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Abstract: This study aims to provide an in-depth understanding of what motivates older adults to
take their adaptive behaviors during extreme heat events. Elaborating the mediating role of emotion
in human behaviors, we empirically explore an interrelationship between individuals’ cognition,
emotion, and heat-protective action in response to heat warning system alarms. Through face-to-face
surveys and structural equation modeling, this study reveals that an increased level of cognition
about climate change, heat waves, and local policy measures leads to emotional responses such
as concern and worry, and consequently encourages people to comply with heat-related public
guidelines. Furthermore, we also consider individuals’ pre-existing health conditions and their
previous experiences of heat-related illnesses together with the emotional factors. The role of emotion
in mediating between cognition and heat-protective action is much greater than in mediating between
pre-existing health conditions and heat-protective action. We conclude that policy interventions to
educate older adults can effectively increase the likelihood of individual compliance with the relevant
preventive measures beyond their individual health and experiences.
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1. Introduction

Extreme weather events have gained worldwide attention. Heat waves are predicted
to occur more frequently, with greater intensity and duration in the future, creating a
global health concern [1,2]. Some previous studies have documented that such increased
magnitudes would explain escalating morbidity and mortality from heat-related illnesses,
such as heat stroke, heat exhaustion, and heat cramps [3-5]. While all can be affected, the
vulnerability to such symptoms differs according to individual characteristics. In particular,
the elderly and people with pre-existing illnesses are at higher risk, because they tend to
have weaker thermoregulatory systems and be less able to adapt themselves to excess
temperature [6-10].

In the fields of public health and preventive medicine, substantial evidence suggests
that these heat-related health problems can be prevented by taking appropriate actions,
such as avoiding outdoor activities and staying hydrated [11-13]. In contrast to the
aforementioned studies, other studies found that the improvement of public warning
systems and public education helped reverse the trend of increasing heat-related morbidity
and mortality [14,15]. Indeed, a large portion of public policy measures have focused
on encouraging people to take appropriate actions in the event of heat waves. Examples
include the real-time release of heat wave alarms through public websites and mobiles,
educating people on how to minimize heat-related health damage, and making daily visits
and phone calls to those who are at particularly high risk. In this regard, studies have
revealed the effectiveness of heat warning systems and public guidelines in minimizing
adverse health effects in general [16,17].

Sustainability 2021, 13, 3534. https:/ /doi.org/10.3390/su13063534

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-5406-8081
https://doi.org/10.3390/su13063534
https://doi.org/10.3390/su13063534
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13063534
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13063534?type=check_update&version=3

Sustainability 2021, 13, 3534

20f12

In the fields of social sciences and psychology, on the other hand, research has been
conducted to understand a fundamental mechanism to promote individual behavioral
changes [18]. In the decision-making of shifting behaviors toward heat-protective actions,
a higher level of cognition of heat wave risk plays an important role [6,19]. For example,
those who are well aware of the dangers of heat waves would be more likely to drink
plenty of water, reduce outdoor gardening, and use an umbrella and a hat when going
outside. Meanwhile, a less emphasized but important factor is the emotional response,
such as feelings of threat and concern, to the threat. It takes a mediating role in the
individual perceptions of the risk from heat waves [1,20], and it is expected that those who
are emotionally engaged in health-threatening circumstances are more likely to engage in
health-protective behaviors [21-23]. While those two factors are known to trigger people’s
behavioral changes in the face of heat-related threat [12], the magnitude of the contributions
that each has made has not been revealed. It might be guessed that the characteristics of the
people would matter in this respect, and public programs have to be designed differently
to cater to each group.

Then what is the behavioral mechanism of the elderly’s prevention action, responding
to a public warning of a heat event? Older adults are known to have relatively lower
cognitive levels and higher emotional concerns for their health than younger adults [10,24].
Does the emotion take a larger part in inducing behavioral change? Then are the current
public policies effective in encouraging older adults to adapt to the heat wave risks? While
older people are considered at particular risk due to their weaker health conditions and
lower awareness of heat-related risks [6], such questions have not been answered. In
order to promote heat-protective behaviors of older adults amid the increasing risk of heat
waves, it is crucial that scholars and planners understand their willingness to comply with
heat-related public measures and guidelines.

Against this backdrop, this research aims to empirically explore an interrelationship
between cognition, emotion, and heat-protective behaviors of people over the age of 50,
following activation of the heat warning system. Specifically, it addresses the question of
how public awareness of and personal emotions about heat waves influence the compliance
of the elderly with heat-related public guidelines. We used self-reported levels of awareness
of public interventions and the vulnerability felt during heat events as proxies to measure
cognition and emotion, respectively. For the purposes of comparison, we considered the
respondents’ pre-existing health conditions and their previous experience of heat-related
illnesses together with emotional factors. People with those conditions and experiences are
more prone to engage in heat-protective behaviors [6,11], regardless of their cognitive level.

We employed a two-fold analysis: first, using a questionnaire survey, we gathered the
information to produce an indicator—the level of behavioral change after a public warning
of an extreme heat event—and the two constructs, cognition and emotion; second, using a
structural equation model (SEM), we deciphered the aforementioned mechanism. The rest
of this paper is structured as follows: in the upcoming section we describe the analytical
design and method, we then provide the empirical results of structural equation modeling,
and we conclude the paper by discussing policy implications.

2. Background and Literature Review
2.1. Public Intervention in Response to Heat Waves in Seoul, South Korea

According to the Korea Meteorological Administration, the summer of 2018 was
recorded as the hottest since the beginning of observations in 1907. The highest daily
temperature in South Korea was recorded as 41 °C. The number of days with an average
daily temperature above 33 °C was 32 in that year, followed by 31 in 1994, 22 in 2016, and
19 in 2013. In the case of Seoul, the capital city of South Korea, 2018 was also notorious for
high humidity accompanying the heat. During the two months of July and August 2018,
the Seoul Automatic Weather System recorded an average daily maximum humidity of
81.8% and an average daily maximum temperature of 33.2 °C.
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The Seoul Metropolitan Government (SMG) has introduced various policy measures
to address heat-related health threat. One of these is the heat alarm system. This system is
activated when it is expected that the daily maximum temperature will be over 33.0 °C
for more than two consecutive days. The alarm goes off via cell phone text messages
listing precautions against heat: avoiding outdoor activities and drinking plenty of water.
In addition, SMG provides public services such as cooling centers, temporary shelters
for the homeless, and medical examinations for those susceptible to heat-related hazards.
According to the internal report of the Heat Response Task Force of SMG, from 2017 to 2018,
publicity activities through electronic signage increased from 29,990 times to 41,545 times,
street broadcasting increased by approximately 5 times, from 491 to 24,978, and media
exposure also increased from 796 to 1273. Nevertheless, it is unknown whether these public
relations activities were effective in promoting heat-protective actions by individuals.

2.2. Preventive Behaviors in Response to Heat Waves

In the study of preventive health behaviors, for decades, the “health belief” model
has long been the theoretical framework employed to explain why individuals engage in
preventive health behaviors and why they do not [21,22,25,26]. The model highlights the
role of individuals’ subjective perceptions of risks, in that those who feel threats sensitively
and recognize the costs and benefits of preventive health behaviors are more likely to
engage with public health programs. This explanation holds true in the case of heat
emergencies: a higher level of risk perception related to heat waves triggers heat-protective
actions [19,20,27].

Cognition and emotion are recognized as the two factors that make up risk perception,
inducing behavioral changes [12]. First, knowledge about heat waves drives behavioral
changes [21,22,28]. Some previous studies have assessed whether local health programs or
media campaigns improved climate change literacy and promoted public understanding of
climate problems [28-30]. In general, advice from health professionals is well understood
by people and leads to the alteration of their daily routines. The previous research also
emphasized the importance of public communication and educational efforts to raise
awareness of the dangers of heat exposure, especially among the vulnerable population, in
order to encourage their protective behaviors [28].

Second, emotions also play an imperative role in driving preventive behaviors. The
role of emotional responses, such as worry and regret, was revealed in the decision to get
an influenza vaccination [31]. Those who were more concerned about heat-related hazards
were also more likely to take preventive actions, such as having an air conditioner at
home [20]. On the other hand, positive feelings about heat also affected behavioral changes.
Those who relish hot weather or enjoy sun exposure are less likely to take heat-protective
actions [1]. In addition, such emotions can be built from past experiences or preexisting
health conditions. People who have experienced heat-related illnesses or have chronic
diseases are more concerned about heat-related risks [11,32].

Recently, a sequential relationship among cognition, emotion, and behavioral changes
was established [12]. They systematically reviewed the existing studies on the effectiveness
of heat warning systems and explained that the cognition of heat-related dangers triggers
emotions upon heat warnings, such as feeling threatened or fearful. Then the cognitive and
emotive factors together affect the decision to take preventive action. Although the study
synthesized the preexisting discussions on this matter, it did not provide empirical evidence
supporting the interrelationship between cognition, emotion, and heat-protective action.

3. Analytical Design and Method
3.1. Study Setting

Our analysis aims to reveal the behavioral mechanism by which older people take
preventive actions in response to heat waves. We focus on the magnitude of the influence
that cognition and emotion contribute to the behavioral changes: (1) what is the magnitude
that cognition of heat waves directly promotes compliance with public guidelines to take
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heat-protective actions; (2) what is the magnitude that emotional response to heat waves
directly promotes compliance with public guidelines to take heat-protective actions; (3)
what is the magnitude that cognition indirectly promotes compliance with public guidelines
to take heat-protective actions by influencing emotional responses. With this synthesis
framework described in Figure 1, we were able to compare the magnitude of indirect
influences of cognition with those of an individual’s health condition.

i v
Cognitionof | N Emotion | N Heat-protective
Heat Waves (Worry & Need) Action
A

Preexistng | |
Health Condition

Figure 1. Key research framework.

In order to analyze the integrative mechanism of cognition, emotion, and heat-
protective action, this study utilized cross-sectional survey data collected as part of South
Korea’s national research project on climate change and adaptation policy. The survey was
conducted in February 2019 through face-to-face interviews by the professional staff at
Gyunggi Research Center. Since the heat wave of 2018 was notable not only for its dura-
tion but also for its intensity, the survey participants were asked about their heat-related
experiences in that summer and about their general knowledge of climate change and
heat waves.

A total of 300 people over the age of 50 participated. Since it is well established that
older people tend to have a lower understanding of the health risks of heat waves and
are less engaged in taking proper actions [8,10,12], we focused on those over 50 and their
behavioral responses to extreme heat events. Among the five regions of Seoul depicted in
Figure 2, the city center is characterized by the lowest population density, the highest ratio
of people over 50 years old, and the highest employment density. Thus, we recruited survey
participants who live or work in the city center of Seoul, which covers three ward-level
local governments: Jungu, Jongrogu, and Yongsangu.

0153 6 9 12

15
1Kilometers

Figure 2. Survey area.

3.2. Questionnaire

In the survey, we asked three groups of questions regarding the three components
illustrated in Figure 1; heat-protective actions, cognition, and emotion (See Appendix A
for more details). Additionally, we also asked the survey participants about their socioe-
conomic characteristics and their pre-existing health conditions. First, for the part on
heat-protective action, respondents recorded their perceived level of behavioral change
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in response to the heat alarm. The specific question was, “To what degree do the heat
alarm system and the emergency text message affect your behavioral change?” The answer
was measured on a 5-point Likert-type scale ranging from 1 = Not influential at all to
5 = Very influential.

To measure the level of cognition, we utilized three questions: How much are you
aware of climate change? How much do you know about the adverse health effects of heat
waves due to climate change? and How much do you know about local heat action plans
to reduce the health effects of heat waves (i.e., cooling shelter, emergency contacts, and
health care services)? All three answers were measured on a 5-point Likert-type scale.

Levels of personal emotion were also measured by three questionnaire items: How
much do you worry about the impacts of climate change on your life in the future? How
much do you worry about the impacts of heat waves on your health in the future? and
How much do you feel the necessity for a heat alarm system to reduce adverse health
effects such as heat stroke or heat exhaustion? The first two questions are related to the
extent of negative emotions about climate change and heat waves, and the third question is
related to positive emotions about the public intervention. All three variables were coded
on a 5-point Likert-type scale.

The survey also included questions on demographic and socioeconomic characteristics
such as gender, age, education, and occupation. Pre-existing health conditions were
measured by two dichotomous questions: first, whether the participants had previously
experienced heat illness; second, whether they had chronic diseases such as diabetes,
hypertension, or cardiovascular disease.

3.3. Structural Equation Model

We employed an SEM to analyze the integrative and sequential mechanisms among
cognition, emotion, and compliance with heat-related public guidelines by taking action.
SEM is widely applied to analyze survey data in behavioral studies [33] because this
methodology has the advantages of taking into account measurement errors of the survey
questions, evaluating direct, indirect, and total effects, and testing the overall model’s good-
ness of fit with statistical indicators [34]. By establishing a latent construct from multiple
indicators, this technique captures the causal relationships among multiple variables and
provides a way to verify theoretical models [35,36].

The SEM analysis followed two steps. First, we made two latent constructs—cognition
and emotion—and then we explored the simple bivariate relationship between each con-
struct and the resultant indicator—the perceived level of heat-protective action—one by
one. Second, we applied a full SEM to examine the interrelationship between the constructs
and the indicator. Since those key constructs include ordinal and dichotomous variables, we
applied a robust weighted least square estimator (WLSMV) in Mplus (Muthen & Muthen,
Los Angeles, CA, USA) 8.3. WLSMYV provides the weighted least square method using a
diagonal weight matrix, which has been suggested to be superior to the use of Maximum
Likelihood when ordinal data are analyzed [36,37].

To assess the fitness of the structural equation models, we use five different measures.
In the first step of measurement models, we use composite reliability (CR) and average
variance extracted (AVE) to assess reliability of our latent constructs. CR indicates the
internal consistency of the multiple indicators that compose the construct and AVE indicates
the ratio of the variance explained by the construct to that by the error. In general, CR is
expected to be greater than 0.70 while AVE is expected to be greater than 0.5. In the second
step of structural models, we use the comparative fit index (CFI), the Tucker-Lewis Index
(TLI) and the root mean square error of approximation (RMSEA) to assess the goodness of
fit. It is generally expected that CFI and TLI are greater than 0.9 while RMSEA is lower
than 0.06. All results were standardized to compare the effect size of variables regardless
of their unit scales.
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4. Results
4.1. Descriptive Statistics

The demographic and socioeconomic characteristics of the survey participants are
shown in Table 1. Of the 300 survey participants, 161 (53.7%) were female and the rest were
male. The average age of the participants was 64. Housing tenure shows the economic
stability of the age group studied: 191 (63.7%) owned their own house, 103 (34.3%) were
renters, and 6 others lived in the house of a child or acquaintance.

Table 1. Characteristics of survey participants.

Categories Frequency Percentage
Gend female 161 53.7%
ender male 139 46.3%
50-59 134 44.7%
Age 60-69 71 23.7%
& 70-79 59 19.7%
>80 36 12%
middle school or lower 85 28.3%
Education high school 149 49.7%
university or higher 66 22%
white-collar 39 13%
indoor labor 125 41.7%
Occupation outdoor labor 47 15.7%
housewife 47 15.7%
unemployed & retired 42 14%
own 191 63.7%
Housing tenure rent 103 34.3%
others 6 2%
Total 300 100%

In Table 2, the average perceived level of behavioral change equaled 2.873 with a
standard deviation of 1.220. This means that 133 (44.3%) gave negative responses such as
“not at all” and “not really,” while 122 (40.7%) gave positive responses such as “somewhat”
and “very much.” For the three questions regarding cognition, the survey participants
showed the lowest level of awareness about the local heat action plans (mean = 2450),
while knowledge of climate change and knowledge of adverse heat wave effects were
above the middle (means = 3.400 and 3.307, respectively). This indicates that, on average,
survey participants consider themselves to have sufficient knowledge about the danger
of extreme heat events due to climate change; however, they have less understanding of
what local municipalities offer to the public in response to such events. The emotional
levels registered about the three items were roughly similar: worry about climate change
(mean = 3.793), worry about adverse heat wave effects (mean = 3.650), and feelings about
the level of necessity for a heat alarm system (mean = 3.583) all exhibited means within a
narrow range.

As to preexisting health conditions, 201 (67.0%) participants had experienced health
issues such as sleep disturbance, fatigue, headache, dyspnea, rash, or heatstroke during
the summer of 2018; 115 people (38.3%) currently had a chronic disease that was being
treated or medicated. In general, people with heat-illness experience or chronic disease had
a higher level of preventive action, cognition, and emotion related to heat wave risks than
those without such a history. This corresponds to extant studies in that people with weak
health conditions have been found to be more cautious and more involved in preventive
actions against heat episodes.
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Table 2. Survey responses.

C F Cognition Emotion
atego req. Acti
sory b ctont vl v2 v3 v4 v5 v6
Total 300 2.873 3.400 3.307 2.450 3.793 3.650 3.583
(1.220) (1.025) (0.888) (0.958) (0.832) (0.885) (0.966)
2.975 3.597 3.373 2.428 3.935 3.781 3.726
yes 201
(1.210) (0.986) (0.886) (0.978) (0.788) (0.844) (0.933)
Past heat illness experience
2.667 3.000 3.172 2.495 3.505 3.384 3.293
no 99
(1.221) (0.990) (0.881) (0.919) (0.850) (0.911) (0.972)
3.096 3.417 3.409 2.548 3.887 3.730 3.626
yes 115
(1.192) (1.034) (0.887) (0.891) (0.803) (0.862) (0.912)
Chronic disease
2.735 3.389 3.243 2.389 3.735 3.600 3.557
no 185

(1.220)  (1.021)  (0.885)  (0.994)  (0.847)  (0.898)  (0.999)

Note. The mean values of each survey question are measured on 5-point Likert scales. Standard deviations are in parentheses.

4.2. Simple SEMs

The first SEM investigating the direct relationship between cognition and heat-protective
action is presented in Table 3. All factor loadings of the cognitive factor were statistically
significant at a 1% level. The latent construct of cognition showed a modest level of overall
internal consistency with a composite reliability (CR) of 0.599 and an average variance
extracted (AVE) of 0.332.

Table 3. Effects of cognition on preventive action.

Measured by Std. Factor Loading SE p-Value

Cognition — Climate change 0.586 0.059 0.000 ***

Cognition — Adverse health effects 0.587 0.057 0.000 ***

Cognition — Local heat action plan 0.556 0.057 0.000 ***
CR =0.599, AVE = 0.332

Regressed on Std. coeff. SE p-value

Action < Cognition 0.632 0.060 0.000 ***

CFI: 0.993, TLI: 0.979, RMSEA: 0.054

*p<0.1,*p<0.05 **p<0.01.

The cognitive construct showed a significantly positive impact on the level of preven-
tive health behaviors, which supported our first hypothesis. The positive standardized
beta coefficient of 0.632 implies that as the level of cognition increases, the likelihood of
engaging in preventive health actions also increases. It empirically verified that a higher
level of cognition of heat waves promoted behavioral change during extreme heat events.
The comparative fit index (CFI) of 0.993 and the Tucker-Lewis index (TLI) of 0.979 were
greater than 0.9. The Root Mean Square Error of Approximation (RMSEA) of 0.054 was
also lower than 0.06, indicating goodness of fit.

The second SEM model, investigating the direct relationship between emotion and
heat-protective action, is presented in Table 4. Using the three survey questions regarding
the level of concern about climate change, heat illnesses, and the need for a heat action
plan, we created an emotive construct as a latent variable. Each of the factor loadings was
standardized and statistically significant below the 1% significance level. CR was 0.794 and
AVE was greater than 0.5, which showed high overall internal consistency.
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Table 4. Effects of emotion on preventive action.
Measured by Std. Factor Loading SE p-Value
Emotion — Concern about climate change 0.824 0.035 0.000 ***
Emotion— Worry about heat illness 0.787 0.038 0.000 ***
Emotion — Eziigégt iei;o;icaﬁe need for a 0.630 0.040 0.000 ***
CR =0.794, AVE = 0.565
Regressed on Std. coeff. SE p-value
Action < Emotion 0.650 0.042 0.000 ***

CFI: 0.910, TLI: 0.729, RMSEA: 0.378

¥p<0.1,* p <005 p<00L.

The emotive construct also displayed a significantly positive impact on preventive
health behaviors, which supported our second hypothesis. The standardized coefficient of
0.650 means that the likelihood of engaging in preventive health behavior increases when
the emotive factor increases with worries and need. CFI was 0.91, demonstrating goodness
of fit. Yet the TLS and RMSEA showed a modest result. It is noted that although CFI and
RMSEA are widely used to assess the fit of SEMs, the two indices can produce different
evaluation results when the sample size is small [38].

4.3. Full SEM

In Figure 3 and Table 5, we present the direct and indirect effects of cognition on heat-
protective action through an emotive construct. First, the validity of our structural model
was based on the fit indices: CFI = 0.917, TLI = 0.881, RMSEA = 0.111. Although these
indices are widely applied to assess the fit of SEMs, only CFI met the cutoff standard. The
reasons for different cutoff values can be explained by the fact that our model employed
many categorical variables and a relatively small sample number of 300. Meanwhile, we
included the paths from the education level to the cognition level as a reference variable for
middle school or lower, but it did not show any significant relationship with cognition. Thus
we interpret a sequential relationship among cognition, emotion, and behavioral changes.

vl v2 v3

0.628 *** 0.656 ***  0.422 ***
—

........................................................................ Preventive
Health behavior

Cognition

*kk
Education level il

Heat-illness 0.324 **
Experience
Chronic
Disease 0.171 * 0.731 *** (787 ***  0.627 ***

v4 v5 v6
*p<0.1,*p<0.05 ***p<0.01.

Figure 3. The full SEM (CFI: 0.917, TLI: 0.881, RMSEA: 0.111).
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Table 5. Indirect effects of cognition and health condition on preventive action.
Mediated through Emotion Std. Coeff. SE p-Value
Action < Cognition 0.524 0.144 0.000 ***
Action « Heat-illness experience 0.180 0.058 0.002 ***
Action < Chronic disease 0.095 0.044 0.032 **

CFI: 0.917, TLI: 0.881, RMSEA: 0.111

*p<0.1,*p<0.05 ***p<0.01.

Cognition does not directly influence preventive health behavior (coeff. = 0.117,
p-value = 0.451) However, cognition indirectly influences the preventive behavior through
emotional responses. It affects emotion at a statistically significant level (coeff. = 0.941,
p-value = 0.000), and then the emotion positively induces preventive health behavior
(coeff. = 0.557, p-value = 0.000). This empirical result indicates that cognition level alone
does not directly lead to preventive health behaviors, yet once they form emotional re-
sponses, people tend to comply with heat-related public guidelines. This relationship
demonstrates that people who are aware of climate change, its negative effects, and the
locally recommended heat-protective actions tend to have a deeper concern about the
threat posed by heat waves and feel a stronger necessity for relevant public policies; they
consequently take preventive measures in response to the public alarm system.

Table 5 shows the indirect effects of cognition and preexisting health condition on
heat-protective action through emotional responses. In this formation, emotions play a
mediating role in driving preventive behaviors. Since such emotions can be established
from past experiences or from pre-existing health conditions [11], we compared the indirect
effect of cognition on heat-protective action with that of pre-existing health conditions. The
indirect effect of cognition was 0.524, which is much greater than the indirect effects of the
two indicators: heat-illness experience (coeff. = 0.180) and chronic disease (coeff. = 0.095).
This result implies that policy interventions to promote knowledge about climate change,
the health risks of heat, and local policy measures can effectively increase the likelihood of
individual preventive health behaviors.

5. Discussion and Conclusions
5.1. Understanding the Interrelationship between Cognition, Emotion, and Action

With an eye toward the lack of discussion around the individual adaptive capacity of
older adults during extreme heat events, this paper explored the behavioral mechanism
of the preventive response of the elderly to public warnings of a heat event. Elaborating
the mediating role of emotion in human behaviors, we investigated the interrelationship
between cognition, emotion, and heat-protective action, through face-to-face surveys and
SEM analysis.

The major finding is that an increased degree of awareness of climate change, heat
waves, and local policy measures significantly influences people’s emotional responses
and increases the preventive actions they take during extreme heat events. By applying
an integrated structural equation model, the empirical results show that cognition level
alone does not directly determine older adults” preventive health behaviors. However,
when the cognitive input affects their emotions, they tend to comply with heat-related
public guidelines. Although the direct effect of cognition is not statistically significant,
higher levels of cognition reinforce the older adults’ preventive behaviors in response
to heat waves through emotional responses. This indicates that the effect of cognition
on preventive health behavior is fully mediated by individual emotional responses to
heat waves.

Moreover, it is generally expected that people who have weak health conditions or
have past experiences of heat-related illnesses are more likely to take preventive action
against heat waves. Our results showed that the mediating role of emotion between
cognition and heat-protective action is much larger than that of emotion between pre-
existing health conditions and heat-protective action. It implies that an increased degree of
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awareness of climate change plays a greater role in improving one’s adaptive capacity than
does one’s pre-existing health condition.

Furthermore, our finding disagrees with several extant studies [13,28,39]. Those
studies stressed that people may not make behavioral changes despite their awareness
of heat warnings and heat-related risks. We, however, found that promoting knowledge
about climate change and the adverse health effects of heat waves amplifies the emotional
response and hence plays a role in driving preventive health behaviors. This implies that
policy interventions to educate the general public can effectively increase the likelihood of
individual compliance with the relevant preventive measures.

5.2. Policy Implications and Further Research

This study suggests that policies based on communication and education would
help vulnerable groups of people to adapt to extreme heat events. Previous studies have
argued that public health programs or media campaigns promote climate change literacy
and public understanding of climate problems [27,28,40]. By investigating the factors
determining the compliance with such public policies, this study addresses that public
policies that inform people about the danger of heat waves through mass media and
an official website can help the vulnerable population to engage in health preventive
activities, with taking advantage of the integrative mechanisms of cognition, emotion, and
behavioral changes.

The role of community engagement can play a crucial role, especially for the elderly,
due to the emotional responses. In an era of abundant information, knowledge about heat
waves has been mostly well understood, but the elderly may find such information difficult
to access. To maximize their effectiveness, public interventions should be designed with
consideration of community solidarity since other members of the community, such as
friends, neighbors, or volunteers, can make daily visits to the elderly and inform them how
to respond to extreme heat events.

This study is not free from limitations. First, the self-report survey we employed
in this study is prone to a response bias. We measured the individual’s perceived level
of cognition, emotion, and behavioral changes. Those self-reported answers might be
distorted by acquiescence or social desirability bias. Second, there is a time gap between
the time of the survey and the event of interest. The survey was conducted in February 2019,
while the subject of the survey questionnaire was the summer of 2018. The respondents
had to recall their experiences from a few months earlier, which may have resulted in
minor inaccuracies in their memory. Third, the process of stimulating emotional responses
for protective behavioral changes might have some side effects. Excessive concern about
climate issues might adversely affect mental health, or prevent even an appropriate level
of outdoor activities [41]. In a future study with the addition of these questions, we could
consider the issue.

Heat waves are expected to increase in the future. Governments need to identify
vulnerable populations to provide better information about heat risks. Further studies
with a focus on these vulnerable groups are needed to better understand the most effective
interventions and approaches that will mitigate the adverse health outcomes they experi-
ence. This study suggests that locally based public interventions to promote appropriate
responses to heat-related health risks offer an effective way to develop more targeted and
effective communication strategies for these vulnerable groups.
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Appendix A

Table Al. Question design and constructs.

Category Questions Mean SD
Action Y: To what degree does the heat alarm S}{stem or the emergency text 2873 1.220
message affect your behavioral change?
V1: How much are you aware of climate change? 3.400 1.025
Cognition V2: How much do you know abou’F the adverse health effects of heat 3307 0.888
waves due to climate change?

V3: How much do you know about local heat action plans to reduce

the health effects of heat waves (i.e., cooling shelters, emergency 2.450 0.958
contacts, and health care services)?

V4: How much do you worry about the impacts of climate change on

s 3.793 0.832
your life in the future?

V5: How much do you worry about the impacts of heat waves on your

. 3.650 0.885
health in the future?

Emotion V6: How much do you feel the necessity for a heat alarm system to 3583 0.966

reduce adverse health effects such as heat stroke or heat exhaustion?

Y: Scale ranges from 1 = Not influential at all to 5 = Very influential; V1: Scale ranges from 1 = Not aware at all to 5 = Very well aware; V2-V3:
Scale ranges from 1 = Do not know at all to 5 =Know very well; V4-V5: Scale ranges from 1 = Do not worry at all to 5 = Worry very much; V6:
Scale ranges from 1 = Not necessary at all to 5 = Very much necessary.
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