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1. Background

The atmospheric and climate research communities have made significant advances in
recent decades in gathering and understanding the scientific evidence supporting the concept of
anthropogenic climate change. The IPCC (Intergovernmental Panel on Climate Change) has been
instrumental in synthesizing the latest research on the state of our climate and projected future
changes [1], as well as reporting on the impacts of climate change [2,3]. The urgency and scale of the
challenge of our changing climate is widely accepted, and reflected by several landmark international
agreements [4]. Of particular significance was the Paris Agreement of 2016; an international call for
action to reduce global temperature rises to 2 ◦C, and preferably below 1.5 ◦C [5].

Already the human cost of climate change is being realised through the increasing frequency of
floods, heatwaves, storms and forest fires leading to loss of life and injury; there are also long term
health impacts following extreme events such as trauma, chronic illness, and mental health effects as a
result of displacement [2]. Climate change also affects health through changes in ambient temperatures,
air pollution, and changes to local environments which can introduce new disease vectors [3,6–8].
Specific risks will vary for different climatic zones, and impacts for each population group will be felt
differently, depending on vulnerability due to social, economic and demographic factors.

The steady growth in the body of research into climate change impacts and adaptation topics
has partly been driven by the acknowledgement that until we understand the impacts of various
degrees of warming, there is a lack of momentum to aim for a specific target. Quantifying societal
impacts can provide incentives to policymakers and others to limit emissions of greenhouse gases
and implement adaptation measures, because the devastating effects if we do not take action, become
more apparent. It is therefore important that there is continued effort to characterize and quantify
the impacts of climate change, particularly at local and regional levels, since this is what will drive
improvements in climate change mitigation and adaptation policy [9].

Cross-disciplinary working in the fields of climate change and health allows us to better
understand and report the relationships between the environment and health. We need to strengthen
the evidence base for impacts, not only of changes to climate, but of interventions which may be
put in place to either mitigate against climate change or to adapt to it. Quantification of the human
costs of climate change is particularly important when we seek to influence policymakers and the
public of the overwhelming need to both reduce the extent of climate change, and to rapidly adapt to
changes to which we are already committed due to greenhouse gases emitted since the start of the
industrial revolution.
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The aim of this Special Issue on The Health Impacts of Climate Change is to explore impacts of climate
change and adaptation to it, and to promote inter-disciplinary working in the field of atmospheric
and health sciences. This type of research enables robust strengthening of the evidence base for
climate change impacts on health, which motivates policy level action for mitigation; allows estimation
of potential impacts to aid planning and response; and helps assess the most effective methods of
adaptation to reduce impacts in future.

This collection of articles draws from a number of international authors and includes original
research articles and comprehensive reviews. Summaries of the papers comprising the special issue are
given below, categorized into three broad areas: (1) Understanding the complex relationships between
the environment and health; (2) Quantification of the health impacts of temperature changes; and
(3) Embedding scientific evidence into adaptation practice.

2. Understanding the Complex Relationships between the Environment and Health

The relationship between meteorological variables and health outcomes using empirical methods
has been recognized for several decades. More recently, attempts have been made to estimate or
project how climate change may affect health in future, and to a greater or lesser extent, these studies
have attempted to include modifying factors such as changes in demographics, population health and
adaptation measures. Most research has focused on the direct impact of changes in climate, rather
than the more indirect pathways through which changes in the environment can have an impact
on health, for example, through environmental degradation, and socio-economic changes driven by
climate change. There is also significantly more research in high income countries than medium and
low-income countries, where data can be sparse [10,11].

Fleming et al. [12] review some of the broad health effects of environmental change, particularly
changes to the natural environment, and with reference to infectious and vector-borne diseases, and
aeroallergen exposure. Also covered is a growing body of research which aims to quantify the benefits
(to health, wellbeing and the economy) as well as the risks of human interactions with the natural
environment, focusing mainly on the UK. Benefits to physical and mental health come from interacting
with the natural environment, e.g., residing in areas with more greenspace, and visiting parks and
recreation areas. The review highlights research which shows that there are differences between the
effects of different environments (e.g., coastal, rural, urban) on mental health and exercise capacity [12].
Health-economic assessments of co-benefits to health and the economy from climate change mitigation
and adaptation measures are essential to underpin cost-benefit analyses for policy makers.

Water related or water-borne diseases have devastating impacts on health worldwide, especially in
developing countries. The relationship between these types of infectious disease and climate variability
and change is reviewed by Nichols et al. [13], who highlight that climate change poses a potential risk
associated with the incidence of cholera, typhoid, dysentery, leptospirosis, diarrhoeal diseases and
harmful algal blooms [13]. Although there are clearly direct links between weather conditions and
infectious disease risk, the indirect effects of climate change which may drive population movements
and conflict are also likely to affect the incidence of many water related infectious diseases.

Two papers in this special issue address the links between large scale climate dynamics and health:
specifically the El Nino Southern Oscillation (ENSO) and the North Atlantic Oscillation (NAO) which
are both important modes of global climate variability [14,15]. The first provides an overview of the
characteristics and impacts of ENSO, a major driver of inter-annual climate variability, and gives an
up to date review of literature seeking to understand the associations between various ENSO indices
and health impacts. ENSO may modify parameters such as rainfall, wind, air and sea temperatures in
different geographic regions, which has consequences for temperature-related health effects, flooding,
and the spread of infectious diseases such as malaria and dengue. One conclusion drawn is that a
purely statistical framework is not always sufficient to understand the complex societal impacts of a
phenomenon such as ENSO, and that caution should be applied when choosing an ENSO index for
impact studies [14].
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The second paper looking at atmospheric dynamics specifically investigates the connection
between phases of the North Atlantic Oscillation (NAO), the dominant mode of atmospheric variability
in the northern hemisphere, and ambulance call outs for elevated blood pressure [15]. The analysis
was based on a regression of daily emergency ambulance calls in Lithuania for hypertension, and
NAO Indices, adjusting for season, weather and air pollutant confounders. The relationship between
high blood pressure and the NAO is likely to be associated with the low temperatures occurring
during anticyclonic conditions, and increased emergency ambulance calls for elevated arterial blood
pressure were found for both the positive and negative values of the NAO index, varying depending
on season [15].

3. Quantification of the Health Impacts of Temperature Changes

The environment, weather and climate all have profound impacts on health, either through direct
associations or through less obvious pathways, which can make quantification difficult. However, one
of the most widely studied, and therefore the most well understood impacts of climate change on health
is through direct changes in temperature, which can increase the risk of illness and hospitalization, or
lead to premature mortality.

Kinney [16] presents a comprehensive, up to date review of the relationship between temperature
and health impacts (from both heat and cold), from morbidity to mortality, in different global regions,
as well as how these relationships have changed over time. Heat-mortality relationships have been
shown to vary by geographic region and population group, but less well studied is how relationships
may have changed over time. Kinney reviews the emerging literature to try to answer this question,
and gives guidance on taking account of trends over time and space when projecting future impacts of
climate change and the associated change in temperature [16].

There are further research papers addressing the effects of temperatures on health in this issue,
including analyses on heatwaves and cold spells, and reduced productivity in relation to heat. Two
of the papers in this special issue focus on the incidence of heatwaves [17] and cold spells [18] over
a 50 year period (1966–2015) in the city of Poznan, Poland. The authors highlight how the diversity
of land type is reflected by diverse thermal conditions across the city compared with the reference
monitoring stations, and the increased frequency of heatwave and reduced frequency of cold spells
over the period studied.

Muthers et al. [19] pinpoint specific heatwave events which occurred during the years of 2003
and 2015, and estimate the resulting heat-related mortality in South West Germany. Results showed
daily mortality anomalies reached +70% and +56% during the summers of 2003 and 2015, respectively,
and climate projections indicate the increasing probability of comparable heatwaves occurring every
second summer in the near future (2021–2050s) [19].

As well as leading to premature mortality, high temperatures and heat stress can also be
detrimental to productivity. This can be a difficult effect to quantify, and is a subject tackled by
Dear [20]. Here, a modelling approach is adopted which aims to build on existing evidence and
which can express productivity as a function of environmental heat, and considers variations between
individual workers [20].

4. Embedding Scientific Evidence into Adaptation Practice

The final set of papers address possible adaptation and planning responses to the effects of
climate change on health. For example, Orru et al. [21] argue that resilience in the face of climate
change is necessarily driven by the functioning of health systems and the drivers which shape system
effectiveness. The authors use an example of the Estonian health system, and find that the health
impacts of climate change have not been mainstreamed into policy. There is currently an opportunity
to combine information from various sources, on health systems, the environment and vulnerability,
although this prospect has not been embraced fully due to various reasons, including lack of knowledge
and understanding of extreme events and how to incorporate projected risks into policy, and unclear
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division of responsibility [21]. Careful resource planning is an important consideration for the health
sector, especially in the face of an increased risk of extreme weather events. Papadakis et al. [22]
analyse emergency ambulance calls during episodes of extreme temperatures in London, UK, and
propose a statistical physics based method to more accurately estimate the true burden on the health
system during these events, which has potential for the ambulance service to more efficiently manage
resources [22].

In the Netherlands, the issue of the urgent need for additional housing within existing urban
boundaries is addressed [23]. Koopmans et al. test a range of urban planning strategies and their
potential impacts on heat stress up to 2050, in the Hague. In particular, the impact of urban fabric on
the urban heat island intensity is considered, and it was found that increasing vegetation fraction is a
critical parameter in reducing excess heat stress in denser neighbourhoods, even if high rise buildings
are preserved. However, the effects of climate change are thought to be likely to overwhelm the effects
of increased urban densification in future [23].

Taylor et al. [24] use building models to quantify indoor temperatures in different dwelling types,
and investigate the potential impacts on heat-related mortality of a range of adaptation measures
under future climate change scenarios. Adaptation measures included mitigation of heat, improved
energy efficiency, and changes in occupant behaviour, finding that external shutters provided the
greatest benefits in terms of reducing heat-related mortality (by around 40%) and closed windows
led to increased risk (of 29–64%) [24]. The authors highlight the importance of appropriate building
design to both save energy and reduce heat-related mortality, especially for dwelling types associated
with heat-vulnerable populations.

5. Discussion

The research published in this special issue has touched on three broad areas: (1) a discussion of
the complex interactions between our environment and health, including the influence of large-scale
dynamical systems; (2) quantitative estimates of the impacts of climate change in health, particularly
through changes in temperature; and (3) an examination of the potential for adaptation and mitigation
methods to modify the risks to health from climate change. Clearly, multi-disciplinary research on
all these areas can help move us forward in understanding the risks and minimising the impacts of
climate change on health.

There are more challenges for the future, however. Any mitigation and adaptation action on
climate change needs to follow a ‘co-benefits’ approach to maximise public health benefits at the same
time as reducing health risks [25]. Economic costs of impacts based on a lack of action should be
calculated, but to motivate policy decisions, economic benefits from taking mitigation or adaptation
action are essential. A multi-disciplinary approach is essential to minimise the risk of unintended
consequences that are a danger when considering impacts in isolation.

As this inter-disciplinary field of research grows, and climate impacts on health outcomes become
more widely understood, the scientific community has an opportunity to instigate positive societal
changes, but further thought should be given as to how and where to take action in order to maximise
health benefits. To reduce health inequalities, resources need to be applied to the populations mostly
at risk, and where benefits are likely to be felt most widely. Historically, the balance of research has
disproportionately focused on high income countries, where risks are generally lower [26]. The rollout
of global research programmes on environment and health which embrace innovative approaches has
the potential to shift this balance towards lower and middle income countries, and to focus attention
where it is most needed [27].
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