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A B S T R A C T   

Under climate change, many parts of the world are warming with increasing frequencies and intensities of 
heatwaves, bringing heat-health risks to places including those that have a historically temperate or cool climate. 
These places may have extensive experience in managing cold-health risks, while experience is lacking in dealing 
with heat-health risks due to their lack of historical exposure to high temperatures. This paper explores this 
overlooked area of the challenges and opportunities of heat-health governance in cool places using Scotland as a 
case study. Various important themes of heat-health governance in cool places were identified by the study, 
including socio-cultural barriers to intervention, vulnerable population overlaps, temporal and geographical 
scales, and governance arrangements. The study found challenges in managing heat-health risks including a 
perceived lack of heat-health risks and policy priority as well as unsuitable building stock. Meanwhile, it also 
identified opportunities for governing cold and heat risks holistically within existing institutional systems and 
creating co-benefits of improving communication and information dissemination, reducing inequality and 
improving indoor thermal comfort of both cold and heat as well as providing good quality greenspace. Our 
findings contribute to the development or improvement of national/regional strategies to manage heat-health 
risks not only in Scotland but also in other places with a historically cool or temperate climate.   

1. Introduction 

A recording-breaking heatwave occurred across Europe in summer 
2022, which extended north to Scotland with a record-high maximum 
temperature of 35 ◦C (Kendon, 2022). Scotland has a cool climate with 
an annual average temperature of 7 ◦C between 1961 and 1990 (Met 
Office, n.d.-a). Whilst being historically cool, there is an increasing heat 
risk in Scotland under climate change (Undorf et al., 2020). 

Considerable evidence shows that high temperatures are associated 
with adverse health effects, including increased hospitalisation and 
mortality (Arbuthnott and Hajat, 2017). For example, the 
record-breaking warm summer in the UK in 2022 resulted in over 3000 
excess deaths in England and Wales (ONS, 2022a). Another exceptional 
heatwave occurred in Europe in the summer of 2003, which led to 
around 70,000 excess deaths (Robine et al., 2007; García-Herrera et al., 
2010). A global review study of 11 papers with a total of 64 locations in 
six continents found that mortality generally increased by 1–3 % with 
each degree increase in high temperatures (Hajat and Kosatky, 2010). 

Without effective intervention and adaptation, the risk of adverse 
health effects due to heat could increase substantially through the 

combined effects of global warming, population ageing and urbanisation 
(WHO Europe, 2021). Heat-health warning systems (HHWS) with 
forecasts on high temperatures are useful to alert policy-makers, stake-
holders and the public and take preventative actions to avoid adverse 
health impacts, with the first operational HHWS in Europe established in 
Lisbon, Portugal in 1999 (Leite et al., 2020). The World Health Orga-
nization Regional Office for Europe (WHO Europe, 2008, 2021) pub-
lished guidance on Heat-Health Action Plans (HHAPs) aiming to support 
countries and regions in designing, improving and implementing 
heat-health strategies to prevent adverse heat-health impacts. By 2019, 
around 20 European countries have implemented national, regional or 
local HHAPs and/or heat-health warning systems (European Climate 
and Health Observatory, n.d.). 

Although heat-health impacts have been mostly regarded as a risk in 
hot areas, it may also be a risk, often an invisible one, in areas that have a 
historically cool or temperate climate, which may be exacerbated under 
climate change (Brimicombe et al., 2021). Research has found an in-
crease in mortality under high temperatures in cold places such as 
Scotland (Wan et al., 2022), Sweden (Baccini et al., 2008; Rocklov et al., 
2011; Gasparrini et al., 2015), Estonia (Oudin Åström et al., 2016), 
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Finland (Donaldson et al., 2003; Baccini et al., 2008) and Russia (Revich 
and Shaposhnikov, 2008). For example, it is estimated that there were 
601–750 excess deaths during the exceptionally hot summer in Sweden 
in 2018 (Astrom et al., 2019). 

The threshold temperature above which mortality risk begins to rise 
has been found to be generally higher in warmer areas, indicating 
population adaptation (Hajat and Kosatky, 2010; Guo et al., 2014). 
Therefore, people in cold areas may be more vulnerable and less able to 
adapt to high temperatures compared to those living in warm areas. This 
may be due to various factors such as physiological acclimatisation, 
preventative and protective behaviours, heat-health governance and 
cooling strategies in housing and planning (Ekamper et al., 2009; 
Christidis et al., 2010). 

With a high focus on cold risks, there is a need to explore the 
particular need for heat-health strategies in cold countries. For example, 
while those living in cold and temperate climates may be more vulner-
able to extreme heat events, experience in governing and managing 
cold-health risks may offer transferable knowledge, beneficial to man-
aging heat-health risks. Equally, however, embedded practices focused 
on cold-weather events may pose barriers to the development of effec-
tive heat-health strategies. 

This study explores heat-health adaptation and governance using 
Scotland as a case study. Scotland was chosen because it has a cool 
climate but is facing higher temperatures under climate change. As a 
devolved nation of the UK, Scotland is in charge of creating its own 
policies on the environment, health and social care matters—those that 
are linked to heat-health strategies under climate change (Scottish 
Parliament, n.b.). Scotland has been actively taking measures to reduce 
the impacts of cold weather such as improving energy efficiency by 
increasing building insulation as well as providing support and benefits. 
However, to the best of our knowledge, there is currently no dedicated 
national HHAP in Scotland. Therefore, plans and actions to protect the 
public health of Scottish residents from avoidable heat-related health 
impacts are desirable. These features make Scotland an optimal case 
study to investigate heat-health governance in a historically cool place. 

To do this, the study focuses on two key questions: i) what are the key 
considerations in preventing and managing heat-health risks by policy- 
makers and stakeholders in the health, climate change, environment, 
and planning sectors; and ii) what are the associated challenges and 
opportunities. 

2. Case study: Scotland 

The WHO Europe (2008) recommends individual countries or re-
gions scrutinise their individual context so that HHAPs can be developed 
or improved accordingly. In this section, the climate and climate change, 
vulnerability to heat-health risk under climate change, and policies 
relevant to heat and cold-health risk prevention and reduction in Scot-
land are introduced, which will provide a context to understand, discuss 
and interpret the study results. 

2.1. Climate and climate change 

The annual average daily mean temperature in Scotland is 7 ◦C be-
tween 1961 and 1990 (Fig. 1). It has a cool summer with an average 
daily maximum temperature of 16 ◦C in June, July and August, 
1961–1990 (Met Office, n.d.-a). However, an increase of 0.9 ◦C in 
annual mean temperature has been observed in Scotland in 2011–2020 
compared to 1961–1990 (Kendon et al., 2021). 

Under climate change, temperatures are projected to continue 
increasing. The annual mean temperature in Scotland is projected to 
increase by 1.1 ◦C under Representative Concentrative Pathway (RCP) 
2.6, and 2 ◦C under RCP6.0 by the 2080 s relative to 1981–2000 (Sniffer, 
2021). High-temperature extremes are also projected to be more 
frequent and intense (Murphy et al., 2019; Undorf et al., 2020). 

Although Scotland has a relatively cool climate, anecdotal evidence 

of heat-related impacts and indoor overheating has been reported 
(Morgan et al., 2017; Undorf et al., 2020). A recent study using time 
series data in Scotland in the past 45 years found an increase in the 
mortality risk of 4 % under the 99th percentile of daily mean tempera-
ture compared to the 90th percentile (Wan et al., 2022). These heat risks 
could be further exacerbated by climate change without effective 
interventions. 

2.2. Demographic and socioeconomic vulnerability 

The mortality rate in Scotland, especially in Glasgow, has been 
higher than in the rest of the UK and among the highest in Western 
Europe since the 1950s (McCartney et al., 2012; Schofield et al., 2016; 
NRS, 2021). This phenomenon persists after the control of socioeco-
nomic deprivation using areal deprivation indices (Walsh et al., 2010; 
Schofield et al., 2016). Hypotheses of the principal factors leading to the 
poorer health in Scotland include lagged adverse effects of over-
crowding, poor housing conditions, and deindustrialisation such as job 
loss, skilled labour loss, population relocation and city “redevelopment” 
policies since the 1950s (Collins and Levitt, 2016; Walsh et al., 2017). 
These led to weakened and deprived communities and negative health 
behaviours (e.g. smoking, drinking alcohol and illicit drug taking). 

In addition, there is an overall decreasing trend of mortality rate in 
the UK including Scotland since 1951; however, the improvement in 
health stalled from 2012 with an increase in mortality rate among the 
most deprived population (Walsh et al., 2020). This is likely attributed 
to the austerity policies by the UK Government from 2010 including 
reduced public spending on services such as local government and 
healthcare, decreased incomes of the poorest and widening inequality 
(McCartney et al., 2022). 

The proportion of the elderly population in Scotland is projected to 
continue increasing, with the number of people aged 75 and over pro-
jected to increase by 67 % between 2020 and 2045 (NRS, 2022), which 
is higher than the UK-average increase of 59 % (ONS, 2022b). Popula-
tion ageing will contribute to increased population vulnerability and 

Fig. 1. Annual average daily mean temperature in the UK, 1961–1990. Data 
obtained from (Met Office et al., 2022). 
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challenges in health and social care services. 
Whilst, the primary focus of buildings in Scotland has been keeping 

them warm in winter and increasing energy efficiency with one of the 
main solutions as improving insulation (Scottish Government, 2018). 
However, there is some evidence that overheating is more likely to occur 
in rooms with a higher energy efficiency rating (BEIS, 2021). A study 
investigated 26 newly built low-energy homes in Scotland and found 
overheating occurred in 60 % of rooms in July, 2013 and 25 % of rooms 
for 3–9 months in 2013 (Morgan et al., 2017). 

2.3. Policy context related to cold/heat-health risk 

As introduced in Section 1, there is currently no dedicated HHAP in 
Scotland. Therefore, this section will review existing wider climate 
change adaptation policies that may be relevant to the reduction of heat- 
health risks. Policies relevant to the management of cold risks are 
reviewed too, which may be transferable to heat risks and bring op-
portunities and challenges to heat-health governance. 

The provision of climate change adaptation is enforced by law in 
Scotland through the UK Climate Change Act 2008 and the Climate 
Change (Scotland) Act 2009. The laws require the publication of a 
climate change risk assessment (CCRA) by the Committee on Climate 
Change and the implementation of a national climate change adaptation 
programme (CCAP) by the government every five years. Climate change 
adaptation objectives and policies are included in CCAPs, the progress of 
which is required to be reported annually. Until now, three CCRAs 
(DEFEA, 2012; UK Government, 2017; CCC, 2021) have been published, 
each with a national summary for Scotland (DEFRA, 2012; CCC, 2017; 
Sniffer, 2021). The heat-health risk is identified as a research priority in 
the 2nd CCRA (ASC, 2016), and one of the most urgent risks that need 
more action in the 3rd CCRA (Sniffer, 2021). 

Improving energy efficiency contribute to reducing fuel poverty, 
which is another policy target of the Scottish Government. Fuel poverty 
refers to the challenge of a home being warm long enough, as defined by 
the Fuel Poverty (Targets, Definition and Strategy) (Scotland) Act 2019, 
which also sets statutory targets for eradicating fuel poverty in Scotland 
by 2040. The Scottish Government funds multiple schemes to help 
people who have difficulties paying fuel bills or keeping homes warm, 
such as by improving insulation and implementing renewable energy. 

Although having no dedicated HHAP in Scotland, the UK Met Office 
launched an Extreme Heat National Severe Weather Warning service to 
all nations of the UK including Scotland in June 2021 (Met Office, 2021). 
This warning is not targeted to indicate the level of health impacts of 
heatwaves as the heat-health alert in England by the Health Security 
Agency (formally by Public Health England) (Public Health England, 
2022b). Instead, it is to be issued based on all aspects of impact including 
infrastructure, transport, energy, business as well as health, which has 
two levels of alert based on medium and high levels of impact (corre-
sponding to amber and red warning respectively) (Met Office, n.d.-b). 

An amber warning of extreme heat was issued in a large part of 
Scotland in July 2022, which activated the operation of the Scottish 
Government Resilience Division (Scottish Government, 2022). The 
Resilience Division is responsible for leading emergency planning, 
response and recovery for the Scottish Government that involves a large 
variety of organisations such as local authorities, police, fire, health 
boards and ambulance (Ready Scotland, 2016). Hot weather is one of 
the severe weathers of which preventative information is provided at 
Ready Scotland (n.d.), the website maintained by the Resilience 
Division. 

3. Methods 

A stakeholder mapping was conducted to identify organisations and 
individuals who have the potential to influence, either directly or indi-
rectly, policy decisions and the delivery of HHAPs (Chevalier and 
Buckles, 2019). A snowball approach was adopted in the stakeholder 

mapping with additional stakeholders recommended by identified 
stakeholders. The mapping initially focused on Scottish stakeholders, 
with stakeholders in England added for their close relevancy to this 
study as suggested by identified stakeholders. For instance, this included 
stakeholders who had a work or research background in Scotland, or 
who had collaborations with the Scottish stakeholders. Please see Ap-
pendix for the list of identified stakeholder (the interviewees are 
excluded from Appendix for confidentiality). 

This study has undergone research ethics assessment, which was 
reviewed and approved by the School of GeoSciences, University of 
Edinburgh. An information sheet was provided to each interviewees 
giving the study information, their rights and data protection measures. 
Oral consent was obtained prior to the interviews. 

A total of fifty-nine interview invitations were sent out to identified 
stakeholders in Scotland and England between October 2020 and 
February 2021. Among the fifty-nine invited stakeholders, nineteen 
refused the interview and reported a lack of focus or expertise in this 
topic. Nine stated no capacity, and sixteen did not reply. In the end, 
fifteen semi-structured interviews were conducted with stakeholders in 
the health, climate change, environment, and planning sectors in Scot-
land and England. Two additional written responses were also obtained. 
The low response rate and high rate of reported lacking expertise among 
the invited stakeholders partly reflect the situation of a gap in heat- 
health research and governance in Scotland. 

The interviews focused on five themes: 1) socio-cultural barriers to 
intervention; 2) vulnerable population and communication; 3) heat- 
health strategy at different temporal and geographical levels; 4) key 
sectors and leading and collaborative agencies; and 5) governance 
approach (Fig. 1). The first theme was selected to investigate the 
particular social and policy context in Scotland contributing to its status 
of heat-health governance. The following themes were informed by the 
core elements of a comprehensive HHAP identified by the WHO Europe 
(2008). Please see the Appendix for the full list of questions. The in-
terviewers were given the information that the context of the interview 
is Scotland. The questions were primarily designed for the context of 
Scotland. When interviewing individuals located in England, their 
experience and perspectives in the Scottish context were specifically 
asked. 

The interviews were audio-recorded upon oral consent from the in-
terviewees and then transcribed for analysis. The interview transcrip-
tions were analysed by thematic analysis (Gray, 2014). The 
transcriptions were read by one researcher to find themes with patterns 
and common topics. The questions and themes are not one-to-one cor-
responded with the answers to one question may be mapped to multiple 
themes (Appendix). This was because a) the themes are not mutually 
exclusive; b) interview questions were informed by the literature and 
asked to interviewees based on their background from the stakeholder 
analysis, to ensure they were relevant; and c) interviewees were afforded 
sufficient time to provide their opinions on topics in which they 
possessed greater knowledge and experience. This approach is beneficial 
in gaining in-depth information, but has the drawback of potentially 
straying from the original question and limiting time for other questions. 
Nevertheless, this approach was adopted because it yielded detailed and 
useful additional information. 

The interviewees were anonymised with abbreviations of their 
agency or main expertise. Please see the abbreviation and a brief 
description of their background and expertise in Table 1. Each tran-
scription document was line-numbered. Quotes were indexed with the 
abbreviation of the interviewee who expressed them, followed by a dash 
and the starting line number of the quote, placed in square brackets, e.g. 
[PHE-376]. Sometimes, one or multiple quote indices are given for an 
argument instead of presenting individual original quotes. It should be 
noted that the number of quote indices provided should not be extracted 
to calculate the proportion of the interviewees who support or oppose an 
argument from the total interviewees or the strength of the argument 
because not all interviewees were asked the same questions. 
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The main results and the relationship between Sections 2– 5 in this 
paper are illustrated in Fig. 2. The climate, demographic, socioeconomic 
and policy context (Section 2; the outer layer of Fig. 1) shape the design 
of the interviews and interpretation and discussion of the results. The 
results are presented in five themes (Section 4; square boxes in Fig. 2) 
and the results are discussed around the opportunities and challenges in 
heat-health governance in cool places drawing findings from this study 
and literature (Section 5; the inner circle in Fig. 2). 

There are some limitations of this study. The interviews were con-
ducted in winter 2020/2021 when the COVID19 pandemic was the 
major social, policy and medical focus. We only received one written 
response from a medical general practitioner, and we did not interview 
health and social care practitioners who have close contact with patients 

and the vulnerable population. However, we did interview professionals 
from Public Health Scotland, Public Health England, NHS health board, 
and environmental epidemiologists. In addition, the interviews were 
conducted in winter, and the temperatures at which the interviews were 
conducted may affect the perception of the interviewees. For example, 
the result of the perceived heat-health risk might be slightly different if 
the interviews were undertaken during a heatwave. Nevertheless, 
valuable insights could still be obtained from the results and the op-
portunities and challenges in heat-health governance. 

4. Results 

In this section, the interviewees’ viewpoints and responses are 
organised and presented in the five themes introduced above. 

4.1. Socio-cultural context to intervention 

Interviewees indicated that the heat-health risks had been perceived 
to be low and remain low in Scotland at least in the near future because 
of the cool climate and rare frequency of heatwaves [CCPM-28, ESS-71, 
PHS-49, PHE-309, SCB-188, EHO-76]. This can be reflected by the cul-
ture that Scottish people do not usually take hot summers seriously, as 
an interviewee indicated “There’s a kind of psychology that if it’s a 
warm and sunny day, you have to be outside. If you are not outside in the 
sunlight, you are wasting all of the sunny days. [ESS-91]”. 

There was also a perception that increased temperatures may bring 
about some benefits to Scotland because of the potential for a reduction 
in cold-related deaths [ESS-73] and increased outdoor activity and time 
in green space [SG-32]. 

There was also a lack of evidence on the heat-health in Scotland. An 
interviewee indicated that the heat-health risk was not flagged as a 
particularly high risk at the 2nd Climate Change Risk Assessment 
[CCPM-32], although the urgency level had been elevated in the 3rd 
CCRA. There was anecdotal evidence of the impact of heat in Scotland, 
such as the melting of the roof of the Glasgow Science Centre, but in 

Table 1 
Interviewee abbreviations, descriptions, the type of organisation and their cur-
rent location (Scotland or England).  

Interviewee Description Organisation Location 

CCAR Climate change adaptation 
researcher with expertise in 
adaptation practice and policy 

Academic Scotland 

CCHE Climate change and health 
epidemiologist and a lead scientist 
for the UK Climate Change Risk 
Assessment 

Academic England 

CCPM Climate change programme 
manager leading projects on behalf 
of the Scottish Government and 
local authorities 

Third sector Scotland 

CCRA Climate change risk and adaptation 
researcher with expertise in disaster 
risk reduction and risk assessment 
methods and tools 

Academic and 
third sector 

Scotland 

EHO Environment and health official 
with work experience in both health 
service and environmental agency 

Public sector Scotland 

EHR1 Environment and health researcher 
with a focus on the health effects of 
climate change 

Public sector England 

EHR2 Environment and health researcher 
with experience in working in the 
public health sector in Scotland 

Public sector England 

ESS Environmental social scientist 
focusing the relationship among 
people and the natural and built 
environments, especially adaptation 
to climate change 

Academic Scotland 

HG Human geographer on urban 
environment, human-environment 
interactions and vulnerability 
mapping 

Academic Scotland 

NHSF Manager at the Facilities 
Directorate of an NHS board 
providing support services to 
buildings with a focus on housing 
and health 

Public sector Scotland 

PHE Researcher and official at Public 
Health England (now UK Health 
Security Agency, UKHSA) 

Public sector England 

PHS Honorary professor of public health 
and previous director of the public 
health department of an NHS board. 

Public sector Scotland 

SCB Sustainability capacity building 
manager who also leads projects on 
behalf of local authorities 

Third sector Scotland 

SP Spatial planner at an organisation 
that helps local governments to 
deliver Scotland’s national 
outcomes 

Public sector Scotland 

UM Urban meteorologist with a research 
background on the Urban Heat 
Island effect in Scotland 

Academic England 

GP General practitioner Public sector Scotland 
SG Scottish Government Government Scotland 

Note: GP and SG provided written responses instead of an interview. 

Fig. 2. Schematic graph illustrating the relationship between the climate, de-
mographic, socioeconomic and policy context (Section 2), interview themes 
(Section 4) and discussion on the opportunities and challenges in heat-health 
governance (Section 5). 
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general there was a lack of scientific evidence that heat is a risk to health 
in Scotland [CCHE-86, CCPM-32, ESS-110]. 

Preventing heat-health risks under climate change was less of a 
priority that the government focused on, compared to cold and other 
meteorological hazards such as flooding [NHS-24, SP-230]. In addition, 
managing the increasing heat-health risks under climate change was one 
part of climate change adaptation, which had, however, been over-
looked generally compared to mitigation [SP-248, SCB-232, CCPM-58]. 
For example, a spatial planner shared that “we’re very much about to 
let’s go and prevent the problem from happening in the first place [SP- 
248]”. 

A climate change and health scientist indicated that compared to 
other policy areas, public health was responsive and quick. They added 
“When you decide you need a heatwave plan, you can move things very 
quickly. So public health is extremely effective. If Scotland wanted to do 
a heatwave plan, they could set one up in 12 months. [CCHE-97]” Many 
other European countries developed their heatwave plans in response to 
the 2003 heatwave. 

Therefore, a lack of historical heat exposure, risk and the evidence 
around it led to a low policy priority and hence a lack of HHAP in 
Scotland. 

4.2. Vulnerable population groups 

As discussed in Section 1, some people may be more susceptible to 
adverse effects from high temperatures making them more vulnerable to 
heat-related health risks. An official at the PHE (now UKHSA) expressed 
that vulnerabilities included physiological vulnerability affected by age 
and underlying comorbidities, contextual vulnerabilities due to place 
and space such as urban and rural, floor level and building elevation, 
social vulnerabilities such as from social isolation, and economic vul-
nerabilities such as poverty and deprivation [PHE-90]. 

A spatial planner suggested that the definition and selection of 
vulnerability indicators or indices should depend on the objectives of 
actions [SP-154]. When communicating the key health risks, the PHE 
generally pulled out individual factors that increase vulnerability [PHE- 
101]. This could inform individual sectors and the public in targeting 
those who may be more vulnerable and hence provide targeted services. 

Some stakeholders expressed that poverty is a significant factor un-
derlying vulnerability regardless of the type of risk, and hence should be 
a primary focus of intervention [NHSF-262, EHO-294]. An environ-
mental health official stated, "from what I understand, I think that if you 
looked at the determinants of ill-health and health vulnerability, we 
knew enough about how they relate to poverty…Can we address the 
causes of poverty? Which, in turn, will reduce the vulnerability through 
these things. [EHO-294]". 

In terms of planning, the spatial planner suggested that all these 
vulnerabilities should be assessed together for a composite picture 
because “everything within a place is such an interrelated set of equa-
tions [SP-156]”. They expressed that it was unlikely to have an impact 
focusing on one aspect in isolation. This also links to the preference for a 
holistic approach to be discussed in Section 4.5. 

When attempting to identify and monitor the vulnerable population, 
a climate change risk and adaptation scientist explained that there was a 
tension between developing a customised heat-health vulnerability 
index and maintaining efficiency by using a more general index or 
dataset that is easier to manage and maintain over time [CCRA-271]. 
They added that the decision was largely based on practicability – “it 
was always a trade-off between what we needed to deliver and getting 
the most available data. It wasn’t always the best quality data. It was 
kind of what we even have [CCRA-271].” 

The method on effective information dissemination and service 
provision to the vulnerable groups requires careful design. The in-
terviewees recommended that it is crucial that those who are in close 
contact with the vulnerable population, such as nurses and professionals 
at care homes and hospitals are engaged in the plan, receive early 

warnings, are able to interpret the alerts and deliver services to reduce 
the heat-health risk of the vulnerable populations [HG-363, EHR2–254]. 
Local knowledge and connection were also suggested to be valuable. For 
example, an interviewee shared that they discovered that the person 
who held the most trust among the local population was a priest rather 
than the government or scientists during a flood risk research in Aber-
deenshire [ESS-383]. Therefore, it is both a challenge and opportunity to 
identify and provide targeted information and services to vulnerable 
population. 

4.3. Temporal and geographical levels 

Strategies to prevent and reduce heat-health risks are needed to be 
more prepared for the increasing temperatures under climate change, at 
least some point in the future, agreed by many interviewees [HG-300, 
CCHE-93, EHO-95]. Scottish people may be more vulnerable to heat 
because buildings, public transport, and people’s behaviours are not 
adapted to heat. For example, an environmental social scientist said, “If 
you look at the tropics, places like Taiwan and the south of Japan … 
coping with heat is not new. People have got strategies for not going out 
in the middle of the day. And in Japan, they sprinkle water on the 
pavements and people use strategic greenery and things like that. We 
don’t have that at all in Scotland. our buildings and public transport are 
not designed for hot weather. [ESS-164]”. 

It is important to have a long-term plan in addition to only relying on 
short-term responses to alerts [EHR2–144, PHE-376]. A climate change 
and health epidemiologist indicated, “If you just focus on weather-based 
alerts, you’re missing 1/3 of the picture [CCHE-37].” Long-term 
awareness raising is also needed because “you have a few years 
without heatwaves, it doesn’t mean it’s not coming at its some later time 
[EHR1–396]”. Therefore, other long-term planning and strategies such 
as behaviour change, modification of the built environment and build-
ing regulations are crucial to mitigate heat risks [CCHE-36]. 

Only having a national plan is insufficient in protecting the public 
from heat impacts, the implementation and delivery of preventative 
information and actions on regional and local levels, particularly to the 
vulnerable population is vital for the plan to be effective. Plans and 
actions on national, city and community levels are all required [NHS- 
177]. When introducing a new national plan, the National Planning 
Framework is carefully referred to [IS-293]. On the regional level, Joint 
Boards between the health service and local authorities are formed, the 
main focus of which is on health and social care, but it can stray into 
housing and neighbourhood planning [NHSF-199]. It is the re-
sponsibility of local authority officials to translate and establish national 
and regional plans into something useful and practical for the city or 
local scale [CCRA-66]. 

Empowering communities instead of just imposing the plans on them 
is crucial to making effective plans [SCB-121]. As an interviewee indi-
cated, “If something just comes from the SG, and people think it’s alien, 
then they will fight against it [PHS-177].” Community and neighbour-
hood support is also crucial in promoting the health of local people. An 
interviewee gave an example by relating to the situation during the 
lockdown due to the COVID19 pandemic, "the local authority and the 
NHS were just so pushed or not able to actually check that people were 
OK, so people just got on and took care of themselves [SCB-408]”. For 
example, local communities and neighbourhoods took action to help 
each other such as checking on the elderly and delivering groceries. A 
similar situation may happen during prolonged heatwaves and hence it 
is important to make use of community knowledge and empower local 
communities [SCB-408]. 

4.4. Key sectors, leading agencies and collaborations 

Designing and delivering a heat-health strategy involves a wide 
range of organisations and professionals in different sectors, e.g. mete-
orological and climate services, health and social care, and the built and 
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natural environment [CCPM-183]. Therefore, collaboration and joint 
working across the sectors are essential in taking integrated prepared-
ness and response actions to heatwaves. 

The Met Office provides weather forecasts and the health service 
sector was perceived by multiple stakeholders that should be the leading 
agency in heat-health strategy [EHO-143, EHR2–251, CCPM-181]. As a 
climate change project manager expressed, “it should be Public Health 
Scotland that takes a lead on it. I think that would be the equivalent body 
has taken the lead in England, so it seems a natural fit [CCPM-181]”. 
Perceived key roles of the health service sector include determining the 
trigger points of a heat-health alert, translating weather forecasts and 
alerts into health risks and targeting specific vulnerable populations and 
regions [EHO-159, CCPM-170]. 

Scottish Environmental Protection Agency (SEPA) is Scotland’s na-
tional flood forecasting, warning and strategic risk management au-
thority. Therefore, a stakeholder expressed that SEPA could contribute 
to a heat-health strategy with the existing framework, collaboration and 
experience in flood risk management [EHO-142]. Environmental con-
sultancies such as Sniffer could play an advisory role in the development 
of the plan and promote partnerships among different sectors [CCPM- 
199]. 

Due to a lack of regulation on preventing indoor overheating, some 
of the newly built buildings such as hospitals and schools face indoor 
overheating conditions and are unfit for extreme temperatures in the 
future [EHR1–259]. In addition to indoor overheating, an interviewee 
indicated concerns that highly insulated and airtight buildings may lack 
air circulation and fresh air exchange from the outside, leading to the 
building up of dampness and mould and negative health impacts 
[EHR1–243]. In order to avoid indoor overheating and imbed the 
cooling needs of buildings, an update of the building regulation was 
needed [EHR1–264]. 

Land use and the built and natural environments are also crucial 
sectors, with green and blue spaces providing natural shading and 
cooling during high temperatures and multiple co-benefits such as 
promoting physical and mental health, increasing runoff absorption and 
mitigating flooding [SCB-116]. Green space should be carefully 
designed so that people feel safe there, has a sense of ownership and are 
willing to spend time and make use of it [SP-202, ESS-289]. 

4.5. Governance approach 

A preference for taking the climate change risks and resilience of a 
place or organisation holistically was expressed by many interviewees 
[SP-71, CBM-207, CCPM-8, CCRA-439, SCB-207]. A heat-health strategy 
can be integrated into existing policy priorities and plans, such as fuel 
poverty and health inequality [SG-4, CCRA-185, ESS-189, SP- 
192&303]. Some interviewees recommended looking at a community or 
a place in its full sense and considering what its challenges and oppor-
tunities are, including physical (e.g. overheating, abandoned buildings 
and traffic) and social aspects (e.g. drug problems and social cohesion) 
[CCPM-84, SG-17]. 

One advantage of this approach is increasing awareness of heat- 
health risks using the traction of existing focus and priorities. A 
climate change resilience researcher gave an example, “If you combine 
the two [heat and cold plans], then you’re also preparing people for 
heat, even if they’re more interested in the cold [CCRA-189].” Another 
crucial importance of taking a holistic view is to minimise the risk of 
maladaptation, e.g. by considering both keeping homes warm through 
insulation as well as avoiding indoor overheating and air pollution 
[PHE-266]. 

When designing, delivering and evaluating plans and services, in 
addition to quantitative data and statistics, it is also crucial that people’s 
lived experience is taken into account, especially those who are already 
disadvantaged— “How are they being affected by overheating risk and 
how is that being really fed into evidence base? [CCPM-216]”, suggested 
by a climate change programme manager. An environmental social 

scientist also emphasised the value of qualitative evidence, e.g. people’s 
narratives and stories, but the government and the public health de-
partments preferred “medical, quantitative, usually economic data 
because they need to justify the decisions that they’re making [ESS- 
413]”. 

A spatial planner confirmed that the planning performance frame-
work, the assessment and evaluation in planning done by Scottish 
councils, is mostly quantitative, e.g. “how many planning applications 
have you processed? How up-to-date is your local development plan? 
[SP-121]” They said that “the qualitative aspect about what is the 
quality of the place you’re shaping and what impact is it having on 
health is not being asked at the moment [SP-126]” because it is difficult 
to present and compare as quantitative information. However, they 
expressed that there is a desire to include more qualitative measures in 
the planning performance assessments to ensure the decisions are the 
best for the health and wellbeing of the communities. 

5. Discussion 

The interview results provide insights into the challenges and op-
portunities of heat-health governance in a nation with a cool or 
temperate climate, which will be the focus of the discussion in this 
section (Fig. 1). The challenges and opportunities are not static; instead, 
they can be transformed into each other, which will be discussed in more 
detail below. The design of the inner circle of Fig. 1 is inspired by 
YinYang, a Chinese philosophical concept describing opposite but 
interconnected forces (Wang, 2012). 

The results of Theme 1 found that due to being historically relatively 
cool in Scotland, there has been a favour of warm sunny days and a lack 
of perceived heat-health risks. Similar findings of feeling positive about 
warm or even hot weather were also found in England, although it was 
generally agreed that temperatures above 26 ◦C were "too hot” among 
the study participants of Williams et al. (2019). This may bring chal-
lenges in managing heat-health risks and taking planned preventive 
measures as people also do not usually perceive themselves as being 
vulnerable or at risk of heat effects (Wolf et al., 2010a; Williams et al., 
2019). For example, the elderly have been identified as being vulnerable 
to heat-health risks, however, previous studies found the elderly in the 
UK tend not to consider themselves either old or at risk of heat effects 
(Abrahamson et al., 2008; Wolf et al., 2010b; Ratwatte et al., 2022). 

This links to Theme 2 of this study on engaging the vulnerable 
population. The phenomenon that people tend to perceive themselves as 
not being affected by heat links to the Third Person Effect in media 
studies. It describes the situation where an individual perceives them-
selves as less influenced by persuasive information than others (Davison, 
1983). Therefore, one strategy to communicate heat warnings and 
preventative actions can be framing the advice as helping their vulner-
able relatives and neighbours (Roberts, 2022). This is in line with pre-
vious research results that social support from peers, e.g. friends and 
community members is a valuable mechanism for facilitating the elderly 
during heatwaves (Sampson et al., 2013). 

However, the effect of social networks on reducing the vulnerability 
to heatwaves of the elderly is also complex and affected by their social 
contacts’ perception of heat risks, knowledge on coping and preventive 
measures as well as perceptions of personal independence and resilience 
(Wolf et al., 2010b). This highlights the importance of a whole system 
approach involving the government, health and social care sector and 
communities at multiple geographical levels, as presented in Theme 3. 

The results in Theme 4 show that there are concerns of indoor 
overheating, especially in new buildings in Scotland. The buildings in 
Scotland have been primarily designed to reduce heat loss by enhancing 
airtightness and increasing insulation, which may increase the risk of 
insufficient ventilation and overheating (Gupta and Kapsali, 2016; Tink 
et al., 2018). A study found that overheating occurred in 20 of out 26 
newly built low-energy homes monitored in Scotland, some of which 
experienced overheating in all seasons (Morgan et al., 2015). The health 
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risk of overheating has widely been found to be higher for flats in 
high-rise residential buildings due to reduced conductive heat loss and 
ventilation opening, lack of shading, additional solar gain for top-floor 
flats and limited garden access to escape from indoor heat (Lomas and 
Kane, 2013; Baborska-Narożny et al., 2017). 

Building designs are crucial for preventing overheating. The effect of 
insulation on overheating is mixed, which is by other factors such as 
insulation type, room orientation and occupant behaviour (Porritt et al., 
2012). External wall insulation and roof insulation can mitigate over-
heating by reducing solar gain (Mavrogianni et al., 2017). On the con-
trary, internal insulation may contribute to overheating by prohibiting 
heat dissipation when the external temperature is lower than the in-
ternal, or trapping the heat generated internally (Fosas et al., 2018; 
Fosas et al., 2018). Nevertheless, studies have demonstrated that this 
can be mitigated through closing blinds during the day and opening 
windows at night and therefore improved energy efficiency and thermal 
comfort can be achieved in both winter and summer with proper 
building design, operation and occupant behaviour (Crump et al., 2009; 
Tink et al., 2018). 

In addition to building design, practicality of mitigation measures 
and occupant behaviours are crucial in influencing external and internal 
heat gain as well as ventilation (Jenkins et al., 2009; Baborska-Narożny 
et al., 2017). Occupants may be reluctant to open windows due to 
concerns about security, noise or air pollution (Crump et al., 2009; 
Morgan et al., 2015). Various factors can affect the effectiveness of 
mechanical ventilation and cooling, such as occupants’ insufficient un-
derstanding of the system, worry about energy expenses and noise, 
particularly using a boost mode at night during heatwaves (Dengel and 
Swainson, 2012; Gupta and Kapsali, 2016). These practicality issues 
should be considered in building design (Scottish Government, 2023). 
For example, secure noise attenuating vents could be considered when 
security and noise are concerns (Tink et al., 2018). 

Overheating in care settings, hospitals, communal establishments 
and schools are of particular concern because the occupants often have 
reduced mobility or control over adjustments to maintain thermal 
comfort, which also links to Theme 2. Mitigating overheating in these 
settings requires more than good building design, but also a high level of 
awareness, knowledge, care, and management among those responsible 
for the well-being of occupants, including care providers, teachers, and 
managers (Gupta et al., 2017; Sinclair, 2018; Ibbetson et al., 2021). 

The use of air-conditioning induces extra costs and energy use, which 
is contradictory to climate change mitigation and may lead to the 
worsening of fuel poverty, whereas caused by the need of indoor cooling 
rather than heating (Peacock et al., 2010; Thomson et al., 2019). 
Currently, only around 1–3 % of homes in the UK have air conditioning 
(McLachlan et al., 2016). Therefore, passive measures for mitigating 
overheating should be prioritised, with active measures like 
air-conditioning only considered when passive measures are not suffi-
cient, as suggested by the latest Scottish Building Standards (Scottish 
Government, 2023). 

Compared to the predominant focus on keeping the indoor envi-
ronment warm in cold weather, outdoor environments play a crucial 
role in modifying heat-health impacts (Theme 4). Greenspace is highly 
effective in providing shade from solar radiation and ambient cooling, 
which can extend beyond the area of the greenspace by modifying the 
local climate and hence alleviating the Urban Heat Island effect (San-
tamouris, 2015; Vaz Monteiro et al., 2016). One of the pieces of advice 
for staying safe in hot weather provided by Public Health England 
(2022a) is to walk in shade. There may be some concern about the 
increased cold stress and energy demand for heating due to the cooling 
effect of greenspace in winter (Mavrogianni et al., 2009). This trade-off 
depends on various factors such as the land cover type, the type, location 
and coverage of vegetation as well as global warming levels; whereas 
with careful design, the benefits of greenspace on reduced heat stress are 
likely to outweigh the effect on cold stress (Macintyre et al., 2021; 
Rahman et al., 2022). There is also the need to highlight the value of 

greenspace to good health by promoting mental health and healthy 
behaviours (Mavrogianni et al., 2009; Murage et al., 2020). In addition 
to the quantity of greenspace, the quality such as tranquillity, greenness 
and perceived safety is also influential in its health benefits (Baka and 
Mabon, 2020). 

As presented in Theme 5, a holistic approach to an HHAP that targets 
and deals with key risk factors of a place together, such as weather- and 
environment-related hazards including cold, heat and flood and other 
social challenges such as fuel poverty and health inequality is generally 
preferred by the stakeholders. Integrating heat-health governance with 
other existing policies may create opportunities in increasing the focus 
on heat using the traction of the current public and policy focus (Theme 
5), as well as making use of existing institutional frameworks and col-
laborations (Theme 4). 

One opportunity for holistic governance is to extend the concept of 
fuel poverty to both cold and heat (Theme 5). As energy prices soar, 
communal warm spaces have been developed to keep people warm, 
particularly for those who cannot afford heating bills. For example, 
Bristol City Council is planning “welcoming places" which provide 
warmth as well as food, benefits advice and educational support (Roig, 
2022). Similarly, public cool places are desirable too, as Public Health 
England (2022a) suggested the public considers visiting cool public 
buildings such as places of worship, local libraries or supermarkets as a 
way to cool in hot weather. 

Holistic governance of cold and heat risks is in line with the practice 
in Scotland where hot weather is dealt with as one of the adverse 
weathers by the Scottish Government Resilience Division, along with 
cold, snow and ice, storms and winds, and rain and flooding (Section 
2.3). It also resonates with the movement by the UK Health Security 
Agency to merge the current separate Cold Weather Plan and Heatwave 
Plan for England into a single Adverse Weather and Health Plan inte-
grating guidance on cold and hot weather, drought and flooding (Oliver 
and Ford, 2022; Oliver, Ford, 2022). 

6. Conclusions 

This study found that the cool climate in Scotland poses both chal-
lenges and opportunities in managing heat-health risks. Challenges 
include a lack of policy priority due to a perceived lack of heat-health 
risk and evidence, the difficulties in reaching the vulnerable popula-
tion and the potential conflict between keeping homes warm by 
improving insulation and indoor overheating. 

Nonetheless, challenges can also be transformed into opportunities, 
as demonstrated by the preference of stakeholders for a holistic gover-
nance approach that combines heat-health governance with other policy 
priorities such as cold, fuel poverty, and health inequality. This 
approach enables heat-health actions to gain traction and make use of 
the existing institutional support. Additionally, common information 
dissemination and service provision methods can be utilised to mitigate 
both cold and heat risks. 

There is an opportunity to enhance the thermal comfort of homes in 
relation to both cold and heat through effective building design and 
occupant behaviour, reflected in the latest Scottish Building Standards. 
Greenspace also plays a crucial role in mitigating heat risks, which re-
quires careful design to promote its health benefits. 

Indeed, and in a more conceptual sense, it is perhaps productive to 
move away from a hot-cold binary and to instead think about ‘unstable 
temperature’ governance, which covers both hot and cold at the same 
time. As the climate continues warming, rather than focusing on the 
external, and thus uncontrollable factor (the temperature), it is also 
crucial to focus on adaptation and the underlying vulnerabilities which 
would offer a more tangible framework for structuring the governance of 
temperature-related health concerns in populations. 
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