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Chapter 2
Biodiversity, Physical Health and Climate 
Change: A Synthesis of Recent Evidence

Sarah J. Lindley, Penny A. Cook, Matthew Dennis, and Anna Gilchrist

Abstract We are at a point in history marked by unprecedented changes in the 
environmental foundations of human health and well-being. At the same time, the 
demands from human populations have never been greater, with profound differ-
ences in how we engage with the natural environment. By the middle of this century, 
when climate change impacts are further increasing, the United Nations expects the 
global population to be approaching 10 billion. In this chapter, we provide a synthe-
sis of published evidence of the complex and important relationships between ele-
ments of biodiversity, health and climate change. We draw primarily on reviews 
conducted in the past five years supplemented with evidence on additional themes. 
We also develop a detailed case study example focused on urban climate, climate 
change and biodiversity, taken from the perspective of a large and representative 
conurbation. The case study uses a body of existing published evidence together 
with new data and insights to demonstrate important pathways, impacts and out-
comes. We end by identifying a set of research questions and stress the need for 
even more extensive multi-disciplinary and multi-sector approaches. Nevertheless, 
despite the need for more knowledge, it is already clear that more effective action 
could, and should, be taken.
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Highlights
• Biodiversity, health and climate change have multi-scale and interdependent 

links.
• Few studies explicitly connect climate change with biodiversity and physical 

health.
• The full extent of human health impacts from biodiversity losses is unclear.
• Action is needed due to climate projections, biodiversity losses and health 

demands.
• New research agendas demand ambitious, multi-disciplinary and cross-sector 

approaches.

2.1  Introduction

Few would now dispute that important links exist between the natural environment 
and human physical health. Nevertheless, despite considerable progress in concep-
tualising and understanding relationships, there is still much to learn about particu-
lar connections, their underlying mechanisms, causality and inter-relationships 
(Sandifer et al. 2015; Ziter 2016; Cameron and Blanusa 2016).

Biodiversity is considered one of the underlying requirements for beneficial 
functioning of ecosystems for human health and well-being and is enshrined as such 
within policy-focused arenas (Lovell et al. 2014; Sandifer et al. 2015). However, the 
many interpretations of the term biodiversity, the ways in which it is measured and 
its inter-relationships with other factors, including climate, present considerable 
challenges for building and testing hypotheses (Schmeller et  al. 2018). Where 
hypotheses relate to impacts on human health, there are still more elements to con-
sider, including an appreciation of direct and indirect pathways, relevant controls 
and the interdependencies between psychological and physiological processes.

Climate change is known to be modifying the natural environment and how it 
functions in relation to human health (Bonebrake et al. 2018). For example, climate 
affects ecological states and processes. As climate changes, it affects the function-
ing of ecosystems in terms of the quantity and quality of functions with a beneficial 
role for human physical health. Climate change is also affecting the relative balance 
of benefits and disbenefits. Furthermore, it has been implicated as one of the mecha-
nisms driving global biodiversity loss, though in fact it is just one of a suite of fac-
tors that remove and degrade associated ecosystems. Data from 63 protected areas 
in Germany collected over 29  years has shown a three-quarters reduction in the 
biomass of flying insects, a much higher loss than previously supposed (Hallmann 
et  al. 2017). However, analysis of climate variables suggested no strong climate 
signal to explain the decline. While not all climate-related factors could be dis-
counted, other large-scale factors were also thought to be contributing, in this case 
agricultural intensification. Similarly, although climate change leads to health 
impacts, such as through climate extremes like high temperatures and  climate- related 
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events like flooding, health trends are also influenced by social, political and wider 
environmental factors.

Climate and biodiversity act as important ‘boundary conditions’ for human 
health and well-being. These boundary conditions exert an influence on many of the 
other elements that affect the health and well-being of individuals through natural 
environments and associated ecosystem functions (Barton and Grant 2006; Dahlgren 
and Whitehead 2007). The health status of any one person can be seen as a compos-
ite of: individual characteristics (e.g. hereditary genetics), the living environment 
and life experiences, both physical and social (Fig. 2.1 (left)). Health is determined 
not only through external ecosystem-related processes and factors, but also internal 
ones, for example, recognising that the human body itself hosts complex and biodi-
verse ecosystems that have differing impacts on physical health (Garrett 2015; 
Ruokolainen et al. 2017) (Fig. 2.1 (right)). External factors include the abundance, 
type and quality of the natural environment underpinned by ‘external’ biodiversity. 
Other external factors include  social connections (e.g. family and community), 
access to health infrastructure and income (e.g. through diet). Inevitably, all 
are related to some extent to wider socio-economic and political contexts.

The overarching aim of this chapter is to summarise the current evidence of the 
links between nature, biodiversity, health and climate change, with a particular 
emphasis on physical health  and well-being, defined as “the quality and perfor-
mance of bodily functioning. This includes having the energy to live well, the capac-
ity to sense the external environment and our experiences of pain and comfort” 

Fig. 2.1 Determinants of human health and well-being (Barton and Grant 2006, based on Dahlgren 
and Whitehead 1991), including biodiversity at the human scale (after Garrett 2015, Ruokolainen 
et al. 2017)
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(Linton et al. 2016). In the summary, we primarily draw on existing reviews con-
ducted in the past five  years supplemented with review evidence on additional 
themes such as diet. The chapter also covers three sub-aims. First, we consider the 
evidence for nature’s contributions to physical health from the broad perspective of 
the natural environment (see Sect. 2.2). We look at direct and indirect ways that 
natural systems influence human health and well-being with reference to the 11 
body systems. Given that the body’s systems are highly interconnected, the discus-
sion inevitably connects with material presented in other chapters in this volume 
(e.g. Cook et al. Chap. 11, this volume). Within the scope of this review and synthe-
sis, it is also inevitable that not all of the evidence can be covered. Nevertheless, the 
section shows some of the key mechanisms through which human physical health is 
influenced, according to the most recent literature. Second, we aim to take a closer 
look at the importance of different forms of ‘nature’, but with a particular focus on 
biodiversity (see Sect. 2.3). In cities, nature is often thought of as essential urban 
green infrastructure – the means through which vital ecological and biodiversity- 
related functions (e.g. habitat provision and landscape connectivity) and most 
nature-derived human benefits are delivered (Benedict and McMahon 2002). 
However, cities and their populations cannot be considered in isolation. Therefore, 
the chapter touches on how the protective role of biodiversity operates through 
diverse pathways, how it functions at different human and geographical scales and 
when it is most significant during the life course. The protective role includes, but is 
not limited to, the regulation of disease emergence, micro-nutrient availability for 
human sustenance and the promotion of contact with symbiotic bacteria necessary 
for building up tolerances to environmental allergens (Ruokolainen et  al. 2017; 
Rogalski et al. 2017). Thirdly, we provide an overview of some of the important 
ways that climate change impacts physical health and the natural environment, 
including through biodiversity (see Sect. 2.4). A particular emphasis is given to how 
climate change increases potential poor health burdens (including for example in 
terms of high temperatures and air pollution in urban areas) and also how extreme 
climate-related events and long-term climatic trends can erode the beneficial physi-
cal health effects of nature, green spaces and biodiversity (LWEC 2015; European 
Environment Agency 2017). Before concluding on emerging research agendas, the 
chapter ends with a detailed case study example, focused on urban climate, climate 
change and biodiversity, primarily from the perspective of how the regulating func-
tions of different plant species vary (see Sect. 2.5).

Much of the focus of this chapter is on urban areas. Urban areas are where the 
majority of the population now resides – nearly three quarters in Europe, with 41% 
in the most densely populated centres (European Environment Agency 2018)  – 
where stressors on human health and well-being tend to be most extreme. Evidence 
is drawn primarily from a European context, supplemented with evidence from else-
where, where possible. It is recognized that this focus gives a particular perspective 
on connections and the challenges faced that may not be echoed in all contexts.
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2.2  Nature’s Contributions to Physical Health

In this section, we consider how ecosystems influence human physical health. We 
discuss direct and indirect pathways which connect the natural environment to 
human physical health with a particular emphasis on ecosystem regulatory func-
tions (e.g. modification of environmental stressors) and provisioning functions 
(such as the use of ecosystems by people for food, fresh water and fuel). For exam-
ple, direct pathways include the health benefits from the consumption of nutritious 
food and indirect pathways include health benefits due to increased physical activity 
rates associated with the natural environment. In making this distinction, it is impor-
tant to note that beyond the more obvious examples given above, the type and form 
of pathways are not always fully clear. Whether a process is considered direct or 
indirect may differ depending on the primary consideration in hand, be it human 
biological systems, physical environmental systems or some specific form of expo-
sure. We consider the evidence from the perspective of the commonly recognised 
body organ systems, each of which provides a particular function for physical 
health. The identified body systems are then referenced in subsequent sections of 
the chapter.

The body has 11 interlinked systems: reproductive, integumentary (skin/hair), 
skeletal, muscular, nervous (brain/brain activity), circulatory/cardiovascular (blood/
transport of nutrients), endocrine (glands/hormones), lymphatic (associated with 
immune functions), digestive (food), respiratory (breathing) and urinary/renal 
(waste). Numerous physiological parameters associated with these systems can be 
measured to determine physical health. In turn, each parameter can be assessed in 
order to establish underlying mechanisms for the influence of nature, whether 
through evidenced processes or through ones that are currently only hypothetical. 
Psychological parameters have been the focus of much of the existing body of 
research on exposure to nature and the connection between nature and human 
health. Associated study outcomes have tended to identify positive links between 
nature and health (Keniger et al. 2013). However, the range of health benefits is 
much wider, including in terms of cognitive function, social interaction and 
improved resilience (Sandifer et al. 2015).

Sandifer et al. (2015) identify no fewer than 27 published examples of the physi-
ological health benefits of interaction with nature (broadly defined as living things 
and associated landscapes in a wide variety of settings). While some are very broad 
indicators, others refer to specific physiological metrics, including reduced sympa-
thetic/parasympathetic nerve activity, faster healing after illness, surgery or trauma 
and positive influences on diabetes. Nevertheless, some reviews point to a more 
inconsistent picture for specific physiological outcomes. For example, positive out-
comes are shown for circulatory/cardiovascular, endocrine and immune systems but 
with a good deal of mixed evidence (Haluza et al. 2014). Figure 2.2 considers evi-
dence from the perspective of different pathways, but also highlights inconsisten-
cies in the evidence base.

2 Biodiversity, Physical Health and Climate Change: A Synthesis of Recent Evidence
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Interestingly, much of the evidence cited in Haluza et  al. (2014) is related to 
Japan’s ‘Shinrin-Yoku’ (forest-bathing) with most consistency shown for evidence 
of short-term restorative effects in physiological parameters associated with the car-
diovascular, endocrine and immune systems. Studies covered a range of activity 
types, time periods and populations, but bias is a potential issue due to under- 
reporting of negative or inconclusive findings and a tendency towards short-term 
studies (Hartig et al. 2014; Haluza et al. 2014). There is less evidence for cumulative 
effects and therefore how they may translate into measurable mortality and morbid-
ity outcomes (ibid.).

Some of the published evidence relates to effects that are seen as a result of sim-
ply being in ‘natural’ spaces (Haluza et al. 2014). In this context, at least some of 
the associated mechanisms may be direct, for example physiological responses 
linked to feelings of well-being inspired by direct engagement with green and blue 
space (see also Marselle Chap. 7, this volume). Feelings of well-being may come 
about through impacts on the nervous system and are thus difficult to separate from 
aspects of psychology and mental health. Nevertheless, the identification of possi-
ble direct impacts is important since it suggests that not all of the physical health 
benefits are associated with physical activity-related physiological responses (given 
that exercise results in some of the same physiological benefits wherever it is under-
taken). That green and blue spaces tend to help to encourage physical exercise is of 
course also important. More than three quarters of 50 reviewed studies reported 

Fig. 2.2 Pathways for physiological outcomes associated with ‘exposure to natural environments’ 
(after van den Bosch and Sang 2017)
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positive associations between how green an environment is and physical activity 
rates (Kaczynski and Henderson 2007 in Coutts and Hahn 2015). Similar positive 
associations are also found between ‘blue’ spaces and physical activity rates 
(Grellier et al. 2017; White et al. 2014) (see also Hunter et al. Chap. 17, this vol-
ume). Encouragement of physical activity is particularly important in the context of 
increases in non-communicable diseases (NCDs) related to inactivity, such as Type 
2 diabetes (Cook et al. Chap. 11, this volume).

The other important, and increasingly well recognised, pathway explaining why 
physiological responses might be seen at rest in ‘natural’ spaces is due to the regu-
lating functions of green and blue spaces through moderating noise, air quality and 
temperatures. In other words, some health benefits are due to the influence that 
green and blue spaces have on removing or reducing environmental stressors, espe-
cially in busy, densely populated urban centres (Hartig et al. 2014; Coutts and Hahn 
2015; Markevych et al. 2017). Indeed, this also makes physical activity undertaken 
in urban green spaces potentially more healthy since it could otherwise lead to 
increased exposure to harmful levels of air pollutants with acute or chronic effects 
on the respiratory and cardiovascular systems (Mölter and Lindley 2015). However, 
the ‘absence of stressors’ argument does not explain all associations, such as have 
been found in studies where physiological responses are seen in response to visual 
cues with no direct contact, something that points to psychological and socio- 
cultural factors (Clark et al. 2014). Due to the interwoven biophysical, psychologi-
cal and socio-cultural elements underpinning connections between nature and 
health some conceptualisations are based on grouped biopsychosocial pathways, 
specifically pathways that positively influence health through reducing the potential 
for harm (reducing environmental stresses), restoring capacities (improving recov-
ery functions) and building capacities (reducing individual susceptibility to harm) 
(Hartig et al. 2014; Markevych et al. 2017) (see also Marselle et al. Chap. 9, this 
volume).

The role of reduced exposure to environmental noise is one particularly interest-
ing example given that reductions in noise exposure have been given relatively little 
emphasis in earlier models, e.g. Hartig et al. (2014), compared to those developed 
more recently, e.g. Markevych et al. (2017) and van den Bosch and Sang (2017). 
Explanatory mechanisms have also been proposed to link noise stress with impacts 
on cardiovascular, respiratory, immune response and metabolic health through 
stress-response models (Recio et al. 2016). Similar processes may apply to some of 
the other common environmental stressors, in addition to the better known, but still 
imperfectly understood connections. For example, new research is finding a wider 
range of connections between air pollution and human health than ever before, not 
just through morbidity and mortality from cardiovascular and respiratory diseases 
but also through neurodevelopmental disorders and birth defects (Landrigan et al. 
2018). It should be remembered that environmental stresses also affect other ani-
mals and have been linked to biodiversity loss. Although an issue that is particularly 
acute in urban areas, anthropogenic sources have been found to elevate noise levels 
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in more than a fifth of protected areas in the USA, reaching levels known to have 
negative effects on wildlife (Buxton et al. 2017).

Direct physical health outcomes from ecosystem functions may be difficult to 
evidence for some pathways, but one more obvious direct way that nature influences 
physical health is through human sustenance and micro-nutrient availability. 
Primary production from plant materials is the initial source of food energy for all 
living beings, and humans directly consume 25–50% of the energy embodied in 
plant-life even before considering the consumption of animals that plants also sus-
tain (Coutts and Hahn 2015). However, human health is not just a matter of the 
quantity of energy consumed but also its diversity. Diversity in diet and the micro-
nutrient supply this provides is something that can be linked to wider ecological 
biodiversity too (see Sect. 2.3).

Plants and other natural sources are also responsible for a large proportion of the 
medicines currently in use today, contributing to almost a third of all marketed drug 
products sold (Coutts and Hahn 2015). Bioactive compounds, and their role in dis-
ease prevention and ageing, are still the subject of much important research. For 
example, evidence for the anti-microbial properties of phenolics in berries is impor-
tant in the context of growing antibiotic resistance (Paredes-Lopez et  al. 2010). 
Polyphenols from berries also have a range of other positive functional properties, 
including anti-inflammatory, neuro-protective, anti-oxidant, anti-cancer and anti- 
mutagenic roles (Nile and Park 2014). Polyphenols are just one of the bioactive 
compound groups found in berries, which are also rich sources of vitamins and 
minerals (ibid.). Brassica vegetables are associated with anti-cancer properties as 
well as a range of other health benefits (Moreno et al. 2006). Other food groups have 
similar beneficial properties, such as seaweed and fungi.

These provisioning functions of ecosystems (such as the use of ecosystems by 
people for food, fresh water, fuel and animal forage) are a critical component of 
human health with a huge literature and evidence base. Fuel from ecosystem 
sources (e.g. wood) impacts health too, including cooking, facilitating water puri-
fication and also via the improved ability for people to moderate living conditions. 
The connections between provisioning functions and health can be indirect, for 
example through the role of pollinators in agricultural systems (IPBES 2016). 
Relationships can be complex with both beneficial and detrimental roles for human 
health, varying between and within species and also in response to local environ-
mental factors. For example, a recent study of crops across five continents found 
that some 39% of crop flower visits are from insects other than bee species (such 
as flies and wasps) and the relative importance varies considerably by crop type 
and location (Rader et  al. 2016). In other contexts, some of these species are 
regarded as pests and can be associated with negative health effects, such as via 
food contamination.

S. J. Lindley et al.
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2.3  Biodiversity and Physical Health

In this section, we consider the range of connections and pathways between biodi-
versity and human physical health, beginning with the scale of the human body 
before looking at processes operating at wider spatial scales. Given that much of the 
evidence in the previous section considered the natural environment in a broad 
sense, here we examine how biodiversity metrics are linked to ecosystem functions 
affecting physical health.

In considering the role of biodiversity on human health it is useful to start by 
recognising the human body as an ecosystem, with both internal and external micro-
biota, something that has been termed the human core microbiome (Karkman et al. 
2017). The human gut alone contains some 1,014 bacterial strains and species as 
well as other micro-organisms and viruses, the mix of which is unique to each indi-
vidual and which changes during the life course (Odamaki et al. 2016; Seksik and 
Landman 2015). The concept of the exposome has been developed to recognize the 
role of factors shown in Fig. 2.1 in determining human health and well-being, the 
significance of environment and how human health is affected by cumulative influ-
ences over time, and therefore the life course (Renz et al. 2017). Renz et al. (2017) 
further propose the meta-exposome as a means of connecting human exposures with 
those of the wider biosphere and linking ecosystem health at all scales to human 
health (Fig. 2.3), a notion that is echoed elsewhere (e.g. Sandifer et al. 2015).

Major microbiota colonisation events are associated with particular parts of the 
human life cycle, such as birth, but continue throughout the life course dependent 
on lifestyle, environment and exposure (Ruokolainen et  al. 2017). The so-called 
‘old friends’ hypothesis also relates to this process of gaining health benefits from 
beneficial symbiotic microbes. Benefits are associated with many of the body organ 
systems and are multi-functional. For example, as well as helping with the healthy 
development of the immune system, beneficial microbes can also perform protec-
tive roles when human hosts encounter allergens (Rook 2013; Ruokolainen et al. 
2017). Both environmental and behavioural factors are involved in the development 
of dysbiosis, where alterations in microbiota may result in a negative cycle of ill- 
heath (Fig. 2.3). Dysbiosis is also implicated in problems associated with the integ-
umentary, digestive and urinary/renal systems as well as disorders in the respiratory 
and cardiovascular systems (Carding et al. 2015; Renz et al. 2017). Lack of contact 
with sources of symbiotic microbiota is one of the outcomes of people’s growing 
‘extinction of experience’ of natural environments, and lack of contact even of itself 
tends to promote greater disassociation (Cox and Gaston 2018).

Of course, biodiversity does not just affect human health through the body’s 
own ecosystem. As well as affecting humans directly, such microbiota relation-
ships also underpin the healthy functioning of wider ecosystems on which humans 
depend (Flandroy et al. 2018). Biodiversity is also important at community, neigh-
bourhood and regional scales. For example, in Australia, where 31% of the popula-
tion are estimated to be affected by long-term respiratory conditions, after 
socio-economic factors, the second and third most important determinants of 
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positive respiratory health are associated with landscape biodiversity (vegetation 
diversity and species richness) (Liddicoat et  al. 2018). Many critical ecosystem 
processes operate on much larger spatial scales and ultimately impact global pro-
cesses through the effect that ecosystems exert on wider natural systems, such as 
climate, water and air quality, and the impact that they have on food nutritional 
quality and diversity (Harrison et  al. 2014; Ziter 2016; Schwarz et  al. 2017). 
Nutritional diversity is important for ensuring good physical health (Lovell et al. 
2014), but biodiversity in agricultural systems is important for a range of other 
reasons, such as supporting ecosystem health (and therefore functions such as pol-
lination and soil regulation) and protecting against potential problems from pests 

Fig. 2.3 The inter-relationships between human and ecological health as expressed through the 
exposome concept (top) and the pathways to reductions in physical health through dysbiosis (bot-
tom) (Renz et al. 2017)

S. J. Lindley et al.
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and diseases in large areas of monoculture crops (Dobson et  al. 2006). In turn, 
biodiversity ultimately affects human health by making agricultural systems more 
inherently resilient and less liable to large scale losses (Dobson et  al. 2006). 
Evidence also suggests a link between biodiversity and the productivity of systems 
for human use, for example more biodiverse woodlands and fisheries are more 
productive for fuel and food (Harrison et al. 2014).

In order to understand mechanisms in more detail, it is necessary to unpack the 
concept of biodiversity and understand how, where and when its different elements 
are important. Otherwise, there is considerable potential for uncertainty and the 
potential to equate ‘ecosystem services’ and ‘biodiversity’ so that they are seen as 
essentially the same thing (Mace et  al. 2012). Indeed, there is still considerable 
disagreement about which ecosystem and biodiversity metrics should be considered 
(ibid.), with most reviews considering metrics beyond those implied by the defini-
tion used to frame this volume. Figure 2.4 shows two examples of diagrammatic 
representations of biodiversity metrics and the functions of ecosystems known to 
influence human health, a number of which relate to the pathways that have already 
been identified in Sect. 2.2.

Figure 2.4 (top) identifies a range of biodiversity metrics of different levels of 
complexity and summarises the available evidence on how they relate to ecosystem 
functions that have a useful role for people in urban areas. Some of the connections 
are identified as being positive (red – beneficial for functions) while others are nega-
tive (blue – detrimental for functions). For example, Schwarz et al. (2017) (Fig. 2.4 
(top)) reviewed 82 studies that examined taxonomic diversity and its links to useful 
ecosystem functions in urban areas. The studies identified positive connections 
through pollination, soil protection and fertility, pest control, fresh water and envi-
ronmental regulation. However, the studies also identified some negative connec-
tions, even for these same pathways. Therefore, even taking the one example of 
urban ecosystems, the extent to which there are positive compared to negative 
effects depends on context and perspective (Díaz et al. 2018). Some of the biodiver-
sity metrics, such as functional identity (associated with 22 studies) were found to 
have only positive effects on urban ecosystem functions. While it may be assumed 
that these effects are then positive for human health, this claim cannot be made on 
the basis of the review findings alone. Figure 2.4 (bottom) identifies ecological ele-
ments acting as ‘Ecosystem Service Providers’, i.e. the conduits through which the 
various biotic attributes listed act to benefit or harm human beings. For example, a 
wide range of function providers exist for pest regulation, from single species to 
functional groups and whole habitats. In this case, most studies have connected pest 
regulation to species within single functional groups. There are fewer studies con-
sidering multiple functional groups which makes cross-connections more difficult 
to determine. Ultimately considering the impacts of environmental stressors, includ-
ing climate change, will require the systematic investigation of cross connections 
and whole ecosystem responses.

2 Biodiversity, Physical Health and Climate Change: A Synthesis of Recent Evidence
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Fig. 2.4 Biodiversity metrics and some of the ecosystem functions underpinning physical human 
health (top – Schwarz et al. 2017; bottom – Harrison et al. 2014). Linear connections denote the 
metrics that have been explored, line-width shows the relative proportion of studies and line- 
colours (top only) indicate the type of associations found

S. J. Lindley et al.
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2.4  Climate Change and Physical Health

Climate is an inherent part of the natural systems that are associated with both bio-
diversity and physical health. Therefore, climate change is similarly interconnected 
with the processes discussed in the previous two sections, particularly in the context 
of rapid changes that go beyond the pace of autonomous adaptive capacity and in 
the context of other drivers of change, such as urbanisation (Fisher et  al. 2017). 
Climate change has direct and indirect influences on the underlying mechanisms of 
processes discussed in the previous sections. Direct impacts on human health 
include, for example, the influence of higher temperatures on heat stress in urban 
dwellers. Indirect impacts include how climate change affects evaporative cooling 
in urban areas through which people’s exposure to high temperature events may be 
reduced. In this section, we consider the ways in which climate change affects phys-
ical health and the role of the natural environment, both generally and through bio-
diversity. Since biodiversity is also affected by climate change, the section ends 
with an assessment of climate impacts on the biosphere, particularly in terms of the 
functions and processes identified in the previous sections as being important for 
human health.

There are numerous reviews of the deleterious effects of accelerated anthropo-
genic climate change on natural systems and on human health, as well as those that 
point to some of the possible benefits. Reviews include the following direct/indirect 
and primary/secondary pathways (LWEC 2015; European Environment Agency 
2017; Fig. 2.5).

• Health effects of heat and heat waves

Heat-waves are estimated to have resulted in cumulative death rates of 129.0 
people per million in Europe between 1991 and 2015, 24 times higher than the next 
highest most severe extreme weather-related hazards in terms of death rates (which 
are cold- and flood-related events at 5.3 and 6.4 people per million respec-
tively;  European Environment Agency 2017). Heat-waves are well known to be 
associated with excess deaths particularly in older people, people with pre-existing 
health problems and people living in urban areas, for example based on analyses of 
the 2003 European heat-wave (Johnson et al. 2004; Grize et al. 2005; Poumadere 
et al. 2005). Excess death rates have also been recorded in cities across the world, 
e.g. in Chicago, Melbourne and Moscow, including cities with populations already 
adapted to relatively high temperatures (Norton et al. 2015; Burkart et al. 2014). 
Evidence from the UK suggests that cardiovascular causes result in the larger num-
ber of deaths, though tending to be more associated with atrial fibrillation or pulmo-
nary heart disease compared to other heart diseases. Furthermore, excessive heat 
seems to be most strongly associated with causes of deaths related to the endocrine, 
nervous and urinary/renal systems (Arbuthnott and Hajat 2017). People with demen-
tia and on some prescribed medications may also be susceptible to heat-related 
hospitalisation and mortality, possibly due to higher potential for dehydration and/
or reduced ability to sweat (Stollberger et  al. 2009). The frequency and severity 
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(duration and intensity) of events are expected to increase in the future and to be 
compounded further by other influencing trends, such as an ageing population with 
higher sensitivity to impacts, the potential for maladaptation in some health and 
social care systems and the potential for combined impacts from other climate- 
related hazards, such as drought, fire and poor air quality (European Environment 
Agency 2017; Curtis et al. 2017). However, there are also moderating factors, for 
example, analyses over recent decades in the south of England found no evidence of 
a substantial worsening of heat-related mortality trends, something that analysts 
have attributed to successes in national scale adaptation actions and improvements 
in health and health systems more generally (Arbuthnott and Hajat 2017).

Glacier
loss, sea
level rise

Other systemic environmental
changes acting and interacting

with climate change

Changes in mean climatic conditions
Increased variability, including extreme

weather events and heat waves

Climate change

Altered
surface
water

Reduced
food

yields

Ecosystem
damage

Property
loss

Tourism
and

recreation

Infra-
structure
damage

Injury, death
post-event
traumatic
stress and

disease risk

Physical
hazards, risk

of death

Microbial
ecology

(host
animals,
vectors,

pathogen
multipli-
cation)

Food
prices and
availability

Fresh
water

availability

Hygiene,
home-
grown
food

Nutrition,
child

development
(and life-
course

adult health)

Community
and family

morale,
mental
health

problems

Infectious-
disease

risks

Indirect health impacts

Shortages,
price
changes

Loss of jobs,
livelihoods

Primary environmental and social impacts Direct health
impacts

Depression
after event

Relocation
of people

Conflicts,
displacement

Fig. 2.5 Pathways through which climate change can influence human health and well-being, 
including though ecosystem-related effects. (McMichael 2013 in European Environment Agency 
2017)
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• Health effects of milder winters

Cold weather events are well known to be associated with excess mortality and 
morbidity (European Environment Agency 2017). For example, all of the UK’s 
devolved nations report increases in all-cause mortality with reducing temperatures 
below health-related baselines, though mortality tends to be due to secondary 
impacts on the cardiovascular and respiratory systems rather than due to hyperther-
mia (Hajat 2017). As with high temperature events, factors other than temperature 
are also important, including building insulation, the availability, efficiency and cost 
of heating and social factors, such as awareness, all of which vary spatially 
(Robinson et al. 2018). By extension, milder winters do not necessarily result in a 
reduction in cold weather impacts. Nevertheless, all other things being equal milder 
winters should have health benefits in view of warmer mean temperatures (fewer 
Heating Degree Days) and fewer extreme cold-weather events (European 
Environment Agency 2017). Incidence rates and timings of influenza and other 
infectious diseases are linked to climatic drivers, therefore there are likely to be 
secondary effects. Although changes have been observed in influenza peaks and 
seasons, climatic and other determinants are currently uncertain (Caini et al. 2018).

• Outdoor air quality

Like other impact groups, air quality is also greatly influenced by factors other 
than climate change, with changes in emissions being particularly important over 
short time horizons. For example, regional haze in South East Asia is ultimately 
caused by biomass burning, though exacerbated by other climate-related factors. 
Even far from initial sources, haze has been linked with multiple impacts on physi-
cal health, including through the respiratory and cardiovascular systems due to the 
predominance of fine particulate matter (<2.5 μm) as well as impacts on agriculture 
and tourism (Latif et al. 2018). Despite the influence of other factors, studies sug-
gest that over the longer term there are likely to be climate penalties associated with 
a number of air pollutants known to impact both human and ecosystem health e.g. 
ozone and particulate matter (though with considerable uncertainty). Dust storms 
are more directly associated with climatic factors and changes in wind and precipi-
tation are likely to affect the distribution and extent of associated health burdens, 
including respiratory, cardiovascular and infectious diseases (Schweitzer et  al. 
2018). Alongside more gradual changes to baseline air quality affecting annual 
average concentrations and chronic human health effects, climate change therefore 
also has a role in determining the frequency and severity of meteorological condi-
tions that give rise to episodes of poor air quality. Air quality episodes with elevated 
concentrations of air pollutants can lead to a range of chronic and acute diseases, 
evidenced by health outcomes that include increased hospital admissions and excess 
morbidity and mortality rates. The stagnation events associated with air quality epi-
sodes can also be associated with summer heat waves and therefore have cumulative 
outcomes for human health (Doherty et al. 2017).
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• Flooding and health

Flood events are frequently associated with storms and landslips, which them-
selves have high numbers of people directly affected, but there are also long-term 
and indirect impacts from events, such as increased exposure to disease (European 
Environment Agency 2017). There are numerous pathways through which health 
impacts are felt and they operate both during flood events and after them, frequently 
affecting people who have heightened sensitivity due to age or existing health sta-
tus. Drowning, electrocution and other physical injury may lead to mortality during 
these events, as well as morbidity associated with injuries, illness from water-borne 
disease, carbon monoxide poisoning due to the use of generators and cardiovascular 
effects due the stress of being affected (Lowe et al. 2013). Many of these morbidity 
factors are also associated with the period following flood events, which is  sometimes 
long and exacerbated by displacement. Lack of power and water supply dispropor-
tionately affects people with pre-existing illness and poor mobility and inhibits 
access to health and social care services, something that can be particularly impor-
tant when essential medicines have been lost or contaminated (Fernandez et  al. 
2002; Klinger et al. 2014).

• Emerging infections

Infectious disease is inevitably influenced by human factors and mobility. 
However, redistributions of species through climatic change and climatic triggers 
are also recognised as having a key role in major events in history, such as the 
bubonic plague in Europe (Bonebrake et al. 2018). Novel species assemblages are 
expected to be associated with new emergences in the future. See Müller et  al. 
(Chap. 4, this volume) for more on vector-borne diseases and climate change.

• Impacts of extreme events on health services and social care

In addition to differences in levels of demand for services, the services them-
selves can be impacted, indirectly affecting physical health. Social, institutional and 
physical infrastructure systems are interconnected and impacts on one will affect 
how others are able to operate during heat waves, cold weather events and other 
climate-related hazards, for example affecting mobility/transport, storage/distribu-
tion of medicines, the operation, reliability and efficiency of energy systems, avail-
ability of fresh water and access to record systems (Curtis et al. 2017).

• Food- and water-borne disease and contamination

There are known linkages between climate and the prevalence of food and water 
borne diseases. They include: campylobacter (seasonal, related to rainfall amounts/
timing and higher temperatures), salmonella (warmer temperatures and flooding, 
due to potential for contamination), listeria (humidity), vibrio (summer, brackish 
water), cryptosporidium (drinking/recreational water affected by heavy rain/flood-
ing) and norovirus (winter, flooding/high rainfall) (European Environment Agency 
2017). However, the likelihood of higher incidence rates depends on many other 
factors. For example, strong positive associations between elevated temperatures 
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and cases of food poisoning from salmonella could lead to increases in future cases, 
but future estimates need to be considered in the light of successes in interventions 
that have led to a low incidence rate in recent years. While the picture for salmonella 
is one of relative control and decline, this is not true for all intestinal infectious 
diseases and sometimes knowledge of climatic responses is insufficient to make full 
assessments (Lake 2017).

• Pollens and other allergens

Changing human behaviour is also a factor in terms of the extent to which expo-
sures are changed due to a changing climate, something that is likely to affect a 
range of other stressors. These issues are discussed in more detail in Damialis et al. 
(Chap. 3, this volume).

• Drought and water scarcity

The availability of, and access to, water resources is a basic human need and one 
that is inextricably linked with physical health. Climate change is known to be mod-
ifying the cryosphere and affecting fresh water resources (European Environment 
Agency 2017). Although not the only determinant of water scarcity – where much 
is driven by socio-political factors and other issues such as water quality and distri-
bution – no account of climate change and physical health would be complete with-
out recognising the essential associations between water and other aspects of health.

• Wildfires and health

Climate change influences the likelihood and severity of wildfires as a result of 
extending the ‘fire season’, the higher susceptibility of vegetation to burn when 
coming in contact with ignition sources (e.g. due to being water stressed) and the 
greater likelihood of spread due to the potential for increased growth rates (European 
Environment Agency 2017; Carporn and Emmett 2009). In the United States it has 
been estimated that annual respiratory hospital admissions ranged from 5200 to 
8500 and cardiovascular hospital admissions from 1500 to 2500 between 2008 and 
2012 due to PM2.5 associated with wildland fires (Fann et al. 2018).

Although not an exhaustive list, a considerable number of the themes above are 
clearly related to ecosystems. Climate change is recognised as one of the main pres-
sures on ecosystems, alongside habitat change and fragmentation, invasive species, 
land management changes and pollution (European Environment Agency 2017). 
Climate induced changes have been observed in all land (e.g. changes in species 
ranges and phenological responses), freshwater (e.g. changes in flow, also related to 
changes in human extraction rates which are partly climate-related) and marine eco-
systems (e.g. changes in species ranges, acidification and sea level rise) (ibid.). 
Agricultural systems can see both benefits and stresses, the former in terms of 
increased opportunities through extension of the growing season and the potential 
for enhanced photosynthesis, but also tempered with the potential for climate 
extremes, irrigation demand and availability, increased incidence and new emer-
gence of pests and diseases, and unintended consequences resulting from changes 
to farming practices (European Environment Agency 2017; Bonebrake et al. 2018). 
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The balance between positive and negative influences is likely to vary geographi-
cally and over time and issues of the transmission of risk must also be considered 
(Challinor et al. 2018).

Human factors are a key component of the systems through which health effects 
occur. For example, climate affects transportation networks with higher tempera-
tures making the distribution of perishable goods more challenging and higher rain-
fall potentially increasing the probability of contamination. Given the increasing 
concentration of people in urban areas, remote from areas of production, these chal-
lenges become more acute. Climate can also affect the nutritional value of some 
produce. Picking up the example of berries from Sect. 2.2, it is known that climate 
factors have an influence on the concentrations of phenolics. Phenolic concentra-
tions can also be affected by storage conditions and ripeness as well as species, 
variety, location and associated environmental interactions (Teixeira et  al. 2013; 
Kellogg et al. 2010; Paredes-Lopez et al. 2010). Thus, the potential for changes in 
nutritional values of crops as well as their yields under climate change is also a 
consideration. Diseases and changing distributions of pests and weeds may also 
affect livestock and fisheries both directly and indirectly (e.g. through the availabil-
ity of foodstocks) with secondary impacts on human health (European Environment 
Agency 2017). We have much still to learn of the impact of climate change on eco-
systems and biodiversity, including how the interconnections are being felt through 
mechanisms like the human biome.

2.5  Exploring a Subset of Interactions Through an Urban 
Case Study

The previous sections have shown the complexities  of interconnections between 
biodiversity, climate change and physical health. To explore the complexities fur-
ther we present a case study which synthesizes evidence from some of the identified 
links for Manchester, UK. The conurbation of Greater Manchester in the north of 
England has a population of around 2.6 million people and covers an area of around 
1,280 km2. Despite being one of England’s largest city-regions, Greater Manchester 
has been used as a representative urban case in previous studies (Lindley et  al. 
2006). The case for Greater Manchester being representative has been made due to 
its varied population and urban character. It is also exposed to a range of different 
hazards and although some parts of the city are affected by flooding – some of them 
severely – there is no single hazard which dominates the conurbation as a whole in 
terms of population risk, physical health or associated decision-making. Accordingly, 
the representativeness and body of existing research for Greater Manchester make it 
a good basis for a more focused examination compared with cities that are more 
distinctive in environmental or political terms. The case study starts from the per-
spective of high temperatures and heat-waves and through that considers wider 
impacts and links with other environmental characteristics and processes, including 
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some of the biodiversity metrics underpinning how ecosystems influence health out-
comes examined in the previous sections.

The Urban Heat Island (UHI) effect is the well-recognised phenomenon whereby 
cities and towns are often much warmer than surrounding rural areas, particularly at 
night after calm, sunny days (Oke 1982). The effect can exacerbate the potential for 
human exposures during periods of high temperature (Wilby 2003). The UHI 
effect is primarily generated as a result of the physical properties of urban materials, 
their structure and – to a lesser extent – their use, e.g. through anthropogenic heat 
emissions (Smith et al. 2009). Built materials have different radiative and thermal 
storage properties compared to natural surfaces, with the former tending to absorb 
direct and diffuse short-wave radiation during the day and later re-radiate stored 
energy back to the atmosphere as long-wave radiation. Where there is higher 
 sky- view factor (the amount of sky which is visible from a point on the ground) 
stored energy can be re-radiated quickly. However, geometries in cities are complex 
and low sky-view factor tends to inhibit the loss of long-wave radiation leading to a 
heating of overlying air during periods of low wind speeds and/or due to inhibited 
wind flows (Lindberg 2007). In urban areas there is also a relative lack of vegetation 
and water, which provide cooling functions through evapotranspiration and surface 
shading in the case of large vegetation stands (Sproken-Smith and Oke 1999). Due 
to their cooling properties, large areas of vegetation and water within cities play an 
important role in offsetting urban temperatures, with even modest amounts having 
an effect (Bowler et al. 2010).

An analysis of temperature records for Manchester has shown that UHI intensi-
ties have been increasing over time (Levermore et al. 2017). If trends continue to the 
end of the century, increases will be similar to those expected with climate change 
(medium emissions scenario). Increased UHI intensities are likely to be associated 
with more severe heat-wave events in the future. In the north west of England, a heat-
wave is defined as a period of time where the maximum temperature exceeds 30 °C 
for 2 days with a minimum temperature of ≥ 15 °C in the intervening night. Using 
this definition, the number of heat waves is not expected to increase dramatically by 
the 2050s (according to the central estimate of the UKCIP09 projections (high emis-
sions scenario)) (Cavan 2010). However, estimates based on climate projections do 
not explicitly consider the additional UHI effect on temperatures (Jenkins et  al. 
2009). Even without the UHI effect being considered, the number of days exceeding 
30  °C is expected to be around three per  annum by the 2050s (Cavan 2010). 
Monitoring of the UHI carried out between May and August 2010 demonstrated that 
the UHI effect can add up to 6 °C (day) and 8 °C (night) in some locations in Greater 
Manchester (Cheung 2011). The conurbation could also see up to a 3.4 °C (2.4 °C) 
increase in the temperature of the warmest summer day (night), according to the 
central estimate of the UKCIP09 projections (high emissions scenario) with these 
highest increases expected for the upland Pennine fringe (Cavan 2010).

Archival studies show that high temperatures in Manchester, even those that 
could be considered relatively modest elsewhere, are associated with increased hos-
pital admissions rates and excess mortality. In July 2006, an estimated 140 excess 
deaths in the region were associated with elevated temperatures which reached a 
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peak of 31.3 °C measured at the airport on the southern periphery of the Greater 
Manchester urban area (Smith and Lawson 2012). Some of the excess deaths from 
past high temperature events in Greater Manchester are not only directly heat- 
related but also due to drownings from swimming in open waters and waterways as 
well as respiratory problems due to elevated air pollution concentrations and 
extremely high pollen counts (ibid.). Other impacts include from infrastructure 
damage and delay (road and rail), water restrictions and fires, both within the city 
and in the upland hinterlands (see Box 2.1).

Box 2.1 Heat-Related Events and Their Impacts: Evidence from 
Summer 2018 in the Case Study Area
Late June/early July 2018 saw a particularly long warm, dry period in Greater 
Manchester. Between 22 June and 6 July 2018 there were more than five con-
secutive dry days with ten of those dry days seeing peak temperatures 
>25  °C.  This is compared with a longer-term June/July average of 
64.5/67.3 mm rainfall, 9.7/11.7 rain days (>1 mm rain) and peak temperatures 
of 18.4/20.2 °C (1982–2010 averages) (Met Office 2018). At the time of writ-
ing the event was ongoing, with a Level 3 Heatwave action issued and with 
the national meteorological office reporting a probable lack of rainfall lasting 
a month (Manchester Evening News 2018). Peak temperatures exceeded 
30 °C (Fig. 2.6 (top)) and were certainly considerably higher in the city centre 
where there is no official meteorological station.

The warm, dry conditions contributed to the development of a moorland 
fire on Saddleworth moor (near Oldham, Greater Manchester), which was so 
extreme that the army was called to assist fire fighters, schools were closed 
and local residents evacuated (BBC 2018). The resultant smoke was extensive 
and severe enough to trigger smoke alarms in buildings in Manchester city 
centre more than 15 km away (University of Manchester, pers. com.). At least 
two other large moorland fires on Bolton’s Winter Hill to the north of the city 
also affected an area greater than 10 km2 (BBC 2018). At least one industrial 
fire occurred in Rochdale to the north east of the conurbation. The combined 
effects of the fires, high temperatures and wind flows led to elevated air pol-
lutant concentrations in terms of ozone, fine particulate matter and nitrogen 
dioxide (Fig. 2.6 (bottom)).

All of these pollutants are regulated for public health. Although no evi-
dence of health effects has yet emerged, it is highly likely that they occurred. 
Fig.  2.7 provides a rich picture of the expected links between ecosystems, 
human health and key climate-related indicators.
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Fig. 2.6 Peak daily concentrations of air pollutants monitored for human health (top) and maxima 
and minima air temperatures  (bottom). The x-axis represents the mean for the period with the 
y-axis showing the extent of deviation around that mean (as standard deviations). Actual values are 
shown for the peak days/hours (developed from data sourced from: Defra, Rainchester.com, 
Accuweather, Met Office, Manchester Evening News and the BBC)

Fig. 2.7 Complex interactions of high temperature events with environmental stressors and health 
effects. Synthesis of evidence from Box 2.1 and Sect. 2.5
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The trend towards an increasing frequency and severity of heat-related events is 
significant not only due to impacts on human health, but also due to the implications 
for energy demand for space cooling as people start to autonomously adapt. Even in 
relatively cool Manchester, modelling studies suggest that the summer UHI 
increases air conditioning loads by ~7–8% (Skelhorn et al. 2017). The UHI effect is 
then an additional factor to consider on top of the estimated mean of 13 cooling 
degree days per year (days where the mean temperature exceeds 22 °C) under the 
high emissions scenario central estimate for the 2050s (Cavan 2010). More chiller 
energy is likely to be required to maintain comfortable temperatures, particularly 
for people who have higher sensitivities to ill-effects, e.g. due to age or pre-existing 
health conditions (Lindley et  al. 2011). It is also highly likely that autonomous 
adaptation will lead to increases in air conditioning, but only for those who can 
afford it.

One of the drivers of increasing UHI is urban densification and associated losses 
of green cover. For example, green cover around Manchester’s urban weather sta-
tion has reduced by ~11% (2000–2009). Impacts are corroborated by modelling, 
showing that replacing all vegetation with asphalt would lead to air temperature 
increases of up to 3.2 °C in parts of the city (Skelhorn et al. 2014). Presence and 
abundance of biomass are two of the biodiversity metrics that are positively con-
nected with moderation of extreme events and local climate/air quality 
 regulation  (Fig. 2.4) along with taxonomic diversity, species composition, func-
tional diversity and functional identity.

In addition to green space losses a range of other ecosystem and biodiversity met-
rics are influential in affecting spatial and temporal patterns in the urban micro- 
climate, such as species type and functional traits. There is also the issue of green 
space degradation and/or modification due to urban factors, including through 
impacts on biodiversity. Urban ecosystems have distinct abiotic characteristics: 
higher temperatures, modified/drier soils, higher surface sealing, higher light levels 
due to artificial lighting and more fragmentation (Schwarz et al. 2017). Urban eco-
systems also differ in their composition, functional traits and structures as a result of 
abiotic factors and management practices (Ziter 2016; Schwarz et  al. 2017). The 
effect can be to modify regulating functions, sometimes reversing beneficial func-
tions for health and well-being. For example, inappropriate management of a large, 
30-year-old green roof in Manchester was found to increase both air and surface 
temperatures. Peak air temperatures above a damaged green roof exceeded those 
above an adjacent bare roof during some of the hottest periods of an experimental 
study (Speak et al. 2013a, b). In the damaged roof case, impacts were exacerbated by 
the removal of vegetation (largely grasses) during an extended drought period. 
Natural re-colonization to a ‘meadow’ form took two growing seasons during which 
time temperature regulating functions continued to be compromised, as well as the 
other functions that the green roof had been providing, including air pollution removal 
and regulation of water runoff and water quality (Speak et al. 2012, 2013a, b, 2014).

Clearly, for green spaces to be able to retain their beneficial functions, it will be 
necessary to adapt associated management practices and consider what sorts of met-
rics are used to assess change. Fortunately, in terms of temperature, a relatively 
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modest 5% increase in mature tree cover in suburban areas (e.g. Acer campestre 
(Field Maple), Acer platanoides Globosum (Norway Maple), Acer pseudoplatanus 
(Sycamore) and Quercus robur (English Oak)) can reduce surface temperatures by 
~1 °C. In turn, there are positive impacts for climate mitigation through reductions 
in energy demand (Skelhorn et al. 2016, 2017). Evidence from studies like these can 
help fill the void between knowledge and practice by beginning to link specific plant 
assemblages and species to benefits (Cameron and Blanusa 2016). However, poten-
tial trade-offs must also be considered. For example, how effective is evapotranspi-
ration from urban trees under drought conditions and what implications are there for 
water management for other types of green spaces? Cameron and Blanusa (2016) 
pose the question of what is the right ‘plant palette’ for multi-functional green infra-
structure, such as aesthetically pleasing road-side amenity green space, which can 
provide noise and air pollution removal, encourage physical activity, offer pedes-
trian shading and contain food for pollinators while also being able to tolerate the 
harsh environment of urban areas in terms of water, nutrients and temperatures. 
Decisions also need to consider whether some species, despite delivering positive 
functions, may have drawbacks, e.g. in terms of becoming invasive, generating large 
amounts of pollen or perhaps being associated with ‘nuisance’ issues that impact 
public acceptability, such as damage to pavements with secondary consequences for 
accessibility, or honeydew release, which itself is an indicator of ecosystem health 
due to the increased likelihood of tree disease.

There is also the issue that wider urban planning systems are not yet set up to 
recognise and protect functional traits that link types of green infrastructure to 
human health benefits (see Heiland et al. Chap. 19, this volume). In the UK, the 
most common method for evaluating tree loss caused by development is to calculate 
the change in the number of trees for individual planning applications. However, the 
number of trees lost or gained in a development reveals little about the associated 
impacts on human health. Indeed, simple loss/gain metrics can be a serious misrep-
resentation of the more important biodiversity metrics which underpin benefits. For 
example, an unpublished study of tree removal on the University of Manchester 
campus demonstrated that when calculated by number, the proportion of trees lost 
to development was lower than if calculated by loss of total leaf area and much less 
if calculated by loss of canopy area (Fig. 2.8). Yet canopy extent (surface shading) 
is important for temperature regulation. There was also a loss of species richness, 
albeit one that was lower proportionally compared to the loss of tree numbers. 
According to estimates generated by the i-Tree Eco tool (produced by the US 
Forestry Service), the proportion of air pollutants (carbon monoxide, nitrogen diox-
ide, ozone, sulphur dioxide and PM2.5) being captured by campus trees had declined 
by 23.4%. Of the trees that were felled between 2013 and 2017, the top 10% (n = 28) 
most effective absorbers of air pollution captured 26% of the total air pollution 
removed by campus trees. The results point to a disproportional loss of beneficial 
functions for human health even if replacement – usually less mature – trees are 
planted to compensate for losses.
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2.6  Conclusion

In this chapter, we have presented a summary and synthesis of the current evidence 
for the links between nature, biodiversity, physical health and climate change with a 
particular focus on urban areas. We have mainly drawn on recent review papers from 
the peer reviewed academic literature, supplemented by additional materials from a 
range of disciplinary fields. Much of the literature is still discipline-based, but 
increasingly informed by multi-disciplinary research projects and related endeav-
ours. We feel that this is a necessary and positive development, and the greater avail-
ability of papers with large and diverse authorships is a positive sign that research is 
increasingly attempting to draw disciplines together to provide insights into the big-
ger and most critically important questions for human health and well-being. 
Nevertheless, we have found little evidence from investigations that explicitly sought 
to connect climate change with biodiversity and human physical health.

The evidence that does exist suggests that links between biodiversity, physical 
health and climate change are multiple, interconnected, multi-scale and interde-
pendent. Their interdependence puts into sharp focus the importance of a holistic 
approach to the major global challenges of health, biodiversity and climate change. 
Indeed, a holistic approach in policy and practice is as important as it is in scientific 
research (see Korn et al. Chap. 14; Keune et al. Chap. 15, both this volume). Some 
of the existing, and newly emerging, challenges for health can be tackled through 
technological development and research into new interventions, such as new medi-
cines and treatments. However, the extent to which the trends in losses of biodiver-

Fig. 2.8 Comparison of metrics associated with tree felling from 2013 to 2017 in an urban district 
of Manchester (© Getmapping Plc)
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sity will curtail the potential for future responses is unclear. Protecting ecosystems 
and associated biodiversity through a ‘maintenance of options’ insurance function 
is important for this reason alone (Díaz et al. 2018). It is also important for helping 
to address inequalities and for promoting social and environmental justice (Kabisch 
Chap. 5, this volume), given that in developing countries there is an even stronger 
reliance on ecosystems for health and well-being than in the developed world (Roy 
et al. 2018). Ironically, despite developing countries containing most of the world’s 
untapped genetic diversity, developing countries are also where pressures such as 
urbanisation, demographics and population need, are greatest.

Uncertainties remain about some of the evidence for the links between biodiver-
sity, human physical health and climate change. However, we know enough about 
the human health-biodiversity-climate change relationship to argue strongly to pro-
tect biodiversity and mitigate against climate change. Conceptual and theoretical 
work, empirical evidence and process modelling are all contributing to an improv-
ing evidence base, with increasing emphasis on integrative methods (Calvin and 
Bond-Lamberty 2018). Nevertheless, the complexities of environmental, social and 
governance factors mean that there is some way to go for a more complete under-
standing. Underpinning evidence will need to consider a range of settings and 
scales, including spatio-temporal dynamics in different climate zones and biomes as 
well as in the distinct urban habitat that now defines the majority of people’s lives. 
We will also need to further develop our understanding of links between mental and 
physical health, connections between different body organ systems and the environ-
mental determinants of health/ill-health from the perspective of biodiversity and the 
natural environment (see de Vries and Snep Chap. 8; Marselle et al. Chap. 9; Cook 
et al. Chap. 11, all this volume). Studies of the life course also have something to 
offer here, including environment-focused population cohort studies (see Dadvand 
et al. Chap. 6, this volume).

Our review reveals that there is still a need for extensive further research into rela-
tionships between biodiversity, climate change and human physical health. We still 
know little about trade-offs and the balance between benefits and harms. Such 
research is multi-layered and inherently multi-disciplinary. Complexities are com-
pounded due to differing perspectives on issues, for example with some researchers 
using health as a primary starting point and other researchers starting from the per-
spective of environmental or ecological processes. The different perspectives are 
important for developing fuller understandings, but still make the challenges of inte-
grated research all the more demanding, especially at the science-practice interface.

Ultimately, the most pressing questions also include some recognition of the 
need for action in the light of climate change projections, biodiversity losses and 
public health demands (De Young Chap. 13, this volume). It will be important to 
understand and resolve the web of connecting pathways between biological and 
functional diversity, and human health and well-being (Box 2.1) to identify the main 
protective roles and ensure that they are retained and enhanced in a range of ecosys-
tems. Given urban growth and economic imperatives, it will be necessary to explore 
what sort of configurations can be promoted for multiple beneficial ecosystem func-
tioning in different geographical, temporal and social settings. It will also be impor-
tant to understand how climate change and related stresses will modify functions 
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and functional groups, including the development of measurable and robust indica-
tors that can be monitored over time. Other questions then emerge, how can wider 
landscapes be productive, diverse and climate resilient? How far are climate and 
other stressors likely to modify the beneficial functioning of the human biome in 
terms of physical health outcomes? What habitat types and elements of biodiversity 
in green and blue spaces in urban areas help promote physical health through the 
normal functioning of the human biome at different stages of the life course? How 
can these types and elements be considered within the planning process and within 
health and social care systems? Making progress on these questions is not easy. 
However, given the finite nature of the planetary boundary and the mounting pres-
sures from a wide range of human drivers they remain some of the most important 
and urgent for researchers and practitioners alike.
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