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ARTICLE INFO ABSTRACT

Keywords: Climate change is causing serious damage to natural and social systems, as well as having an impact on human

Adaptation health. Among the direct effects of climate change is the rise in global surface temperatures and the increase in

Elhmate change the frequency, duration, intensity and severity of heat waves. In addition, understanding of the adaptation
eat process of the exposed population remains limited, posing a challenge in accurately estimating heat-related

Conceptual framework s . . . .

Mortality morbidity and mortality. In this context, this study seeks to establish a conceptual framework that would

make it easier to understand and organise knowledge about human adaptation to heat and the factors that may
influence this process. An inductive approach based on grounded theory was used, through the analysis of case
studies connecting concepts. The proposed conceptual framework is made up of five components (climate
change, vulnerability, health risks of heat, axes of inequality and health outcomes), three heat-adaptation do-
mains (physiological, cultural and political), two levels (individual and social), and the pre-existing before a heat
event. The application of this conceptual framework facilitates the assistance of decision-makers in planning and
implementing effective adaptation measures. Recognizing the importance of addressing heat adaptation as a
health problem that calls for political solutions and social changes. Accordingly, this requires a multidisciplinary
approach that would foster the participation and collaboration of multiple actors for the purpose of proposing
effective measures to address the health impact of the rise in temperature.

1. Introduction subnational, national, regional, and global aspects. It is now a central

focus on both domestic and international political agendas, acknowl-

1.1. Background

Human action has already caused a rise in the mean global surface
temperature of 1.1 °C above the pre-industrial mean (IPCC, 2023). This
phenomenon is leading to a greater frequency and intensity of extreme
weather events, something that is, in turn, causing severe damage to
natural and social systems and having important effects on human
health (Romanello et al., 2022). Among the direct effects of climate
change are the rise in global surface temperatures and the increase in the
frequency, duration, intensity and severity of heat waves (IPCC, 2022b).
The world is facing a climate crisis that affects peace, security and
health, among other key dimensions of human life. Adaptation has
become more prominent as a worldwide challenge encompassing local,

edged as being equally vital as efforts to mitigate climate change (UNEP,
2022). Climate change will induce tens of millions of people to move
within their nations by 2050, seeking to escape the adverse impacts of it.
These displacements will originate in less sustainable regions charac-
terised by low water availability and low agricultural productivity, as
well as in areas affected by sea-level rise and cyclonic storms. The most
impoverished and climate-vulnerable communities will be the most
impacted (Rigaud et al., 2018). Although greenhouse gas emissions
might be completely eliminated, the climate impacts that are already
occurring will continue for some time (European Commission, 2021).
Human influence, according to future emission scenarios, will continue
to change climate conditions, something that will very likely bring about
a rise in sea levels and virtually certain an increase in extreme heat
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(IPCC, 2023). While human beings have a high capacity to adapt to heat
(Périard et al., 2016), heat-related mortality has shown a decline in
certain countries, such as the United States, Sweden, Spain or Japan. In
addition to the demographic and socioeconomic changes themselves,
this reduction is attributed to technological, infrastructural, and bio-
physical adaptations, including the widespread use of air conditioning
(Astrém et al., 2016; Chung et al., 2018; Davis et al., 2003; Follos et al.,
2021). However, our understanding of the adaptation process of the
exposed population remains limited, posing a challenge in accurately
estimating heat-related morbidity and mortality for projections in the
future (Folkerts et al., 2020; Navas-Martin et al., 2024).

Climate and weather conditions have a considerable impact on
people’s health and wellbeing. Every year, millions of persons die due to
environmental factors, which are often aggravated by climate change or
its drivers. In fact, climate change acts as a multiplier of global health
threats, exacerbating many of the health problems which already
confront communities, and disproportionately affect the most vulner-
able groups, particularly in low-income countries, by increasing in-
equalities (UNEP, 2018). Heat waves are associated with an increase in
gender-based violence, increasing the risk of femicides, as well as the
number of police reports and calls to emergency phones (Sanz-Barbero
et al., 2018). In addition, drought is also related to mental health,
affecting mood, the incidence of intimate partner violence and the risk
of suicide (Padron-Monedero et al., 2024; Vins et al., 2015). Not only the
impact itself, but the climate emergency situation itself causes anxiety,
depression, stress, fear, suicidal behavior and even eco-anxiety, among
other possible mental health and psychosocial problems (WHO, 2022).

1.2. The concept of adaptation

The Intergovernmental Panel on Climate Change (IPCC) defines
adaptation as the process of adjustment to actual or expected climate
and its effects, with the aim of moderating or avoiding harm or
exploiting beneficial opportunities. Whereas in natural systems, adap-
tation implies an adjustment to the current climate and its effects, the
presence of human intervention can facilitate adaptation to the expected
climate and its consequences. Similarly, adaptive capacity is defined as
the ability of systems, institutions, humans and other organisms to
adjust to potential damage, to take advantage of opportunities, or to
respond to consequences (IPCC, 2022a). From an epidemiological
approach, heat adaptation primarily involves population-level responses
aimed at mitigating the health impacts of heat-related events, indicating
a collective approach rather than individual adjustments (Petkova et al.,
2014).

Climate-change adaptation can be implemented by different strate-
gies, such as health and wellbeing, economic and human security,
agriculture and subsistence livelihood, infrastructure and built envi-
ronment, and socio-cultural impacts (Turek-Hankins et al., team).
Adaptation in health is developing, executing, overseeing, and assessing
strategies, policies, and programs aimed at handling the risks associated
with health outcomes relevant to climate change. Therefore, the adap-
tation strategy aims to mitigate the adverse effects that climate change
can impose on the health of individuals, communities, and the health
systems themselves. Such adaptation can either occur spontaneously, as
the result of unforeseen actions, or can alternatively be planned and
specifically targeted at reducing the health impact of climate change.
One example of planned adaptation is upgrading health systems to cope
with extreme climate events (UNEP, 2018).

1.3. Climate-change adaptation frameworks

A great variety of conceptual and theoretical frameworks address
adaptation and climate change, and cover a wide range of issues and
aspects. Some authors propose frameworks covering: adaptation of
factors that determine vulnerability (Brooks et al., 2005); actions and
barriers in adaptation processes (Eisenack and Stecker, 2012); indicators
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for the natural environment (Pearce-Higgins et al., 2022); equity in
adaptation responses (Araos et al., 2021); adaptation of transport
infrastructure (Quinn et al., 2018); and how adaptation affects different
forms of tourism (Jopp et al., 2010). Other authors have proposed
frameworks covering the strategies, evaluation and adaptive capacity of
cities and buildings (Araos et al., 2016; Barbosa et al., 2016; Chen et al.,
2016; Filho et al., 2019; Kim and Lim, 2016).

However, there are fewer frameworks that specifically address
climate change adaptation in the context of health, and even fewer that
specifically target heat adaptation. In 2004, the researchers Fiissel and
Klein drew up a report based on a review of the different conceptual
frameworks of adaptation, for evaluating planned adaptations that
might affect health in the context of climate change. In their findings,
they concluded that there was no single approach to evaluating adap-
tation policies which was capable of addressing the diversity of health
problems. Likewise, no single conceptual framework covered all the
relevant issues for evaluating adaptation in respect of human health
(Fiissel and Klein, 2004). In 2006, the same authors presented a con-
ceptual framework which addresses evaluations of vulnerability to
climate change for different purposes, including that of developing
adaptation strategies to reduce climate-sensitive risks (Fiissel and Klein,
2006).

More recently, Tait and Hanna (2015) proposed a more specific
conceptual framework on human adaptation to global warming.
Notably, it includes three climate-change adaptation domains (accli-
matization, adaptation behaviours and technology) which operate on
two levels (personal and social) and within the levels and diverse factors
or specific elements that form part of subsystems (Fig. 1). Boeckmann
and Zeeb (2016), on the other hand, proposed a framework that is
noteworthy for linking two principal concepts, namely climate-change
impacts and health outcomes, with seven domains that show variables
and content which can be used to measure the achievement of climate
justice (Fig. 2). While the first framework only considers three di-
mensions of adaptation, acclimatization, behaviours and technology,
but does not contemplate health outcomes. The second framework en-
compasses seven dimensions of adaptation but is focused on the evalu-
ation of adaptation from the perspective of justice but does not consider
the two levels.

In this context, the information available from epidemiological
research on adaptation indicates that the relationship between tem-
perature and mortality is restricted (Navas-Martin et al., 2024). Taking
this into account, to guide the conceptual framework, the following
research question was posed: How are adaptation and vulnerability to
heat linked to adaptation processes in a context that addresses climate
change, vulnerability, social inequalities and health? The aim of this
study was therefore to establish a conceptual framework on heat adap-
tation and its relationship with health. This framework could help
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Fig. 1. Conceptual framework on climate change adaptation (Tait and
Hanna, 2015).
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Fig. 2. Theoretical framework for assessing adaptation in terms of climate
justice concerns (Boeckmann and Zeeb, 2016).

researchers and policy makers to understand and efficiently organise
knowledge (Rocco and Plakhotnik, 2009) of human adaptation to heat
and the factors that go to influence this process. This framework will
contribute to knowledge on heat adaptation based on research experi-
ence on heat-related mortality and morbidity in a specific population. Its
results imply the capacity to carry out concrete actions on heat adap-
tation policies and measures, particularly on health policies aimed at
addressing the health impact of heat events. These actions include the
development of direct policy action or regulation, the implementation of
technical solutions such as architectural improvements, and raising
public awareness through awareness campaigns and behavioural
changes.

2. Methods

A conceptual framework is an interconnected network or structure of
concepts, contributing to a comprehensive undestanding of a specific
phenomenon or phenomena. A concept is a idea formed by components
that collectively define it. In research, the conceptual framework is not
discovered but rather constructed by the researcher, who builds the
overall structure and coherence by incorporating borrowed elements or
may have originated from their own ideas on your research (Kivunja,
2018; Tamene, 2016). It is carried out through an inductive process in
wich small individual pieces (concepts) are linked together with their
possible relationships (Imenda, 2017).

To develop the proposed conceptual framework, an inductive
approach based on grounded theory was used, through the analysis of
case studies. The inductive approach makes it possible to start from
scratch as data are collected and analysed until the research result is
obtained. One of the methodological references of inductive research is
grounded theory (Bryman, 2012; Neuman, 2014), which has evolved
over time. Grounded theory is a flexible methodology that facilitates the
discovery or construction of a theory, as well as the generation and
connection of concepts from qualitative and quantitative data. This al-
lows for the conceptual development of the research (Chun Tie et al.,
2019; Holton, 2008). For the interrelationship of the concepts developed
in the conceptual framework (Fig. 3), we used findings drawn from our
own case studies, bearing in mind that, unlike a theoretical framework
which is based on knowledge established by experts, a conceptual
framework is developed on the basis of the ideas and thoughts of the
researchers themselves (Kivunja, 2018). For this reason, the case se-
lection was purposeful, not random.

Information-rich cases were selected to allow for an in-depth analysis
according to the research question (Ebneyamini and Sadeghi Mogha-
dam, 2018). For this purpose, based on the studies carried out by the
research group, those cases related to the impact on health due to the
effects of high temperatures were selected. They were grouped into two
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Comgonents Cases study
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Fig. 3. Diagrammatical overview for the interrelationship of the concepts
developed in the conceptual framework.

case study groups to address the study objectives, one related to
vulnerability and other capacity to adapt to heat. The case study is used
in research to gain a detailed and comprehensive understanding of a
complex topic within its real environment. It is widely used in a variety
of disciplines, and although its definition may vary, its essential core is
based on the imperative of a thorough exploration of an event or phe-
nomenon in its natural context and particularly useful in the construc-
tion of new theories (Crowe et al., 2011; Ebneyamini and Sadeghi
Moghadam, 2018). Furthermore, in the analysis of the case studies, the
cases were categorized (Chun Tie et al., 2019) to relate the concepts of
the framework and understand the interrelationships between them.
Finally, to connect own ideas with borrowed elements, two relatively
recent adaptation frameworks (Boeckmann and Zeeb, 2016; Tait and
Hanna, 2015) were used in addition to the principal components. The
selection of the frameworks was carried out through a literature review
using the Web of Science search engine with the keywords “framework”,
“heat”, and “adaptation”, using the Boolean operator AND and filtering
between the last 10 years (2013-2023). Subsequently, a screening
process was carried out according to the objectives of the study,
obtaining the two frameworks.

3. Development of the conceptual framework

The conceptual framework consists of five main components which
are interrelated on two levels. Each level includes the pre-existing
conditions and respective domains of adaptation (Fig. 4).

3.1. Main components of the conceptual framework

3.1.1. Climate change

Climate change is defined as the change in climate conditions
deemed to be caused, directly or indirectly, by human activity, which
modifies the composition of the Earth’s atmosphere and is added to the
natural climate variations that have been recorded in comparable time
periods (UNFCCC, n.d.). Traditionally, there have been two political
approaches to this problem: on the one hand, there is adaptation to
climate change, which implies adjusting to changing climate conditions;
on the other, there is mitigation, which entails limitation of greenhouse
gas emissions or the use of carbon sinks (Wang and McCarl, 2011). In the
context of the impact of climate change on human health, adaptation
and mitigation measures, such as warning systems, serve to reduce the
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Fig. 4. Conceptual framework of the time trends in human adaptation to heat
in the context of climate change. It is defined with 5 main components (climate
change, vulnerability, health risks, axes.

morbidity and mortality of a given population (Luyten et al., 2023;
Sharifi et al., 2021).

3.1.2. Vulnerability

Vulnerability refers to the level of capacity of a person, group of
persons or system to cope with the negative health consequences which
climate change may generate. It is determined by exposure, sensitivity
and adaptive capacity to risk factors (Fiissel and Klein, 2006; Mar-
i-Dell’olmo et al., 2022; Paavola, 2017). Lack of economic resources and
access to essential services, such as health, limits people’s ability to
adapt and respond to the challenges of climate change. Those living in
the poorest and most unequal conditions are the most vulnerable to the
impacts of climate change (WHO, 2015).

3.1.3. Health risks

Risk, in this context, refers to the possibility of there being negative
effects which may endanger human or ecological systems, and whose
result or degree of impact cannot be accurately predicted. Risks arise
from the combination of the vulnerability of the affected system, pro-
longed exposure to danger, and the probability of such danger occur-
ring, which is linked to the climate (IPCC, 2022a, 2022b). Climate
change involves numerous risks for human health, such as air quality,
vector distribution and ecology; nutrient dense diets and food safety;
water quality and quantity; heat stress, extreme weather events, floods,
storms, wildfires, droughts and other phenomena (Austin et al., 2015;
IPCC, 2023; McMichael, 2012; Mojahed et al., 2022).

Heath risks are hazards or threats, which arise due to climate change
and affect human health. Such risks can affect health in different ways,
including the development or aggravation of respiratory diseases,
mental health problems and other adverse effects. When it comes to the
health risks posed by extreme temperatures from heat events, these are
reflected in the increased mortality and morbidity associated with such
situations (IPCC, 2022b; Patz et al., 2005; WHO, 2021b).

3.1.4. Axes of inequality

The axes of inequality that determine the distribution of power in a
society and have an impact on health include social class, gender, age,
ethnicity or race, and territory (Borrell et al., 2012; Comision para
Reducir las Desigualdades Sociales en Salud en Espana, 2015). In t he
context of climate change, the different axes influence the opportunities
that a given individual has to maintain their health in a good state, be in
a condition to adapt to climate change and avoid its consequences on
their health. People with fewer economic and social resources are the
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ones who are most exposed to the effects of climate change and face the
greatest obstacles to adjusting to and recovering from these effects
(Mari-Dell’olmo et al., 2022).

3.1.5. Health outcomes

Health outcomes refer to changes in the health status of an individ-
ual, group or population, which are due to a planned intervention or a
series of interventions, regardless of whether or not the stated aim of the
intervention is to change health status (WHO, 2021a). In the context of
climate change, outcomes are determined by health risks, as well as how
people are exposed to these risks, their sensitivity to them, and their
ability to adapt. These elements, including mode of exposure, sensi-
tivity, and adaptive capacity, combine to determine vulnerability
(Paavola, 2017). Although there is difficulty of linking climate change
adaptation to health outcomes due to complex interactions, methodo-
logical limitations, and incomplete causal understanding in epidemi-
ology (Boeckmann and Zeeb, 2016).

3.2. Levels of the conceptual framework

3.2.1. Individual level

Individual level refers to the perspective of analysis focused on the
person (as the basic unit of analysis), taking into account their charac-
teristics and behaviour. In the context of the adaptation process, it refers
to the personal conditions that determine this process at a micro level.

3.2.2. Social level

Social level refers to the perspective of analysis focused on persons,
considering their interaction and influence in the group context in which
they act. In the context of the adaptation process, it refers to the com-
munity conditions that determine this process at a macro level.

3.3. Pre-existing conditions

Pre-existing conditions refer to the circumstances or factors that are
already present in an individual or population before an event occurs,
which in this case means a heat event. At the individual level, in a health
context, these are diseases, such as cardiac, pulmonary, renal, psychi-
atric diseases and acute cerebrovascular accidents, which are present in
an individual before a heat event and are thus exacerbated when the
event occurs, (Huertas et al., 2021). According to Sanchezi Martinez
et al. (Sanchez Martinez, 2019; Sanchez Martinez et al., 2011, 2022), at
the social level, there are direct or indirect policies targeting the
reduction of vulnerability to heat. Pre-existing conditions can act as a
protective factor or risk factor, and several can occur simultaneously.

At an individual level, bearing in mind that vulnerability to extreme
heat is determined by each individual’s exposure, sensitivity and
adaptive capacity, pre-existing conditions may result in some persons
being more vulnerable than others to the effects of climate change,
experiencing more adverse health outcomes than the rest (Paavola,
2017; Sheridan and Dixon, 2017). Among the various factors that can
influence the effects of heat is physical condition or consumption of
toxic substances (such as alcohol or drugs), which can modulate the way
in which a person experiences the effects of extreme heat (Asghari et al.,
2017). At the resource level, having air conditioning or better housing
affects exposure to heat (L.opez-Bueno et al., 2020; Lopez-Bueno et al.,
2021a,b,c)

At a social level, vulnerability and its effects on health are deter-
mined by a community’s exposures, sensitivities and adaptive capacity
in the face of a threat (Yu et al., 2021). The resources, infrastructure and
means available at a community level are also a decisive factor when it
comes to adaptation and reducing vulnerability. For instance, the
implementation of direct policies, such as heat-health action plans, and
indirect policies, such as health coverage, pension plans, or unemploy-
ment benefits, can mitigate social vulnerability and its impact on health
by modulating the effects of heat (Sanchez Martinez et al., 2011, 2022,
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2019). Moreover, various pre-existing factors influence the adaptation
to heat, including population acclimatization (Navas-Martin et al.,
2022a,b), pollution levels (Culqui et al., 2017; Egea et al., 2023; Linares
et al., 2020a,b; Ruiz-Paez et al., 2023), climate conditions (Carmona
et al., 2017; Lopez-Bueno et al., 2019; Lopez-Bueno et al., 2021a,b,c),
and meteorological factors (Miron et al., 2008; Ruiz-Paez et al., 2023).

3.4. Domains of the conceptual framework

Heat adaptation processes can be approached from different various
perspectives, as evidenced by organisations such as the WHO (2015) and
national health authorities such as the United Kingdom (Government of
United Kingdom, 2023), the United States (The White House, 2023) and
Canada (Goverment of Canada, 2023) through resilience to climate
change. Regarding adaptation, as there are many definitions and, thus,
many different categories, which makes it impossible to have a universal
classification (Noble et al., 2015; Smit and Wandel, 2006). Some authors
suggest approaching it from the perspective of comfort: these are the
classifications of physiological, psychological and behavioural adapta-
tion (Schweiker et al., 2013; Schweiker and Wagner, 2015). Other au-
thors have focused on cultural (Ellen, 2018; Smit and Wandel, 2006),
behavioural (Indraganti, 2010; Rijal et al., 2019) or even joint cultur-
al/behavioural adaptation (Araos et al., 2021), as well as adaptive
(Biesbroek et al., 2018; Dupuis and Biesbroek, 2013) or institutional
policy (Araos et al., 2021; Bellamy, 2019; Noble et al., 2015), among
others. Within the proposed conceptual framework, three domains of
heat adaptation response are identified: physiological, cultural, and
political.

3.4.1. Physiological adaptation (acclimatization)

Physiological adaptation to heat, also known as acclimatization, re-
fers to adjustments made in bodily mechanisms in response to regular
exposure to high temperatures, triggering reactions that reduce the
adverse impacts of heat stress. Accomplished through increased sweat-
ing and skin blood flow reactions, improved fluid balance and cardio-
vascular stability, a reduced metabolic rate, expansion of plasma
volume, and the development of thermal tolerance (Périard et al., 2015).
Functional or physiological adaptation is acquired during one’s lifetime
and is not genetically heritable (Leonard, 2015): 7-14 days are needed
to acclimatise, and it is during the first 4-7 days of heat exposure that
short-term adaptation occurs (Périard et al., 2016). This type of adap-
tation, activated to maintain homeostasis and ensure normal biological
functioning -such as regulation of body temperature and oxygenation of
the blood and tissue in the face of stressful environmental factors
(Leonard, 2015)- can lead to short-term acclimatization to heat through
frequent exposure, potentially reducing cardiovascular burden and
lowering the core temperature response to heat exposure (Charkoudian,
2016).

At an individual level, physical characteristics, such as age, sex, body
mass index, health, medication and physical state, significantly influ-
ence the efficacy of key thermoregulation functions, such as sweating,
cardiac system efficiency, and blood volume regulation. These factors
can contribute to the variation in tolerance to heat stress. In particular, it
has been observed that both children and older adults have a lower heat
tolerance capacity than the rest of the population (Hanna and Tait,
2015; Leonard, 2015; Wickham et al., 2020).

3.4.2. Cultural adaptation

Cultural adaptation is the process of change in response within a
given setting or an alteration in the internal factors that affect an entity,
such as an organisation, community or company (Denevan, 2010; Smit
and Wandel, 2006; Stora, 1994). These cultural factors determine peo-
ple’s support for adaptation measures and their level of motivation to act
(Adger et al., 2012). Through learning and teaching, knowledge about
adaptation can be transmitted from generation to generation (Leonard,
2015). In adaptive management of the health system, for example, risk
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assessments clarify local needs or surveys provide information on
effectiveness (WHO, 2015). Recent social science studies show that
cultural practices which favour adaptation processes can be classified
into two categories: behavioural and technical (Smit and Wandel, 2006).

3.4.2.1. Behavioural adaptation. Behavioural adaptation is the adjust-
ment of individual, collective and/or institutional behaviour to reduce
society’s exposure to climate-related vulnerabilities (Pielke, 1998). Ac-
quired through learning, it is the quickest mechanism and the most
flexible for enabling individuals to cope with environmental problems
(Hardesty, 1942).

At an individual level, the changes that a person makes consciously
or unconsciously to modify their body temperature include a range of
actions, such as taking lukewarm showers or changing clothes, activity,
posture or place. Additionally, eating or drinking cold foods can
contribute to reducing body temperature (Brager and De Dear, 1998; Liu
et al., 2012). Similarly, there are passive measures that the individual
can adopt in the home, such as opening windows to dissipate the heat,
extending awnings, or using blinds and curtains (Alessandrini et al.,
2019; Sanchez Martinez et al., 2022; Santamouris et al., 2007). During
workdays, it is recommended to take breaks in hot environments (Jay
et al., 2021).

At a social level, the change is determined by the cultural and social
components of each place: for instance, it may imply changing dress
codes adapted to warmer areas, taking a nap during the hottest daylight
hours, or modifying the way in which one organises one’s work and
leisure time (Brager and De Dear, 1998; Liu et al., 2012; Lundgren et al.,
2013; Navas-Martin et al., 2022a,b; Weitensfelder and Moshammer,
2020).

3.4.2.2. Technical adaptation. In the broadest sense, technology refers
to the use and knowledge of certain tools and techniques, and the way in
which their application affects human beings’ capacity to adapt to and
control their physical and social environment. Thus, the concept may
not solely refer to the application of the scientific knowledge, through
instruments and industrial processes, such as machines, tools and de-
vices, but may also include more general aspects, such as systems,
organisational methods theories, and techniques (Banta, 2009). In the
context of climate change, technical adaptation refers to the imple-
mentation of these tools and knowledge of technology, to cope with
impacts and become more resistant to climate change (Bellamy, 2019).
Technical adaptation, thus, may adopt different ways -structural,
physical or social-which include educational, informational and
behavioral (Bellamy, 2019; Noble et al., 2015).

At an individual level, this would include the use of clothing and
accessories with specific features with a particular aim, for instance sun
protection, such as sunglasses, hat or clothing purpose-designed and/or
adapted to reduce heat (Holmeér, 1995; Kearney et al., 2016). In an in-
door context, individual shading devices, fans and air-conditioning are
usual techniques that may be adjusted to the needs of the person
(although fans or air conditioning are usually controlled individually,
they can be also used collectively) (Kownacki et al., 2019; Osberghaus
and Abeling, 2022).

At a social level, this would cover more complex architectural im-
provements, such as enhancing the building insulation on the thermal
envelope to increase energy efficiency; making use of cool or green roofs
and walls, and other elements as part of the building passive design.
Also, the selection of the optimal orientation, or the inclusion of solar
control devices, and the application of absorbent building materials, for
instance, could be a better approach for a shifting climate change sce-
nario where adaptation is needed. Alternatively, achieving indoor
hygrothermal comfort may require the implementation of heating,
ventilation, and air conditioning systems, along with supplementary
elements such as energy exchangers, thermal storage elements, fans,
radiant floors and ceilings. However, this approach often leads to
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increased energy expenses and GHG emissions. This inconvenient may
be solved by supplying power, at least in a great extent, with renewable
energy sources (Puig, 2021; Sanchez Martinez et al., 2022)

This could also be addressed from the built environment itself (either
at a community, neighbourhood, or district scale), with measures such
as urban re-greening and the presence of well-managed blue urban in-
frastructures (Sanchez Martinez et al., 2022), which, among other
benefits, serve to mitigate the urban heat island effect (Alvarez et al.,
2021; Lopez-Bueno et al., 2020). Furthermore, cooling centres are places
purpose-designed to provide temporary relief to people in extreme heat
situations, and are usually located in public spaces (Berisha et al., 2017;
Nayak et al., 2019). Another potential measure involves converting
schools or other public buildings into climate shelters to provide pro-
tection during unfavourable situation. These spaces may be used by the
community as a place of refuge on hottest days, even outside the school
timetable or during weekends (Baro et al., 2022).

A further technical solution is district cooling, which consists of a
centralised cooling generation, covering an urban area, and distributed
through a pipeline network to buildings added to the grid (Puig, 2021).
Lastly, sight should not be lost of the fact that another way of technical
adaptation consist of educational training and informative dissemina-
tion and engagement, as mentioned above. Environmental education
makes it possible to empower and cultivate a public committed to health
and the preservation of the environment (Huertas et al., 2021). At a
national level, to prevent the impact of heat on society, teaching and
training materials, such as brochures and infographics must be created
for subsequent distribution and awareness-raising purposes (Sanchez
Martinez et al., 2022).

3.4.3. Political adaptation

In general terms, political adaptation refers to the set of actions,
decisions and choices made by individuals and organisations, both
public and private, at different administrative levels and in different
sectors, with the specific purpose of tackling the effects of climate
change in policy. The desired results seek to generate a significant
impact on groups of actors, geographic areas or sectors vulnerable to the
effects of climate change (Biesbroek et al., 2018; Dupuis and Biesbroek,
2013).

There are two types of policies aimed at heat adaptation: direct and
indirect (van Staden and Musco, 2010). Direct policies are specific,
targeted measures, which are implemented with the aim of reducing the
negative effects of extreme heat. In contrast, indirect policies, which are
not aimed at promoting adaptation, may nonetheless have a positive
impact on the heat adaptation process. While these policies may be
specific, e.g., increasing energy efficiency through better climate control
systems and thereby increasing the efficacy of air-conditioning, there
can also be general policies, such as providing a pension system, health
coverage or unemployment benefits, which increase resilience, both
overall and specifically to the impacts of climate change.

At a social level, adaptation policies may include: implementation of
an early warning system, emergency and heat-health action plans that
are activated during a heat wave (Sanchez Martinez et al., 2011, 2022,
2019); monitoring and surveillance systems (Sanchez Martinez et al.,
2022); improving infrastructures, such as the creation of green areas, to
reduce exposure to heat (Garcia Sanchez et al., 2018; Hrdalo et al., 2015;
Mukhamedjanov et al., 2023); conducting awareness-raising campaigns
through dissemination and education about the risks of extreme heat;
issuing risk warnings via websites, mobile applications, SMS, bulletins,
social media and mass media; encouraging healthy actions in companies
and organisations through incentives and awards; and drawing up reg-
ulations, heat-health action plans and programs to boost actions to
combat the effects of heat (EPA, 2023; Puig, 2021; Sanchez Martinez
et al., 2022).

At an individual level, this would cover the type of action that a
citizen can take in response to a specific policy. Such as the use of
subsidies for the payment of electricity bills (Bienvenido-Huertas et al.,
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2023; Rodriguez-Alvarez et al., 2019), or the use of public space for
searching for cool and shady places like parks and gardens.

In the case of these policies, a distinction must be drawn between
private adaptation policies, which are implemented as the result of in-
dividual initiative and only benefit those who take the decision, and
joint adaptation policies, which involve multiple beneficiaries and are
implemented by government action (Mendelsohn, 2000). Examples of
public policies are improvements to health services, poverty reduction,
resource redistribution, education, and heat-wave warning systems
(Guo et al., 2018).

3.5. Conceptual framework mechanisms

Climate change is altering health risks, due to the increase in mor-
tality and morbidity caused by increasingly frequent extreme weather
phenomena such as heat waves. The influence of such risks on health
outcomes is influenced by the population’s vulnerability. In the sphere
of adaptation, it is axes of inequality, levels and pre-existing conditions
that determine adaptive mechanisms.

In Spain, studies conducted by our research group (Table 1 and
Table 2) have shown that the relationship between health risks and
health outcomes in heat-adaptation terms is determined by axes of
inequality, such as gender (Follos et al., 2020; Navas-Martin et al.,
2022a,b), age (Navas-Martin et al., 2023a,b) and territory (Diaz et al.,
2019; Follos et al., 2021; Lopez-Bueno et al., 2021a,b,c; Navas-Martin
et al., 2022a,b; Navas-Martin et al., 2023a,b). In addition to gender
(Diaz et al., 2002, 2006; Diaz et al., 2018; Lopez-Bueno et al., 2020) and
age (Diaz et al., 2015), the impact on vulnerability to heat is also
determined by social class (Lopez-Bueno et al., 2020) and territory
(Cuerdo-Vilches et al., 2023; Diaz et al., 2018; Diaz et al., 2015; Gar-
cia-Herrera et al., 2005; Linares et al., 2014; Lopez-Bueno et al., 2022;
Miron et al., 2008; Tobias et al., 2012; Tobias et al., 2014).

With respect to the impact of vulnerability, adaptation is determined
by pre-existing conditions, not only in terms of environmental variables
such as pollution (Diaz et al., 2016; Egea et al., 2023), weather condi-
tions (Montero et al., 2012; Ruiz-Paez et al., 2023) and climate condi-
tions (Carmona et al., 2017; Lopez-Bueno et al., 2021a,b,c), but also in
terms of people’s physical condition, including diseases preceding a heat
episode (Culqui et al., 2017; Linares et al., 2016). Lastly, regarding
adaptation domains, the available evidence from epidemiological
studies indicates limitations in understanding the temperature-mortality
relationship (Navas-Martin et al., 2024). These studies primarily focus
on cultural adaptation, particularly technical adaptation, and the pro-
tective role of dwellings (Lopez-Bueno et al., 2019; Lopez-Bueno et al.,
2019), as well as on direct policy adaptations such as prevention plans
(Roldan et al., 2014, 2016).

4. Application of conceptual framework

Climate change is changing the well-known association between heat
and health, increasing the exposure and vulnerability of large-sized
population groups and the risk of the adverse effects of heat. This
modification requires an adaptation effort, not only institutional but also
spontaneous, with implementation at both an individual and a group or
social level. Adaptation is aimed at reducing vulnerability and the risks
of heat, by minimising the adverse health effects. Adaptation, according
to the proposed framework, can be categorized into three main domains:
physiological (acclimatization), cultural (including behaviours and
technologies) and public policies. The relevance of the different di-
mensions and elements of the conceptual framework is shown in Table 1
for adaptation to heat and in Table 2 for impact on vulnerability to heat.

The proposed conceptual framework serves as a valuable tool for
comprehending the interplay among climate change, vulnerability,
health risks, axes of inequality, and health outcomes in the heat adap-
tation process. Social disparities, driven by factors like social class,
gender, age, ethnicity, and territory, delineate vulnerability to climate
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Table 1
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Relationship of the elements of the conceptual framework, local evidence findings and their relevance for heat adaptation through the case studies.

Framework Specific Framework  Findings from local evidence References Relevance for adaptation
dimension element
Inequality axes Age Population over 65 showed slower Navas-Martin et al. Prevention must assume at best slowest rhythm of
acclimatization than general population (2023b) acclimatization, specific targeting of the elderly
Inequality axes Territory Different territories showed very different rates ~ Navas-Martin et al. Prevention plans must be adapted to climate zones, rely on
of adaptation to heat (2023a) local epidemiological evidence
Inequality axes Territory Urban areas showed higher rates of adaptation =~ Navas-Martin et al. Prevention plans must incorporate the differences in
to heat than rural areas (2022a) adaptation between urban and rural areas
Inequality axes Gender Women showed higher adaptation than men Navas-Martin et al. Prevention plans must include the gender perspective in
(2022b) order to address gender differences in adaptation
Inequality axes Territory Geographical heterogeneities in adaptation Follos et al. (2021) Prevention plans must articulate measures at the local level
for adaptation
Inequality axes Territory Geographical heterogeneities in adaptation Loépez-Bueno et al., Prevention plans must be adapted to heat wave definition
2021a threshold temperature at the local level
Inequality axes Gender Both genders showed adaptation, although Follos et al. (2020) Prevention plans must be evaluated and improved
women are more vulnerable to heat.
Political Direct It is important to implement Prevention Health ~ Linares et al. (2020) Prevention plan must prioritize a health perspective
adaptation Action Plans
Inequality axes Territory Geographical heterogeneities in adaptation Diaz et al. (2019) Prevention plans must articulate measures at the local level

for adaptation

change. Emphasizing the necessity for comprehensive and fair policies
that prioritize the most vulnerable communities, the framework un-
derscores the physiological, cultural, and political dimensions of adap-
tation. Pre-existing conditions, encompassing chronic ailments,
demographic traits, and socioeconomic elements, emerge as pivotal
determinants of both individual and community vulnerability. On an
individual scale, these conditions shape the efficacy of physiological
heat adaptation, influencing tolerance and responsiveness to extreme
conditions. Societally, pre-existing conditions mold cultural adaptation,
shaping the ability to instigate behavioral and technological shifts at the
community level. This interconnectedness underscores the imperative
for policies addressing existing disparities and promoting tailored ad-
aptations at each tier, ensuring both fairness and efficacy in climate
health risk management.

5. Discussion

The objective of the proposed conceptual framework is to provide a
comprehensive structure for understanding and addressing the rela-
tionship between heat adaptation, climate change, vulnerability, health
risks, social inequalities and health outcomes. It seeks to establish clear
connections between key components, such as pre-existing conditions,
individual and societal levels, and the physiological, cultural and po-
litical dimensions of heat adaptation. It also aims to guide the devel-
opment and implementation of inclusive and equitable policies that
mitigate disparities and strengthen the capacity of communities, espe-
cially the most vulnerable, to cope with the risks associated with climate
change. Key findings include the relevance of social inequalities and the
pressing need to address heat adaptation from a multidimensional
perspective, encompassing physiological, cultural and political aspects.
Pre-existing conditions emerge as crucial determinants of vulnerability,
both at the individual and societal levels. This finding underlines the
need for integrated approaches. It also highlights the importance of in-
clusive and equitable policies, with a special emphasis on the most
vulnerable populations. These findings highlight the urgency of holistic
and equitable measures to address the challenges of climate change and
ensure effective and equitable adaptation.

In the case of adaptation to heat, our understanding of temperature-
mortality relationship is constrained due to limited knowledge from
epidemiological studies (Navas-Martin et al., 2024). This conceptual
framework aims to improve our understanding of temperature-mortality
relationships by taking into consideration local evidence linking heat
adaptation to axes of inequality, such as age, territory, and gender.
These findings are in line with studies conducted by other researchers, in
which differences in heat adaptation have been observed between

different cities, age groups and genders (Achebak et al., 2019; Bobb
et al., 2014; Chung et al., 2018; Tobias et al., 2021). Similarly, the
implementation of heat-health action plans through adaptation policies
has been shown to be relevant, as reported by other studies undertaken
in different countries, such as Canada (Benmarhnia et al., 2016), Italy
(Schifano et al., 2012) and Australia (Nitschke et al., 2016).

When it comes to vulnerability to heat, studies based on local evi-
dence have also found a relationship with axes of inequality such as age,
territory and gender. These findings are in line with studies conducted
by other researchers, in which differences in heat adaptation were
observed between different cities, age groups and genders (Graczyk
et al., 2022; Kang et al., 2020; Tong et al., 2014). These differences in-
fluence each person’s chance of remaining in good health in the face of
exposure to the risks of climate change. Likewise, studies which link
pre-existing conditions with vulnerability to heat coincide with the
findings of other studies on the incidence of environmental factors such
as pollution (Yang et al., 2022), climate (Pezza et al., 2012) and weather
conditions (Sharma and Mujumdar, 2017), as well as individuals’ own
health status (Schifano et al., 2009). Lastly, when it comes to evidence
pertaining to adaptation domains and cultural policy, this is also sup-
ported by other studies which stress the need to implement adaptation
policy measures to reduce vulnerability to heat (Boeckmann and Rohn,
2014). Alternatively, implementing technical adaptation measures in
homes subject to overheating has shown that dwellings play a crucial
role as a protective element against heat (Ramakrishnan et al., 2017).

The adaptation can be said to be the result of a combination of
multiple factors. The set of different elements and factors that go to
explain the heat adaptation process is known as "heat culture" (Follos
et al., 2020; IPCC, 2019; Linares et al., 2020a,b; Lopez-Bueno et al.,
2020; Navas-Martin et al., 2022a,b). According to Bobb et al., there is a
range of factors that can contribute to a population’s adaptation to heat.
These include lifestyle changes, a reduction in risk factors, improve-
ments in healthcare services, implementation of early warning systems
and public health programs, changes in behaviour such as reducing
outdoor exposure on hot days, and improving the built environment
through, say, the creation of green areas. Additionally, fostering
increased awareness of heat-related risks is of paramount importance
(Bobb et al., 2014).

In addition, it is important to highlight other factors that comple-
ment and enhance the public’s understanding of the heat adaptation
process and the measures that can be taken to reduce its negative health
effects, such as those identified in the conceptual framework. These
factors would allow for the notion of "heat culture" to be extended.
Homes play a fundamental role as a protective element against heat, and
aspects such as age, state, and restoration and refurbishment of



M.A. Navas-Martin et al.

Environmental Research 252 (2024) 118803

Table 2
Relationship of the elements of the conceptual framework, local evidence findings and their relevance for heat vulnerability through the case studies.
Framework Specific Findings from local evidence References Relevance for adaptation
dimension Framework
element
Inequality axes  Territory Geographic heterogeneities in the urban heat ~ Cuerdo-Vilchesetal.  Prevention plan must be based on local evidence and consider
island (UHI) effect (2023) local factors to determine its impact on health outcomes
Pre-existing Pollution Increase in admissions to the emergency for Egea et al. (2023) Prevention plan must consider environmental factors based on
conditions endocrine and metabolic diseases due to local epidemiological evidence
ozone and sunlight hours
Pre-existing Meteorological The effect of heat waves on morbidity and Ruiz-Péez et al. Prevention plan must consider meteorological factors based on
conditions mortality depends on the synoptic situation (2023) local epidemiological evidence
Inequality axes  Territory Rural areas are less vulnerable to extreme Loépez-Bueno et al. Prevention plans must incorporate the differences in
heat than the urban area (2022) vulnerability between urban and rural areas
Pre-existing Climatic Climatic heterogeneities in the vulnerability Loépez-Bueno et al., Prevention plan must consider differences in climate
conditions to heat wave 2021b vulnerability to heat waves on local epidemiological evidence
Adaptation Direct Action plans that consider the different Linares et al. (2020)  Prevention plans must be integrated into health
policy environmental factors affected by heat waves
Inequality axes  Gender Women are more vulnerable to heat thanmen  Lopez-Bueno et al. Prevention plans must include the gender perspective

Inequality axes

Cultural
adaptation
Adaptation
policy
Adaptation
policy
Inequality axes

Adaptation
policy
Inequality axes

Pre-existing
factors

Pre-existing
conditions

Adaptation
policy
Pre-existing
factors
Adaptation
policy
Inequality axes
Pre-existing
factors
Inequality axes
Inequality axes
Inequality axes

Inequality axes

Pre-existing
conditions

Inequality axes
Inequality axes
Inequality axes
Inequality axes
Pre-existing
factors

Inequality axes

Inequality axes

Social class

Technical
Direct
Direct
Territory
Direct

Gender

Diseases

Climatic

Direct
Diseases

Direct

Territory

Physical condition
Territory

Age

Territory
Territory

Meteorological

Territory
Territory
Territory

Gender
Diseases

Territory

Gender

Income level (as a proxy indicator of social
class) to explain the different heat impact
detected in the districts

Housing plays a key role in modulating the
impact of heat waves

HHAPs reduces or minimizes heat-related
mortality and morbidity

Without adaptation measures mortality
increases

Geographical heterogeneities in vulnerability

Without adaptation measures mortality
increases

Hospital admissions for respiratory causes
due to the impact of heat waves were
associated with women

Heat waves were associated with Alzheimer’s
disease hospital admissions

The use of isoclimatic zones improves the
effectiveness of prevention plans in public
health

Without adaptation measures mortality
increases

Heat waves were associated with Parkinson’s
disease mortality

The impact of extremely high temperatures
supposes a cost in the hospital load in
addition to the loss of human lives
Geographical heterogeneities in vulnerability

Heat waves are an acute stressor on pregnant
women

Geographical heterogeneities in vulnerability
Elderly people are more vulnerable to heat
Geographical heterogeneities in vulnerability
Geographical heterogeneities in vulnerability
Cyclonic conditions accompanied by low
humidity situations are associated with
increased mortality from heat waves
Geographical heterogeneities in vulnerability
Geographical heterogeneities in vulnerability

Geographical heterogeneities in vulnerability

Gender heterogeneities in vulnerability
Diseases heterogeneities in vulnerability

Geographical heterogeneities in vulnerability

Older women are more vulnerable to heat
than men

(2020a)
Lopez-Bueno et al.
(2020b)

Lopez-Bueno et al.
(2019)

Sanchez Martinez
et al. (2019)
Sanchez-Martinez
et al. (2018a)

Diaz et al. (2018a)
Sanchez-Martinez
et al. (2018b)
Diaz et al. (2018b)
Culqui et al. (2017)

Carmona et al.
(2017)

Roldan et al. (2016)
Linares et al. (2016)

Roldan et al. (2015)

Linares et al. (2015)
Linares & Diaz
(2015)

Diaz et al. (2015a)
Diaz et al. (2015b)
Linares et al. (2014)

Tobias et al. (2014)

Montero et al.
(2012)

Tobias et al. (2012)

Garcia-Herrera et al.
(2010)
Miron et al. (2008)

Diaz et al. (2006a)
Diaz et al. (2006b)

Garcia-Herrera et al.
(2005)
Diaz et al. (2002)

Prevention plan must consider differences in vulnerability due to
socioeconomic factors

Prevention plans must articulate measures at housing
rehabilitation
Prevention plans must update

Prevention plans must include a long-term perspective in the
public health prevention of heat exposure

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must design as a dynamic, adaptive process
from the inception

Prevention plans must include the gender perspective

Prevention plan must consider pre-existing conditions in
vulnerability to heat waves on local epidemiological evidence
Prevention plan must consider differences in climate
vulnerability to heat waves on local epidemiological evidence

Prevention plans must include a long-term perspective in the
public health prevention of extreme temperatures

Prevention plan must consider pre-existing conditions in
vulnerability to heat waves on local epidemiological evidence
Prevention plans must include an implementation of preventive
measures aimed at mitigating the impact of extreme heat on
human health and reducing the associated mortality costs
Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plan must consider pre-existing conditions in
vulnerability to heat waves on local epidemiological evidence
Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must include different adaptation measures for
each of the vulnerable groups

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plan must consider meteorological factors based on
local epidemiological evidence

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must include the gender perspective
Prevention plan must consider pre-existing conditions in
vulnerability to heat waves on local epidemiological evidence
Prevention plans must incorporate the geographical differences
in vulnerability

Prevention plans must include the gender perspective
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dwellings influence the related risk (Lopez-Bueno et al., 2019, 2020;
Lopez-Bueno et al., 2021a,b,c; Lopez-Bueno et al., 2021a,b,c; Nav-
as-Martin et al., 2022a,b; Navas-Martin et al., 2023a,b). Furthermore,
the use of technical means such as air-conditioning (Lopez-Bueno et al.,
2020; Petkova et al., 2014) and the adoption of sun-protection measures,
e.g., sunglasses, appropriate clothing or hats, are also key elements in
terms of preventing the adverse health effects of heat (Holmér, 1995;
Kearney et al., 2016). In the case of older adults, the ability to rely on
nearby social networks and interpersonal support is crucial, since living
alone during a heat wave becomes a risk factor. Indeed, individuals who
engage in greater social interaction have less likelihood of experiencing
the negative effects of heat (Lin et al., 2019a, 2019b; Lopez-Bueno et al.,
2021a,b,c).

Lastly, environmental education plays a relevant role in fostering
concrete knowledge of and heightened awareness about short- and long-
term adaptation to extreme climate conditions (Anderson, 2013; Bof-
ferding and Kloser, 2015; Ekpo and Olatunde-Aiyedun, 2019). Taken
together, these additional factors enrich the concept of "heat culture"
and contribute to a fuller understanding of how to approach and adapt to
the effects of heat on health.

The conceptual framework has a series of limitations which should
be borne in mind. In the first place, there are few studies that address
long-term population heat-adaptation processes. Moreover, there are
gaps in research which make it difficult to interrelate certain concepts
with the conceptual framework. For instance, when it comes to adap-
tation, a more in-depth examination is needed of the influence of social
class and ethnicity on the axes of inequality, as well as that of adaptation
policy, cultural adaptation and pre-existing conditions. Insofar as the
impact of vulnerability is concerned, though there is ample evidence
available, gaps in research are nonetheless present. These gaps include
the need for studies on behavioural adaptation, indirect policies, and
studies that give a breakdown of their results by ethnicity.

On the one hand, the implementation of the conceptual framework at
the political level may also face certain limitations. Challenges related to
logistics and resources, especially in financially constrained settings,
could hinder effective policy implementation. Divergent interpretations
and prioritization of framework elements among political actors may
lead to inconsistent approaches. Political resistance or a lack of
commitment to addressing underlying social inequalities could impede
policy effectiveness. Additionally, achieving intersectoral coordination
and collaboration across government levels may be challenging in
fragmented political contexts. On the other hand, societal resistance to
change and diverse cultural perspectives might pose challenges to the
adoption of recommended adaptation measures. Inequitable access to
resources and information could exacerbate existing social disparities,
hindering the framework’s effectiveness. Therefore, addressing both
political and social challenges is crucial for successful implementation,
requiring effective governance and active community inclusion and
participation. Despite these limitations, the conceptual framework
provides a solid basis for application as well as making it possible to
identify key elements for future studies.

6. Conclusions

The effects of climate change, specifically the increase in tempera-
ture and heat waves, are linked to the associated risks, vulnerability and
axes of inequality in the heat adaptation process. Adaptation takes place
on two levels or scales, individual and social, and is influenced by pre-
ceding personal and community conditions. All this, in turn, has an in-
fluence on health outcomes. The proposed conceptual framework will
help researchers and policymakers, both to understand and effectively
organise knowledge of human capacity to adapt to heat, planning and
implementing effective adaptation measures. Likewise, it highlights the
fact that the problem of heat adaptation is a health problem which calls
for political solutions. Accordingly, this requires a multidisciplinary
approach that would foster the participation and collaboration of

Environmental Research 252 (2024) 118803

multiple actors for the purpose of proposing effective measures to
address the health impact of the rise in temperature.

Disclaimer

The researchers declare that they have no conflicts of interest that
would compromise the independence of this research work. The views
expressed by the authors do not necessarily coincide with those of the
institutions to which they are affiliated.

Funding

This study was funded by grants from the Carlos III Institute of
Health for the ENPY 436/21 and ENPY 304/20 projects. The authors
would also like to thank the National University of Distance Education
(UNED) for funding this publication in open access.

CRediT authorship contribution statement

Miguel Angel Navas-Martin: Writing — review & editing, Writing —
original draft, Formal analysis, Data curation, Conceptualization. Ter-
esa Cuerdo-Vilches: Writing — review & editing, Formal analysis, Data
curation. José Antonio Lopez-Bueno: Writing — review & editing,
Formal analysis, Data curation. Julio Diaz: Writing — review & editing,
Supervision, Conceptualization. Cristina Linares: Writing — review &
editing, Supervision, Conceptualization. Gerardo Sanchez-Martinez:
Writing — review & editing, Supervision, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
No data was used for the research described in the article.

References

Achebak, H., Devolder, D., Ballester, J., 2019. Trends in temperature-related age-specific
and sex-specific mortality from cardiovascular diseases in Spain: a national time-
series analysis. Lancet Planet. Health 3 (7), €297-e306. https://doi.org/10.1016/
$2542-5196(19)30090-7.

Adger, W.N., Barnett, J., Brown, K., Marshall, N., O’Brien, K., 2012. Cultural dimensions
of climate change impacts and adaptation. Nat. Clim. Change 3 (2), 112-117.
https://doi.org/10.1038/nclimate1666, 2012 3:2.

Alessandrini, J.M., Ribéron, J., Da Silva, D., 2019. Will naturally ventilated dwellings
remain safe during heatwaves? Energy Build. 183, 408-417. https://doi.org/
10.1016/J.ENBUILD.2018.10.033.

Alvarez, 1., Quesada-Ganuza, L., Briz, E., Garmendia, L., 2021. Urban heat islands and
thermal comfort: a case study of zorrotzaurre island in bilbao. Sustainability 13 (11),
6106. https://doi.org/10.3390/SU13116106, 2021, Vol. 13, Page 6106.

Anderson, A., 2013. Climate Change Education for Mitigation and Adaptation 6 (2),
191-206. https://doi.org/10.1177/0973408212475199.

Araos, M., Ford, J., Berrang-Ford, L., Biesbroek, R., Moser, S., 2016. Climate change
adaptation planning for Global South megacities: the case of Dhaka. J. Environ. Pol.
Plann. 19 (6), 682-696. https://doi.org/10.1080/1523908X.2016.1264873.

Araos, M., Jagannathan, K., Shukla, R., Ajibade, 1., Coughlan de Perez, E., Davis, K.,
Ford, J.D., Galappaththi, E.K., Grady, C., Hudson, A.J., Joe, E.T., Kirchhoff, C.J.,
Lesnikowski, A., Alverio, G.N., Nielsen, M., Orlove, B., Pentz, B., Reckien, D.,
Siders, A.R., et al., 2021. Equity in human adaptation-related responses: a systematic
global review. One Earth 4 (10), 1454-1467. https://doi.org/10.1016/J.
ONEEAR.2021.09.001.

Asghari, M., Nassiri, P., Monazzam, M., Golbabaei, F., Arabalibeik, H., Shamsipour, A.,
2017. The development of an empirical model for estimation of the sensitivity to
heat stress in the outdoor workers at risk. Ann. Med. Health Sci. Res. 7 (2), 77-84.
https://www.ajol.info/index.php/amhsr/article/view/158638.

Astrém, D.O., Tornevi, A., Ebi, K.L., Rocklov, J., Forsberg, B., 2016. Evolution of
minimum mortality temperature in Stockholm, Sweden, 1901-2009. Environ. Health
Perspect. 124 (6), 740-744. https://doi.org/10.1289/ehp.1509692.

Austin, S.E., Ford, J.D., Berrang-Ford, L., Araos, M., Parker, S., Fleury, M.D., 2015. Public
health adaptation to climate change in Canadian jurisdictions. Int. J. Environ. Res.


https://doi.org/10.1016/S2542-5196(19)30090-7
https://doi.org/10.1016/S2542-5196(19)30090-7
https://doi.org/10.1038/nclimate1666
https://doi.org/10.1016/J.ENBUILD.2018.10.033
https://doi.org/10.1016/J.ENBUILD.2018.10.033
https://doi.org/10.3390/SU13116106
https://doi.org/10.1177/0973408212475199
https://doi.org/10.1080/1523908X.2016.1264873
https://doi.org/10.1016/J.ONEEAR.2021.09.001
https://doi.org/10.1016/J.ONEEAR.2021.09.001
https://www.ajol.info/index.php/amhsr/article/view/158638
https://doi.org/10.1289/ehp.1509692

M.A. Navas-Martin et al.

Publ. Health 12 (1), 623-651. https://doi.org/10.3390/IJERPH120100623, 2015,
Vol. 12, Pages 623-651.

Banta, D., 2009. What is technology assessment? Int. J. Technol. Assess. Health Care 25
(S1), 7-9. https://doi.org/10.1017/50266462309090333.

Barbosa, R., Vicente, R., Santos, R., 2016. Comfort and buildings: climate change
vulnerability and strategies. International Journal of Climate Change Strategies and
Management 8 (5), 670-688. https://doi.org/10.1108/1JCCSM-05-2015-0058.

Baro, F., Camacho, D.A., Perez del Pulgar, C., Ruiz-Mallén, I., Garcia-Serrano, P., 2022.
Nature-based climate solutions in European schools: a pioneering Co-designed
strategy towards urban resilience. Urban Book Series 125-146. https://doi.org/
10.1007/978-3-031-07301-4_6/TABLES/4.

Bellamy, R., 2019. Social readiness of adaptation technologies. Wiley Interdisciplinary
Reviews: Clim. Change 10 (6), €623. https://doi.org/10.1002/WCC.623.

Benmarhnia, T., Bailey, Z., Kaiser, D., Auger, N., King, N., Kaufman, J.S., 2016.

A difference-in-differences approach to assess the effect of a heat action plan on heat-
related mortality, and differences in effectiveness according to sex, age, and
socioeconomic status (montreal, quebec). Environ. Health Perspect. 124 (11),
1694-1699. https://doi.org/10.1289/EHP203.

Berisha, V., Hondula, D., Roach, M., White, J.R., McKinney, B., Bentz, D., Mohamed, A.,
Uebelherr, J., Goodin, K., 2017. Assessing adaptation strategies for extreme heat: a
public health evaluation of cooling centers in maricopa county, Arizona. Weather,
Climate, and Society 9 (1), 71-80. https://doi.org/10.1175/WCAS-D-16-0033.1.

Bienvenido-Huertas, D., Sdnchez-Garcia, D., Marin-Garcia, D., Rubio-Bellido, C., 2023.
Analysing energy poverty in warm climate zones in Spain through artificial
intelligence. J. Build. Eng. 68 (February), 106116 https://doi.org/10.1016/J.
JOBE.2023.106116.

Biesbroek, R., Lesnikowski, A., Ford, J.D., Berrang-Ford, L., Vink, M., 2018. Do
administrative traditions matter for climate change adaptation policy? A
comparative analysis of 32 high-income countries. Rev. Pol. Res. 35 (6), 881-906.
https://doi.org/10.1111/ROPR.12309.

Bobb, J.F., Peng, R.D., Bell, M.L., Dominici, F., 2014. Heat-related mortality and
adaptation to heat in the United States. Environ. Health Perspect. 122 (8), 811-816.
https://doi.org/10.1289/ehp.1307392.

Boeckmann, M., Rohn, 1., 2014. Is planned adaptation to heat reducing heat-related
mortality and illness? A systematic review. In: BMC Public Health, vol. 14. BioMed
Central Ltd. https://doi.org/10.1186/1471-2458-14-1112. Issue 1.

Boeckmann, M., Zeeb, H., 2016. Justice and equity implications of climate change
adaptation: a theoretical evaluation framework. Healthcare 4 (3). https://doi.org/
10.3390/HEALTHCARE4030065.

Bofferding, L., Kloser, M., 2015. Middle and high school students’ conceptions of climate
change mitigation and adaptation strategies 21 (2), 275-294. https://doi.org/
10.1080/13504622.2014.888401.

Borrell, C., Malmusi, D., Artazcoz, L., Diez, E., Rodriguez-Sanz, I.P.y.M., Campos, P.,
Merino, B., Ramirez, R., Benach, J., Escolar, A., Esnaola, S., Gandarillas, A.,
Goémez, A., La Parra, D., Peiro, R., Segura, J., Solanillas, J.R., 2012. Propuesta de
politicas e intervenciones para reducir las desigualdades sociales en salud en Espana.
Gac. Sanit. 26 (2), 182-189. https://doi.org/10.1016/j.gaceta.2011.07.024.

Brager, G.S., De Dear, R.J., 1998. Thermal adaptation in the built environment: a
literature review. Energy Build. 27 (1), 83-96. https://doi.org/10.1016/50378-7788
(97)00053-4.

Brooks, N., Adger, W.N., Kelly, P.M., 2005. The determinants of vulnerability and
adaptive capacity at the national level and the implications for adaptation. Global
Environ. Change 15 (2), 151-163. https://doi.org/10.1016/J.
GLOENVCHA.2004.12.006.

Bryman, A., 2012. Social Research Methods, fourth ed. Oxford university press.

Carmona, R., Linares, C., Ortiz, C., Mirén, 1.J., Luna, M.Y., Diaz, J., 2017. Spatial
variability in threshold temperatures of heat wave mortality: impact assessment on
prevention plans. Int. J. Environ. Health Res. 27 (6), 463-475. https://doi.org/
10.1080/09603123.2017.1379056.

Charkoudian, N., 2016. Human thermoregulation from the autonomic perspective.
Auton. Neurosci.: Basic and Clinical 196, 1-2. https://doi.org/10.1016/j.
autneu.2016.02.007.

Chen, C., Doherty, M., Coffee, J., Wong, T., Hellmann, J., 2016. Measuring the
adaptation gap: a framework for evaluating climate hazards and opportunities in
urban areas. Environ. Sci. Pol. 66, 403-419. https://doi.org/10.1016/J.
ENVSCI.2016.05.007.

Chung, Y., Yang, D., Gasparrini, A., Vicedo-Cabrera, A.M., Ng, C.F.S., Kim, Y., Honda, Y.,
Hashizume, M., 2018. Changing susceptibility to non-optimum temperatures in
Japan, 1972-2012: the role of climate, demographic, and socioeconomic factors.
Environ. Health Perspect. 126 (5) https://doi.org/10.1289/EHP2546, 057002-1-
057002-057008.

Chun Tie, Y., Birks, M., Francis, K., 2019. Grounded theory research: a design framework
for novice researchers. SAGE Open Med. 7 https://doi.org/10.1177/
2050312118822927.

Comisién para Reducir las Desigualdades Sociales en Salud en Espana, 2015. Avanzando
hacia la equidad: propuesta de politicas e intervenciones para reducir las
desigualdades sociales en salud en Espana. https://www.mscbs.gob.es/profesionales
/saludPublica/prevPromocion/promocion/desigualdadSalud/docs/Propuesta_Politi
cas_Reducir_Desigualdades.pdf.

Crowe, S., Cresswell, K., Robertson, A., Huby, G., Avery, A., Sheikh, A., 2011. The case
study approach. BMC Med. Res. Methodol. 11 (1), 1-9. https://doi.org/10.1186/
1471-2288-11-100/TABLES/9.

Cuerdo-Vilches, T., Diaz, J., Lopez-Bueno, J.A., Luna, M.Y., Navas, M.A., Mir6n, LJ.,
Linares, C., 2023. Impact of urban heat islands on morbidity and mortality in heat
waves: observational time series analysis of Spain’s five cities. Sci. Total Environ.
890, 164412 https://doi.org/10.1016/J.SCITOTENV.2023.164412.

10

Environmental Research 252 (2024) 118803

Culqui, D.R., Linares, C., Ortiz, C., Carmona, R., Diaz, J., 2017. Association between
environmental factors and emergency hospital admissions due to Alzheimer’s
disease in Madrid. Sci. Total Environ. 592, 451-457. https://doi.org/10.1016/J.
SCITOTENV.2017.03.089.

Davis, R.E., Knappenberger, P.C., Michaels, P.J., Novicoff, W.M., 2003. Changing heat-
related mortality in the United States. Environ. Health Perspect. 111 (14),
1712-1718. https://doi.org/10.1289/EHP.6336.

Denevan, W.M., 2010. Adaptation, variation, and cultural geography 35 (4), 399-407.
https://doi.org/10.1111/J.0033-0124.1983.00399.X.

Diaz, J., Arroyo, V., Ortiz, C., Carmona, R., Linares, C., 2016. Effect of environmental
factors on low weight in non-premature births: a time series analysis. PLoS One 11
(10), e0164741. https://doi.org/10.1371/JOURNAL.PONE.0164741.

Diaz, J., Carmona, R., Mirén, L.J., Luna, M.Y., Linares, C., 2018a. Time trend in the
impact of heat waves on daily mortality in Spain for a period of over thirty years
(1983-2013). Environ. Int. 116, 10-17. https://doi.org/10.1016/j.
envint.2018.04.001.

Diaz, J., Carmona, R., Mir6n, 1.J., Luna, M.Y., Linares, C., 2019. Time trends in the
impact attributable to cold days in Spain: incidence of local factors. Sci. Total
Environ. 655, 305-312. https://doi.org/10.1016/J.SCITOTENV.2018.11.254.

Diaz, J., Carmona, R., Mirén, L.J., Ortiz, C., Ledn, L., Linares, C., 2015a. Geographical
variation in relative risks associated with heat: update of Spain’s Heat Wave
Prevention Plan. Environ. Int. 85, 273-283. https://doi.org/10.1016/J.
ENVINT.2015.09.022.

Diaz, J., Carmona, R., Mirén, L.J., Ortiz, C., Linares, C., 2015b. Comparison of the effects
of extreme temperatures on daily mortality in Madrid (Spain), by age group: the
need for a cold wave prevention plan. Environ. Res. 143, 186-191. https://doi.org/
10.1016/J.ENVRES.2015.10.018.

Diaz, J., Jordén, A., Garcia, R., Lopez, C., Alberdi, J.C., Hernandez, E., Otero, A., 2002.
Heat waves in Madrid 1986-1997: effects on the health of the elderly. Int. Arch.
Occup. Environ. Health 75 (3), 163-170. https://doi.org/10.1007/500420-001-
0290-4.

Diaz, J., Linares, C., Tobias, A., 2006. Impact of extreme temperatures on daily mortality
in Madrid (Spain) among the 45-64 age-group. Int. J. Biometeorol. 50 (6), 342-348.
https://doi.org/10.1007/500484-006-0033-Z.

Diaz, J., Lopez, L.A., Carmona, R., Mirdn, L.J., Luna, M.Y., Linares, C., 2018b. Short-term
effect of heat waves on hospital admissions in Madrid: Analysis by gender and
comparision with previous findings. Environ. Pollut. 243, 1648-1656. https://doi.
org/10.1016/J.ENVPOL.2018.09.098.

Dupuis, J., Biesbroek, R., 2013. Comparing apples and oranges: the dependent variable
problem in comparing and evaluating climate change adaptation policies. Global
Environ. Change 23 (6), 1476-1487. https://doi.org/10.1016/J.
GLOENVCHA.2013.07.022.

Ebneyamini, S., Sadeghi Moghadam, M.R., 2018. Toward developing a framework for
conducting case study research. Int. J. Qual. Methods 17 (1). https://doi.org/
10.1177/1609406918817954.

Egea, A., Linares, C., Diaz, J., Gémez, L., Calle, A., Navas, M.A., Ruiz-Paez, R.,
Asensio, C., Padrén-Monedero, A., Lopez-Bueno, J.A., 2023. How heat waves, ozone
and sunlight hours affect endocrine and metabolic diseases emergency admissions?
A case study in the region of Madrid (Spain). Environ. Res. 229, 116022 https://doi.
org/10.1016/J.ENVRES.2023.116022.

Eisenack, K., Stecker, R., 2012. A framework for analyzing climate change adaptations as
actions. Mitig. Adapt. Strategies Glob. Change 17 (3), 243-260. https://doi.org/
10.1007/S11027-011-9323-9.

Ekpo, C.G., Olatunde-Aiyedun, T.G., 2019. Environmental education: a tool for creation
of awareness onadaptation to climate change in Nigeria. https://papers.ssrn.com/
abstract=3927807.

Ellen, R., 2018. Cultural adaptation. The International Encyclopedia of Anthropology
1-7. https://doi.org/10.1002/9781118924396.WBIEA1914.

EPA, 2023. Public health adaptation strategies for climate change. https://www.epa.
gov/arc-x/public-health-adaptation-strategies-climate-change#extreme.

European Commission, 2021. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. https://ec.europa.eu/jrc/en/peseta-iv/economic-impacts

Filho, W.L., Balogun, A.L., Olayide, O.E., Azeiteiro, U.M., Ayal, D.Y., Munoz, P.D.C.,
Nagy, G.J., Bynoe, P., Oguge, O., Yannick Toamukum, N., Saroar, M., Li, C., 2019.
Assessing the impacts of climate change in cities and their adaptive capacity:
towards transformative approaches to climate change adaptation and poverty
reduction in urban areas in a set of developing countries. Sci. Total Environ. 692,
1175-1190. https://doi.org/10.1016/J.SCITOTENV.2019.07.227.

Folkerts, M.A., Brode, P., Botzen, W.J.W., Martinius, M.L., Gerrett, N., Harmsen, C.N.,
Daanen, H.A.M., 2020. Long term adaptation to heat stress: shifts in the minimum
mortality temperature in The Netherlands. Front. Physiol. 11 https://doi.org/
10.3389/fphys.2020.00225.

Follos, F., Linares, C., Lopez-Bueno, J.A., Navas, M.A., Culqui, D., Vell6n, J.M., Luna, M.
Y., Sanchez-Martinez, G., Diaz, J., 2021. Evolution of the minimum mortality
temperature (1983-2018): is Spain adapting to heat? Sci. Total Environ. 784,
147233 https://doi.org/10.1016/j.scitotenv.2021.147233.

Follos, F., Linares, C., Vellon, J.M., Lopez-Bueno, J.A., Luna, M.Y., Sdnchez-Martinez, G.,
Diaz, J., 2020. The evolution of minimum mortality temperatures as an indicator of
heat adaptation: the cases of Madrid and Seville (Spain). Sci. Total Environ. 747,
141259 https://doi.org/10.1016/j.scitotenv.2020.141259.

Fiissel, H.M., Klein, R.J.T., 2004. Conceptual frameworks of adpatation to climate change
and their applicability to human health. In: PIK. https://www.pik-potsdam.de/de
/produkte/publikationen/pik-reports/.files/pr91.pdf.


https://doi.org/10.3390/IJERPH120100623
https://doi.org/10.1017/S0266462309090333
https://doi.org/10.1108/IJCCSM-05-2015-0058
https://doi.org/10.1007/978-3-031-07301-4_6/TABLES/4
https://doi.org/10.1007/978-3-031-07301-4_6/TABLES/4
https://doi.org/10.1002/WCC.623
https://doi.org/10.1289/EHP203
https://doi.org/10.1175/WCAS-D-16-0033.1
https://doi.org/10.1016/J.JOBE.2023.106116
https://doi.org/10.1016/J.JOBE.2023.106116
https://doi.org/10.1111/ROPR.12309
https://doi.org/10.1289/ehp.1307392
https://doi.org/10.1186/1471-2458-14-1112
https://doi.org/10.3390/HEALTHCARE4030065
https://doi.org/10.3390/HEALTHCARE4030065
https://doi.org/10.1080/13504622.2014.888401
https://doi.org/10.1080/13504622.2014.888401
https://doi.org/10.1016/j.gaceta.2011.07.024
https://doi.org/10.1016/S0378-7788(97)00053-4
https://doi.org/10.1016/S0378-7788(97)00053-4
https://doi.org/10.1016/J.GLOENVCHA.2004.12.006
https://doi.org/10.1016/J.GLOENVCHA.2004.12.006
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref26
https://doi.org/10.1080/09603123.2017.1379056
https://doi.org/10.1080/09603123.2017.1379056
https://doi.org/10.1016/j.autneu.2016.02.007
https://doi.org/10.1016/j.autneu.2016.02.007
https://doi.org/10.1016/J.ENVSCI.2016.05.007
https://doi.org/10.1016/J.ENVSCI.2016.05.007
https://doi.org/10.1289/EHP2546
https://doi.org/10.1177/2050312118822927
https://doi.org/10.1177/2050312118822927
https://www.mscbs.gob.es/profesionales/saludPublica/prevPromocion/promocion/desigualdadSalud/docs/Propuesta_Politicas_Reducir_Desigualdades.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/prevPromocion/promocion/desigualdadSalud/docs/Propuesta_Politicas_Reducir_Desigualdades.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/prevPromocion/promocion/desigualdadSalud/docs/Propuesta_Politicas_Reducir_Desigualdades.pdf
https://doi.org/10.1186/1471-2288-11-100/TABLES/9
https://doi.org/10.1186/1471-2288-11-100/TABLES/9
https://doi.org/10.1016/J.SCITOTENV.2023.164412
https://doi.org/10.1016/J.SCITOTENV.2017.03.089
https://doi.org/10.1016/J.SCITOTENV.2017.03.089
https://doi.org/10.1289/EHP.6336
https://doi.org/10.1111/J.0033-0124.1983.00399.X
https://doi.org/10.1371/JOURNAL.PONE.0164741
https://doi.org/10.1016/j.envint.2018.04.001
https://doi.org/10.1016/j.envint.2018.04.001
https://doi.org/10.1016/J.SCITOTENV.2018.11.254
https://doi.org/10.1016/J.ENVINT.2015.09.022
https://doi.org/10.1016/J.ENVINT.2015.09.022
https://doi.org/10.1016/J.ENVRES.2015.10.018
https://doi.org/10.1016/J.ENVRES.2015.10.018
https://doi.org/10.1007/s00420-001-0290-4
https://doi.org/10.1007/s00420-001-0290-4
https://doi.org/10.1007/S00484-006-0033-Z
https://doi.org/10.1016/J.ENVPOL.2018.09.098
https://doi.org/10.1016/J.ENVPOL.2018.09.098
https://doi.org/10.1016/J.GLOENVCHA.2013.07.022
https://doi.org/10.1016/J.GLOENVCHA.2013.07.022
https://doi.org/10.1177/1609406918817954
https://doi.org/10.1177/1609406918817954
https://doi.org/10.1016/J.ENVRES.2023.116022
https://doi.org/10.1016/J.ENVRES.2023.116022
https://doi.org/10.1007/S11027-011-9323-9
https://doi.org/10.1007/S11027-011-9323-9
https://papers.ssrn.com/abstract=3927807
https://papers.ssrn.com/abstract=3927807
https://doi.org/10.1002/9781118924396.WBIEA1914
https://www.epa.gov/arc-x/public-health-adaptation-strategies-climate-change#extreme
https://www.epa.gov/arc-x/public-health-adaptation-strategies-climate-change#extreme
https://ec.europa.eu/jrc/en/peseta-iv/economic-impacts
https://doi.org/10.1016/J.SCITOTENV.2019.07.227
https://doi.org/10.3389/fphys.2020.00225
https://doi.org/10.3389/fphys.2020.00225
https://doi.org/10.1016/j.scitotenv.2021.147233
https://doi.org/10.1016/j.scitotenv.2020.141259
https://www.pik-potsdam.de/de/produkte/publikationen/pik-reports/.files/pr91.pdf
https://www.pik-potsdam.de/de/produkte/publikationen/pik-reports/.files/pr91.pdf

M.A. Navas-Martin et al.

Fiissel, H.M., Klein, R.J.T., 2006. Climate change vulnerability assessments: an evolution
of conceptual thinking. Climatic Change 75 (3), 301-329. https://doi.org/10.1007/
$10584-006-0329-3.

Garcia-Herrera, R., Diaz, J., Trigo, R.M., Hernandez, E., 2005. Extreme summer
temperatures in Iberia: health impacts and associated synoptic conditions. Ann.
Geophys. 23 (2), 239-251. https://doi.org/10.5194/ANGEO-23-239-2005.

Garcia Sanchez, F., Solecki, W.D., Ribalaygua Batalla, C., 2018. Climate change
adaptation in Europe and the United States: a comparative approach to urban green
spaces in Bilbao and New York City. Land Use Pol. 79, 164-173. https://doi.org/
10.1016/J.LANDUSEPOL.2018.08.010.

Goverment of Canada, 2023. Canada’s national adaptation strategy: building resilient
communities and a strong economy. https://www.canada.ca/en/services/environ
ment/weather/climatechange/climate-plan/national-adaptation-strategy.html.

Government of United Kingdom, 2023. Government sets out adaptation programme to
tackle climate impact. https://www.gov.uk/government/news/government-sets-o
ut-adaptation-programme-to-tackle-climate-impact.

Graczyk, D., Pinskwar, 1., Chorynski, A., 2022. Heat-related mortality in two regions of
Poland: focus on urban and rural areas during the most severe and long-lasting
heatwaves. Atmosphere 13 (3), 390. https://doi.org/10.3390/ATMOS13030390/S1.

Guo, Y., Gasparrini, A., Li, S., Sera, F., Vicedo-Cabrera, A.M., de Sousa Zanotti Stagliorio
Coelho, M., Saldiva, P.H.N., Lavigne, E., Tawatsupa, B., Punnasiri, K., Overcenco, A.,
Correa, P.M., Ortega, N.V., Kan, H., Osorio, S., Jaakkola, J.J.K., Ryti, N.R.L,
Goodman, P.G., Zeka, A,, et al., 2018. Quantifying excess deaths related to
heatwaves under climate change scenarios: a multicountry time series modelling
study. PLoS Med. 15 (7), €1002629 https://doi.org/10.1371/JOURNAL.
PMED.1002629.

Hanna, E.G., Tait, P.W., 2015. Limitations to thermoregulation and acclimatization
challenge human adaptation to global warming. Int. J. Environ. Res. Publ. Health 12
(7), 8034-8074. https://doi.org/10.3390/1JERPH120708034. 2015, Vol. 12, Pages
8034-8074.

Hardesty, D.L., 1942. Ecological Antropology. John Wiley & Sons, Inc.

Holmér, 1., 1995. Protective clothing and heat stress. Ergonomics 38 (1), 166-182.
https://doi.org/10.1080/00140139508925093.

Holton, J.A., 2008. Grounded Theory as a general research methodology. Grounded
Theory Review an International Journal 7. https://groundedtheoryreview.com/200
8/06/30/grounded-theory-as-a-general-research-methodology/.

Hrdalo, I., Tomi¢, D., Perekovi¢, P., 2015. Implementation of green infrastructure
principles in dubrovnik, Croatia to minimize climate change problems. Urbani Izziv
26, S38-S49. http://www.jstor.org/stable/24920946.

Huertas, S., Rodrigo-Cano, D., De la Osa Tomas, J., Alcaniz Roy, G., 2021. Aclimatarnos.
El cambio climético. Un problema de salud publica. Guia didactica sobre adaptacion
al calor. https://www.isciii.es/Noticias/Noticias/Documents/GuiaAclimatarnos.pdf.

Imenda, S., 2017. Is there a conceptual difference between theoretical and conceptual
frameworks? Kamla Raj Enterprises 38 (2), 185-195. https://doi.org/10.1080/
09718923.2014.11893249.

Indraganti, M., 2010. Behavioural adaptation and the use of environmental controls in
summer for thermal comfort in apartments in India. Energy Build. 42 (7),
1019-1025. https://doi.org/10.1016/J.ENBUILD.2010.01.014.

IPCC, 2019. Chapter 13: europe. https://www.ipcc.ch/report/ar6/wg2/downloads/repo
rt/IPCC_AR6_WGII_FOD_Chapter13.pdf.

IPCC, 2022a. Annex I: glossary. In: Global Warming of 1.5°C. Cambridge University
Press, pp. 541-562. https://doi.org/10.1017/9781009157940.008.

IPCC, 2022b. Climate change 2022: impacts, adaptation and vulnerability. https://www.
ipcc.ch/report/ar6/wg2/.

IPCC, 2023. ARG synthesis report: climate change 2023. https://www.ipcc.ch/report/s
ixth-assessment-report-cycle/.

Jay, O., Capon, A., Berry, P., Broderick, C., de Dear, R., Havenith, G., Honda, Y.,
Kovats, R.S., Ma, W., Malik, A., Morris, N.B., Nybo, L., Seneviratne, S.I., Vanos, J.,
Ebi, K.L., 2021. Reducing the health effects of hot weather and heat extremes: from
personal cooling strategies to green cities. Lancet 398 (10301), 709-724. https://
doi.org/10.1016,/50140-6736(21)01209-5.

Jopp, R., Delacy, T., Mair, J., 2010. Developing a framework for regional destination
adaptation to climate change. Curr. Issues Tourism 13 (6), 591-605. https://doi.org/
10.1080/13683501003653379.

Kang, C., Park, C., Lee, W., Pehlivan, N., Choi, M., Jang, J., Kim, H., 2020. Heatwave-
related mortality risk and the risk-based definition of heat wave in South Korea: a
nationwide time-series study for 2011-2017. Int. J. Environ. Res. Publ. Health 17
(16), 5720. https://doi.org/10.3390/1JERPH17165720, 2020, Vol. 17, Page 5720.

Kearney, G.D., Hu, H., Xu, X., Hall, M.B., Balanay, J.A.G., 2016. Estimating the
Prevalence of Heat-Related Symptoms and Sun Safety-Related Behavior among
Latino Farmworkers in Eastern North Carolina 21 (1), 15-23. https://doi.org/
10.1080/1059924X.2015.1106377.

Kim, D., Lim, U., 2016. Urban resilience in climate change adaptation: a conceptual
framework. Sustainability 8 (4), 405. https://doi.org/10.3390/5U8040405, 2016,
Vol. 8, Page 405.

Kivunja, C., 2018. Distinguishing between theory, theoretical framework, and conceptual
framework: a systematic review of lessons from the field. Int. J. High. Educ. 7 (6),
44-53.

Kownacki, K.L., Gao, C., Kuklane, K., Wierzbicka, A., 2019. Heat stress in indoor
environments of scandinavian urban areas: a literature review. Int. J. Environ. Res.
Publ. Health 16 (4), 560. https://doi.org/10.3390/IJERPH16040560, 2019, Vol. 16,
Page 560.

Leonard, W.R., 2015. Physiological adaptations to environmental stressors. Basics in
Human Evolution 251-272. https://doi.org/10.1016/B978-0-12-802652-6.00018-9.

Linares, C., Diaz, J., Negev, M., Martinez, G.S., Debono, R., Paz, S., 2020a. Impacts of
climate change on the public health of the Mediterranean Basin population - current

11

Environmental Research 252 (2024) 118803

situation, projections, preparedness and adaptation. Environ. Res. 182, 109107
https://doi.org/10.1016/J.ENVRES.2019.109107.

Linares, C., Martinez-Martin, P., Rodriguez-Blazquez, C., Forjaz, M.J., Carmona, R.,
Diaz, J., 2016. Effect of heat waves on morbidity and mortality due to Parkinson’s
disease in Madrid: A time-series analysis. Environ. Int. 89-90, 1-6. https://doi.org/
10.1016/J.ENVINT.2016.01.017.

Linares, C., Mirén, 1.J., Montero, J.C., Criado-Alvarez, J.J., Tobias, A., Diaz, J., 2014. The
time trend temperature-mortality as a factor of uncertainty analysis of impacts of
future heat waves. Environ. Health Perspect. 122 (5) https://doi.org/10.1289/
EHP.1308042.

Linares, C., Paz, S., Diaz, J., Negev, M., Sanchez-Martinez, G., 2020b. Health. In:
Cramer, W., Guiot, J., Marini, K. (Eds.), Climate and Environmental Change in the
Mediterranean Basin - Current Situation and Risks for the Future. First
Mediterranean Assessment Report. Union for the Mediterranean, Plan Bleu, UNEP/
MAP, pp. 493-514.

Lin, Y.K., Maharani, A.T., Chang, F.T., Wang, Y.C., 2019a. Mortality and morbidity
associated with ambient temperatures in Taiwan. Sci. Total Environ. 651, 210-217.
https://doi.org/10.1016/J.SCITOTENV.2018.09.161.

Lin, Y.K., Maharani, A.T., Chang, F.T., Wang, Y.C., 2019b. Mortality and morbidity
associated with ambient temperatures in Taiwan. Sci. Total Environ. 651, 210-217.
https://doi.org/10.1016/J.SCITOTENV.2018.09.161.

Liu, J., Yao, R., McCloy, R., 2012. A method to weight three categories of adaptive
thermal comfort. Energy Build. 47, 312-320. https://doi.org/10.1016/J.
ENBUILD.2011.12.007.

Lopez-Bueno, J.A., Diaz, J., Follos, F., Vellon, J.M., Navas, M.A., Culqui, D., Luna, M.Y.,
Sanchez-Martinez, G., Linares, C., 2021a. Evolution of the threshold temperature
definition of a heat wave vs. evolution of the minimum mortality temperature: a case
study in Spain during the 1983-2018 period. Environ. Sci. Eur. 33 (1), 101. https://
doi.org/10.1186/512302-021-00542-7.

Lopez-Bueno, J.A., Diaz, J., Linares, C., 2019. Differences in the impact of heat waves
according to urban and peri-urban factors in Madrid. Int. J. Biometeorol. 63 (3),
371-380. https://doi.org/10.1007/s00484-019-01670-9.

Lopez-Bueno, J.A., Diaz, J., Sanchez-Guevara, C., Sanchez-Martinez, G., Franco, M.,
Gullon, P., Ninez Peird, M., Valero, 1., Linares, C., 2020. The impact of heat waves
on daily mortality in districts in Madrid: the effect of sociodemographic factors.
Environ. Res. 190, 109993 https://doi.org/10.1016/j.envres.2020.109993.

Lépez-Bueno, J.A., Navas-Martin, M.A., Diaz, J., Mirén, 1.J., Luna, M.Y., Sanchez-
Martinez, G., Culqui, D., Linares, C., 2021b. Analysis of vulnerability to heat in rural
and urban areas in Spain: what factors explain Heat’s geographic behavior? Environ.
Res. 112213 https://doi.org/10.1016/J.ENVRES.2021.112213.

Lépez-Bueno, J.A., Navas-Martin, M.A., Diaz, J., Mirdn, 1.J., Luna, M.Y., Sanchez-
Martinez, G., Culqui, D., Linares, C., 2022. Analysis of vulnerability to heat in rural
and urban areas in Spain: what factors explain Heat’s geographic behavior? Environ.
Res. 207, 112213 https://doi.org/10.1016/J. ENVRES.2021.112213.

Lopez-Bueno, J.A., Navas-Martin, M.A., Linares, C., Mirén, 1.J., Luna, M.Y., Sanchez-
Martinez, G., Culqui, D., Diaz, J., 2021c. Analysis of the impact of heat waves on
daily mortality in urban and rural areas in Madrid. Environ. Res. 195, 110892
https://doi.org/10.1016/j.envres.2021.110892.

Lundgren, K., Kuklane, K., Gao, C., Holmér, 1., 2013. Effects of heat stress on working
populations when facing climate change. Ind. Health 51 (1), 3-15. https://doi.org/
10.2486/INDHEALTH.2012-0089.

Luyten, A., Winkler, M.S., Ammann, P., Dietler, D., 2023. Health impact studies of
climate change adaptation and mitigation measures — a scoping review. The Journal
of Climate Change and Health 9, 100186. https://doi.org/10.1016/J.
JOCLIM.2022.100186.

Mari-Dell’olmo, M., Oliveras, L., Estefania Bar6n-Miras, L., Borrell, C., Montalvo, T.,
Ariza, C., Ventayol, I., Mercuriali, L., Sheehan, M., Gémez-Gutiérrez, A., Villalbi, J.
R., 2022. Climate change and health in urban areas with a mediterranean climate: a
conceptual framework with a social and climate justice approach. Int. J. Environ.
Res. Publ. Health 19 (19), 12764. https://doi.org/10.3390/1JERPH191912764,
2022, Vol. 19, Page 12764.

McMichael, A.J., 2012. Insights from past millennia into climatic impacts on human
health and survival. In: Proceedings of the National Academy of Sciences of the
United States of America, vol. 109, pp. 4730-4737. https://doi.org/10.1073/
PNAS.1120177109, 13.

Mendelsohn, R., 2000. Efficient adaptation to climate change. Climatic Change 45 (3-4),
583-600. https://doi.org/10.1023/A:1005507810350.

Miron, 1.J., Criado-Alvarez, J.J., Diaz, J., Linares, C., Mayoral, S., Montero, J.C., 2008.
Time trends in minimum mortality temperatures in Castile-La Mancha (Central
Spain): 1975-2003. Int. J. Biometeorol. 52 (4), 291-299. https://doi.org/10.1007/
s00484-007-0123-6.

Mojahed, N., Mohammadkhani, M.A., Mohamadkhani, A., 2022. Climate crises and
developing vector-borne diseases: a narrative review. Iran. J. Public Health 51 (12),
2664. https://doi.org/10.18502/1JPH.V51112.11457.

Montero, J.C., Mirén, LJ., Criado-Alvarez, J.J., Linares, C., Diaz, J., 2012. Influence of
local factors in the relationship between mortality and heat waves: castile-La
Mancha (1975-2003). Sci. Total Environ. 414, 73-80. https://doi.org/10.1016/J.
SCITOTENV.2011.10.009.

Mukhamedjanov, A., Isamukhamedova, D., Bo-sin, T., 2023. Green spaces for summer
cooling: case study tashkent, Uzbekistan. SSRN Electron. J. https://doi.org/
10.2139/SSRN.4335899.

Navas-Martin, M.A., Lopez-Bueno, J.A., Ascaso-Sanchez, M.S., Follos, F., Vell6n, J.M.,
Mir6n, 1.J., Luna, M.Y., Sanchez-Martinez, G., Diaz, J., Linares, C., 2023a. Territory
differences in adaptation to heat among persons aged 65 Years and over in Spain
(1983-2018). Int. J. Environ. Res. Publ. Health 20 (5), 4168. https://doi.org/
10.3390/ijerph20054168.


https://doi.org/10.1007/S10584-006-0329-3
https://doi.org/10.1007/S10584-006-0329-3
https://doi.org/10.5194/ANGEO-23-239-2005
https://doi.org/10.1016/J.LANDUSEPOL.2018.08.010
https://doi.org/10.1016/J.LANDUSEPOL.2018.08.010
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/national-adaptation-strategy.html
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/national-adaptation-strategy.html
https://www.gov.uk/government/news/government-sets-out-adaptation-programme-to-tackle-climate-impact
https://www.gov.uk/government/news/government-sets-out-adaptation-programme-to-tackle-climate-impact
https://doi.org/10.3390/ATMOS13030390/S1
https://doi.org/10.1371/JOURNAL.PMED.1002629
https://doi.org/10.1371/JOURNAL.PMED.1002629
https://doi.org/10.3390/IJERPH120708034
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref67
https://doi.org/10.1080/00140139508925093
https://groundedtheoryreview.com/2008/06/30/grounded-theory-as-a-general-research-methodology/
https://groundedtheoryreview.com/2008/06/30/grounded-theory-as-a-general-research-methodology/
http://www.jstor.org/stable/24920946
https://www.isciii.es/Noticias/Noticias/Documents/GuiaAclimatarnos.pdf
https://doi.org/10.1080/09718923.2014.11893249
https://doi.org/10.1080/09718923.2014.11893249
https://doi.org/10.1016/J.ENBUILD.2010.01.014
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FOD_Chapter13.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FOD_Chapter13.pdf
https://doi.org/10.1017/9781009157940.008
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/ar6/wg2/
https://www.ipcc.ch/report/sixth-assessment-report-cycle/
https://www.ipcc.ch/report/sixth-assessment-report-cycle/
https://doi.org/10.1016/S0140-6736(21)01209-5
https://doi.org/10.1016/S0140-6736(21)01209-5
https://doi.org/10.1080/13683501003653379
https://doi.org/10.1080/13683501003653379
https://doi.org/10.3390/IJERPH17165720
https://doi.org/10.1080/1059924X.2015.1106377
https://doi.org/10.1080/1059924X.2015.1106377
https://doi.org/10.3390/SU8040405
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref83
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref83
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref83
https://doi.org/10.3390/IJERPH16040560
https://doi.org/10.1016/B978-0-12-802652-6.00018-9
https://doi.org/10.1016/J.ENVRES.2019.109107
https://doi.org/10.1016/J.ENVINT.2016.01.017
https://doi.org/10.1016/J.ENVINT.2016.01.017
https://doi.org/10.1289/EHP.1308042
https://doi.org/10.1289/EHP.1308042
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref89
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref89
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref89
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref89
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref89
https://doi.org/10.1016/J.SCITOTENV.2018.09.161
https://doi.org/10.1016/J.SCITOTENV.2018.09.161
https://doi.org/10.1016/J.ENBUILD.2011.12.007
https://doi.org/10.1016/J.ENBUILD.2011.12.007
https://doi.org/10.1186/s12302-021-00542-7
https://doi.org/10.1186/s12302-021-00542-7
https://doi.org/10.1007/s00484-019-01670-9
https://doi.org/10.1016/j.envres.2020.109993
https://doi.org/10.1016/J.ENVRES.2021.112213
https://doi.org/10.1016/J.ENVRES.2021.112213
https://doi.org/10.1016/j.envres.2021.110892
https://doi.org/10.2486/INDHEALTH.2012-0089
https://doi.org/10.2486/INDHEALTH.2012-0089
https://doi.org/10.1016/J.JOCLIM.2022.100186
https://doi.org/10.1016/J.JOCLIM.2022.100186
https://doi.org/10.3390/IJERPH191912764
https://doi.org/10.1073/PNAS.1120177109
https://doi.org/10.1073/PNAS.1120177109
https://doi.org/10.1023/A:1005507810350
https://doi.org/10.1007/s00484-007-0123-6
https://doi.org/10.1007/s00484-007-0123-6
https://doi.org/10.18502/IJPH.V51I12.11457
https://doi.org/10.1016/J.SCITOTENV.2011.10.009
https://doi.org/10.1016/J.SCITOTENV.2011.10.009
https://doi.org/10.2139/SSRN.4335899
https://doi.org/10.2139/SSRN.4335899
https://doi.org/10.3390/ijerph20054168
https://doi.org/10.3390/ijerph20054168

M.A. Navas-Martin et al.

Navas-Martin, M.A., Lépez-Bueno, J.A., Ascaso-Sanchez, M.S., Follos, F., Vellon, J.M.,
Mirdn, 1.J., Luna, M.Y., Sanchez-Martinez, G., Linares, C., Diaz, J., 2023b. Heat
adaptation among the elderly in Spain (1983-2018). Int. J. Environ. Res. Publ.
Health 20 (2), 1314. https://doi.org/10.3390/IJERPH20021314, 2023, Vol. 20,
Page 1314.

Navas-Martin, M.A., Lopez-Bueno, J.A., Ascaso-Sanchez, M.S., Sarmiento-Sudrez, R.,
Follos, F., Vellon, J.M., Mirén, 1.J., Luna, M.Y., Sanchez-Martinez, G., Culqui, D.,
Linares, C., Diaz, J., 2022a. Gender differences in adaptation to heat in Spain
(1983-2018). Environ. Res. 215, 113986 https://doi.org/10.1016/J.
ENVRES.2022.113986.

Navas-Martin, M.A., Ovalle-Perandones, M.-A., Lépez-Bueno, J.A., Diaz, J., Linares, C.,
Sanchez-Martinez, G., 2024. Population adaptation to heat as seen through the
temperature-mortality relationship, in the context of the impact of global warming
on health: a scoping review. Sci. Total Environ. 908, 168441 https://doi.org/
10.1016/J.SCITOTENV.2023.168441.

Navas-Martin, M., Lopez-Bueno, J.A., Diaz, J., Follos, F., Vell6n, J., Mirén, 1., Luna, M.,
Sanchez-Martinez, G., Culqui, D., Linares, C., 2022b. Effects of local factors on
adaptation to heat in Spain (1983-2018). Environ. Res. 112784 https://doi.org/
10.1016/J.ENVRES.2022.112784.

Nayak, S.G., Shrestha, S., Sheridan, S.C., Hsu, W.H., Muscatiello, N.A., Pantea, C.I.,
Ross, Z., Kinney, P.L., Zdeb, M., Hwang, S.A.A., Lin, S., 2019. Accessibility of cooling
centers to heat-vulnerable populations in New York State. J. Transport Health 14,
100563. https://doi.org/10.1016/J.JTH.2019.05.002.

Neuman, W.L., 2014. Social research methods: qualitative and quantitative approaches.
In: Pearson Education, seventh ed. Pearson Education.

Nitschke, M., Tucker, G., Hansen, A., Williams, S., Zhang, Y., Bi, P., 2016. Evaluation of a
heat warning system in Adelaide, South Australia, using case-series analysis. BMJ
Open 6 (7), €012125. https://doi.org/10.1136/BMJOPEN-2016-012125.

Noble, L.R., Huq, S., Anokhin, Y.A., Carmin, J.A., Goudou, D., Lansigan, F.P., Osman-
Elasha, B., Villamizar, A., Patt, A., Takeuchi, K., Chu, E., 2015. Adaptation needs and
options. Climate Change 2014 Impacts, Adaptation and Vulnerability: Part A: Global
and Sectoral Aspects 833-868. https://doi.org/10.1017/CB0O9781107415379.019.

Osberghaus, D., Abeling, T., 2022. Heat vulnerability and adaptation of low-income
households in Germany. Global Environ. Change 72, 102446. https://doi.org/
10.1016/J.GLOENVCHA.2021.102446.

Paavola, J., 2017. Health impacts of climate change and health and social inequalities in
the UK. Environ. Health Global Access Sci. Source: A Global Access Science Source
16 (1), 61-68. https://doi.org/10.1186,/512940-017-0328-Z.

Padrén-Monedero, A, Linares, C, Diaz, J, Noguer-Zambrano, I, 2024. Impact of drought
on mental and behavioral disorders review, contributions of research in a climate
change context. A narrative review. Int. J. Biometeorol. 1-8. https://doi.org/
10.1007/500484-024-02657-x.

Patz, J.A., Campbell-Lendrum, D., Holloway, T., Foley, J.A., 2005. Impact of regional
climate change on human health. Nature 2005 438, 310-317. https://doi.org/
10.1038/nature04188. 7066, 438(7066).

Pearce-Higgins, J.W., Antao, L.H., Bates, R.E., Bowgen, K.M., Bradshaw, C.D., Duffield, S.
J., Ffoulkes, C., Franco, A.M.A., Geschke, J., Gregory, R.D., Harley, M.J., Hodgson, J.
A., Jenkins, R.L.M., Kapos, V., Maltby, K.M., Watts, O., Willis, S.G., Morecroft, M.D.,
2022. A framework for climate change adaptation indicators for the natural
environment. Ecol. Indicat. 136, 108690 https://doi.org/10.1016/J.
ECOLIND.2022.108690.

Périard, J.D., Racinais, S., Sawka, M.N., 2015. Adaptations and mechanisms of human
heat acclimation: applications for competitive athletes and sports. Scand. J. Med. Sci.
Sports 25 (S1), 20-38. https://doi.org/10.1111/SMS.12408.

Périard, J.D., Travers, G.J.S., Racinais, S., Sawka, M.N., 2016. Cardiovascular
adaptations supporting human exercise-heat acclimation. Auton. Neurosci. : Basic &
Clinical 196, 52-62. https://doi.org/10.1016/J.AUTNEU.2016.02.002.

Petkova, E.P., Gasparrini, A., Kinney, P.L., 2014. Heat and mortality in New York City
since the beginning of the 20th century. Epidemiology 25 (4), 554-560. https://doi.
org/10.1097/EDE.0000000000000123.

Pezza, A.B., van Rensch, P., Cai, W., 2012. Severe heat waves in Southern Australia:
synoptic climatology and large scale connections. Clim. Dynam. 38 (1-2), 209-224.
https://doi.org/10.1007/500382-011-1016-2.

Pielke, R.A., 1998. Rethinking the role of adaptation in climate policy. Global Environ.
Change 8 (2), 159-170. https://doi.org/10.1016/50959-3780(98)00011-9.

Puig, D., 2021. Climate Technologies in an Urban Context. www.tech-action.org.

Quinn, A.D., Ferranti, E.J.S., Hodgkinson, S.P., Jack, A.C.R., Beckford, J., Dora, J.M.,
2018. Adaptation becoming business as usual: a framework for climate-change-ready
transport infrastructure. Infrastructure 3 (2), 10. https://doi.org/10.3390/
INFRASTRUCTURES3020010, 2018, Vol. 3, Page 10.

Ramakrishnan, S., Wang, X., Sanjayan, J., Wilson, J., 2017. Thermal performance of
buildings integrated with phase change materials to reduce heat stress risks during
extreme heatwave events. Appl. Energy 194, 410-421. https://doi.org/10.1016/J.
APENERGY.2016.04.084.

Rigaud, K.K., de Sherbinin, A., Jones, B., Bergmann, J., Clement, V., Ober, K., Schewe, J.,
Adamo, S., McCusker, B., Heuser, S., Midgley, A., 2018. Groundswell: Preparing for
Internal Climate Migration. World Bank, Washington, DC. https://doi.org/10.1596/
29461.

Rijal, H.B., Humphreys, M.A., Nicol, J.F., 2019. Behavioural adaptation for the thermal
comfort and energy saving in Japanese offices. J. Inst. Eng. 15 (2), 14-25. https://
doi.org/10.3126/JIE.V1512.27637.

Rocco, S.T., Plakhotnik, S.M., 2009. Literature Reviews, Conceptual Frameworks, and
Theoretical Frameworks: Terms, Functions, and Distinctions 8 (1), 120-130. https://
doi.org/10.1177/1534484309332617.

12

Environmental Research 252 (2024) 118803

Rodriguez-Alvarez, A., Orea, L., Jamasb, T., 2019. Fuel poverty and Well-Being:A
consumer theory and stochastic frontier approach. Energy Pol. 131, 22-32. https://
doi.org/10.1016/J.ENPOL.2019.04.031.

Roldén, E., Gémez, M., Pino, M.R., Didz, J., 2014. The impact of extremely high
temperatures on mortality and mortality cost 25 (3), 277-287. https://doi.org/
10.1080/09603123.2014.938028.

Roldén, E., Gémez, M., Pino, M.R., Pértoles, J., Linares, C., Diaz, J., 2016. The effect of
climate-change-related heat waves on mortality in Spain: uncertainties in health on a
local scale. Stoch. Environ. Res. Risk Assess. 30 (3), 831-839. https://doi.org/
10.1007/500477-015-1068-7.

Romanello, M., Di Napoli, C., Drummond, P., Green, C., Kennard, H., Lampard, P.,
Scamman, D., Arnell, N., Ayeb-Karlsson, S., Ford, L.B., Belesova, K., Bowen, K.,
Cai, W., Callaghan, M., Campbell-Lendrum, D., Chambers, J., van Daalen, K.R.,
Dalin, C., Dasandi, N., et al., 2022. The 2022 report of the Lancet Countdown on
health and climate change: health at the mercy of fossil fuels. Lancet 400 (10363),
1619-1654. https://doi.org/10.1016/50140-6736(22)01540-9.

Ruiz-Péez, R., Diaz, J., Lopez-Bueno, J.A., Navas, M.A., Mirén, 1.J., Martinez, G.S.,
Luna, M.Y., Linares, C., 2023. Does the meteorological origin of heat waves influence
their impact on health? A 6-year morbidity and mortality study in Madrid (Spain).
Sci. Total Environ. 855, 158900 https://doi.org/10.1016/j.scitotenv.2022.158900.

Sanchez Martinez, G., 2019. Politicas publicas de adaptacion al cambio climético.
Revista de Salud Ambiental 19, 81-84. https://doi.org/10.1371/journal.

Séanchez Martinez, Gerardo, Linares, C., Ayuso, A., Kendrovski, V., Boeckmann, M.,
Diaz, J., 2019. Heat-health action plans in Europe: challenges ahead and how to
tackle them. Environ. Res. 176, 108548 https://doi.org/10.1016/J.
ENVRES.2019.108548.

Sanchez Martinez, G., Imai, C., Masumo, K., 2011. Local heat stroke prevention plans in
Japan: characteristics and elements for public health adaptation to climate change.
Int. J. Environ. Res. Publ. Health 8 (12), 4563-4581. https://doi.org/10.3390/
ijerph8124563.

Sanchez Martinez, G., Kendrovski, V., Salazar, M.A., de’Donato, F., Boeckmann, M.,
2022. Heat-health action planning in the WHO European Region: status and policy
implications. Environ. Res. 214, 113709 https://doi.org/10.1016/J.
ENVRES.2022.113709.

Santamouris, M., Pavlou, K., Synnefa, A., Niachou, K., Kolokotsa, D., 2007. Recent
progress on passive cooling techniques: advanced technological developments to
improve survivability levels in low-income households. Energy Build. 39 (7),
859-866. https://doi.org/10.1016/J.ENBUILD.2007.02.008.

Sanz-Barbero, B., Linares, C., Vives-Cases, C., Gonzalez, J.L., Lopez-Ossorio, J.J., Diaz, J.,
2018. Heat wave and the risk of intimate partner violence. Sci. Total Environ. 644,
413-419. https://doi.org/10.1016/J.SCITOTENV.2018.06.368.

Schifano, P., Cappai, G., De Sario, M., Michelozzi, P., Marino, C., Bargagli, A.M.,
Perucci, C.A., 2009. Susceptibility to heat wave-related mortality: a follow-up study
of a cohort of elderly in Rome. Environ. Health : A Global Access Science Source 8
(1), 50. https://doi.org/10.1186,/1476-069X-8-50.

Schifano, P., Leone, M., De Sario, M., Dedonato, F., Bargagli, A.M., Dippoliti, D.,
Marino, C., Michelozzi, P., 2012. Changes in the effects of heat on mortality among
the elderly from 1998-2010: results from a multicenter time series study in Italy.
Environ. Health: A Global Access Science Source 11 (1), 1-9. https://doi.org/
10.1186/1476-069X-11-58.

Schweiker, M., Brasche, S., Bischof, W., Hawighorst, M., Wagner, A., 2013. Explaining
the individual processes leading to adaptive comfort: Exploring physiological,
behavioural and psychological reactions to thermal stimuli 36 (4), 438-463. https://
doi.org/10.1177/1744259112473945.

Schweiker, M., Wagner, A., 2015. A framework for an adaptive thermal heat balance
model (ATHB). Build. Environ. 94 (P1), 252-262. https://doi.org/10.1016/J.
BUILDENV.2015.08.018.

Sharifi, A., Pathak, M., Joshi, C., He, B.J., 2021. A systematic review of the health co-
benefits of urban climate change adaptation. Sustain. Cities Soc. 74, 103190 https://
doi.org/10.1016/J.5CS.2021.103190.

Sharma, S., Mujumdar, P., 2017. Increasing frequency and spatial extent of concurrent
meteorological droughts and heatwaves in India. Sci. Rep. 7 (1), 1-9. https://doi.
org/10.1038/541598-017-15896-3, 2017 7:1.

Sheridan, S.C., Dixon, P.G., 2017. Spatiotemporal trends in human vulnerability and
adaptation to heat across the United States. Anthropocene 20, 61-73. https://doi.
org/10.1016/J.ANCENE.2016.10.001.

Smit, B., Wandel, J., 2006. Adaptation, adaptive capacity and vulnerability. Global
Environ. Change 16 (3), 282-292. https://doi.org/10.1016/J.
GLOENVCHA.2006.03.008.

Stord, N., 1994. La ecologia cultural y la interaccion entre el hombre y su entorno.
Cultural Ecology. One Theory 11-23.

Tait, P.W., Hanna, E.G., 2015. A conceptual framework for planning systemic human
adaptation to global warming. Int. J. Environ. Res. Publ. Health 12 (9),
10700-10722. https://doi.org/10.3390/1JERPH120910700, 2015, Vol. 12, Pages
10700-10722.

Tamene, E.H., 2016. Theorizing conceptual framework. Asian Journal of Educational
Research 4, 50-56.

The White House, 2023. National Climate Resilience Framework. https://www.whiteho
use.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-
FINAL.pdf.

Tobias, A., Armstrong, B., Gasparrini, A., Diaz, J., 2014. Effects of high summer
temperatures on mortality in 50 Spanish cities. Environ. Health: A Global Access
Science Source 13 (1), 1-6. https://doi.org/10.1186/1476-069X-13-48.

Tobias, A., Armstrong, B., Zuza, L., Gasparrini, A., Linares, C., Diaz, J., 2012. Mortality on
extreme heat days using official thresholds in Spain: a multi-city time series analysis.
BMC Publ. Health 12 (1), 133. https://doi.org/10.1186/1471-2458-12-133.


https://doi.org/10.3390/IJERPH20021314
https://doi.org/10.1016/J.ENVRES.2022.113986
https://doi.org/10.1016/J.ENVRES.2022.113986
https://doi.org/10.1016/J.SCITOTENV.2023.168441
https://doi.org/10.1016/J.SCITOTENV.2023.168441
https://doi.org/10.1016/J.ENVRES.2022.112784
https://doi.org/10.1016/J.ENVRES.2022.112784
https://doi.org/10.1016/J.JTH.2019.05.002
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref115
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref115
https://doi.org/10.1136/BMJOPEN-2016-012125
https://doi.org/10.1017/CBO9781107415379.019
https://doi.org/10.1016/J.GLOENVCHA.2021.102446
https://doi.org/10.1016/J.GLOENVCHA.2021.102446
https://doi.org/10.1186/S12940-017-0328-Z
https://doi.org/10.1007/s00484-024-02657-x
https://doi.org/10.1007/s00484-024-02657-x
https://doi.org/10.1038/nature04188
https://doi.org/10.1038/nature04188
https://doi.org/10.1016/J.ECOLIND.2022.108690
https://doi.org/10.1016/J.ECOLIND.2022.108690
https://doi.org/10.1111/SMS.12408
https://doi.org/10.1016/J.AUTNEU.2016.02.002
https://doi.org/10.1097/EDE.0000000000000123
https://doi.org/10.1097/EDE.0000000000000123
https://doi.org/10.1007/S00382-011-1016-2
https://doi.org/10.1016/S0959-3780(98)00011-9
http://www.tech-action.org
https://doi.org/10.3390/INFRASTRUCTURES3020010
https://doi.org/10.3390/INFRASTRUCTURES3020010
https://doi.org/10.1016/J.APENERGY.2016.04.084
https://doi.org/10.1016/J.APENERGY.2016.04.084
https://doi.org/10.1596/29461
https://doi.org/10.1596/29461
https://doi.org/10.3126/JIE.V15I2.27637
https://doi.org/10.3126/JIE.V15I2.27637
https://doi.org/10.1177/1534484309332617
https://doi.org/10.1177/1534484309332617
https://doi.org/10.1016/J.ENPOL.2019.04.031
https://doi.org/10.1016/J.ENPOL.2019.04.031
https://doi.org/10.1080/09603123.2014.938028
https://doi.org/10.1080/09603123.2014.938028
https://doi.org/10.1007/S00477-015-1068-7
https://doi.org/10.1007/S00477-015-1068-7
https://doi.org/10.1016/S0140-6736(22)01540-9
https://doi.org/10.1016/j.scitotenv.2022.158900
https://doi.org/10.1371/journal
https://doi.org/10.1016/J.ENVRES.2019.108548
https://doi.org/10.1016/J.ENVRES.2019.108548
https://doi.org/10.3390/ijerph8124563
https://doi.org/10.3390/ijerph8124563
https://doi.org/10.1016/J.ENVRES.2022.113709
https://doi.org/10.1016/J.ENVRES.2022.113709
https://doi.org/10.1016/J.ENBUILD.2007.02.008
https://doi.org/10.1016/J.SCITOTENV.2018.06.368
https://doi.org/10.1186/1476-069X-8-50
https://doi.org/10.1186/1476-069X-11-58
https://doi.org/10.1186/1476-069X-11-58
https://doi.org/10.1177/1744259112473945
https://doi.org/10.1177/1744259112473945
https://doi.org/10.1016/J.BUILDENV.2015.08.018
https://doi.org/10.1016/J.BUILDENV.2015.08.018
https://doi.org/10.1016/J.SCS.2021.103190
https://doi.org/10.1016/J.SCS.2021.103190
https://doi.org/10.1038/s41598-017-15896-3
https://doi.org/10.1038/s41598-017-15896-3
https://doi.org/10.1016/J.ANCENE.2016.10.001
https://doi.org/10.1016/J.ANCENE.2016.10.001
https://doi.org/10.1016/J.GLOENVCHA.2006.03.008
https://doi.org/10.1016/J.GLOENVCHA.2006.03.008
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref153
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref153
https://doi.org/10.3390/IJERPH120910700
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref155
http://refhub.elsevier.com/S0013-9351(24)00707-2/sref155
https://www.whitehouse.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-FINAL.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-FINAL.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-FINAL.pdf
https://doi.org/10.1186/1476-069X-13-48
https://doi.org/10.1186/1471-2458-12-133

M.A. Navas-Martin et dl.

Tobias, A., Hashizume, M., Honda, Y., Sera, F., Ng, C.F.S., Kim, Y., Roye, D., Chung, Y.,
Dang, T.N., Kim, H., Lee, W., iiguez, C., Vicedo-Cabrera, A., Abrutzky, R., Guo, Y.,
Tong, S., de Sousa Zanotti Stagliorio Coelho, M., Saldiva, P.H.N., Lavigne, E., et al.,
2021. Geographical variations of the minimum mortality temperature at a global
scale: a multicountry study. Environmental Epidemiology 5 (5), E169. https://doi.
org/10.1097/EE9.0000000000000169.

Tong, S., Wang, X.Y., Yu, W., Chen, D., Wang, X., 2014. The impact of heatwaves on
mortality in Australia: a multicity study. BMJ Open 4 (2), €003579. https://doi.org/
10.1136/BMJOPEN-2013-003579.

Turek-Hankins, L.L., Coughlan de Perez, E., Scarpa, G., Ruiz-Diaz, R., Schwerdtle, P.N.,
Joe, E.T., Galappaththi, E.K., French, E.M., Austin, S.E., Singh, C., Sifia, M., Siders, A.
R., van Aalst, M.K., Templeman, S., Nunbogu, A.M., Berrang-Ford, L., Agrawal, T.,
team, the G.A. M.I,, Mach, K.J., 2021. Climate change adaptation to extreme heat: a
global systematic review of implemented action. Oxford Open Climate Change 1 (1),
5. https://doi.org/10.1093/0XFCLM/KGABOOS.

UNEP, 2018. Adaptation gap report 2018. https://www.unep.org/resources/adaptatio
n-gap-report-2018.

UNEP, 2022. Adaptation Gap Report 2022: too little, too slow - climate adaptation failure
puts world at risk. https://www.unep.org/adaptation-gap-report-2022.

UNFCCC. (n.d.). Definitions. Retrieved April 13, 2023, from https://unfccc.int/resource/
ccsites/zimbab/conven/text/art01.htm.

van Staden, M., Musco, F., 2010. Local governments and climate change. Sustainable
energy planning and implementation in small and medium sized communities. In:
Advances in Global Change Research, vol. 39. Springer International Publishing.
https://doi.org/10.1007/978-1-4020-9531-3_1.

Vins, H., Bell, J., Saha, S., Hess, J.J., 2015. The mental health outcomes of drought: a
systematic review and causal process diagram. Int. J. Environ. Res. Publ. Health 12

13

Environmental Research 252 (2024) 118803

(10), 13251-13275. https://doi.org/10.3390/1JERPH121013251, 2015, Vol. 12,
Pages 13251-13275.

Wang, W., McCarl, B.A., 2011. Inter-temporal investment in climate change adaptation
and mitigation. https://doi.org/10.22004/AG.ECON.103408.

Weitensfelder, L., Moshammer, H., 2020. Evidence of adaptation to increasing
temperatures. Int. J. Environ. Res. Publ. Health 17 (1). https://doi.org/10.3390/
IJERPH17010097.

WHO, 2015. Operational Framework for Building Climate Resilient Health Systems.
www.who.int.

WHO, 2021a. Health promotion glossary of terms 2021. https://apps.who.int/iris/bitstre
am/handle/10665/350161/9789240038349-eng.pdf?sequence=1.

WHO, 2021b. Climate change and health. https://www.who.int/es/news-room/fact-sh
eets/detail/climate-change-and-health.

WHO, 2022. Mental health and climate change: policy brief. https://iris.who.int/bitstrea
m/handle/10665/354104/9789240045125-eng.pdf.

Wickham, K.A., Wallace, P.J., Cheung, S.S., 2020. Sex differences in the physiological
adaptations to heat acclimation: a state-of-the-art review. Eur. J. Appl. Physiol. 121
(2), 353-367. https://doi.org/10.1007/500421-020-04550-Y, 2020 121:2.

Yang, X., Zeng, G., Iyakaremye, V., Zhu, B., 2022. Effects of different types of heat wave
days on ozone pollution over Beijing-Tianjin-Hebei and its future projection. Sci.
Total Environ. 837, 155762 https://doi.org/10.1016/J.SCITOTENV.2022.155762.

Yu, J., Castellani, K., Forysinski, K., Gustafson, P., Lu, J., Peterson, E., Tran, M., Yao, A.,
Zhao, J., Brauer, M., 2021. Geospatial indicators of exposure, sensitivity, and
adaptive capacity to assess neighbourhood variation in vulnerability to climate
change-related health hazards. Environ. Health: A Global Access Science Source 20
(1), 1-20. https://doi.org/10.1186/512940-021-00708-Z.


https://doi.org/10.1097/EE9.0000000000000169
https://doi.org/10.1097/EE9.0000000000000169
https://doi.org/10.1136/BMJOPEN-2013-003579
https://doi.org/10.1136/BMJOPEN-2013-003579
https://doi.org/10.1093/OXFCLM/KGAB005
https://www.unep.org/resources/adaptation-gap-report-2018
https://www.unep.org/resources/adaptation-gap-report-2018
https://www.unep.org/adaptation-gap-report-2022
https://unfccc.int/resource/ccsites/zimbab/conven/text/art01.htm
https://unfccc.int/resource/ccsites/zimbab/conven/text/art01.htm
https://doi.org/10.1007/978-1-4020-9531-3_1
https://doi.org/10.3390/IJERPH121013251
https://doi.org/10.22004/AG.ECON.103408
https://doi.org/10.3390/IJERPH17010097
https://doi.org/10.3390/IJERPH17010097
http://www.who.int
https://apps.who.int/iris/bitstream/handle/10665/350161/9789240038349-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/350161/9789240038349-eng.pdf?sequence=1
https://www.who.int/es/news-room/fact-sheets/detail/climate-change-and-health
https://www.who.int/es/news-room/fact-sheets/detail/climate-change-and-health
https://iris.who.int/bitstream/handle/10665/354104/9789240045125-eng.pdf
https://iris.who.int/bitstream/handle/10665/354104/9789240045125-eng.pdf
https://doi.org/10.1007/S00421-020-04550-Y
https://doi.org/10.1016/J.SCITOTENV.2022.155762
https://doi.org/10.1186/S12940-021-00708-Z

	Human adaptation to heat in the context of climate change: A conceptual framework
	1 Introduction
	1.1 Background
	1.2 The concept of adaptation
	1.3 Climate-change adaptation frameworks

	2 Methods
	3 Development of the conceptual framework
	3.1 Main components of the conceptual framework
	3.1.1 Climate change
	3.1.2 Vulnerability
	3.1.3 Health risks
	3.1.4 Axes of inequality
	3.1.5 Health outcomes

	3.2 Levels of the conceptual framework
	3.2.1 Individual level
	3.2.2 Social level

	3.3 Pre-existing conditions
	3.4 Domains of the conceptual framework
	3.4.1 Physiological adaptation (acclimatization)
	3.4.2 Cultural adaptation
	3.4.2.1 Behavioural adaptation
	3.4.2.2 Technical adaptation

	3.4.3 Political adaptation

	3.5 Conceptual framework mechanisms

	4 Application of conceptual framework
	5 Discussion
	6 Conclusions
	Disclaimer
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


