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Abstract

Objectives To review the existing research on the effec-
tiveness of heat warning systems (HWSs) in saving lives
and reducing harm.

Methods A systematic search of major databases was
conducted, using “heat, heatwave, high temperature, hot
temperature, OR hot climate” AND “warning system”.
Results  Fifteen articles were retrieved. Six studies
asserted that fewer people died of excessive heat after
HWS implementation. HW'S was associated with reduction
in ambulance use. One study estimated the benefits of
HWS to be $468 million for saving 117 lives compared to
$210,000 costs of running the system. Eight studies showed
that mere availability of HWS did not lead to behavioral
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changes. Perceived threat of heat dangers to self/others was
the main factor related to heeding warnings and taking
proper actions. However, costs and barriers associated with
taking protective actions, such as costs of running air
conditioners, were of significant concern particularly to the
poor.

Conclusions Research in this area is limited. Prospective
designs applying health behavior theories should establish
whether HWS can produce the health benefits they are
purported to achieve by identifying the target vulnerable
groups.

Keywords Heat warning system - Effectiveness -
Mortality - Morbidity - Health beliefs -
Health service utilization

Introduction

Despite variations in defining heatwaves in different cli-
mates, the impacts of heatwaves on human life and health
are widely documented (Harlan and Ruddell 2011; Garcia-
Herrera et al. 2010; Martiello and Giacchi 2010; Sheridan
et al. 2009; Huang et al. 2012; Williams et al. 2011; Tong
et al. 2010a; Kjellstrom et al. 2010). The 1994 summer
heatwave killed 3,000 in South Korea (Kysely and Kim
2009). In 1995, more than 1,000 people lost their lives as a
result of heatwaves in the central USA (Palecki et al.
2001). The 2003 heatwave resulted in over 71,000 excess
deaths in Europe, with 76 % of the deaths occurring in
three countries of Luxemburg, France and Spain (Robine
et al. 2008; Go’mez-Acebo et al. 2012). The 2009 heat-
wave in Victoria, Australia caused an estimated 374 excess
deaths (ABS 2010). Recently, the 2010 heatwave in Russia
left an estimated 55,000 deaths (Guha-Sapir et al. 2011).
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Heatwaves not only kill, but also more widely adversely
affect the health of many others, particularly those sus-
ceptible to high temperatures such as people with pre-
existing chronic conditions, exposed to prolonged periods
of extreme heat, elderly and children, and people living in
poverty and isolation (Wang et al. 2012; Bassil et al. 2009;
Bobvos et al. 2006; Kovats and Ebi 2006; Mastrangelo
et al. 2006; Martinez et al. 2011; Martiello and Giacchi
2010; Green et al. 2010).

To minimize harm to those most vulnerable and at risk,
calls have been made to introduce action plans. These
plans, which are customized to suit local meteorological
and demographic conditions, may include early alerts and
advisories combined with emergency public health mea-
sures to mitigate the heat dangers. Together these are called
“heat warning systems” (HWSs) or “heat health warning
systems” (HHWS) (Ebi et al. 2004; Lowe et al. 2011;
Matthies et al. 2008; Smoyer-Tomic and Rainham 2001;
Bernard and McGeehin 2004; O’Neill et al. 2010). Since
people in different climates experience the impacts of
heatwaves differently due to their level of acclimatization
and preparedness, different localities have tested and
adopted different definitions and measurements of a heat-
wave that trigger an HWS according to their specific
conditions (Nicholls et al. 2008; Palecki et al. 2001; Ebi
et al. 2004). Such factors may include combinations of
minimum and maximum temperatures, duration of a heat
period, moisture level and air pollutants (Tong et al.
2010b). The HWS allows managers to implement miti-
gating interventions and response measures that minimize
risk, such as promoting heat protection information through
the media, setting up “buddy” registers to check on the
vulnerable groups, opening cooling shelters, distributing
hydration packs, and providing government subsidies for
electricity (Ebi 2007; Hajat et al. 2010; Lowe et al. 2011;
Martinez et al. 2011; Matthies et al. 2008; Smoyer-Tomic
and Rainham 2001; Tan et al. 2004; Sheridan and Kalk-
stein 2004).

Despite all these efforts, hot weather continues to take
its toll on human health. Whether this toll may have been
higher, without such actions in place, is unclear. Therefore,
it is fundamentally important to evaluate the effectiveness
of HWSs in terms of reducing heat-related mortality and
morbidity, analyze their cost-effectiveness, and identify
factors that may improve or hinder their effectiveness in
protecting the vulnerable populations, such as communi-
cation barriers, socio-demographic and perceptual factors,
and societal determinants (e.g., community preparedness
and engagement) (Hansen et al. 2011; Ibrahim et al. 2012;
Tersel and Bi 2009; Kalkstein and Sheridan 2007; Va-
neckova et al. 2010; Yu et al. 2010; Semenza et al. 2008a).

This study identified existing evidence and knowledge
gaps through focusing on the following questions:
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1. How effective are HWSs in terms of reducing heat-
related health impacts? If effective, then do their
benefits outweigh the costs?

2. What are the factors that may influence the effective-
ness of HWS in alerting the public and instigating
appropriate responses?

Methods
Search strategy

A systematic literature search was conducted using Pub-
Med, ScienceDirect, Web of Science, Scopus, ProQuest in
April and May 2012 and a follow-up search in Cochrane
Library in January 2013 to identify relevant material. To
broaden the search approach, the following terms were
used to find the relevant literature: “heat, heatwave, high
temperature, hot temperature, OR hot climate” AND
“warning system”. No time or language restrictions were
applied. The reference lists of the retrieved articles were
checked to identify potentially relevant references that may
not have been found using the above-mentioned sources
and approach. Websites of relevant organizations and
authorities were also searched with a focus on US, Europe
and Australia for gray literature such as departmental
reports and briefs.

Search results were stored in an EndNote library.
Duplicates were checked and removed. The titles and
abstracts were then screened for relevance to the review
questions according to the inclusion and exclusion criteria
discussed below. Authors of seemingly relevant conference
abstracts and one non-English paper were contacted to find
out if a full version of the abstract or an English translation
was available. Full texts of all the remaining articles were
obtained and examined for the review.

Inclusion and exclusion criteria

In addressing the first question, studies were selected if
they included in their analysis the implementation of HWS
as an independent factor or intervention in changing heat-
related mortality or morbidity. Studies which speculated on
the role of HWS only as part of the discussion or conclu-
sion were excluded. Regarding the second question,
research-based studies of individuals’ knowledge, attitudes
and behaviors in relation to heat, its health effects, pro-
tective measures, and HWS were considered eligible.
Theoretical papers and studies without a focus on heat and
effectiveness of HWS were excluded.

A considerable number of the retrieved papers described
HWS and their specifications in various parts of the world
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or compared different meteorological measures in terms of
their robustness in forecasting dangerously hot days. Such
literature was not within the scope of this review and,
therefore, excluded. Where more than one article had used
the same data for analysis, only the one with more details
and relevance to the review questions was included. Arti-
cles without full text, in a language other than English, or
without a clear indication of sufficient details about
methods and analytical techniques were also excluded.

Quality assessment

Due to the limited number of relevant studies and different
methods and designs used by each study, it was impossible
to enforce strict quality assessment criteria. This was fur-
ther exacerbated by the difficulty in establishing a causal
relationship between implementation of HWS and reduc-
tion in adverse health effects and the role of intermediary
factors, which may confound the success of such inter-
ventions. Consequently, only full text peer-reviewed papers
were selected for inclusion. Conference abstracts, review
and editorial articles were excluded. All papers were
reviewed, and relevant information was extracted on a
spreadsheet.

Results

Of the 571 potentially relevant papers, 15 studies fulfilled
the inclusion criteria and were included in this review.
Seven articles addressed the first research question and
eight addressed the second. Figure 1 illustrates the search
process and outcomes.

Effectiveness of HWS

Table 1 summarizes the papers addressing the first question
on the effectiveness of HWS in reducing mortality and
morbidity.

Effectiveness of HWS in reducing heat-related
mortality

Six studies asserted that substantially fewer people died of
excessive heat after the implementation of HWSs than was
expected had such systems not been put in place (Palecki
et al. 2001; Weisskopf et al. 2002; Chau et al. 2009; Ebi
et al. 2004; Tan et al. 2007; Fouillet et al. 2008). One study
was inconclusive (Morabito et al. 2012) (see Table 1 for
details). While studies varied in terms of design and vari-
ables included in their analyses, they all compared the
number [or odds ratios in one case (Morabito et al. 2012)]
of deaths in a hot period where no HWS was implemented

Potentially relevant studies
identified and screened for
retrieval (n=571)

Studies excluded, reasons:
- Titles/Abstracts irrelevant (n= 361)
- Duplicate (n= 131)

A 4

A 4

Studies retrieved for more
detailed evaluation (n= 79)
+
Studies identified from
reference lists (n=19)

Studies excluded because of:
- Not addressing questions (n= 48)

A 4

A 4

Studies included in this round
(n=50)

Studies withdrawn in this round

- Heat-Mortality association without
including HWS (n= 6)

- Descriptive/speculative (n= 12)

- Using same data as another (n= 3)

- Abstract/ No English full text) (n= 8)

- Review/Editorial (n= 6)

Y

A

Studies included in final review
(n=15)

Fig. 1 Flow chart for literature search process

with a similarly hot period with a HWS implemented. They
then attributed the reduction to the implementation of HWS
and related mitigating interventions. For instance, the study
by Fouillet and colleagues (2008) calculated that if the
National Heat Wave Plan had not been implemented,
compared with the 2003 heatwave the 2006 summer heat
would have caused 4,388 more deaths in France than
actually happened.

Due to the nature of their designs, none of the studies was
able to establish a causal relationship between the imple-
mentation of HWS and reduced mortality. Furthermore, as
all studies acknowledged, other factors such as overall
improvements in health care, better living conditions
including use of air conditioners, heightened heat awareness,
use of heat insulating building materials may also have
contributed to the reduction in expected mortality.

Effectiveness of HWS in reducing heat-related
morbidity

No studies were located that measured the potential
impacts or benefits of HWS on reducing morbidity. One
study reported that in 1999 the dispatch of emergency
medical services (as a proxy indicator for morbidity) in
Milwaukee, Wisconsin reduced by 49-73 % on heatwave
days with an alert system compared to 1995 without HWS
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Table 1 continued

Assessment

Outcome Main findings

Independent variable/s

Design and Heatwave definition

analysis

Location

Study

variable/s

Strengths

Heat levels and

Heat-related

Heat levels of 1995 and

3-h average heat index

Comparative

Milwaukee,

Weisskopf

characteristics very

deaths; EMS

use

1999 heatwaves

above 40.6 °C
(daytime) and

analysis- 1995
and 1999

Poisson

Wisconsin—USA

et al.

Analysing EMS use (proxy

similar for both periods

(2002)

for morbidity) not just

mortality

Socio-demographic

Excess deaths reduced from

26.7 °C (night)

conditions (age, gender,
ethnicity, neighborhood

status)

91 in 1995 to 11 in 1999 (o,

(80 fewer deaths)
EMS dispatch in 1999

according to NWS

regression and
relative risks

paring HWS vs. non-

HWS days
Weaknesses

HWS implementation

Observed-to-

decreased to between 27
and 51 % of 1995 level

on heatwave days

expected ratios
for age-

Fairly old data;

One city

adjusted heat-

Details of HWS not

related deaths

reported

Unclear if specific

components of HWS

were more/less effective

AC Air-conditioners, AT apparent temperature, CI confidence intervals, EMS emergency medical services, EPA environmental protection agency, HHWS heat health warning system, HWS heat

warning system, /HD ischemic heart disease, NWS national weather service in USA, OR odds ratios, PWWS Philadelphia hot weather warning system, VHWW very hot weather warning system

(Weisskopf et al. 2002). More recent studies have reported
an increase in the number of emergency hospital admission
(Wang et al. 2012; Josseran et al. 2010; Khalaj et al. 2010)
or calls to ambulance (Bassil et al. 2009; Bobvos et al.
2006) during heatwaves. Notably, there are contrasting
patterns between hospital admissions and mortalities dur-
ing heatwaves. While mortalities are more likely to be
related to cardiovascular and diabetic causes, non-fatal
hospital admissions tend to be higher for dehydration, heat
stroke, acute renal failure, and respiratory disease (Wang
et al. 2012; Mastrangelo et al. 2006). Further rigorous
research is required to evaluate the effectiveness of HWS
in reducing morbidity.

Cost-effectiveness of HWS

One study not only measured the number of lives that can
be potentially saved by HWS, but also estimated the
beneficial value of implementing these systems vis-a-vis
their costs. Ebi and colleagues (2004) studied the cost-
benefits of implementing the Philadelphia hot weather-
health watch warning system in 1995. They showed that
for similarly hot days with or without a warning issued
during the 1995-1998 period, the excess mortality (cal-
culated as the difference between observed number of
deaths and the underlying mortality trend estimated from
years prior to 1995) reduced by an average of 2.6 lives
per day when a warning was issued. This amounted to a
total of 117 lives over the 3-year period for the age group
65 and over. Using an adjusted figure of $4 million based
on the Environment Protection Agency’s value of a sta-
tistical life for people of this age group, they then
estimated that in total the saved lives would value
$468 million, while the costs of running the HWS were
only $210,000 over the same period.

Human response and effectiveness of HWS

Warnings alone if not accompanied by proper measures to
mitigate adverse impacts are likely to be less effective.
Therefore, many countries have developed or adopted heat
health watch programs and measures that are introduced
when a heatwave warning is issued according to relevant
criteria for each region (Sheridan and Kalkstein 2004; Tan
et al. 2004; Wagner et al. 2006; NCCARF 2010; Nicholls
et al. 2008). Such programs are intended to increase
awareness of risk associated with heat, provide temporary
measures to safeguard the populations’ health, particularly
those of the most vulnerable populations such as the elderly
and children. These measures include opening of cooling
shelters, use of a “buddy” system, and distributing
hydration packs. Mass media messages are broadcast to
warn the public of the heat impacts, ways to protect
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themselves and others, and availability of facilities (Palecki
et al. 2001; Martinez et al. 2011; Sheridan and Kalkstein
2004; Lowe et al. 2011). However, evidence is needed to
show whether such programs reach and are heeded by the
target audience, and if not, what may be the reason. Very
few papers were found that addressed this matter. Fur-
thermore, even if wused, the effectiveness of each
intervention and the evidence behind it, albeit intuitively
acceptable, remain unproven. This should be the subject of
further scrutiny.

Table 2 presents a summary of articles, which address
the second question about the factors that can determine the
effectiveness of HWS in reaching the public, particularly
at-risk populations, and prompting their response.

Awareness, perception and action

Few studies available maintained that most participants
were aware of the heat warnings or high temperature
forecasts (Alberini et al. 2011; Kalkstein and Sheridan
2007; Sheridan 2007; Semenza et al. 2008b). However,
such awareness did not necessarily lead to taking protective
actions. Health behavior and promotion theories suggest
that people who see themselves at an elevated risk or
susceptible to negative impacts of health-threatening con-
ditions are more likely to take actions to preserve their
health (Weinstein 1988; Weinstein et al. 1998). The
reviewed studies here confirmed that while the majority of
the respondents were aware of the risk, the ones who saw
themselves personally vulnerable were more likely to take
actions such as using air conditioners, hydrating, staying
indoors or in shade, dress properly, avoid extenuating
activities, and checking on the elderly or disabled people
(Alberini et al. 2011; Kalkstein and Sheridan 2007; Sher-
idan 2007; Abrahamson et al. 2008; Ibrahim et al. 2012;
Richard et al. 2011; Wolf et al. 2010; Semenza et al.
2008b).

On the other hand, those who did not consider them-
selves susceptible were less likely to act to protect
themselves although they would help others if they con-
sidered them as affected (Alberini et al. 2011; Kalkstein
and Sheridan 2007; Sheridan 2007). Despite the literature
putting the elderly at the forefront of the groups susceptible
to heat-related health impacts, the qualitative study by
Wolf et al. (2010) with 15 persons aged 75 and above
found that the participants did not consider themselves old,
or vulnerable to or threatened by heat. Interestingly, these
participants considered other people of the same age group
as vulnerable but not themselves. The authors suggested
that adaptation policies needed to address such perceptions
as well as introducing initiatives to improve building
structures and communication strategies. However, since
the sample was very small and in one area, the findings
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need to be further examined for their generalizability and
applicability in other areas and groups.

One study by Ibrahim and colleagues (2012) gauged the
knowledge, awareness and practices of the health care
providers as related to minimizing heat-related conse-
quences among the elderly. This survey found that overall
awareness of protective factors against heat exposure was
high, but fewer people knew about thermoregulation. Very
few had correct information about hot temperature
threshold, sweating and use of fans. The level of awareness
varied among the respondents with health care profes-
sionals more likely to be knowledgeable than the local
government care providers and volunteers.

Summer preparedness

Two studies reported that some people did not change their
behavior as a result of heat warnings (Sheridan 2007;
Kalkstein and Sheridan 2007). This may at least partly be
explained by the fact that many people naturally change
their behavior in different temperatures, such as light
dressing or drinking more water during summer or wearing
warmer clothes in winter. Therefore, they may be generally
prepared for summer heat. As a result, they may not see
themselves as taking a particular action because of heat
warnings and advisories but because of feeling hot in
summer and using “common sense” to protect themselves
and others. Furthermore, other heat-related health promo-
tion messages, such as the Slip-Slop-Slap sun protection
campaign in Australia (Cancer Council Australia 2012),
may help alter people’s behavior which may also protect
them against heatwave impacts. However, it is to be noted
that relying on “common sense” and personal feeling of
heat may have detrimental effects particularly on the vul-
nerable and isolated people whose conditions may
deteriorate rapidly as a result of extreme heat and not being
able to seek timely assistance.

Costs and barriers

Receiving information about how to protect themselves
and perceiving the situation as threatening does not always
result in effective action. This is more likely to occur if the
costs and barriers to that action are perceived as reasonable
or the benefits of taking the action outweigh the costs
(Champion and Sugg Skinner 2008). Sheridan (2007)
reported that between 30 and 47 % of their survey partic-
ipants in various cities of Canada expressed that the costs
of running an air-conditioner was a factor they had to
consider during a heatwave. They did not report more
socio-demographic details of these respondents nor did
they report if they used their systems during the heatwave.
However, the authors acknowledged that because they used
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a telephone survey to collect data, the survey was likely to
under-represent the poorest and most isolated sections of
the society who may be even more influenced by the cost of
running an air-conditioner, or not have access to them.

Discussion

Climate change has created many health challenges
through events such as heatwaves (White-Newsome et al.
2009; Kjellstrom et al. 2010; Forastiere 2010; Kiinzli
2010). Heatwaves have harmful impacts on the physical
and mental health, particularly of the more vulnerable
groups such as the elderly, homeless and people with
chronic diseases (Martiello and Giacchi 2010; Schwartz
2005; Kovats and Hajat 2008; Berry et al. 2010). While it is
important to invest in long-term mitigation and adaptation
plans such as improved buildings and environments
(Braubach 2011; Cheng and Berry 2012), short-term or
temporary action plans are also required to alleviate these
harms. Six studies in this review showed that the imple-
mentation of HWSs is associated with reduced mortality.
However, there is no clear evidence of their impact on
morbidity, although one study did show a reduction in the
number of ambulance dispatches (Weisskopf et al. 2002).
Epidemiological studies confirm that some illnesses are
caused or exacerbated as a result of exposure to extreme
temperatures such as respiratory, cardiovascular, renal and
diabetic conditions (Wang et al. 2012; Schwartz 2005;
Kjellstrom et al. 2010). Furthermore, clinical and thermo-
physiological studies corroborate that human body can
adjust and acclimatize to normal hot weather conditions,
but under excessively hot temperatures the body undergoes
extreme stress, which the more vulnerable sections of the
population may not be able to cope (WHO 2008). There-
fore, one can reasonably infer that warnings and mitigation
measures to reduce such exposure should alleviate the
impacts of high temperatures.

There is evidence of a harvesting effect (or mortality
displacement) that can explain, to some extent, the short-
term reduction in mortality in the weeks following a heat-
wave, particularly among the sicker groups (Gosling et al.
2007; Hajat et al. 2005). Therefore, one limitation of the
evaluations of HWS is that the effectiveness of these inter-
ventions may, at least partly, be explained by this harvesting
effect, especially when several heatwaves occur in one
season. The large scale mortality impacts of heatwaves such
as the one in Europe in 2003 may also have had a longer
lasting displacement effect, which could partly explain the
reduced mortality of the 2006 heatwave. Future studies
should take this into account. However, as studies have
shown, the harvesting effect can only partly explain the
reduced mortality as it varies from one location to another

@ Springer

because of factors such as “temperature-mortality relation-
ship sensitivity” (Gosling et al. 2007) and the population’s
health (Hajat et al. 2005). As such and in the absence of
enough evidence, the costs of running these plans should be
from a public health perspective considerably lower than the
benefits gained by saving lives and reducing the use of
emergency health services (Ebi et al. 2004).

None of the studies reviewed was able to establish a
causal relationship between the adoption and implemen-
tation of HWS and reduced mortality or morbidity. The
analytical techniques used in the studies generally com-
pared the observed and expected mortality or use of
emergency medical services between two heat periods, one
with an HWS implemented and one without. The reduc-
tions in mortality and ambulance use in the heatwaves with
HWS were attributed to the effective implementation of
these systems. It is to be noted that in all of the localities,
the issuance of heat warnings and advisories were in con-
junction with the introduction of a range of different
mitigating responses and interventions. Therefore, associ-
ating the reduction in mortality (or morbidity) to the
effectiveness of HWS also incorporates the effectiveness of
these response programs. Since the type, extent of avail-
ability and utilization of these responses varied from one
study to another, we cannot infer which measures were
more effective than others.

In addition to the importance of having action plans and
physically implementing them, the effectiveness of the
HWS depends on many other factors, as they involve a
complex interplay of human perceptions and behaviors as
they interact with the social world. These policies may
have limited impact if the human factor is not taken into
consideration (Bassil and Cole 2010). Issuing heat
advisories and warnings is not sufficient as they may not
lead the people to change their behavior (Kovats and Ebi
2006). The studies addressing the second question con-
firmed this. Most of these studies showed that while
awareness of heat and heat-related dangers was high, par-
ticularly among older age groups, such awareness did not
necessarily translate into change of behavior.

Many cities and localities around the world have
implemented heat action plans following an episode of
severe heatwave in the past two decades, but not all people
who are considered as “vulnerable” utilize the facilities
introduced during such extreme events. The evidence
reviewed here corroborates the significance of individual
perceptions as major determining barriers to utilizing the
provided services. Many may see it as another naturally hot
summer season and would rely on “common sense” to
protect themselves or people they care for. It was indicated
that perceived threat to self or others of heat was more
likely to push the individuals to take actions for themselves
or others. However, taking such actions may be limited by
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Fig. 2 Synthesis of factors
affecting the likelihood of
taking heat protection actions

Socio-demographic factors

(Age, gender, socio-economic status, marital & living status, ethnicity, access to amenities,
pre-existing medical conditions, living situation, social networks, social capital)

[ Cognitive factors ]—»[ Emotive factors ]—»[ Action ]

/o Health beliefs & \

Knowledge of
heatwave, heat
dangers &
thermoregulation

e Awareness of heat
warnings, protective
measures, advices &
services

- /

the perception of the costs involved (such as in running air
conditioners) as opposed to benefits gained, and accessi-
bility and feasibility of taking appropriate actions (such as
difficulty in reaching a cool place) to protect against
adverse heat effects.

While the findings in these studies were overall con-
sistent, we acknowledge that the findings are difficult to
generalize due to the small number of the studies and some
methodological weaknesses. For instance, most studies
were conducted in single locations and/or with small
samples, and some had problems with establishing a rep-
resentative sample due to selection bias. Data collection
was also subject to issues such as the use of non-standard
or non-tested survey tools and recall bias. A major issue
with a few of the quantitative studies was lack of a relevant
theoretical framework to guide and explain the findings.

Knowledge gap

The number of studies in this area is limited. Furthermore,
differences in designs and methods make it impossible to
synthesize and conduct a meta-analysis of the effectiveness
of HWSs. Also, the warnings are combined with action
plans and different intervention measures in different
localities. Therefore, results are not directly comparable
due to differences in the type and extent of interventions
triggered in association with HWS, making it even more
difficult to pinpoint which programs are more effective in
reducing heat-related health impacts.

While some studies addressing the second question used
relevant theories such as the Health Belief Model or
components of the Health Service Utilization Model
(Bernard and McGeehin 2004; Richard et al. 2011; Kalk-
stein and Sheridan 2007; Wolf et al. 2010), the theoretical
soundness of others is ambiguous. Further research using

K Perceived threat to \ K Use of AC; cooling\

self/others from heat shelters & indoors

e Perceived health e Hydration; avoid
status & fitness alcohol

e Perceived costs & e Rest; avoid
barriers to using strenuous activities
heat protective & outdoors
facilities & e Light clothing
equipment e Check on others;

e Perceived benefits buddy system
of taking action to e Seek assistance

k self/others / k /

appropriate theories, such as cognitive and health promo-
tion theories, can strengthen the research findings and shed
light on understanding and interpreting human behavior.
Inspired by the Health Belief Model and Health Service
Utilization Model (Glanz et al. 2008) and the Precaution
Adoption Process model (Weinstein et al. 1998; Weinstein
1988), Fig. 2 synthesizes the socio-demographic, cognitive
and emotive factors and their relation with taking protec-
tive actions against heat dangers.

Further research is also necessary to determine the
particular interactions of environmental, social and clinical
factors that together contribute to the increased risk of
adverse health outcomes (e.g., mortality or morbidity).
This would then permit the more effective design of public
policy responses so that they better target these factors.

Conclusion

Even though no single study can establish a causal rela-
tionship, the weight of evidence demonstrates the benefits
of the adoption and implementation of HWS across dif-
ferent areas. Thus, from a public health and policy
perspective, the existing evidence supports the effective-
ness of HWSs and response plans in reducing heat-related
mortality (and potentially morbidity). However, further
research is needed to establish which measures and pro-
grams are more cost-effective in reducing the adverse
health impacts. Furthermore, the evidence indicates that
certain sections of the community may benefit more from
these plans if their needs and perceptions are taken into
consideration. More research is recommended into ways of
improving the utilization of services by the vulnerable
populations and groups during heatwaves. This review also
highlights the benefits of using theoretical frameworks to
enhance our understanding of human behavior in this area.
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