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Abstract 
 
High temperatures have periodically affected large areas in Europe and urban settings. In particular, the 
deadly 2003 summer heat waves precipitated a multitude of national and subnational health prevention and 
research efforts. Building on these and other international experiences the WHO Regional Office for 
Europe developed and published in 2008 a comprehensive framework for prevention, the heat-health 
action plans (HHAPs). This provided a blueprint used by several national and subnational authorities to 
design their prevention efforts. A decade after the publication of the WHO guidance, a wealth of new 
evidence and acquired implementation experience has emerged around HHAP effectiveness; heat exposure; 
acclimatization and adaptation; heat-health governance and stakeholder involvement; and the role of urban 
design and greening interventions in prevention. This evidence and experience can guide the strategies to 
tackle current and upcoming challenges in protecting health from heat under a warming climate.  
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Protecting health from heat: the WHO 2008 Heat Health Action Plan Guidance 
 
Heat waves have periodically constituted an environmental health risk in large areas of Europe, but the 
2003 summer heat waves were a defining event, both in terms of public attention and increased research 
into heat and health. Robine et al. (2008) estimated these heat waves led to 70,000 excess deaths. These 
events led to the development of the first large scale efforts of public health prevention of heat waves in 
the region. Based on these initial experiences and the best evidence at the time, the WHO Regional Office 
for Europe (2008) identified core elements that such prevention activities should encompass and 
incorporate into comprehensive heat-health action plans (HHAPs).  
 
These core elements, elaborated upon in the WHO guidance, include: 

• Agreement on a lead body to coordinate a multipurpose collaborative mechanism between bodies 
and institutions and to direct the response if an emergency occurs; 

• Accurate and timely alert systems: heat–health warning systems trigger warnings, determine the 
threshold for action and communicate the risks; 

• A heat-related health information plan about what is communicated, to whom and when; 
• A reduction in indoor heat exposure: medium- and short-term strategies, including but not limited 

to advice on how to keep indoor temperatures low during heat episodes; 
• Particular care for vulnerable population groups, including identification, localization and outreach; 
• Preparedness of the health and social care system, including staff training and planning, appropriate 

health care and the physical environment; 
• Long-term urban planning, addressing building design and energy and transport policies that will 

ultimately reduce heat exposure; and 
• Real-time surveillance of heat-related health outcomes and evaluation of both process and 

outcomes; 
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Soon thereafter, in the summer of 2010, many eastern European cities recorded extremely high 
temperatures, particularly in the Russian Federation, where the deaths attributable to high temperatures and 
smoke of wildfires were estimated at around 55,000  (Barriopedro et al., 2011). As a response, the WHO 
Regional Office for Europe updated and expanded the set of information sheets annexed to the HHAP 
guidance, providing targeted heat-health advice for the general public, medical professionals and health 
services (WHO, 2011). The WHO HHAP framework and accompanying materials have been subsequently 
adopted as a blueprint for prevention by various WHO European Member States, both within and outside 
the European Union, as well as subnational and local authorities therein.  
 
In the last decade, several member states in the WHO European Region have implemented HHAPs of 
varying scopes and complexity. As of 2018, there were operational HHAPs in 35 out of 53 member states 
of the WHO European Region (GHHIN, 2018), though many of those HHAPs are subnational, mostly 
administered by regions or provinces. Various major cities have their own plans, though by and large, the 
active participation of local governments in HHAPs in Europe is limited, and typically restricted to large 
cities with high resource availability and capacity. Parallel to the implementation of prevention there has 
been a great increase in research and publications on HHAPs, both globally (in particular in OECD 
countries) and in Europe (Campbell et al., 2018). The integration of state-of-the-art knowledge is 
fundamental to ensure that HHAPs can deliver on their potential benefits. A significant collection effort 
with a global scope resulted in a detailed compilation of evidence specifically relevant to heat-health warning 
systems globally, commissioned by WHO to leading experts in the field (WHO/WMO, 2015). Similarly, 
the operational relevance of WHO EURO’s HHAP guidance requires the periodical integration therein of 
the best available evidence, adequately reviewed and packaged into formats that are actionable by 
practitioners and decision makers. Mindful of this need, the WHO Regional Office for Europe laid out in 
2018 a roadmap of activities involving relevant stakeholders at different stages and capacities, in order to 
collect and analyze updated evidence. As part of this process, WHO commissioned systematic literature 
reviews and held expert group meetings, from which relevant trends and gaps in knowledge were identified, 
and future directions suggested for both additional research and operational considerations for HHAP 
deployment and evaluation. All the reviews and expert meetings were focused mainly on evidence and 
considerations for the WHO European Region, although selected evidence from elsewhere is considered 
where relevant. That is also the main focus of this article, where we use “Europe” and “the WHO European 
Region” interchangeably.    
 
 
Key strategic insights from the last decade of evidence on HHAPs 
 
A large amount of research has emerged since the first edition of the WHO HHAP guidance, concerning 
important factors for the prevention of health effects from heat. Specifically, an important corpus of 
additional evidence on the effectiveness of current heat-health prevention strategies in averting, reducing 
or minimizing heat-related mortality and morbidity has been published. There is also additional evidence 
on how climate change, population ageing and urbanization affect heat-related mortality and morbidity; 
something crucial, since most current HHAPs do not address the question of whether and how their core 
elements should evolve in a changing climate, shifting demographics and increasingly urban populations.  
 
Global trends, acclimatization and adaptation 
 
In terms of observed climate trends, the frequency, intensity (relative and absolute) and duration of heat 
waves has significantly increased in Europe since 1950 (Donat et al., 2013). The number of “hot days” (i.e. 
those with maximum temperature above the 90th percentile threshold over a reference period) has increased 
ten days per decade since 1960 in most of  Southeast Europe and Scandinavia, and six out of the top ten 
heat waves between 1950 and 2015 in the region occurred after the year 2000 (Russo et al., 2015). 
Temperatures will continue to increase throughout the twenty-first century, more quickly in Europe on 
average than the rest of the planet according to EURO-Cordex (Jacob et al., 2014). Greater temperature 
increases are expected in Northwest Europe and Scandinavia in winter and in Southeast Europe in the 
summer (European Environment Agency, 2017). Increasing heat exposure is also expected to progressively 



3 
 

reduce labor productivity, particularly in southern Europe (Levi et al., 2018). Under a no longer unrealistic 
RCP8.5, the probability that any summer during the period 2061–2081 will be globally warmer than the 
hottest on record is 80 %, though adequate mitigation could reduce risk in Europe by more than 50% 
(Lehner et al., 2018). It is thus clear that exposure to extreme heat has been worsening in the last decades, 
and will continue to worsen in the region.  
 
Whether and how that has translated and will translate into health impacts is less obvious. Over the last few 
decades, several studies indicate decreasing trends of heat-related health impacts in several regions of the 
world. Various rates of decrease of heat-related all-cause mortality have been observed in Japan  (Chung et 
al., 2018), Australia (Coates et al., 2014) and the US (Barreca et al., 2016). In Europe, decreases have been 
observed in Spain (Díaz et al., 2018), Ireland (Pascal et al., 2013), the Czech Republic (Kyselý and Kríz, 
2008), and in the UK (Green et al., 2016; Arbuthnott and Hajat, 2017). On the other hand, in France excess 
mortality during the 2015 heat waves was higher than for the 2006 ones (Ung et al., 2019). Overall, however, 
while the population exposed to dangerous heat waves doubled between 1971-2003 and 2004-2013 in 
France, mortality response to heat remained unchanged (Pascal et al., 2019), which suggests both a 
protective effect of the national HHAP and that large heat-related health impacts remain possible. A multi-
city study of nine European cities showed a reduction in mortality due to heat in Mediterranean cities but 
not in cities in Northern Europe, a difference the authors attribute to the implementation of prevention 
plans, a greater level of adaptation of the local population and greater media-related awareness of the 
population about exposure to heat (de’ Donato et al., 2015; Scortichini et al., 2018). Within the observed 
decreases in health impacts there is variability too; in some cases decreases were observed for both 
cardiovascular and respiratory mortality (Bobb et al., 2014; Ng et al., 2016), in others only for cardiovascular 
mortality (Miron et al., 2015; Muthers et al., 2010). Regarding morbidity, trends are even less consistent, 
with some studies finding decreases in heat-related cardiovascular morbidity (Fechter-Leggett et al., 2016) 
and others finding increases in hospitalizations and ambulance calls for heat-related illnesses (Nitschke et 
al., 2011). Most studies in Europe and internationally have not found gender differences in the decrease of 
heat-related mortality (Sheridan and Allen, 2018), and there is little evidence of differences in reductions 
across age groups (Coates et al., 2014; de’ Donato et al., 2015). 
 
Regarding future scenarios, several projections of the possible impact of heat on future mortality consider 
a fixed, unchanging threshold temperature based on retrospective observations. Under this hypothesis (i.e. 
a fixed threshold temperature for heat-related mortality), and as a consequence of the projected increase in 
temperatures associated with climate change (IPCC, 2013), large increases in mortality attributable to heat 
have been projected (Ciscar et al., 2014; Forzieri et al., 2017; Hajat et al., 2014; Petkova et al., 2014; Roldan 
et al., 2014; Wu et al., 2014). The assumption of an unchanging threshold temperature, however, merits 
scrutiny. For instance, population ageing (widely observed throughout the WHO European region) would 
influence (i.e. reducing) such threshold, by virtue of increasing the pool of vulnerable individuals (people 
over age 65) (Carmona et al., 2016; Montero et al., 2012). While modelling is inherently uncertain and relies 
to an important extent on the scenarios and assumptions underlying its projections, a large-scale global 
study in 2017 modelled an increase in both heat- and cold-related excess mortality using high-emissions 
scenarios (Gasparrini et al., 2017). Local contexts and local effects of global changes may differ from global 
scenarios; however, and estimates for temperate European regions show larger reductions in cold-related 
excess mortality whereas estimates for warmer Southern European regions indicate an increase in excess 
heat-related deaths (Gasparrini et al., 2017). These findings suggest that even time series on HHAP effects 
from one location may not be automatically applicable to a different one, requiring careful contextual 
adaptations.   
 
Moreover, assuming a complete absence of adaptive processes is unrealistic, although it can serve an 
important role as a counterfactual scenario for policy advocacy. In reality, variable levels of autonomous 
and planned adaptation are to be expected even in the absence of large and concerted efforts by national 
governments. A certain degree of “autonomous” adaptation may be expected from individuals and families, 
for example through an increase in the number of air conditioning units (Díaz et al., 2018). From the 
“planned adaptation” side, these would include a further development of a “culture of heat” (Bobb et al., 
2014); the implementation of prevention plans (Schifano et al., 2012; van Loenhout and Guha-Sapir, 2016); 
and improvements in health services (Ha and Kim, 2013), among other factors. In addition to active 
adaptation, there is a certain degree of physiological acclimatization to heat, though this is assumed to be 
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quite limited until reaching “Peak Heat Stress” (Sherwood and Huber, 2010). Generally, a “no adaptation” 
assumption is better suited as a counterfactual for agenda setting and policy advocacy than a realistic 
baseline scenario. This does not diminish the urgency of undertaking large adaptive efforts, nor does it 
discount the possibility of heat-related impacts severe enough to overwhelm institutional, autonomous and 
physiological adaptations.  
 
The observed and projected trends have significant implications for the effectiveness of prevention, 
currently and in the context of building adaptive capacity for forthcoming climate change impacts. To 
identify challenges and opportunities, the “shared socioeconomic pathways” (possible pathways of future 
development) are increasingly used to build scenarios for strategies to transition into more sustainable and 
resilient futures (O’Neill et al., 2017). 
 
Effectiveness of HHAPs: the importance of “last mile” factors 
 
Assuming as generally true (i.e. extrapolating the observed results to the whole region) the overall decreasing 
trend of heat-related mortality (and presumably morbidity) in Europe, we still do not have a full 
understanding of how much heat-health prevention in general, and specifically HHAPs, may have 
contributed to it. Reviews (Toloo et al., 2013) (Boeckmann and Rohn, 2014) show inconclusive results in 
terms of how effective heat warning systems are in reducing mortality and morbidity, suggesting that 
HHAPs may by themselves have a limited effect of impact in reducing heat-related deaths and illness. 
Whether specifically a HHAP is responsible for reduced mortality during extreme heat events over time is 
difficult to assess even with before and after study designs, due to the variety of potential confounding 
factors that must be included in models, and frequently a lack of information of user engagement with the 
warnings: were warnings merely issued, or did they lead to behaviour change? While the overall beneficial 
effect of HHAPs is not under discussion, the factors leading to their effectiveness or lack thereof are not 
well understood at the moment (Ragettli and Röösli, 2019), warranting a closer look at various factors of 
relevance. 
 
The first important factor is the diversity of interventions and arrangements that are categorized as HHAPs 
or similar prevention plans. As of late 2013, 18 European countries had national level HHAPs , (Bittner et 
al., 2014) and several others have followed thereafter. In several countries, additional subnational (regional 
and provincial) plans are in place, and a few major cities have their own plans – an upcoming survey will 
provide a more updated overview. This complex landscape is evolving quickly, with almost complete 
subnational HHAP coverage in some countries and quick progress in others, as reported by HHAP 
administrators to the WHO Regional Office for Europe (REF meeting report). Therefore, some regions 
and urban settings could be currently benefitting from concurrent layers of prevention whereas others may 
have in place no HHAP-related activity or only limited national-level activities (consisting at their most 
basic of heat wave warnings coupled with non-targeted information campaigns). Moreover, in the territories 
and areas nominally covered by a HHAP, the number of “core elements” addressed in the plan, as well as 
the resources for implementation may also vary. Not surprisingly, Bittner et al. (2014)  found greater 
implementation of the more basic core HHAP elements (lead body, alert systems, health information plan) 
than of those requiring more resources (e.g. surveillance, monitoring and evaluation) or spanning beyond 
the competencies of health systems (long-term inter sectoral action and measures, including urban 
management).  
 
While the diversity in HHAP implementation precludes aggregation, heat-related health impacts can be 
compared before and after the intervention in settings where either HHAPs or other types of prevention 
have been implemented. For example, in France Fouillet et al., (2008) observed a 68% reduction of 
“expected” deaths during the heat wave of 2006, benefitting especially those over age 75 years, an effect 
that could be attributed to a variety of factors, including  the implementation of the prevention plan and 
alert system after the heat wave of 2003. As mentioned, however, recent evaluations suggest that heat-
related risk in France is only partially being controlled through prevention  (Pascal et al., 2019). A study of 
23 Italian municipalities observed a progressive reduction in heat related over 12 years since the 
introduction of heat preventive measures, both overall and when heat warnings are issued and preventive 
measures are in place (de’Donato et al., 2018). In the city of Florence heat-related mortality risk for those 
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aged 75 or older dropped from 23% in 1999-2002 (without a prevention plan) to 21% for the period 2004-
05 (with a prevention plan) and to 12% for the period 2006-07 (Baccini et al., 2011).  Studies suggest that 
prevention plans were especially successful among older people due to the campaigns that targeted them 
specifically (de’Donato et al., 2018; Pascal et al., 2019). The German national HHAP, as well as related 
subnational ones, are credited with reducing heat-related health outcomes (Matzarakis, 2017) and HHAP 
in Swiss cantons have also shown a protective effect (Ragettli and Röösli, 2019), while acknowledging that 
extreme heat events pose additional challenges to heat protection. However, there are discordant results. 
For example, in Athens, one of the hottest cities in Europe and a place where the impact of high 
temperatures is greatest, there has also been a decrease in mortality due to heat among elderly people, 
despite not having a prevention plan (de’ Donato et al., 2015). In the city of Madrid, the implementation of 
a HHAP did not seem to decrease heat-related mortality in the 2005 heat wave, less intense than that of 
2003 but deadlier on the basis of mortality increase per 1ºC hike in temperature (Culqui et al., 2014). 
Moreover, other studies show that the decrease in heat-related mortality in Spain cannot be consistently 
attributed to prevention plans and that it varies spatially (Linares et al., 2015).  
 
Other factors that could be hindering HHAP effectiveness include difficulties in reaching or engaging 
vulnerable groups, low involvement of local governments, and low risk perceptions of both vulnerable 
groups and health practitioners (Wolf et al., 2010a). Together, these factors amount to a “last mile” failure 
of otherwise well designed, activated and operated HHAPs. 
 
The low risk perception of vulnerable groups observed in Europe and elsewhere (Abrahamson et al., 2009; 
Akompab et al., 2013; Gil Cuesta et al., 2017; Howe et al., 2019; van Loenhout and Guha-Sapir, 2016) is of 
particular concern, suggesting that while plans and alert systems may raise awareness, they may not be able 
to prompt self-protective actions. This phenomenon is not particular to heat exposure: the theories of 
health promotion and behavior suggest that those most likely to adopt these measures are also those who 
feel most threatened, and awareness does not necessarily equate with perceived threat. The low perception 
of risk among the most vulnerable groups and the cost of engaging in protective measures against heat – 
such as the cost of air conditioning - are some of the barriers that prevent the population from taking action 
(van Loenhout, Rodriguez-Llanes, & Guha-Sapir, 2016). Factors mediating heat-health risk perception and 
behavioral responses are being analyzed more systematically by researchers, and found to be highly context 
specific. For instance, a survey revealed better practices against heat by those who had obtained information 
in Portugal, a result also observed in France (Bassil and Cole, 2010). Heat risk perception and adaptive 
capacity does not relate to social capital in an intuitive manner; that is, strong networks do not necessarily 
contribute to a more accurate risk perception and better self-protection (Abrahamson et al., 2009; Wolf, 
Adger, Lorenzoni, Abrahamson, & Raine, 2010).  Even when they are related (i.e. a stronger social network 
is associated with a more accurate risk perception) that may not result in better adaptive behaviors during 
a heat wave, which may in turn be related to other factors such as more education or higher income 
(Akompab et al., 2013). Recent research reinforces the importance of social processes in enhancing or 
limiting climate resilience measures (Howarth et al., 2019). Beyond social capital, broader factors also 
influence the uptake of protective behaviors, some of which can be targeted by education and outreach. 
For instance, social norms campaigns to increase acceptability of free use of cool spaces such as banks or 
supermarkets without purchasing anything were found to be needed in Japan (Sanchez Martinez et al. 2011; 
Boeckmann 2016). Changing knowledge, attitudes, practices and beliefs (KAPB) regarding the effectiveness 
of an intervention is another approach that can be taken. Up to now surveys assessing KAPB in general 
populations towards health have been conducted in several countries, for example in China (Li et al., 2016; 
Xu et al., 2018; Ye et al., 2018), Japan (Takahashi et al., 2015), Portugal and Spain (Gil Cuesta et al., 2017), 
as well as in the United States (Madrigano et al., 2018). Findings from such studies could be translated into 
target-group specific health education. Feelings of self-efficacy among those addressed by heat health 
behavior change advice may also need to be strengthened, and heat education campaigns could profit from 
strong theoretical frameworks grounded in behavior change theory (Lorencatto et al., 2013; Michie et al., 
2013, 2011), as is often the case for other behavior change interventions such as smoking cessation or 
increasing physical activity (Jepson et al., 2010). Finally, assessing whether heat health communication is 
conceived as risk communication during extreme weather events, or conducted as part of more general 
climate change communication (MacIntyre et al., 2019) could highlight opportunities for further linking 
outreach to perceived risks among communities. Ultimately, the effectiveness of behavioral guidance should 
be grounded on an accurate understanding of motivations behind risky behaviors (Ban et al., 2019) and 
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possibly risk denial as a coping strategy (Bittner & Stößel, 2012). Ideally, such understanding of specific 
“risk signatures” should come from the HHAP monitoring and evaluation (WHO/WMO, 2015), ensuring 
that the perspectives of vulnerable groups are adequately integrated into the system (Mayrhuber et al., 2018).  
 
There are also indications that the risk perception of health providers themselves on heat seems may be 
significantly lower than it should, given the objective risks faced by their patients (Abrahamson & Raine, 
2009; Herrmann & Sauerborn, 2018). Though the evidence is limited, an unrealistically low risk perception 
of heat by practitioners could severely hinder the implementation and effectiveness of HHAPs, highlighting 
the need for engagement of medical associations and other relevant bodies in disseminating the relevant 
information and offering capacity building opportunities.  
 
Governance and stakeholder involvement 
 
Most HHAPs and health-relevant adaptation strategies in Europe are designed for the national level 
(Boeckmann and Zeeb, 2014). Heat-health action plans in the WHO European region are typically managed 
at the national level and implemented by national and regional agencies, following distributions of 
competencies over health systems. Studies have analysed the organization of HHAPs (Austin et al., 2016; 
Bittner et al., 2014; Lowe et al., 2011; Matthies and Menne, 2009) , showing some  basic patterns: 1) Whether 
the HHAP is managed at national or local/regional level largely mirrors the overall decentralization of 
competencies in the country; 2) The development of an adaptation plan or HHAP is typically led by either 
the Ministry of Health or Ministry for the Environment, whereas sub nationally, response coordination is 
most often led by departments of health; and 3) Warnings are based on information provided by weather 
services while actions can be triggered by individual agencies or coordinated action.. National and/or 
subnational health services are usually informed about heat events and often disseminate this information 
and take action. 
 
Wherever HHAPs have been evaluated, the focus has been on whether the system has contributed to fewer 
deaths – the counterfactual being absence of the HHAP and not a different organization of it. The 
published literature does not provide sufficient information at this point to identify the most effective 
HHAP governance design; rather. More operational research into the governance of HHAP would be 
useful to illustrate the advantages and disadvantages of different organizational arrangements and 
governance modes of HHAPs. The published literature suggests, however, that governance arrangements 
favoring local involvement in implementation, including better stakeholder engagement, contribute to 
reaching out more effectively to vulnerable groups.  
 
Governance of HHAP can also be examined by comparing national or regional approaches and developing 
“current practice” examples. However, management practices at one location or setting may not be 
applicable elsewhere due to the range of different health systems and their organization across Europe. In 
addition, without longer term evaluation of a number of governance approaches, whether the examples in 
place are actually the best practice or just the chosen practice needs to be analysed first. Regardless of the 
limitations of international comparison, local authorities are well positioned to make public health 
interventions more effective through a number of factors (UKDH, 2011): a) Direct accountability of results 
to the local communities; b) Ability to tailor services to local needs; and c) Ability to act on social 
determinants of health and health inequalities. These strengths are particularly useful for prevention 
strategies requiring stakeholder engagement and effective outreach to target groups.  The involvement of 
local governments in HHAPs, as well as more generally in health adaptation, is hindered by a lack of 
awareness and political commitment about the need to address climate change drivers and impacts, 
inadequate governance structures, a scarcity of data and a lack of specialized knowledge (EU, 2013).  
 
The involvement of local governments can be facilitated through the provision of information and support 
to the local employees involved and the integration of HHAP efforts into existing structures. Through such 
involvement, HHAPs could tap into the large potential of local volunteering structures, community capacity 
and in-depth knowledge of local needs. Inviting these stakeholders to the table early on in the design of 
HHAP and before implementation could highlight gaps or barriers to effective communication or outreach 
strategies. It is important to note that some of these stakeholders have been successfully engaged in some 
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settings (e.g. Japan, see Martinez, Imai and Masumo, 2011; Boeckmann and Rohn, 2014) proving the value 
of these efforts. Strategies for increasing participation from communities can be borrowed from an 
extensive body of knowledge on increasingly common participatory research approaches and “urban lab” 
real world experiments in urban climate change mitigation and adaptation activities  (Bulkeley and Castán 
Broto, 2013; Castán Broto and Bulkeley, 2013). In addition, cities or municipalities close to a national border 
within Europe may consider integrating warning systems and communication strategies in a cross-border 
approach, as populations are likely moving between countries for work or leisure. 
 
Urban management interventions 
 
The urban structure can further aggravate heat risks, especially during the night due to the absorption and 
slow liberation of heat from buildings and other heat-retaining surfaces, the residual heat from energy use 
and the lack of humidity on the land’s surface (Bohnenstengel et al., 2011; Heaviside et al., 2017; Wilby et 
al., 2011). These factors increase temperatures in urban areas predominantly during nighttime, a 
phenomenon known as the Urban Heat Island (UHI) effect which can result in effective nighttime air 
temperature differentials of up to 3-12ºC in large cities compared with surrounding rural areas (Memon et 
al., 2008). Urban areas in Europe and elsewhere are more vulnerable to the effects of heat (Burkart et al., 
2011; Tan et al., 2010). What the empirical effect of related interventions is or could be is less clear. While 
landscape and infrastructure modifications such as green and blue spaces, green roofs and others are 
commonly expected to reduce heat-related health risks, the actual effect of those interventions is difficult 
to prove (Hondula et al., 2018). Key questions to explore further include: How much can realistic urban 
management interventions reduce effective temperatures in the (largely indoors) places where dangerous 
heat exposures also occur? Are health benefits considered and/or evaluated in these types of interventions? 
Do certain interventions (e.g. white roofs) provide more protection per unit invested than green spaces? 
Concerning green spaces, by far the best studied type of intervention, questions include: What arrangements 
and types of urban green space (e.g., trees vs grass) save more lives? What is the maximum protective effect 
that could be expected from large deployments of green spaces? And what are the potential benefits and 
costs of alternative interventions, including access to air conditioning and actions targeting the workplace?.  
 
In addition to the additional research into urban greening and design solutions, there should be a much 
deeper discussion about the role of building insulation, building envelope, building design, ventilation 
possibilities and shading in general, given the key role these factors play in thermal comfort and heat stress 
(Hatvani-Kovacs et al., 2018; Loughnan et al., 2015). Some factors, like the degree of home maintenance, 
housing-material quality, and thermal insulation have been shown to play a crucial role in modulating the 
effects of heat waves (López-Bueno et al., 2019). Adequate retrofitting of existing buildings could greatly 
increase heat wave resilience, and a wide range of applied research is being conducted on design, materials 
and coating colors, among others. However, a range of regulatory and other types of barriers (for instance, 
lack of specialized technical knowledge and/or standard operating procedures for inspection) may prevent 
effective action on preventing building overheating as a public health risk, as noted in the UK (House of 
Commons, 2018a).  
 
Another built environment solution that warrants further scrutiny in terms of heat, health and climate 
change is air conditioning, a crucial technology to protect vulnerable groups from high temperatures as well 
as refrigerating essential medicines. Although there are no estimates of how much air conditioning has 
decreased heat-related mortality, air conditioning air conditioning can be reasonably assumed to have had 
an influence in the decreasing trends of heat-related mortality in recent years in Europe. One of the reforms 
in the aftermath of the 2003 heat waves was making air conditioning mandatory in several types of 
institutions including nursing homes throughout various EU countries, notably France (Klenk et al., 2010). 
Air conditioning is, however, also Greenhouse Gas-intensive and should therefore not be advocated for as 
a main pillar of HHAPs beyond ensuring protection for vulnerable groups. Moreover, from the standpoint 
of health adaptation governments and institutions ought to be cautious about promoting a measure that 
clearly worsens Climate Change without some type of offsetting or in-built sustainability provisions. 
However, individuals, families and companies also engage in adaptation, and the trends concerning air 
conditioning are astounding. At current growth rates, the IEA reckons 1 billion air conditioning units will 
be installed globally in the next decade (IEA, 2017). The use of energy for space cooling has more than 
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tripled between 1990 and 2016, and is growing faster than for any other end use in buildings. Most of the 
growth in demand is driven by economic and population growth in the hottest parts of the world, roughly 
equivalent to the “Global South” (i.e. developing countries). In summary, air conditioning growth will likely 
continue unabated, calling for a nuanced policy approach (further discussed below) and ensuring the 
protective benefits of mandatorily increasingly sustainable air conditioning systems particularly for 
vulnerable groups.   
 
 
What is next?  
 
Continue expanding coverage of HHAPs 
 
Acknowledging the gaps in knowledge on the contribution of public health preventive efforts towards the 
reduction of heat-related mortality and morbidity, the existing evidence on effectiveness supports 
expanding the coverage of HHAPs across the European region. The broad consistency of observed HHAP 
protective effects and their very low economic cost compared to their large benefits (which are set to 
increase in a changing climate) further supports this expansion (Hunt et al., 2017). Several of the EURO 
member states that do not have a HHAP are routinely exposed to dangerously high temperatures, and in 
those countries with a national HHAP its subnational implementation can in many cases be strengthened. 
In particular, the current status of prevention presents a great opportunity for further involvement of local 
governments and community organizations in a more flexible, multi-level governance set of arrangements.  
 
Better monitoring and evaluation of HHAPs, and more research on their effectiveness 
 
In order to ensure the adequacy and effectiveness of existing and prospective prevention efforts, there is a 
clear need of strict monitoring and evaluation, not only of the purported outcomes, but also of the processes 
of HHAPs. Current comprehensive independent evaluations, such as the one currently underway in the 
UK (House of Commons, 2018b) should pave the way by continuing to bridge the gap between the actual 
status of implementation and population reach of the HHAPs and observed changes in heat-related 
mortality and morbidity. It is crucial to be able to understand the role of unmeasured factors, confounders 
and biases in population resilience to heat, something that most published evaluations cannot do. A stronger 
basis of monitoring and evaluation would facilitate sound analyses of HHAP effectiveness, which are still 
scarce and heterogeneous but urgently needed. More studies on heat-related mortality variation over time 
should be conducted based on existing methods. However, new methodologies are also needed for stricter 
attribution of mortality reductions over time.  
 
Learning from local public health and governance efforts in the development and uptake of HHAPs could 
also be strengthened, making sure that current examples are critically assessed for their adaptability and 
transferability to new contexts. Choosing proxy indicators of increased heat awareness, increased socio-
economic equity or participation of vulnerable groups in design and evaluation of HHAP might be interim 
options while developing stronger methodologies for HHAP evaluation (Boeckmann and Zeeb, 2014).  
 
Make HHAPs dynamic 
 
Preventative efforts through HHAPs should mirror the dynamic nature of the relationship between 
temperature and health, transcending the static character of several existing plans. Interventions should be 
modulated to reflect different levels of warning, and take into account inter-seasonal variables like previous 
winter mortality. For example, population-specific temperature thresholds, which are key for calibrating 
HHAPs, have been observed to change over time and should be re-evaluated periodically. Studies in the 
US, Europe and Asia have shown statistically significant changes from one decade to the next (Gasparrini 
et al., 2015; Coates et al., 2014;Ng et al., 2016). Given the differences in scope and timeframe of the studies, 
overall conclusions are difficult to draw, but the evidence seems to suggest that at least five to six years of 
data would be needed to capture a significant change in temperature thresholds beyond short-term 
fluctuations (Miron et al., 2015). 
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Moreover, periodical re-evaluation of thresholds can be used as a measuring probe of the effectiveness of 
adaptation measures. In general, it should be ensured that the increase temperature that the population can 
manage (through adaptation and acclimatization) without increased mortality would remain higher than the 
rate of temperature increase due to climate change. This “complete adaptation” would be modelled by 
holding constant the percentile definition of a heat wave (Martinez et al., 2017, 2018; Díaz et al., 2019). 
Under this paradigm, daily maximum temperatures qualifying as a “heat wave” (i.e. causes heat-related 
mortality) would in the period 2031-2080 increase 1.4 ºC in Spain and 1.7 ºC in Finland under RCP4.5; and 
it would increase 2.2 ºC in Iceland and 3.3 ºC in Moldova under RCP 8.5 (based on reanalysis of data by 
Guo et al., 2018). Anything short of these increases would mean that adaptation to heat has not been fully 
effective. (Díaz et al., 2019) 
 
Thresholds can also be different for different months of the season and multiple depending on the type of 
health outcome and population/group of stakeholders targeted. Establishing appropriate thresholds is 
challenging and needs to be calibrated, as methodological research shows (Cheng et al., 2019; Xu et al., 
2016)(Park and Kim, 2018). Within a given heat episode, near real-time health indicators can support better 
decision-making, and these have been implemented in several European countries such as the UK (Public 
Health England, 2018), Italy (Michelozzi et al., 2010), or France (Pascal et al., 2012), among others. 
Vulnerable groups may expand, contract or change over time or seasonally (e.g. outdoor workers, tourists, 
migrants, incarcerated populations or refugees). Larger trends and technological shifts may rapidly open 
avenues for preventive action that HHAP administrators should be ready and able to incorporate.   
 
 
Make full use of relevant available technologies 
 
Existing forecasting technology can already provide much improved short term and longer, seasonal 
forecasting of heat waves in areas, including in Europe, that do not currently benefit from them (de Perez 
et al., 2018). Researchers are progressively developing a better understanding of the atmospheric dynamics 
underlying heatwaves that will likely result in increasingly accurate predictions (Schaller et al., 2018). In 
addition, widespread distribution of information and communications technology, including smartphones, 
is enabling better forecasting and preparedness, as well as additional channels for dissemination of 
prevention information. A specific example is mobile apps that can be either used by individuals, such as 
TREASURE (Kiranoudis et al., 2016) or EXTREMA (Keramitsoglu, 2018) acquired by several municipal 
authorities throughout Europe to manage heat waves while providing residents with personalized heat risk 
assessments on their phones. Features include real-time risk maps, the location of nearby cooling centers, 
or a group categorization of risk for the user or relatives. Local governments are customizing the apps to 
their local needs, and the systems have a certain degree of modularity so that they can be coordinated with 
other apps such as those for pollen levels. In addition to those, it is important to highlight the progress in 
remote sensing (e.g. satellite driven land data assimilation systems) and data processing, as well as citizen-
generated data. Big data and artificial society simulations are already being used to explore intra-urban heat 
vulnerability, opening possibilities for detailed but cost-effective exposure assessment (He et al., 2019). 
More work is needed for effective technological deployment supporting HHAPs in several areas, including 
standards for data and protocols, as well as more efficient means of weather data packaging for mobile 
devices (WHO/WMO, 2015).   
 
Critically assess the role of air conditioning and long-term urban management 
 
The proven health-protective effects of air conditioning should be available equitably and sustainably to 
vulnerable and high-risk populations, including intensive care units and nursing homes, among others. In 
addition, governments and institutions should continue to insist on the large and sustainable health gains 
that may be achieved through the implementation of passive cooling and low-carbon resilient and 
sustainable urban management strategies rather than on reactive solutions like air conditioning.  
 
The scarcity of such long-term solutions within existing HHAPs underscores the need for advocacy and 
the urgency of action. In parallel, more precise research is needed on whether and how urban management 
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interventions geared towards reducing heat impacts (such as white or green roofs, urban greening, etc)   
actually influence heat-related mortality and morbidity, as well as better accounting of the several health co-
benefits (i.e. from physical activity, stress reduction, etc.) of such interventions. More generally, there is a 
clear need for reviewing the evidence and delivering recommendations on the strategic deployment of urban 
green infrastructure, as one in a portfolio of strategies, to reduce underlying vulnerability. However, it is 
important not to overstate the public health importance of such interventions versus others in the built 
environment, notably better insulation and improved building envelope and building codes.   
 
Despite its undeniable benefits, the reasons to be wary of population-level over-reliance on air conditioning 
against heat are plenty, including its high carbon intensity, electricity use, associated production and life 
cycle pollution, the increase of vulnerability from air conditioning dependency, less resilience against power 
cuts, and possibly a challenge for physiological acclimatization (Lundgren-Kownacki et al., 2018). Its steep 
investment and running costs may also exacerbate inequalities. Yet, given the increasing trends of air 
conditioning installation, a nuanced policy approach may be advisable, based on pragmatic approaches to 
maximize air conditioning benefits while minimizing their greenhouse gas (GHG) emissions. These may 
include: 1) policies to make air conditioning units a lot more efficient, which would result in GHG emissions 
reductions; and 2) phasing out hydrofluorocarbons (a strategy agreed upon through the Kigali Amendment 
to the Montreal Protocol), which would allow for health protective benefits and relative mitigation gains in 
a global upwards trend of air conditioning. More research is needed on the health implications, costs and 
benefits of air conditioning versus alternatives such as passive cooling and improved energy performance 
of building envelopes. Within the WHO European region, data from EU countries show that air 
conditioning ownership per capita is lower than in other regions of the world (e.g. in the US and China), 
and most of the installed capacity is commercial rather than residential (IEA, 2017). This suggests that 
particular emphasis should be placed on adopting measures to keep residential air conditioning installation 
low by providing suitable sustainable alternatives, and possibly harnessing the potential of commercially 
installed air conditioning as cooling centers. 
 
 
Conclusion 
 
As more areas and populations in the WHO European region become covered by HHAPs, evaluating their 
implementation and effectiveness is becoming increasingly important. The evidence published in the last 
decade since the publication of the WHO HHAP guidance shows that the frequency, intensity and length 
of heat waves, as well as the exposed population, are increasing. Against this background, heat-related health 
impacts seem to be decreasing generally, thanks in part to preventive measures, including HHAPs. This 
underscores the importance of planned health adaptation, as well as its urgency across the region. The 
current measures and policies for the management of heat-sensitive health outcomes need modification to 
be effective over coming decades. Opportunities exist to develop early warning and response systems that 
can provide critical time to deploy proactive measures to reduce the numbers of climate-sensitive health 
outcomes, such as those for heat waves (Haines and Ebi, 2019).We need more research, however, about 
the factors that may be hindering the effectiveness of HHAPs, in particular “last mile” outreach factors and 
risk perceptions. Other important areas where more and more targeted research is needed include the 
population changes in heat sensitivity over time, best practices in HHAP governance and the preventive 
value of urban greening and climate-conscious urban design, among others. Notwithstanding, current 
evidence supports the need for expanded coverage of HHAPs, as well as better monitoring and evaluation. 
HHAPs can also benefit from a dynamic and proactive stance towards heat prevention, a full use of 
available cost-effective technologies, and a pragmatic policy approach ensuring the benefits of air 
conditioning for vulnerable groups while promoting long-term and low-carbon heat reduction strategies.   
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