84; SD = 0.25; n = 106

Survey Wave 1 moderate susceptibility M = 0.92; SD = 0.16; n = 49

Survey Wave 1 high susceptibility M = 0.97; SD = 0.24; n = 83

Survey Wave 2 low susceptibility M = 0.86; SD = 0.23; n = 106

Survey Wave 2 moderate susceptibility M = 0.99; SD = 0.15; n = 49

Survey Wave 2 high susceptibility M = 1.10; SD = 0.27; n = 83

Survey Wave 3 low susceptibility M = 0.84; SD = 0.22; n = 106

Survey Wave 3 moderate susceptibility M = 0.96; SD = 0.16; n = 49

Survey Wave 3 high susceptibility M = 1.03; SD = 0.28; n = 83

Survey Wave 4 low susceptibility M = 0.85; SD = 0.21; n = 106

Survey Wave 4 moderate susceptibility M = 0.94; SD = 0.13; n = 49

Survey Wave 4 high susceptibility M = .96; SD = .22; n = 83

Heat wave risk perception

Survey Wave 1 global M = 3.30; SD = .74; n = 238

Survey Wave 2 global M = 3.45; SD = .75; n = 238

Survey Wave 3 global M = 3.31; SD = .78; n = 238

Survey Wave 4 global M = 3.30; SD = .73; n = 238

Survey Wave 1 low susceptibility M = 3.20; SD = .79; n = 106

Survey Wave 1 moderate susceptibility M = 3.19; SD = .60; n = 49

Survey Wave 1 high susceptibility M = 3.49; SD = .71; n = 83

Survey Wave 2 low susceptibility M = 3.24; SD = .79; n = 106

Survey Wave 2 moderate susceptibility M = 3.41; SD = .64; n = 49

Survey Wave 2 high susceptibility M = 3.74; SD = 0.66; n = 83

Survey Wave 3 low susceptibility M = 3.16; SD = 0.66; n = 106

Survey Wave 3 moderate susceptibility M = 3.22; SD = 0.66; n = 49

Survey Wave 3 high susceptibility M = 3.56; SD = 0.74; n = 83

Survey Wave 4 low susceptibility M = 3.20; SD = 0.79; n = 106

Survey Wave 4 moderate susceptibility M = 3.25; SD = 0.67; n = 49

Survey Wave 4 high susceptibility M = 3.45; SD = 0.65; n = 83

Temperature feeling

Survey Wave 1 global M = 1.81; SD = 0.80; n = 238

Survey Wave 2 global M = 4.36; SD = 0.75; n = 238

Survey Wave 3 global M = 3.56; SD = 0.80; n = 238

Survey Wave 4 global M = 3.22; SD = 1.03; n = 238
(Continues)
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24 DOMINGOS ET AL.

Descriptive statistics

Variable M; SD; n or % (n)

Survey Wave 1 low susceptibility M = 1.88; SD = 0.87; n = 106

Survey Wave 1 moderate susceptibility M = 1.65; SD = 0.60; n = 49

Survey Wave 1 high susceptibility M = 1.81; SD = 0.80; n = 83

Survey Wave 2 low susceptibility M = 4.29; SD = 0.68; n = 106

Survey Wave 2 moderate susceptibility M = 4.18; SD = 0.93; n = 49

Survey Wave 2 high susceptibility M = 4.55; SD = 0.70; n = 83

Survey Wave 3 low susceptibility M = 3.50; SD = 0.78; n = 106

Survey Wave 3 moderate susceptibility M = 3.67; SD = 0.88; n = 49

Survey Wave 3 high susceptibility M = 3.57; SD = 0.77; n = 83

Survey Wave 4 low susceptibility M = 3.43; SD = 0.93; n = 106

Survey Wave 4 moderate susceptibility M = 3.29; SD = 0.87; n = 49

Survey Wave 4 high susceptibility M = 2.93; SD = 1.18; n = 83

Temperature interference in daily life

Survey Wave 1 global M = 2.44; SD = 0.83; n = 238

Survey Wave 2 global M = 3.21; SD = 0.90; n = 238

Survey Wave 3 global M = 2.38; SD = 0.80; n = 238

Survey Wave 4 global M = 2.25; SD = 0.82; n = 238

Survey Wave 1 low susceptibility M = 2.40; SD = 0.85; n = 106

Survey Wave 1 moderate susceptibility M = 2.42; SD = 0.70; n = 49

Survey Wave 1 high susceptibility M = 2.50; SD = 0.88; n = 83

Survey Wave 2 low susceptibility M = 3.07; SD = 0.91; n = 106

Survey Wave 2 moderate susceptibility M = 3.14; SD = 0.90; n = 49

Survey Wave 2 high susceptibility M = 3.43; SD = 0.85; n = 83

Survey Wave 3 low susceptibility M = 2.37; SD = 0.84; n = 106

Survey Wave 3 moderate susceptibility M = 2.39; SD = 0.66; n = 49

Survey Wave 3 high susceptibility M = 2.39; SD = 0.83; n = 83

Survey Wave 4 low susceptibility M = 2.23; SD = 0.87; n = 106

Survey Wave 4 moderate susceptibility M = 2.23; SD = 0.75; n = 49

Survey Wave 4 high susceptibility M = 2.28; SD = 0.81; n = 83

Positive affect about heat

Survey Wave 1 global M = 3.27; SD = 0.87; n = 238

Survey Wave 2 global M = 2.99; SD = 0.91; n = 238

Survey Wave 3 global M = 3.08; SD = 0.93; n = 238

Survey Wave 4 global M = 3.20; SD = 0.89; n = 238

Survey Wave 1 low susceptibility M = 3.43; SD = 0.93; n = 106

Survey Wave 1 moderate susceptibility M = 3.26; SD = 0.64; n = 49

Survey Wave 1 high susceptibility M = 3.07; SD = 0.89; n = 83

Survey Wave 2 low susceptibility M = 3.14; SD = 0.96; n = 106

Survey Wave 2 moderate susceptibility M = 3.02; SD = 0.78; n = 49

Survey Wave 2 high susceptibility M = 2.80; SD = 0.90; n = 83

Survey Wave 3 low susceptibility M = 3.21; SD = 1.02; n = 106

Survey Wave 3 moderate susceptibility M = 3.06; SD = 0.75; n = 49

Survey Wave 3 high susceptibility M = 2.93; SD = 0.89; n = 83

Survey Wave 4 low susceptibility M = 3.28; SD = 0.99; n = 106

Survey Wave 4 moderate susceptibility M = 3.16; SD = 0.75; n = 49

Survey Wave 4 high susceptibility M = 3.11; SD = 0.83; n = 83
(Continues)
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 25

Descriptive statistics

Variable M; SD; n or % (n)

Need for cognition

Survey Wave 1 global M = 3.65; SD = 0.74; n = 238

Survey Wave 2 global M = 3.58; SD = 0.73; n = 238

Survey Wave 3 global M = 3.58; SD = 0.72; n = 238

Survey Wave 4 global M = 3.59; SD = 0.78; n = 238

Survey Wave 1 low susceptibility M = 3.80; SD = 0.74; n = 106

Survey Wave 1 moderate susceptibility M = 3.59; SD = 0.66; n = 49

Survey Wave 1 high susceptibility M = 3.49; SD = 0.75; n = 83

Survey Wave 2 low susceptibility M = 3.77; SD = 0.67; n = 106

Survey Wave 2 moderate susceptibility M = 3.43; SD = 0.73; n = 49

Survey Wave 2 high susceptibility M = 3.43; SD = 0.76; n = 83

Survey Wave 3 low susceptibility M = 3.82; SD = 0.68; n = 106

Survey Wave 3 moderate susceptibility M = 3.41; SD = 0.72; n = 49

Survey Wave 3 high susceptibility M = 3.38; SD = 0.70; n = 83

Survey Wave 4 low susceptibility M = 3.79; SD = 0.71; n = 106

Survey Wave 4 moderate susceptibility M = 3.43; SD = 0.78; n = 49

Survey Wave 4 high susceptibility M = 3.44; SD = 0.80; n = 83
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26 DOMINGOS ET AL.

A P P E N D I X F : S E A S O N A L VA R I AT I O N S I N H E AT WAV E F E E L I N G S O F T H R E AT
W I T H I N PA R T I C I PA N T S L I V I N G I N T H E D I F F E R E N T H E AT WAV E
G E O G R A P H I C A L S U S C E P T I B I L I T Y L O C AT I O N
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SW1 SW2 SW3 SW4

Feelings of Threat: High Susceptibility

F I G U R E F 1 Seasonal variations in heat wave feelings of threat within participants living in high heat wave geographical susceptibility locations.
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Feelings of Threat: Moderate Susceptibility

F I G U R E F 2 Seasonal variations in heat wave feelings of threat within participants living in moderate heat wave geographical susceptibility locations.
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SW1 SW2 SW3 SW4

Feelings of Threat: Low Susceptibility

F I G U R E F 3 Seasonal variations in heat wave feelings of threat within participants living in low heat wave geographical susceptibility locations.
Note: For all figures—SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey
Wave (during the summer); SW4, Fourth Survey Wave (after the summer). Scale ranging from 0.2 to 5. Details on differences between demands and resources
perceptions highlighting when D/R > 1, D/R < 1, and D/R ≈ 1 can be seen in Appendix G.
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 27

A P P E N D I X G : D I F F E R E N C E S B E T W E E N D E M A N D S A N D R E S O U R C E S
P E R C E P T I O N S I N T H E D I F F E R E N T H E AT WAV E G E O G R A P H I C A L
S U S C E P T I B I L I T Y L O C AT I O N S AC R O S S S U RV E Y WAV E S

Paired sample t-tests for differences between demands and resources perceptions in the different heat wave geographical susceptibility locations across
survey waves, showing when demands perceptions are statistically higher, lower, or equal to resources perceptions

Paired differences

Mean (SD) 95% CI t(df) p

Low susceptibility

SW1: demands–resources −0.66(.90) [−0.83; −0.48] t(105) = −7.52 0.000

SW2: demands–resources −0.59(0.83) [−0.75; −0.43] t(105) = −7.37 0.000

SW3: demands–resources −0.64(0.83) [−0.80; −0.48] t(105) = −7.98 0.000

SW4: demands–resources −0.63(0.77) [−0.78; −0.48] t(105) = −8.44 0.000

Moderate susceptibility

SW1: demands–resources −0.32(0.56) [−0.48; −0.16] t(48) = −4.04 0.000

SW2: demands–resources −0.06(0.53) [−0.21; 0.10] t(48) = −0.73 0.469

SW3: demands–resources −0.17(0.57) [−0.33; −0.01] t(48) = −2.08 0.043

SW4: demands–resources −0.23(0.45) [−0.36; −0.10] t(48) = −3.51 0.001

High susceptibility

SW1: demands–resources −0.18(0.83) [−0.36: 0.001] t(82) = −1.98 0.052

SW2: demands–resources 0.24(0.85) [0.05; 0.42] t(82) = −2.56 0.012

SW3: demands–resources 0.01(0.83) [−0.17; 0.19] t(82) = 0.13 0.894

SW4: demands–resources −0.20(0.74) [−0.36; −0.04] t(82) = −2.46 0.016

Note: SW1, First Survey Wave (before the summer); SW2, Second Survey Wave (during a heat wave in the summer); SW3, Third Survey Wave (during the summer); SW4, Fourth
Survey Wave (after the summer). When perceived demands are significantly higher than resources, then D/R > 1; when perceived demands are significantly lower than resources,
then D/R < 1; when perceived demands and resources are not significantly different, then D/R ≈ 1.
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28 DOMINGOS ET AL.

A P P E N D I X H : R E G R E S S I O N A N A LY S E S ( S TA N D A R D I Z E D Β) S H O W I N G FAC T O R S
P R E D I C T I N G H E AT WAV E F E E L I N G S O F T H R E AT AC R O S S H E AT WAV E
G E O G R A P H I C A L S U S C E P T I B I L I T Y L O C AT I O N S A N D S U RV E Y WAV E S

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Predictors first survey wave

Before the summer

Age 0.08 −0.11 −0.08

[−0.002; 0.01] [−0.004; 0.002] [−0.01; 0.003]

Female −0.01 0.29† 0.10

[−0.10; 0.09] [−0.006; 0.21] [−0.06; 0.17]

Education level 0.04 0.13 −0.16

[−0.05; 0.07] [−0.02; 0.07] [−0.09; 0.03]

Living alone −0.03 −0.13 0.02

[−0.12; 0.09] [−.25; 0.10] [−.13; 0.16]

Physical activity −0.12 −0.01 −0.11

[−0.14; 0.03] [−0.10; 0.10] [−0.15; 0.05]

Being employed −0.14† −0.11 −0.28*

[−0.17; 0.01] [−0.12; 0.06] [−0.26; −0.01]

Heard recommendations _ _ _

Positive affect about heat −0.29** −0.45** −0.30**

[−0.13; −0.03] [−0.20; −0.03] [−0.14; −0.02]

Need for cognition −0.09 0.13 −0.19

[−0.09; 0.04] [−0.04; 0.10] [−0.13; 0.01]

Heat wave risk perception 0.41*** 0.08 0.27**

[0.07; 0.18] [−0.06; 0.10] [0.02; 0.16]

Temperature interference 0.13 0.19 0.09

[−0.02; 0.09] [−0.03; 0.11] [−0.04; 0.09]

Temperature feeling −0.04 0.26 0.03

[−0.07; 0.05] [−0.02; 0.16] [−0.05; 0.07]

R2 0.37 0.41 0.37

Model F F(11, 94) = F(11, 37) = F(11, 71) =

5.012*** 2.373* 3.716***

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Predictors second survey wave

Heat wave in the summer

Age 0.01 −0.16 0.22

[−0.003; 003] [−0.004; 0.001] [−0.001; 0.01]

Female −0.05 0.19 0.09

[−0.11; 0.06] [−0.04; 0.16] [−0.07; 0.17]

Education level 0.16† 0.08 0.002

[−0.004; 0.10] [−0.03; .05] [−0.06; 0.06]
(Continues)
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GEOGRAPHICAL SUSCEPTIBILITY LOCATIONS 29

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Living alone −0.01 0.10 −0.01

[−0.10; 0.09] [−0.10; 0.21] [−0.15; 0.14]

Physical activity 0.04 0.16 −0.02

[−0.06; 0.09] [−0.04; 0.14] [−0.11; 0.09]

Being employed −0.17* −0.07 −0.08

[−0.16; 0.000] [−0.10; 0.06] [−0.17; 0.08]

Heard recommendations −0.07 0.06 −0.08

[−0.13; 0.05] [−0.09; 0.14] [−0.12; 0.08]

Positive affect about heat −0.29** −0.35* −0.22*

[−0.11; −0.03] [−0.12; −0.01] [−0.12; −0.01]

Need for cognition −0.12 −0.22 −0.29**

[−0.10; 0.02] [−0.10; 0.01] [−0.18; −0.03]

Heat wave risk perception 0.28** 0.45** 0.20†

[0.02; 0.14] [0.03; 0.17] [−0.001; 0.16]

Temperature interference 0.28** 0.14 0.23*

[0.02; 0.12] [−0.03; 0.08] [0.01; 0.14]

Temperature feeling −0.05 0.03 0.03

[−0.07; 0.04] [−0.05; 0.05] [−0.07; 0.09]

R2 0.41 0.45 0.48

Model F F(12, 93) = 5.419*** F(12, 36) = 2.424* F(12, 70) = 5.416***

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Predictors third survey wave

During the summer

Age 0.07 −0.07 0.43*

[−0.002; 0.004] [−0.004; 0.002] [0.001; .01]

Female −0.08 0.44* 0.32**

[−0.11; 0.04] [0.04; 0.27] [0.07; 0.34]

Education level 0.09 0.13 0.01

[−0.02; 0.07] [−0.02; 0.07] [−0.07; 0.07]

Living alone −0.04 0.14 −0.07

[−0.11; 0.07] [−0.10; 0.26] [−0.23; 0.11]

Physical activity −0.05 −0.13 0.01

[−0.09; 0.05] [−0.14; 0.06] [−11; 0.12]

Being employed −0.17* 0.04 −0.09

[−0.16; −0.001] [−0.08; 0.10] [−0.19; 0.09]

Heard recommendations −0.02 0.06 0.07

[−0.09; 0.07] [−0.09; 0.14] [−0.10; 0.21]

Positive affect about heat −0.18* −0.40* −0.08

[−0.08; −0.001] [−0.15; −0.02] [−0.09; 0.04]

Need for cognition 0.04 0.19 −0.05

[−0.05; 0.07] [−0.02; 0.11] [−0.11; 0.07]
(Continues)
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30 DOMINGOS ET AL.

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Heat wave risk perception 0.50*** 0.29† 0.13

[0.07; 0.19] [0.000; 0.14] [−0.03; 0.13]

Temperature interference 0.11 0.18 0.48***

[−0.03; 0.09] [−0.03; 0.12] [0.08; 0.25]

Temperature feeling 0.004 −0.12 −0.06

[−0.05; 0.05] [−0.08; 0.04] [−0.10; 0.06]

R2 0.43 0.43 0.36

Model F F(12, 93) = 5.731*** F(12, 36) = 2.220* F(12, 70) = 3.323**

Low susceptibility Moderate susceptibility High susceptibility

β β β
95% CI 95% CI 95% CI

Predictors fourth survey wave

After the summer

Age 0.04 −0.03 −0.27

[−0.002; 0.004] [−0.003; 0.002] [−0.01; 0.001]

Female 0.02 0.25 0.25*

[−0.08; 0.10] [−0.02; 0.16] [0.01; 0.24]

Education level 0.09 −0.05 −0.25

[−0.03; 0.07] [−0.04; 0.03] [−0.10; 0.01]

Living alone 0.002 −0.07 0.08

[−0.10; 0.10] [−0.16; 0.10] [−0.09; 0.19]

Physical activity −0.04 0.15 −0.13

[−0.09; 0.06] [−0.04; 0.11] [−0.15; 0.04]

Being employed −0.17† −0.06 −0.12

[−0.16; 0.01] [−0.09; 0.05] [−0.17; 0.06]

Heard recommendations −0.12 −0.13 0.16

[−0.15; 0.03] [−0.17; 0.08] [−0.04; 0.24]

Positive affect about heat −0.28** −0.20 −0.08

[−0.10; −0.02] [−0.09; 0.02] [−0.08; 0.04]

Need for cognition −0.01 0.12 −0.03

[−0.06; 0.05] [−0.03; 0.07] [−0.07; 0.06]

Heat wave risk perception 0.39*** 0.49** 0.27*

[0.05; 0.16] [0.03; 0.16] [0.02; 0.16]

Temperature interference 0.02 −0.04 −0.12

[−0.05; 0.06] [−0.06; 0.05] [−0.09; 0.03]

Temperature feeling 0.01 −0.24 −0.06

[−0.04; 0.04] [−0.08; 0.01] [−0.06; 0.03]

R2 0.29 0.42 0.27

Model F F(12, 93) = 3.218** F(12, 36) = 2.135* F(12, 70) = 2.185*

Note: Standardized regression coefficients.
†p < 0.10.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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