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Executive summary
With growing urban populations, new ways of improving towns and cities are required, especially to
make them safe, healthy and attractive. This requires innovation in all human endeavours:
“Social innovation consists of new ideas and solutions aiming to resolve social needs and
problems. The term ‘social innovation’ covers a diverse range of initiatives and activities: local
currencies, new models of healthcare… what is central to the concept is the involvement and
empowerment of citizens…. societal and environmental issues are often interlinked and mutual
solutions are possible.”1
Also:
“Human health and well‐being are influenced by environmental conditions both positively and
negatively, with significant economic and social consequences. These complex linkages demand
a broad interdisciplinary approach… Science needs to shift from addressing single issues in
isolation to researching systemic relationships in inter‐disciplinary teams…. The multiple systemic
links between natural resource use, environmental quality and health and well‐being demand a
shift away from silo approaches to pollution control towards policies that recognise and respond
to interlinkages between our socio‐technological system and our environment.”2
It is not only science that needs to shift in perspective it is also practice. The potential of (blue) green
infrastructure (BGI) to provide many benefits to urban areas is now well known and developments
are underway worldwide to further define how best to utilise BGI to maximise the value it brings to
urban spaces. It is clear that BGI can be used in any and all spaces in urban areas, albeit designed and
selected to fit the particular circumstances it brings many benefits (e.g. USEPA, 2015). BGI is best
delivered via contributing to and taking advantage of the natural capital available from ecosystems
and the natural world. By both relying on and supporting natural capital, benefits accrue to both
humans and also the natural ecology that is essential to human life.
A growing awareness of the possibilities in exploiting the synergistic interplay between water and
natural systems has led to the development of a range of blue and green ways of managing water
even in dense urban areas. The traditional ‘let’s get the water from rainfall below ground as quickly
as possible’ approach in towns and cities is now being supplanted by an opportunity centred
approach that sees all forms of water, wherever it occurs as opportunities to be exploited for the
benefit of society and nature.
Along with a broad range of value, including to urban water management, BGI also brings particular
benefits to human health, welfare and to society as a whole by contributing to living quality, known
as liveability, and directly in many ways to health by providing a range of physical and mental
benefits via improved air and water quality and accessibility to BG spaces. This report presents and
reviews the evidence for these health and social benefits and the support provided by and to natural
systems and sets out the means by which these benefits can be valued. The report should be read in
conjunction with the accompanying ‘how‐to’ report3.
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1. The need to get more from less
Sustainability ideas have concentrated thinking and practice in terms of how people live in relation to
one another and the natural environment. This has highlighted the need to consider both
minimisation and maximisation in regard to human needs, use of natural resources and generation of
wastes:


Minimisation of
‐ the use of the earth’s resources – especially non‐renewables;
‐ impacts on the environment



Maximisation is about
‐ getting the most from whatever systems and resources we do use;
‐ using ‘wastes’, which should be seen as potential resources

In towns and cities people and communities strive for healthy, good quality living and pleasant,
useful and productive surrounding environments. Knowing that current lifestyles and ways of living
require more than the entire resources of the earth to sustain (WWF et al, 2014) means that there is
an imperative to both minimise and maximise how we plan and manage urban systems and services.
There are ten principles in the bioregional ‘One Planet Living’ initiative4 that are addressing the issues
above:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Zero carbon
Sustainable water
Zero waste
Natural habitats and wildlife
Sustainable transport
Culture and heritage
Local and sustainable materials
Equity and fairtrade
Local and sustainable food
Health and happiness

Many of these relate to human health and welfare and the supporting natural systems.
Quality of life and citizen welfare is a much striven for objective by urban planners and policy makers,
with a concentration on healthy and safe citizens. Although how this relates to citizen ‘happiness’
and positive personal experience is still the subject of debate, other than the agreed importance of
relative income equality in well‐being (Ballas, 2013; White et al, 2013).
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1.1 The place of surface water
Managing surface water has long been seen as a societal need in order to protect the health and
welfare of citizens and protect property and the normal functioning of society, although the original
motives in England & France were to raise the moral status of the labouring classes by improving
sanitary conditions (e.g. Allen, 2008; Rayner & Lang, 2012). Brown et al (2009), Figure 1.1, trace the
development of the stages of cities in relation to water and the concept of the water sensitive city
(WSC) (Ashley et al, 2013); much of which has come about due to multiple threats of disease, natural
hazards, drought and waterway pollution.

F IGURE 1.1 E VOLUTION OF THE W ATER S ENSITIVE C ITY (A SHLEY ET AL , 2013; ADAPTED FROM
B ROWN ET AL , 2009)

With a growing interest in sustainability, resource use minimisation, reuse and recycling and an
increasing awareness of climate change and the need to do things differently from the past (Milly et
al, 2008); surface water and even wastewater in urban areas is now beginning to be seen as a
potential resource, rather than a problem. In Australia such an approach is termed ‘Water Sensitive
Urban Design’ (WSUD) and this is both a principle and a practice where water, urban layout and
design are brought together to create maximum benefits to society as a whole. Blue‐green systems
and infrastructure are an essential component of WSUD as illustrated in Figure 1.2 and the principles
and practice are now being taken up in various parts of the world (Fletcher et al, 2014).

F IGURE 1.2 WSUD AS ILLUSTRATED BY A BBOT ET AL (2013)

Since the discovery of waterborne diseases transmitted via contaminated drinking water (Allen,
2008), over a period of more than 100 years ‘engineers’ as experts have dealt with ‘drainage’ in semi‐
isolation from the other professionals and systems in the built environment. This has resulted in
‘optimally managed’ centralised systems for water, wastewater and stormwater, with piped systems
and large collection and treatment systems that provide economies of scale and with stormwater
often mixed in with wastewater or being conveyed to discharge points into natural water bodies.
Increased computer capabilities and also the enhanced ability to monitor and measure water
movement; often makes engineers too reliant on models and constrains thinking as to which options
will deliver the best outcomes.
The ‘get it all underground and away from people approach’ is now an outmoded concept and the
best management of surface or stormwater is understood to be aimed at managing it for maximum
benefit (Woods‐Ballard et al, 2015). Brown et al (2009) trace the development of the stages of cities
in relation to water and the concept of the water sensitive city (WSC), as illustrated in Figure 1.1 and
now being further developed in Australia5. Not only can the primary challenges, such as public
health, be addressed with this approach, but also the liveability and quality of urban spaces as
illustrated in Figure 1.3.
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“The CRC exists to help change the way we build our cities by valuing the contribution water makes to economic growth and
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F IGURE 1.3 A WATER SENSITIVE VISION FOR F ISHERMANS B END – A DENSE SUBURBAN AREA OF
M ELBOURNE , USING BGI ( FROM CRCWSC R ESEARCH S YNTHESIS D ISCUSSION P APER ‐ IDEAS FOR
FISHERMANS BEND, 2015)

As well as protecting society and citizens from the hazards that excess surface water can bring, such
as flooding and disease from contaminated water, the beneficial use perspective also provides
opportunities to benefit health in other ways both directly and indirectly and this is the topic of this
report.

1.2 The importance of natural systems
Alongside human health aspects, anthropogenic interactions with natural systems need to be
managed to maximise the benefits to both humans and natural systems, including flora and fauna.
‘Natural capital’ is one of the key resources that provide value to humans and ‘ecosystem services’
has been developed as a concept in an attempt to measure the services that humans receive from
aspects of natural capital (e.g. Turner & Daily, 2008). Natural Capital is variously defined, e.g: “those
elements of nature which either directly provide benefits or underpin human wellbeing. In this way,
natural capital generates value for people. However, the ubiquitous nature of the relationship
between the natural environment and human wellbeing means that the definition of natural capital is
necessarily wide and includes many different types of assets….natural capital comprises, quite
literally, a wealth of component parts; parts whose sum underpins not only all economic activity but
life on earth itself” (Natural Capital Committee, 2013).
Ideally any (urban area) development needs to consider how it can both provide for human needs
and at the same time enhance natural systems (the latter being described as the ‘Duty of Care
deficit’ by Turner & Daily, 2008). Recent understandings around natural capital can help with its
inclusion in option appraisal and decision‐making; e.g. for transport infrastructure (Natural Capital
Project et al, 2014) and in business processes (University of Cambridge, 2013; 2014). The latter being
especially important for funding where equity support can be leveraged for public benefits.

F IGURE 1.4 A N ECOLOGICAL MODEL FOR HEALTH (C OUTTS & H AHN , 2015; K IRBY & R USSELL ,
2015)

The traditional view of the potential health benefits of natural systems, including green spaces and
blue areas of water has been claimed to be too limited (Coutts & Hahn, 2015) and now merits further
development. Figure 1.4 illustrates how the natural environment is fundamental to health.
There are changes in the challenges faced for managing/maintaining public health, especially from
the rapidly changing global climate as shown in Table 1.1 (see also Bowen et al, 2013 & Paci, 2014).
T ABLE 1.1 T HE POTENTIAL HEALTH EFFECTS OF CLIMATE CHANGE (C OUTTS & H AHN , 2015)

Within the last decades there has been a growing understanding around ‘nature as infrastructure’;
the value of blue‐green infrastructure in urban areas; and the widespread benefits that this can
provide to both people and the wider natural world. In this report we consider the potential for blue‐

green infrastructure (BGI) to provide a significant contribution to human health, wellbeing, society
and natural habitats.
Box 1.1 provides a recent summary of the ways in Which (B)GI can support human health.
Box 1.1
Green Infrastructure, Ecosystem Services, and Human Health (Coutts & Hahn, 2015)
” …diverse and complex ways that the presence of, and access and exposure to, GI supports
health. The ecosystem services reliant on GI range from those fundamental to human survival
(e.g., clean water) to those that enhance health and well‐being (e.g., physical activity, mental
restoration). Furthermore, most forms of GI simultaneously support myriad ecosystem services
and therefore health co‐benefits. A GI system that supports health simply by being present in
one’s environment (e.g., water quality, climate regulation) can also bring with it co‐benefits
from the health behaviours that occur when accessing it (e.g., physical activity, social
interactions). Green infrastructure as both urban infrastructure and as infrastructure to the
biosphere is essential for the continued provision of these health sustaining and promoting
ecosystem services.”
The Table below is adapted from the original and illustrates a range of areas where BGI
supports health.
Resource supported by BGI
Water ‐ the hydrological cycle
Food – primary production, nutrient cycling, pollination
Medicine – biomedicine supported by biodiversity
Air – reduces pollution, although GI can produce pollen and
allergens
Infectious disease modulation – GI can inhibit the spread of
these and control habitats for vectors
Zoonotic diseases are spread from animals and can be
managed via landscapes
Climate regulation – GI will change in response, but will aid
with greenhouse gases, heat stress, flooding, droughts and
other areas (Table 1.1). Each of the areas above will also
change.
Physical Activity – provision of environments supporting
Mental Health – direct exposure supports this; reduces stress;
influences affective state*; cognition and attention
Social Capital – supporting interpersonal relations e.g.
communities

Benefits to health
Essential for life
Essential for life
Maintains healthy bodies
Direct health benefits for
respiration
Reductions in disease spread and
seriousness

Contributes to many of the above
and provides hazard reduction and
buffering
Helps maintain health through
exercise
Intrapersonal health is supported
Interpersonal and community
health

*represented in innate human feelings such as fear, anger, joy, filtered through affective
cultural norms.

Blue‐green infrastructure (BGI) is defined by Pötz & Bleuzé (2012) in terms of ‘grids of waterways and
landscapes’ in the promotion of their use to cope with climate changes and also in the creation of
better urban areas. This is because they can provide ‘solutions to simultaneously tackle a variety of
objectives…. an approach based on strong coalitions… essential for connecting urban areas with
water and green areas’ (ibid). Alliances between the various stakeholders are essential with
‘everyone (having) a greater role based on their own responsibility… based on their own strengths
and their innovative capability to play an active part in design…(ibid)’. Blue‐green goes beyond extant
open water surfaces and green spaces as it can also include ephemeral surface water that occurs
only in times of the heaviest rainfall, such as in the storage area/space as shown in Figure 1.5. During
such times, the value of the blue spaces is in protecting people and property from hazards.

F IGURE 1.5 A BLUE ‐ GREEN SPACE AT
U NIVERSITY OF Y ORK THAT HAS

THE

SURFACE WATER ONLY OCCASIONALLY
WHEN THERE IS HEAVY RAINFALL

(A RUP

CONSULTING )

Urban BGI has many opportunities to create and exploit multiple benefits and there is a growing shift
away from simply solving ‘problems’/addressing challenges to a greater focus on taking advantage of
the ‘opportunities’ (e.g. Schuetze & Cheller, 2013; DNV GL AS 2015). Water related opportunities
figure prominently in the latter which also considers ‘compact, green and connected cities’. The 2015
report highlights ‘green choices’ as providing the major business opportunity at all levels and in all
sectors. Although not all commentators recognise the readiness of ‘green infrastructure’ as a means
to provide multi‐functions and multiple benefits (e.g. Sussams et al., 2015), although some of the
difficulties may be simply due to subtleties in the way in which GI and its’ primary purpose are being
defined. There are also the problems of GI benefits being presumed to self‐evidently be realised
across all of the possible benefits simultaneously and to their fullest extent (ibid & Hoang & Fenner,
2015); evidently a very naïve perspective.
Some of the potential benefits from using blue‐green infrastructure are shown in Table 1.1 based on
4 groups: water quantity; water quality; amenity; and biodiversity as shown in Figure 1.6. These are
groups within which design objectives can be formulated in delivering an overarching principle that
‘Surface water runoff should be managed for maximum benefit’ (Woods‐Ballard et al, 2015), i.e. the
outcome from this is that ‘surface water is providing maximum benefits to society’.

T ABLE 1.1 EXAMPLES OF SOME OF THE BENEFITS AVAILABLE FROM USING BGI (H ORTON ET AL ,
2015)

Potential impact

Examples of BGI contribution

Benefit group

Air quality
Amenity / Liveability
Recreation
Biodiversity (habitats)
Carbon
Flood risk
Pollution (water bodies and
groundwater)
Reduced treatment /
pumping
Population growth /
network capacity
Air temperature
Groundwater

Particulate filtering
Visual enhancement
Quality of life
Ecosystem enhancement
Sequestration
Peak flow attenuation
Runoff treatment

Amenity
Amenity
Amenity
Biodiversity
Amenity
Water quantity
Water quality,
Biodiversity
Water quantity &
quality
Water quantity &
amenity
Amenity
Water quantity &
quality, Biodiversity
Amenity
Water quantity

Health
Water resource/ rainwater
harvesting
Crime
Economic growth
Education
Flexible infrastructure /
Climate change adaptation
Noise
PR – business / Corporate
Social Responsibility
Tourism
Traffic calming

Runoff removal and interception
Add buffering capacity for
expansion
Green and blue areas lower
Replenish / protect quality
Sports opportunities
Water storage
Reduced due to enhanced
environment
Inward investment attracted
Outdoor classroom facilities
Easily adaptable

Amenity

Mitigate traffic noise
Demonstrate green credentials

Amenity
Amenity

Attractive places
Dual use of street rain gardens

Amenity
Amenity

Amenity
Amenity
Amenity

F IGURE 1.6 FOUR AREAS WHERE BLUE ‐ GREEN INFRASTRUCTURE CAN PROVIDE SERVICES AND ALSO
MANY DIFFERENT TYPES OF BENEFITS (NB S U DS ARE SUSTAINABLE DRAINAGE SYSTEMS – A TERM
USED IN E NGLAND ) (W OODS ‐B ALLARD ET AL , 2015)

There is a wide range of ways to realise multi‐functional benefits/value from using BGI. It is
important to ensure that in realising these benefits, or overall value to society when defining
appropriate outcomes, that the core needs of the blue‐green service provision are ensured and not
compromised by trying to get too much from the system (e.g. Madureira & Andresen, 2014). For
example, Heeres et al (2012) when considering the wider interactions of transport systems and
integration with other systems, point out the need to make a distinction between functional scope
and spatial scope (or scale). The paper presents a ‘synergy wheel’ for ensuring that synergistic
considerations are included in making transport infrastructure planning more sustainable.
This report should be read in conjunction with the ‘how‐to‐do‐it’ report on attaining multiple
benefits from BGI (Ashley et al, 2016) and the ‘what is BGI’ report (Blecken, 2014) where more
details about BGI are also provided.
Box 1.2 shows some examples of green infrastructure of the type considered in this report.

Box 1.2
Tools, Strategies and Lessons Learned from EPA Green Infrastructure Technical
Assistance Projects (USEPA, 2015).
”Green infrastructure uses plants, soils, and nature itself to manage stormwater and
create healthier urban environments. Green infrastructure practices can be used to
reduce the need for expensive gray infrastructure—pipes, storage facilities, and
treatment systems—because plants and soils soak up, store, and use the rainwater.
Communities also can create or preserve existing vegetated areas to maintain a high
quality of life for residents through flood protection, cleaner air and water, and more
appealing transportation corridors and outdoor spaces.”

Blue spaces include ponds, streams and rivers and can also include spaces that are used temporarily
to store water during times of high rainfall or excess river flows (Digman et al, 2014). As an example
of this, Figure 1.6 shows a case from the City of Cuyoga Falls, Ohio, USA where 4 flood‐damaged

properties were demolished and a BGI flood storage area was created in their place that also has
multi‐functional value as a park6.
Before the retrofit

The retrofit GI Raingarden

F IGURE 1.6 T HE BEFORE AND AFTER P ARK IN THE C ITY OF C UYOGA F ALLS .

There are major health benefits not only from removing flooding but also from the installed provision
of BGI in the scheme.
‘Blue’ infrastructure in urban areas is also advocated as a means to manage excess surface water.
Often perceived by the public as ‘flooding’, this water on the surface in puddles is at worst a nuisance
provided it is managed appropriately. Unfortunately such ‘exceedance’ water can flow out of
drainage systems and cause more than inconvenience, leading to property flooding and damage,
despite not being of large volume or flowing at a high velocity. Digman et al (2014a) define this as
“flow that is conveyed or stored on the surface because the capacity of a drainage system carrying
storm water (including as a result of a blockage to an inlet) has been exceeded”. It results in flooding
only if it leads to some form of damage or economic impact.
Figure 1.7a shows a flooded area in 2007, which is part of a surface water drainage system for a
social housing area in Sheffield. This area is predicted to flood only about once in a hundred years
and then when it does, to prevent damage to property. For the rest of the time the area is used for
community recreation. Figure 1.7b shows a floodable play area in Seattle. Formerly this land was
occupied by housing, but the houses were demolished and it is now used as a temporary and dual‐
use flood storage area. In both cases the spaces are both blue and green, in that at certain times they
retain water ‘blue’ and other times the spaces are ‘green’.
There is a need to ensure that systems at all scales are considered collectively; despite the need for
individual decentralised blue‐green infrastructure to often be managed locally. For stormwater in
particular, the displacement by one individual to protect their own property may lead to added flood
risks to adjacent properties. Hence a systems approach needs to be taken. For example, in in
Toronto, Canada, a byelaw passed in 2011 (City of Toronto, 2011) is making it mandatory for
property owners, city wide, to disconnect their roof downspouts from the existing sewer system. The
city suffers from major basement flooding and pollution, particularly of Lake Ontario. In 2005, a
major investigation showed that disconnection would help prevent future basement flooding. A
disconnection programme is running until to 2016, disconnecting some 250,000 properties. The
6

2

The 24,000 ft park drains 3.17 acres and is the lowest point in the block. It was developed with rain gardens, pervious
concrete pavement, pervious recycled tire pavement, and solar powered lighting. Three rain gardens were installed on the site
2
2
demonstrating a commercial size rain garden of 6,000 ft and two residential size rain gardens of approximately 100 ft . Site
conditions limited the ability of an underdrain system for the rain gardens. Instead, an overflow pipe was used for flow during
peak rain events. http://planning.co.cuyahoga.oh.us/infrastructure/pdf/raingarden.pdf

disconnection will divert water away from the property and, where necessary, include measures to
prevent soil erosion. The programme is linked to a ‘Water‐efficient landscaping’ guide that promotes
the local use of rain water and minimises mains water use for irrigation. For this to work the
municipality has to consider the interactive effects on adjacent properties as well as the overall
performance of the drainage system which is done by modelling.
For most BGI it is either predominantly blue (e.g. a pond) or green (e.g. a sports pitch). However,
both blue and green include aspects of the other. Respectively: blue spaces are important ecological
systems for (green) plants as well as animals; green spaces need water (blue) for irrigation and have
a strong attenuating property, reducing the residual flows passing downstream.

F IGURE 1.7 A . A FLOODED GRASSED AREA IN S HEFFIELD , UK
2007. T HIS AREA IS USUALLY USED FOR RECREATION .

IN

F IGURE 1.7 B . A MULTI ‐ FUNCTIONAL FLOODABLE SPACE IN
S EATTLE .

F IGURE 1.5 MULTI ‐ FUNCTIONAL FLOODABLE AREAS – EXAMPLES OF GREEN ‐ BLUE INFRASTRUCTURE ( IN SUCH CASES IT CHANGES
FROM GREEN TO BLUE AT TIMES )

The use of BGI is intrinsically linked into the wider landscape of the built environment, whereas much
of the engineers’ ‘pipe‐bound mentality’ sees itself as independent of the wider aspects of land use,
place‐making and the more comprehensive aspects of quality of life in urban areas (e.g. Cettner et al,
2013). In most of the ‘developed’ world there are networks of pipes, sewers and large central
treatment facilities. These assets, developed by engineers over many decades, are extremely
valuable and need to be maintained and utilised. Asset management is as a consequence; very
important as regards dealing with these legacy systems as it is for how any newly constructed
systems are managed over their lifetime.

2. Healthy habitats
Human health and ecosystem health are indivisibly linked. This is recognised in many programmes,
such as the New Zealand national “clean‐green image” there has led to a focus on ecosystem health
(van Roon, 2011). The positive health benefits of greening cities has recently been reinforced by the
outcomes from the ‘Green City Green Waters‘ programme in Philadelphia that has been retrofitting
green spaces to counteract sewer overflows for more than five years now: “irrespective of the
positive gains accrued from active recreation, green space reduces cognitive fatigue, promotes
emotional recovery, and mitigates against the negative influence of stressors in urban environments
on one’s mood and anxiety levels…. the distribution of these projects all throughout Philadelphia is a
fulfilment of the desired outcome to reach otherwise underserved populations with desired quality of
life amenities” (Econsult, 2016).
Health needs to be considered in relation to the wellbeing of the current and also future generations
(e.g. Self & Randall, 2013). Wellbeing is increasingly being used to define how people feel about their
lives. For example the Natural Capital Committee (2013) define it as: “the degree of happiness, health
and prosperity of an individual or society”. The concept of wellbeing now and for future generations
is used as a sustainability measure by Arrow et al (2012) in relation to wealth. There is a direct
correlation between green spaces in urban areas and human health as illustrated in Box 2.1 (Kardan
et al, 2015; Wolf, 1998). This is not entirely as a result of wealth and is an intrinsic value that accrues
to all residents who have access to green spaces. There is also evidence that the poorer in society
benefit proportionally the most from such access.
Box 2.1
Neighborhood greenspace and health in a large urban center (Kardan et al, 2015)
Studied greenspace and health in Toronto, Canada:
“People who live in neighborhoods with a higher density of trees on their streets report
significantly higher health perception and significantly less cardio‐metabolic conditions…..having
10 more trees in a city block, on average, improves health perception in ways comparable to an
increase in annual personal income of $10,000 and moving to a neighborhood with $10,000
higher median income or being 7 years younger. We also find that having 11 more trees in a city
block, on average, decreases cardio‐metabolic conditions in ways comparable to an increase in
annual personal income of $20,000 and moving to a neighborhood with $20,000 higher median
income or being 1.4 years younger.”
Urban Nature Benefits: Psycho‐Social Dimensions of People and Plants (Wolf, 1998)
Reviewed nature and psychological health from studies in cities in USA:
“Parks, green spaces and trees are more than the “lungs of the city” or “pollution scrubbers.”
They affect our everyday moods, activities and emotional health. They improve our quality of life
in ways that are sometimes understood, often underestimated. Whether we are active in urban
nature (planting trees, growing gardens) or passively encounter city green (such as a stroll
through a park), we experience personal benefits that affect how we feel and function.”
As well as the moral imperative to ensure the health and welfare of our populations, there is also an
economic imperative: “if every household in England had equal access to green spaces, £2.1 billion
could be saved every year in avoided health costs” (Green Alliance, 2016).

2.1 Liveability of the city
Liveability has become a term that is being used in defining how best to design and operate urban
areas and as an attribute of the quality of life in these areas. Human health is a key component of
liveability and BGI provides a major opportunity to enhance liveability at the same time as healthy
habitats. Whilst it could be argued that ‘sustainability’ is about long‐term survival of humanity (and
therefore ecosystems), liveability is much more about the quality of that survival, including longevity
and comfort.
Like ‘sustainability’, the term ‘liveability’ describes an essentially contested concept (Gallie, 1956) in
that it signifies some valued achievement that is internally complex, variously describable and
modifiable in the light of changing circumstances which cannot be prescribed or predicted in
advance; i.e. liveability is dependent on the viewpoint of the person describing it at a given point in
time. Adamowicz and Johnstone (2011) & Johnstone et al, (2012) describe liveability as: ‘how well
the needs of a community are met’ and mix the definition with ‘quality of life’ (e.g. Fujiwara &
Campbell, 2011).
Climate change is bringing several major challenges to liveability. For example, the summer of 2016
saw very high urban temperatures (50oC and above) in a number of countries where such
temperatures are not normal, especially in the southern hemisphere. There is evidence for as far
back as 2003 that even in the northern hemisphere man‐made extreme heat was responsible for
some 64 deaths in London and more than 500 in Paris (Mitchell et al, 2016). Figure 2.1 illustrates that
the linkage between greenhouse gas emissions and human health is direct, via e.g. heat waves and
also indirect by e.g. impacting biodiversity (Watts et al, 2015). The important linkages to social
factors are also shown.

F IGURE 2.1 L INKS GREENHOUSE GAS EMISSIONS WITH HUMAN HEALTH OUTCOMES (W ATTS ET AL ,
2015)

The place of blue‐green infrastructure in mitigating the cause, the various impacts and in providing
adaptation potential is obvious and Watts et al (2015) state: “Green urban design can reduce obesity
and improve mental health through increased physical activity and social connectivity. Increased
neighbourhood green spaces reduce both morbidity and mortality from many cardiovascular and
respiratory diseases and stress‐related illnesses. Tree canopies have a higher albedo effect than other
hard surfaces and can work to reduce the urban heat island effect, lowering heat mortality by 40–
99%. Whilst resulting in improved public health and community resilience, many of these measures
will also act to mitigate climate change.”
The CRC for water sensitive cities7 has taken a societal needs approach to liveability (Johnstone et al,
2012): “Humans require that their basic needs be satisfied in order to ensure their continued survival
from both the physiological (the needs of the body: breathing, food, water) and security stances (the
basic need for a perception of safety: of the body, health security and the continuity of necessary
resources). In addition, humans also have ‘wants’ that are thought to enhance their quality of life.”
Hence in determining the liveability of a city, the citizen’s needs and wants need to be considered.
The needs and wants beyond what is necessary for survival are a reflection of the values and
ambitions of the community; i.e. “a liveable city should be one that meets the needs and wants of its
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present inhabitants without compromising the ability of its’ future inhabitants to meet their needs.”
(ibid).
It can be considered that while sustainability describes the ever‐changing process of maintaining
functioning environmental and human systems across generations, liveability is concerned more with
present circumstances, i.e. the ‘now’ of the wellbeing continuum of Arrow et al (2012). In the
definition of liveability above from the Australian CRC, it uses very narrowly defined boundaries: the
‘inhabitants’ i.e., it seems not to include those who may use but not inhabit the city; and the wider
rural, environmental and urban context within which the city operates and relies upon to function,
i.e. the essential natural capital.
From their definitions above, Johnstone et al (2012) develop a vision as to how urban water systems
can meet aspects of societal needs using the tripartite E.R.G. ‘needs’ theory of Alderfer (1969). This is
shown adapted in Table 2.1 to include the potential contribution of BGI in contributing to this vision
of liveability. These needs encompass all the various aspects of human health.
T ABLE 2.1 URBAN WATER SOCIETAL NEEDS AND THE CONTRIBUTION THAT BGI CAN PROVIDE
( ADAPTED FROM J OHNSTONE ET AL , 2012)

Needs category

Urban water
societal need
Potable water

Existence

Non-potable
water
Public health
Physical and
material
needs
Public safety
Property
protection
Economic activity

Relatedness

Recreation
Social
interaction
and interpersonal
relationships

Social cohesion

Beauty
Comfort
Societal
environment
al interrelationships

Ecological health

Description
Safe, secure supply of water
for consumption
As above for all other
purposes
Protection from contaminated
water, controlled
microclimates, public places
promoting physical and
mental health
Protection of people from
hazards such as flooding
As above for property
Industries and jobs that rely on
water and related services
Places for play, sport and
leisure
Safe and secure places for
social interaction and human
connectedness with people
and nature
Aesthetic urban environments
Pleasant micro-climate and
landscape for thermal comfort
Clean and healthy ecosystems
with no negative impact on
other ecosystems

BGI potential Contribution
Harvesting from source or storage
units; replenishing groundwater
As above, but lower levels of
treatment
Water quality improvements;
greening and heat reduction; parks
and green infrastructure benefits

A primary function of all BGI - also
reduce crime levels.
As above
BGI creates and sustains jobs,
tourism etc.; source controls make
water available near places of need
BGI provides green or blue areas that
facilitate these activities
Local and or source control BGI
especially can be community
managed; BGI can connect people
with ecosystems
BGI systems are aesthetically
attractive
BGI reduces urban heat and also
absorbs greenhouse gases
BGI creates new ecosystems and
sustains these; by providing treatment
pollutants are managed

Needs category

Growth

Societal
self-esteem
and selfactualisation

Urban water
societal need
Identity

Description
Harmony with culture and
tradition; belonging. Proud
association with urban water
systems

Purpose and
ambition

Progress towards a shared
vision of a water sensitive
future

Control and
independence

Choice and influence on
decision-making about water
infrastructure and services

Equity and social
justice

Equal opportunities to access
the benefits of urban water
systems
Preserve the ability of future
generations to meet their water
needs

Intergenerational
equity

BGI potential Contribution
Not an attribute typically found in
much of Europe, other than for
industrial or commercial
developments where the use of BGI
for ‘image’ may be important for
example in business premises.
Not a significant consideration or
development for the majority of the
EU, other than in local pockets.
However, various projects are
attempting to promote, such as the
Scottish ‘hydronation’8.
The WFD is bringing a new approach
in this regard for communities and
there is a new ‘outcome focus’ for
assessing service deliverers that
appears to put more emphasis on
communities.
BGI especially sited on public land
provide this.
BGI is more flexible and adaptable to
future changes and can therefore be
modified easily if needed9.

Howley et al. (2009) demonstrate that while a developer of property or a land area may perceive
that they have created an environment within the principles of sustainability, the experience of living
in that environment may test that claim (i.e. its’ liveability). Individual values and underlying
contextual attributes can constrain or support change (de Chazal, 2010) to greater or lesser
liveability. Thus what is more sustainable or contributing more to liveability in terms of water
management is often subjective, context dependent and culturally dependent and is often where
conflicts lie in practice, especially between competing ‘insiders’ and ‘outsiders’10. Despite, this,
liveability is growing in use for defining the nature of urban environments in particular and has been
used to consider the place of water systems and how best to exploit their value within the
interconnected network of urban systems and services (de Haan et al, 2014).

8
9

http://www.gov.scot/Topics/Business-Industry/waterindustryscot/ScotlandtheHydroNation
http://www.switchurbanwater.eu/outputs/pdfs/W2-1_GEN_PRS_Handling_future_uncertainties_COFAS_Method.pdf
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These terms are referenced in the transitions to sustainability literature and ‘insiders’ are those who define, use
and practice particular ways of doing things, such as the professionals bringing BGI into use or those resisting the
change to BGI. Whereas ‘outsiders’ are those who are not a party to these changes as they are not a part of the
governance, institutional, professional domains of practice communities. Outsiders may generally hold uninformed
views or hold views contrary to the incumbents who control the normal practice domain. Therefore proponents of
BGI are in certain contexts, ‘outsiders’; and in others – where change in practice is happening they are ‘insiders’.

Box 2.2 shows a case example of retrofitting BGI in Augustenborg, Malmo in Sweden where BGI was
used to enhance the quality of a socially deprived neighbourhood (Stahre, 2008), together with an
extract from EU DG Environment (2012) related to the reduced use of grey infrastructure via BGI.

Box 2.2 DG Environment (2012)
Retrofitting SuDS in Augustenborg – costs and benefits

Estimated Costs at 1998 rates

Identified benefits

Less grey infrastructure – more funding:
“The strategic placement of GI reduces the need for grey infrastructure and the community’s
susceptibility to floods, fires, and other natural disasters. Prime examples are green roofs, which not only
reduce the need for expensive water treatment facilities but also improve energy efficiency. By saving on
the installation of grey infrastructure there is a freeing up of funds for other community needs, which in
turn helps to improve its economic state. This can create a healthy cycle in that initially we need to
actively promote GI systems to free up funding, but this can then be used to build further GI which in turn
releases further funding. As such the funding cycle should hopefully sustain itself. GI can also contribute
to the economy through mitigating impacts of flooding and other natural disasters.”

Box 2.2 illustrates a list of perceived benefits related to water and liveability from the BGI, but
without any attempt to quantify all of these. However, according to EC (2013a) in Augustenborg,
“Rainwater run‐off rates have decreased by half. The image of the area has improved. Biodiversity
has increased by 50% (green roofs have attracted birds and insects and an open stormwater system
provides a better environment for the local plants and wildlife). The impact on the environment has

decreased by 20%. Unemployment has fallen from 30% to 6%. The turnover of tenancies has also
decreased by 50%.”
A case example from Nijmegen in the Netherlands is also quoted: “Comparing reference scenario
with grey scenario (paved area) and Green Infrastructure scenario (whole area planted with trees).
Capital and maintenance costs of different options. Estimation of the health impacts of particulate
matter and NOx, noise impacts, flooding impacts, water treatment costs, enjoyment of the
environment, recreation, climate regulation, reduced energy costs due to wind shelter effects,
impacts on travel time, carbon sequestration. Net present values: loss of €275m for the grey scenario,
with a gain of €230m for the Green Infrastructure scenario” (ibid).
Box 2.3 shows the five principles of healthy places defined by the Landscape Institute (London) (Kirby
& Russell, 2015). Clearly land use, place and the incorporation of BGI in these are all important for
health. The way in which land use is planned and how the land is used, increasingly for multiple
functions, cannot be separated from human and ecosystem health support. An extreme case of this
is the hegemony of motor vehicles in virtually every major urban conurbation (with Copenhagen
being a notable exception). In this, human health is subordinated to the need for individual choice
regarding transportation, being possibly the single greatest contributor to human health detriment
after a lack of physical activity (Mueller et al, 2016). The latter list access to and the presence of GI
as the third most significant factor in promoting human health in cities after physical activity and the
need to reduce proximity motor vehicle traffic (emissions therefrom).
Box 2.3 Landscape Institute Principles for healthy places (Kirby & Russell, 2015)
Principle 1: Healthy places improve air, water and soil quality, incorporating measures that help us adapt
to, and where possible mitigate, climate change.
Principle 2: Healthy places help us overcome health inequalities and can promote healthy lifestyles.
Principle 3: Healthy places make people feel comfortable and at ease, increasing social interaction and
reducing antisocial behaviour, isolation and stress.
Principle 4: Healthy places optimise opportunities for working, learning and development.
Principle 5: Healthy places are restorative, uplifting and healing for both physical and mental health
conditions.

In summary, the concepts of sustainability, health, wellbeing and liveability are all potentially useful
for evaluating the benefits and multiple values that BGI can bring. The use of BGI is also often
cheaper than the grey infrastructure alternative, which does not bring the wide variety of benefits
that the BGI option can.

2.2 Assessing the health benefits of BGI
The global Millennium Ecosystem Assessment (MEA) (Sukhdev et al, 2010) set out the possibilities of
providing and managing natural capital in the form of Ecosystem Services (ES) in a way that these
deliver benefits to both the natural environment and also to human living (e.g. Hansen & Pauleit,
2014). It is not only in the synergies between human needs and natural systems that there are
opportunities for multi‐functionality and the delivery of multiple benefits. Important here are the
synergies within the various processes, systems and services providing for human needs and the

opportunities for multifunctionality between and across these. ES are intrinsically linked to health
(e.g. Peck, 2014) as illustrated in Figure 2.2.

F IGURE 2.2 E COSYSTEM S ERVICES AND H EALTH (C OUTTS & H AHN , 2015)

Ecosystem services and those especially highlighted as contributing to human health are shown in
red in Table 2.2. Those with a significant influence regarding habitat health are shown in blue.
T ABLE 2.2 E COSYSTEM S ERVICE CATEGORIES AND TYPES ( ADAPTED FROM TEEB, 2011)

Ecosystem service

International
Service Description
icon
Provisioning services: Ecosystem services that describe the material or energy outputs from ecosystems that can
be used to support human needs
FOOD
Ecosystems provide the conditions for growing food. Food comes
principally from managed agro‐ecosystems, but marine and freshwater
systems, forests and urban horticulture also provide food for human
consumption
RAW MATERIALS
Ecosystems provide a great diversity of materials for construction and
fuel including wood, biofuels and plant oils that are directly derived from
wild and cultivated plant species
FRESH WATER
Ecosystems play a vital role in providing cities with drinking water, as
they ensure the flow, storage and purification of water. Vegetation and
forests influence the quantity of water available locally
MEDICINAL
Biodiverse ecosystems provide many plants used as traditional
RESOURCES
medicines as well as providing raw materials for the pharmaceutical
industry. All ecosystems are a potential source of medicinal resources
Regulating services: The services that ecosystems provide by regulating the quality of air and soil or providing
flood and disease control, etc.
LOCAL CLIMATE
Trees and green space lower the temperature in cities whilst forests
AND AIR QUALITY
influence rainfall and water availability both locally and regionally. Trees
REGULATION
or other plants also play an important role in regulating air quality by

removing pollutants from the atmosphere
Ecosystems regulate the global climate by storing greenhouse gases. As
AND
trees and plants grow, they remove carbon dioxide from the atmosphere
and effectively lock it away in their tissues; thus acting as carbon stores.
Ecosystems and living organisms create buffers against natural disasters,
thereby preventing or reducing damage from extreme weather events or
natural hazards including floods, storms, tsunamis, avalanches and
landslides. For example, plants stabilize slopes, while coral reefs and
mangroves help protect coastlines from storm damage
WASTEWATER
Ecosystems such as wetlands filter effluents. Through the biological
TREATMENT
activity of microorganisms in the soil, most waste is broken down.
Thereby pathogens (disease causing microbes) are eliminated, and the
level of nutrients and pollution is reduced
EROSION PREVENTION
Soil erosion is a key factor in the process of land degradation,
AND MAINTENANCE OF
desertification and hydroelectric capacity. Vegetation cover provides a
SOIL FERTILITY
vital regulating service by preventing soil erosion. Soil fertility is essential
for plant growth and agriculture and well‐functioning ecosystems supply
soil with nutrients required to support plant growth
POLLINATION
Insects and wind pollinate plants, which is essential for the development
of fruits, vegetables and seeds. Animal pollination is an ecosystem
service mainly provided by insects but also by some birds and bats
BIOLOGICAL CONTROL
Ecosystems are important for regulating pests and vector borne diseases
that attack plants, animals and people. Ecosystems regulate pests and
diseases through the activities of predators and parasites. Birds, bats,
flies, wasps, frogs and fungi all act as natural controls.
Habitat or Supporting services: These services underpin almost all other services but do not necessarily have
direct economic worth. Ecosystems provide living spaces for plants or animals: they also maintain a diversity of
plants and animals and support the other ecosystem services
HABITATS FOR
Habitats provide everything that an individual plant or animal needs to
SPECIES
survive: food, water, and shelter. Each ecosystem provides different
habitats that can be essential for a species’ lifecycle. Migratory species
including birds, fish, mammals and insects all depend upon different
ecosystems during their movements
MAINTENANCE OF
Genetic diversity (the variety of genes between, and within, species
GENETIC DIVERSITY
populations) distinguishes different breeds or races from each other,
providing the basis for locally well‐adapted cultivars and a gene pool for
developing commercial crops and livestock. Some habitats have an
exceptionally high number of species which makes them more
genetically diverse than others and are known as ‘biodiversity hotspots’
Cultural services: These include the non‐material benefits people obtain from contact with ecosystems.
They include aesthetic, spiritual and psychological benefits.
RECREATION AND
Walking and playing sports in green space is a good form of physical
MENTAL AND PHYSICAL
exercise and helps people to relax. The role that green space plays in
HEALTH
maintaining mental and physical health is increasingly becoming
recognized, despite difficulties of measurement
TOURISM
Ecosystems and biodiversity play an important role for many kinds of
tourism, which in turn provides considerable economic benefits and is a
vital source of income for many countries. In 2008 global earnings from
tourism summed up to US$944 billion. Cultural and eco‐tourism can also
educate people about the importance of biological diversity
AESTHETIC
Language, knowledge and the natural environment have been intimately
APPRECIATION AND
related throughout human history. Biodiversity, ecosystems and natural
INSPIRATION FOR
landscapes have been the source of inspiration for much of our art,
CULTURE, ART AND
culture and increasingly for science.
DESIGN
CARBON
SEQUESTRATION
STORAGE
MODERATION OF
EXTREME EVENTS

SPIRITUAL
EXPERIENCE AND
SENSE OF PLACE

In many parts of the world natural features such as specific forests,
caves or mountains are considered sacred or have a religious meaning.
Nature is a common element of all major religions and traditional
knowledge, and associated customs are important for creating a sense of
belonging

It is noticeable that the ES especially noted as related to health benefits in red are only in the
‘cultural service’ category. It is arguable, however, that there are many other categories of ES that do
have tangible health benefits, not least from the provisioning services (Box 1.1). As regards healthy
habitats, there are many more ES categories that are relevant, as shown in blue, mainly in the
regulating services category.
Table 2.3 shows a range of BGI measures (see examples in Box 1.2) and how these can contribute to
both human and habitat health and the ecosystem services they relate to. Blue measures are also
included, where there are significant areas of permanent or temporary standing water and also
exceedance routes, where flows are directed to in times of high rainfall or flow.
Each green measure will support carbon management (e.g. Merriman et al, submitted) and will also
improve air quality and noise locally as well as provide crime reductions. Blue and green measures
also contribute to lowering urban heat island effects. All measures provide a buffering opportunity
against future changes due to climate or rapid urbanisation. Blue‐green infrastructure provides
aesthetic and visual space quality benefits alongside what are often considered the primary benefits
(Silva & Costa, 2016).

T ABLE 2.3 HOW BGI MEASURES PROVIDE BENEFITS TO HUMAN AND ECOSYSTEM HEALTH AND WELFARE

BGI Measure
(see examples in
Table 1.1)
1. Disconnecting
roof/property
drainage

Benefits and contribution to human health

Human needs contribution
(Table 2.1)

Contribution to
ecological health

None directly at point of disconnection, but
potentially helps to alleviate downstream
flooding

Existence: Physical and material needs:
potable water; non‐potable water; public
safety; property protection
Relatedness: Societal environmental inter‐
relationships: ecological health
As (1) above plus
Existence: physical and material needs: public
health; property protection
Relatedness: Social interaction and inter‐
personal relationships: social cohesion
Societal environmental inter‐relationships:
beauty; recreation; comfort; ecological health

Surface water is
used directly for
irrigation so could
support ecosystems

Provisioning: fresh water
Regulating: Moderation of extreme
events
Habitats: Habitats for species

Irrigation and
temporary standing
water can provide
habitats and
support
biodiversity and
contribute to
interconnected
corridors for
wildlife.
Provides habitats
and diversity
opportunities.

Provisioning: fresh water
Regulating: local climate and air
quality; carbon sequestration and
storage; Moderation of extreme
events; wastewater treatment;
erosion prevention
Habitats: Habitats for species
Cultural services: aesthetic
appreciation and inspiration etc.

2. Raingardens and
bioswales

Urban heat, air pollution, noise.
Has some benefits to lowering crime rates,
enhancing urban aesthetic quality, human
needs for ‘green’ spaces; helps alleviate
flood risks; however, can be used in
conjunction with other needs, such as for
traffic calming, lowering accident risks.

3. Green roofs and
walls

Urban heat, air pollution, noise.
Can improve internal building
environments, enhancing urban aesthetic
quality, human needs for ‘green’ spaces,
provide horticultural opportunities
(provisioning services); improve air quality
and reduce local noise.

Relatedness: Societal environmental inter‐
relationships: ecological health
Relatedness: Social interaction and inter‐
personal relationships: social cohesion
Societal environmental inter‐relationships:
beauty; comfort; ecological health

4. Green alleys and
streets

Potentially as 2 and 3 above, although
unlikely to deliver the full range of benefits
as depends on context and constraints.

Potentially as 2 and 3 above, although
unlikely to deliver the full range of benefits.

Provide
interconnected
corridors for
wildlife.

5. Land
conservation

Urban heat, air pollution, noise.
Main benefits are obtained from the
sustaining of BG areas, most noticeably in
city parks. These bring a wide range of

Potentially as 2 and 3 above depending on
context and available opportunities.

Urban spaces –
blue, green or
brown are all
valuable for

Ecosystem Services
(Table 2.2)

Regulating: local climate and air
quality; carbon sequestration and
storage; wastewater treatment
Habitats: Habitats for species
Cultural services: aesthetic
appreciation and inspiration;
potential spiritual experience and
sense of place.
Potentially as 2 and 3 above, although
unlikely to deliver the full range of
benefits. Could support:
Habitat: maintenance of genetic
diversity
As above and could even include
additional benefits such as:
Provisioning: Food; medicinal
resources

6. Rainwater
harvesting

health benefits. Even ‘brown’ spaces in
urban areas can be important as these
provide both space and natural ecological
opportunities. Often can be used as
temporary flood storage or flow diversion
areas as ‘blue spaces’.
Surface water is used directly for human
needs, in some cases only after treatment.

Existence: Physical and material needs:
potable water; non‐potable water

ecosystems and
wildlife. These need
to be managed if
the value from this
is to be maximised.

Habitat: maintenance of genetic
diversity; recreation and mental and
physical health; tourism
i.e. potentially the full range of
ecosystem services.

Surface water can
be used directly for
irrigation hence
supporting
ecosystems
Small and localised
ecosystems can be
supported, and
refuges for wildlife
provided.

Provisioning: fresh water

7. Planter boxes

These are similar to (2) but on a smaller and
localised scale. They can be used on paved
spaces where there is no room for other
green measures.

Relatedness: Societal environmental inter‐
relationships: ecological health
Existence: physical and material needs: public
health; property protection
Relatedness: Social interaction and inter‐
personal relationships: social cohesion
Societal environmental inter‐relationships:
beauty; comfort; ecological health

8. Permeable
pavements/
trenches

Infiltrating water can ensure that
groundwater supply sources are
maintained. Otherwise the main benefit is
in flood risk reduction downstream. Where
the measure has surface planting it is
equivalent to 2 above.

Existence: Physical and material needs:
potable water; public safety; property
protection

Supports sub‐
surface
ecosystems, soil
production and
potential water
supplies.

9. Green parking

Urban heat, air pollution, noise.
The range of measures above can be
combined into large areas and even parking
areas can be aesthetically appealing. Air
quality can be improved and noise reduced.
Urban heat, air pollution, noise.
Main benefits are in improving local air
quality and reducing noise, especially where
there are road ‘canyons’.

Potentially including all of the above
depending on local circumstances

Can provide all of
the benefits listed
above

Relatedness: Societal environmental inter‐
relationships: ecological health
Relatedness: Social interaction and inter‐
personal relationships: social cohesion

Habitats –
providing a
different type to
the above ground

10. Urban trees

Provisioning: food
Regulating: local climate and air
quality; carbon sequestration and
storage; wastewater treatment
Habitats: Habitats for species
Cultural services: aesthetic
appreciation and inspiration etc.
Cultural services: aesthetic
appreciation and inspiration etc
Provisioning: food; fresh water
Regulating: local climate and air
quality; carbon sequestration and
storage; wastewater treatment;
erosion prevention & maintenance of
soil fertility
Habitats: Habitats for species
Potentially including all of the above
depending on local circumstances

Regulating: local climate and air
quality; carbon sequestration and
storage; wastewater treatment
Habitats: Habitats for species

11. (Green)
Detention basins

12. Ponds and
wetlands

13. Managed
exceedance routes

14. Special systems
(manufactured)

Urban heat, air pollution, noise.
Main benefit is in flood alleviation and air
quality etc., as above. However, often these
areas provide multiple use opportunities,
such as for recreation or public gatherings,
enhancing community coherence.
Urban heat, air pollution, noise.
Provide most of the benefits above.
Contributing to direct health benefits and
indirect.
By directing excessive flows to areas where
the impacts are less significant, this can
make communities safer, more attractive to
those who live there and sustain the
community.

These include proprietary systems that may
or may not be blue or green. Many are
concrete or steel (grey) and provide only
direct benefits in alleviating flooding or
water pollution.

Societal environmental inter‐relationships:
beauty; comfort; ecological health

based measures.

Cultural services: aesthetic
appreciation and inspiration;
potential spiritual experience and
sense of place.
Has the potential to deliver every one
of the ecosystem services.

Potentially all of the human needs can be
provided as above, plus growth needs if
planned longer term and managed equitably

One of the most
diverse ecosystem
opportunities.

Potentially all of the human needs can be
provided as above, plus growth needs if
planned longer term and managed equitably

The most effective
ecosystem service
provision.

Has the potential to deliver every one
of the ecosystem services.

Existence: physical and material needs: public
health; public safety; property protection
Relatedness: Social interaction and inter‐
personal relationships: social cohesion
Societal environmental inter‐relationships:
ecological health beauty; recreation; comfort;
ecological health

Not directly aimed
at ecosystems,
however, blue
routes are potential
opportunities for
wildlife corridors.

May provide a few of the needs, but unlikely
unless systems comprise BGI

Few if any, provide
any ecosystem
support.

Regulating: local climate and air
quality; carbon sequestration and
storage; Moderation of extreme
events; wastewater treatment;
erosion prevention
Habitats: Habitats for species
Cultural services: aesthetic
appreciation and inspiration etc
May provide a few of the services,
but unlikely unless systems comprise
BGI.

As regards ecological health, the benefits will only be maximised if the BG areas are interconnected
to provide wildlife corridors, as shown in Figure 2.3.

F IGURE 2.3 G REEN I NFRASTRUCTURE NEEDS TO BE INTERCONNECTED FOR MAXIMUM ECOLOGICAL
(C OUTTS & H AHN , 2015).

BENEFIT

2.2.1 A health warning
Whilst a very strong thesis can be presented about the value of BGI in supporting and even being
essential to human health, there are caveats to this seemingly win‐win perspective. Some of these
are real limitations, while others are problems of perception. The starting point should always be to
design, build and operate any new or retrofit BGI to best practice standards. Such standards should
be as provided from a reputable, and ideally, auditable source. There are a number of guides,
standards, codes of practice and supporting documents for best practice BGI, usually locally based in
a particular country or region thereof (e.g. Scottish Water, 2015).
1. Best practice health and safety
Each of the best practice guides should include sound advice regarding health and safety, not only in
relation to day‐to‐day operation of any BGI asset, but in how designers need to take into account the
whole life health and safety of managers, users and those who may come in proximity to the assets.
Many legislative instruments in the EU relate to the protection of workers, taking into account risks
and hazards. However, the same principles apply to designing assets under the Mobile Worksite
Directive11 and follow EN 31010 (Risk Management. Risk assessment techniques).
Even with best practice design of BGI, there are concerns regarding the potential risks from e.g. open
bodies of water, where ponds, wetlands and even temporary detention storage is used. Without
established precedent in the EU, this has led to a number of authorities (and their insurers)
specifying the use of public exclusion fencing to close off access to these facilities. Figure 2.4 shows a
pond in Dundee, Scotland that has 1.1m high fencing for this purpose (Scottish Water, 2015). The
aesthetic value of this to the surrounding properties is diminished as a consequence12 and access for
children for recreational or educational purposes is impossible. This is despite evidence that such
facilities are no more dangerous than is normal urban living (e.g. Woods‐Ballard et al, 2015),
11
12

https://osha.europa.eu/en/safety-and-health-legislation/european-directives
despite the document stating: “The form of the fence shall not detract from the aesthetic value of the local environment”.

although local residents’ perceptions especially where BGI has been retrofit may expect the risks to
be greater.
In some circumstances a ‘toddler‐fence’ of 600‐750mm height is recommended where proximity of
toddlers may be a particular problem. However, in some areas where the fencing is of such a height
(circa <1m) and easily climable appearing attractive to children and others as a ‘challenge’, this may
be counter productive. In this case, any accidents may not be readily attendable by emergency
services due to the excluding fence. In summary, although attractive for preventing risks, such
fencing may invalidate the some of the added BGI benefits.

F IGURE 2.4 A N EXCLUSION FENCE COMPLETELY SURROUNDING A BGI ASSET IN D UNDEE , S COTLAND

Even when adhering to all of the above, there are attendant risks, in addition to drowning or injury as
above associated with (adapted from woods‐Ballard et al, 2015):





Temporary flooding of land not normally inundated (detention ponds that retain water only
every few decades or so – this may be offset by the provision of signs, as in Figure 2.5, from
Seattle in the USA.
Slipping and falling may be a special hazard in and around BGI assets. Water on or near the
surface may make surfaces slicker. They may also deteriorate due to intermittent wetting and
may also ice over in the winter, although porous pavements (not BGI) are less prone to ice
formation than sealed surfaces.
Any surface based asset may be prone to vandalism and damage especially may lead to health
and other risks.








Steep slopes and sudden drops should be avoided. Ponds for examples need to have shallowly
sloping margins for ease of escape.
Inlets and outlet structures need to be carefully designed anticipating human presence from time
to time. Excessive flow velocities from and into these need to be avoided in case of sweeping
people off their feet and into them.
Health risks from untreated surface water may in some instances be significant, depending upon
the source of the water and especially if it is mixed with sewage. This should only be a problem
at inlets to BGI as most assets provide a degree of treatment, so that cleaner water will be
emitted from the outlet. Various toxins are possible and in summer toxic blue‐green algae may
be a particular health risk especially to animals. Ingestion and body contact should be avoided at
such times.
Rainwater harvested from roofs is likely to convey pathogens and should not be ingested and any
physical contact should be followed by disinfection.
Disease carrying vectors such as mosquitos may also be a problem and with climate change, the
prevalence of disease carriers is expected to spread further North. Promoting insect predatory
species is one way of offsetting these risks.

All of these risks should be taken into account in BGI design and operation. Many of these are
especially relevant to BGI and do not apply to piped drainage systems. However, there are many
other infrastructure assets that are surface based and also include relevant risk management
practices. The use of BGI as part of the maximisation of the promotion of human and ecosystem
health should not be detracted from by these considerations, although good design and operation
does require considerably more care than for the equivalent traditional piped drainage systems.

F IGURE 2.5 A WARNING SIGN IN A S EATTLE PUBLIC PARK BECAUSE THE PARK WILL TEMPORARILY FILL
WITH WATER EVERY FEW DECADES ( PHOTO COURTESY OF C HRIS D IGMAN ).

2. Push‐pulls in BGI design and operation
The health benefits provided from using BGI assets vary depending upon the particular measure used
or on the portfolio of measures (Box 1.2). In some cases the selection of a particular measure can
cut‐off the opportunity for certain types of benefit, while providing other benefits. This may be seen
as a ‘push‐pull’ phenomenon, i.e. one where an increase in one benefit can lead to a reduction in
another.
Table 2.4 is extracted from the more comprehensive Table 3.3 in the Framework report13 that sets
out a complete list of the main potential benefits provided by individual BGI measures. This
illustrates where certain BGI measures may by their employment, potentially detract from other
potential measures.
T ABLE 2.4 P OTENTIAL PUSH ‐ PULLS FOR BGI MEASURES WHERE BENEFITS FROM ONE MEASURE MAY DETRACT FROM
BENEFITS FROM ANOTHER MEASURE

Specific measure
Green roofs

Swales

Bioretention/biofi
ltration systems

Trees

Sand filters
Infiltration basins
Detention basins
Ponds

Wetlands

13

Main benefits provided
Air quality
Biodiversity and ecology
Carbon sequestration
Water quality
Building temperature
Amenity
As above, plus
Groundwater recharge
Pumping wastewater
Flooding
As green roofs plus
Traffic calming
Groundwater recharge
Flooding
As green roofs plus
Groundwater recharge
Tourism
As green roofs
As biofiltration systems
above
Flooding main benefits
Flooding main benefit
Biodiversity and ecology
Carbon sequestration
Water quality
Amenity
Aesthetic
recreation
As ponds but not
amenity or recreation

Potential for detracting from other benefits
Reduces runoff availability for rainwater harvesting
Detracts from groundwater recharge
Reduces solar energy reflection (albedo)

Reduces space available for recreation
Reduces runoff availability for rainwater harvesting

Reduces runoff availability for rainwater harvesting

Roots may inhibit other measures
Water uptake may be so substantial there is no
groundwater recharge
Leaf litter may detract from amenity benefits
Unlikely to be used without any other measure
As biofiltration systems above
Temporary nature will inhibit all other uses when full
with water
Will not contribute to groundwater recharge

May or may not infiltrate and contribute to
groundwater recharge

Ashley R M., Blecken G., Bacchin T. (2016). Innovative socio-technical solutions bringing multifunctional values to urban
citizens: Guidance for delivery. Deliverable D1.6

Hence, Table 2.4 illustrates that not every BGI measure provides a win‐win and there are trade offs
to be considered when selecting which measures to be used. In human and ecosystem health terms,
these trade‐offs may provide potential benefits or help to define the limitations of a particular
scheme.

2.3 Measuring and quantifying the benefits
The ways in which this can be done are described in the guidance document (Ashley et al, 2016) on
securing multiple benefits. Here the specific elements for valuing human health and ecosystems are
considered.

2.3.1 Social Return on Investment and Health considerations
Social Return on Investment (SROI, 2012) is a framework based on generally accepted accounting
principles that can be used to help manage and understand the social, economic and environmental
outcomes created by an activity or organisation. It is particularly appropriate for not‐for‐profit
organisations and social enterprises, enabling them to improve performance, inform expenditure and
highlight added value.
SROI is based on seven principles:
1.

2.

3.

4.

5.

6.

7.

Involve stakeholders
Understand the way in which the organisation creates change through a dialogue with
stakeholders
Understand what changes
Acknowledge and articulate all the values, objectives and stakeholders of the organisation
before agreeing which aspects are to be included in the scope; and determine what must be
included in the account in order that stakeholders can make reasonable decisions
Value the things that matter
Use financial proxies for indicators in order to include the values of those excluded from
markets in same terms as used in markets
Only include what is material
Articulate clearly how activities create change and evaluate this through the evidence
gathered
Do not over‐claim
Make comparisons of performance and impact using appropriate benchmarks, targets and
external standards
Be transparent
Demonstrate the basis on which the findings may be considered accurate and honest; and
showing that they will be reported to and discussed with stakeholders
Verify the result
Ensure appropriate independent verification of the account

Many health related benefits claimed for BGI and ecosystem services also include health components
(shown under cultural services in Table 2.2). Blue infrastructure is also beneficial to health (Miller et
al, 2012), although the latter warn that:
“we found little empirical evidence and many gaps in the literature on the links between blue
space and health”.
Tzoulas et al (2007) reviewed the many benefits to human health that GI can bring:

“Ecosystem services provided by a GI can provide healthy environments and physical and
psychological health benefits to the people residing within them. Healthy environments can
contribute to improved socio‐economic benefits for those communities as well”.
In stating this and setting out a conceptual framework for delivery, there is a call that the many and
diverse professionals and others involved need to work together in a more integrated way than
traditionally if these benefits are to be realised. As an example there are new public health duties
(See Section 3) on local authorities in England, who now need to ensure that this happens if they are
to deliver services in the most efficient and effective way.
Most of the tools being used to assess the benefits of GI outlined include aspects of public health in
their assessments. However, there are few publications that have linked public health with surface
water management. The majority of public health linkages are made with the environment and
water is mentioned rarely, typically in relation to supply, wastewater disposal and flooding. For
example, Haines (2012) in an editorial about health and climate change does not mention water or
green spaces at all as being part of policy needs.
There are many perceived benefits to health from green spaces and other open spaces. Many of
these are in parks in urban areas. Ideally these should be ‘natural environments’ as far as practicable
and ‘tranquil’ (Watts et al, 2011). Without access to these spaces in childhood, evidence shows there
can be ‘nature‐deficit‐disorder’. These spaces contribute to overall feelings of well‐being and reduce
human stress levels. New ideas are now emerging as to how to positively design such places in urban
areas, but there is still some way to go in this endeavour, although there is evidence that ‘water‐
generated’ sounds are part of the tranquillity of an area and by positively managing these significant
benefits can occur (Watts et al, 2009). Clearly (B)GI can be designed to incorporate the sounds of
running or cascading water that are found to be beneficial.
Changes in service provision and moves toward greener living are coming about through the support
of the transition towns movement. Studies have looked at the positive health benefits from these
transitions. Richardson et al, (2012) used a health impact assessment (HIA) template to demonstrate
positive benefits in which criteria were developed. Although water and drainage were not
considered, public access to green spaces was considered important drawing on mental health
guidance to its’ value (Mind, 2007). A HIA approach seems to be commonly used for assessing how
environment and human health are linked (eg. Negev et al, 2012) and may be an approach that
should be incorporated into any BGI benefit assessment.
There are health risks associated with any change in practice and traditional surface water
management proponents often claim that alternatives are likely to compromise human health and
lead to new and less well understood risks. As an example, climate change related health risks have
been defined for the UK by Vardoulakis & Heaviside, (2013) for the Health Protection Agency. This
report calls for reductions in greenhouse gas emissions and also in air pollution for health
improvements, both of which can be supported by BGI. While generally supportive of the move to
using greener infrastructure, the report is cautious about the implications for buildings that use more
green components, such as green roofs. There is concern about the opportunities for mould growth
and the easier spread of micro‐organisms that may impact on health and may be supported by more
green building components. Externally to buildings there are also concerns that by using more water
on the surface there may be opportunities for more disease spreading vectors such as ticks and

mosquitos to breed and even concerns about the greater ease with which larger mammals such as
deer, badgers or foxes, can pass through densely populated urban areas and attendant health risks
from this related to collisions, disease and even direct contact leading to animal bites or even deaths
(e.g. Gehrt et al, 2010).
To counter the concerns above, CWSC (2011) considered the Health and Risk aspects of Stormwater
Harvesting and Reuse. This review concluded that there were a number of knowledge gaps:
“The gaps in our knowledge on the health risks associated with stormwater harvesting and
reuse are related to hazard identification (i.e. knowledge of the contaminants actually in
stormwater); human health risk assessment (exposure and effect); and human health
guidelines (risk mitigation).”
They provided a detailed table of what these gaps were in 2011. None were considered to be a
serious impediment to stormwater harvesting and reuse in Australian practice.
World Health Organisation (WHO, 2013) have developed an economic analysis tool to support health
adaptation planning in relation to climate change that also includes the need to protect water and
wastewater systems and the utilisation of more green spaces in urban areas. Both direct (eg. deaths)
and indirect (eg mental) health benefits are considered. The approach takes a ‘health damage
avoided’ stance, rather than looking for opportunities and benefit maximisation.
Safety is also a primary consideration in promoting and ensuring that maximum benefits are
obtained from any surface water management measures. Designing and constructing BGI requires
‘due diligence’ in this regard both during the construction phase and in operation. Typically local
Health & Safety regulations need to be adhered to and understood by all promoting eg. biodiversity.
For example, in the UK under Annex F Biodiversity and the Construction (Design and Management)
Regulations 2007, BS 42020: 2013 specifically refers to BGI, stating that:
“An ecologist, working as part of a multidisciplinary team, ought not take overall responsibility
for the design of any engineered structure, such as a pond, although they may input into the
design by, for example, suggesting suitable depths, type of planting to be supplied. Other
examples include green roof design, sustainable urban drainage systems (BGI) design”.

What this means is that an appropriate level of interdisciplinary professional knowledge is required
to ensure the safe design and operation of BGI and it should not simply be left to unqualified (albeit
well‐meaning) promoters.

2.3.2 Quantifying the benefits
It is not generally possible to quantify and value all of the direct health impacts from using BGI.
Recent EU studies14 recognise that: “indications exist that close contact with nature brings benefits to
human health and wellbeing, but the mechanisms are not well understood.”

14

http://www.phenotype.eu/,

In a report for the UK National Ecosystem Assessment: “it is not possible to accurately value, at the
present time, the health benefits of created exercise due to additional green space provision”
(Mourato et al, 2010).
Some tangible health benefits (e.g. reduced surface water pollution leading to reduced illness from
eating contaminated seafood swimming in contaminated waters) may be included in other
categories of benefits, such as water quality in this example.
Ozdemiroglu et al (2013) provide a comprehensive review of toolkits that could “provide ready‐made
green infrastructure valuation tools that can be used by those who do not have specialist
environmental or economics training or familiarity with the relevant literature”. Of those considered
only two of the toolkits (HEAT15 and CNT16) were found to be based on robust benefit valuation
approaches and these cover only a limited range of benefits (Ashley et al, 2014). Since then, CIRIA in
the UK has released a new tool called BeST17 which includes a range of benefit categories. The three
tools are considered in Table 2.5 in relation to health considerations.
T ABLE 2.5 H EALTH RELATED BENEFITS FOR THREE OF THE MORE USEFUL AND AVAILABLE
ASSESSMENT TOOLS

Tool

Benefits and Health considerations

BGI considerations

HEAT

Estimates the mortality risk reduction
benefits of regular exercise (walking and
cycling) opportunities provided.

CNT

Reduced water treatment needs
Improved water quality
Reduced flooding
Increased available water supply
Increased groundwater recharge
Reduced energy use
Improved air quality
Reduced atmospheric CO2
Reduced urban heat island
Improved aesthetics
Increased recreational opportunities
Reduced noise pollution
Improved community cohesion
Crime reduction
Urban agriculture
Improved habitat
Education opportunities
Impact on health from air pollution
Physical, emotional, mental health benefits
from recreation and aesthetics
Flooding damage to property/ people
Building temperature cooling (summer) or
insulation (winter)
Involvement in specific recreational
activities

Any feature that
provides recreational
(walking and cycling)
opportunities.
Green roofs
Trees
Rain gardens
(bioretention and
infiltration)
Permeable pavements
Water harvesting

BeST

15

All of the BGI in Table
2.3.

Health Economic Assessment Tool for Walking and cycling (HEAT)
Guide to valuing Green Infrastructure from the Centre for Neighbourhood Technology Chicago
17
http://www.susdrain.org/resources/best.html
16

Included monetary
values
Measures value of
statistical life

Measures economic
value of all benefits using
valuation methods

Measures economic
value of all benefits using
value transfer methods

Risk of road accidents or street‐based
recreation opportunities
Surface water quality improvements to
aesthetics, health, biodiversity, etc

It is possible to use the HEAT tool by estimating:



The additional number of walking/cycling trips; and
The average duration or distance of these trips.

Adults should aim to be active daily. Over a week, activity should add up to at least 150 minutes (2½
hours) of moderate intensity activity in bouts of 10 minutes or more (e.g. 30 minutes on at least 5
days a week). Currently, only around 6% of men and 4% of women achieve the recommended
physical activity level (HSCIC, 2014).
The HEAT tool includes a number of default values to help calculate a quantified benefit, although it
recommends replacing these by survey or site‐specific recorded data where possible. Useful values
include:




A reference volume of cycling per person based on 100 minutes per week for 52 weeks per
year at an estimated speed of 14 km/ hour (however, 124 cycling days/year is considered to
be a more conservative estimate).
A reference volume of walking based on 168 minutes per week at 4.8 km/hour.
71.5cm per step (walking) and 100 steps per minute (on average).

Where there is no local evidence, make conservative estimates of:


The increase in population being active. For example, Mourato et al (2010) considers a
scenario where an intervention (such as a BGI scheme) leads to a reduction of one
percentage point in the population of sedentary people. In the UK, roughly 23% of men and
26% of women are estimated to be sedentary;
 The appropriateness of the activity (walking and / or cycling); and
 The likely length/duration of the activity. Use the local population numbers to help make a
judgement.
Quantitative estimates of emotional well‐being benefits may come from a Health Impact Assessment
(HIA)18, landscape assessment or similar. Where safety is an issue, and this includes safe drinking
water and wastewater disposal19, then a water cycle safety plan may also be useful20.
To estimate emotional health benefits using the BeST tool, provide at least one of the following:




18

Estimated additional numbers of people having a view over green space from house or
regular place of work;
Estimated additional numbers of people with freshwater or wetland within 1km of home or
regular place of work; or
Estimated additional numbers of people using garden or non‐countryside green space
monthly or more. Note that this can include any green space (e.g. garden, green roof, park,

http://www.who.int/hia/tools/en/
Recreational use also needs to be considered in this
20
http://www.prepared-fp7.eu/prepared-publications
19

wetland) where people may spend more time as a result of the SuDS measures. It is not
necessarily related to scale/size of the space, since people can enjoy health benefits even
from being in a small outside area.
Whilst the links between access to green space and emotional well‐being are not well understood,
Mourato et al (2010) provides some insight into the potential benefits:




Having a view of green space from one’s house increases emotional well‐being by 5% and the
general health utility score by about 2%;
Using the garden weekly or more increases physical functioning and emotional wellbeing by
around 3.5% and the heath utility score by 2.7%;
An increase in 1% of the area of freshwater within the 1 km radius of the home increases
health utility by 0.3%.

Although there is limited evidence regarding health benefits to workers and visitors, the number of
beneficiaries in these categories should also be estimated where significant benefits are expected to
accrue to these groups. However, it is important to avoid counting the same beneficiaries twice, so it
is important to estimate the numbers of workers and visitors only where these are additional to
residents.
The HEAT tool calculates the monetary value of health benefits associated with additional walking
and cycling activity. For example, it estimates that the annual physical health benefits to each
additional person regularly walking or cycling (approximately 2‐3 hours per week) are in the range
€120 ‐ €1,300 per walker/cyclist.
For emotional well‐being benefits in the UK, the monetary values in Table 2.6 are provided from
UKNEA (2011). Use the results of the qualitative assessment to select low, mid or high monetary
values. The qualitative scores are based upon the quality of the urban design of the BGI and the
subjective quality of space assessment. Given the difficulties linking access to environmental features
and health described above, treat the values shown with caution. Use the ‘low’ values in most cases,
and only apply the ‘mid’ or ‘high’ values where the BGI scheme is likely to lead to a significant and
noticeable change of the type described.

T ABLE 2.6 V ALUES FOR THE EMOTIONAL HEALTH BENEFITS FROM USING BGI USED IN THE UK B E ST
TOOL

Context

Having a view over green space from the
house/regular place of work (move from
no view to having any kind of view).
Use of garden or non‐countryside green
space (move from using less than
monthly to using monthly or more).

Value at 2013
prices
£/person/year
low mid
high
140 305
470

117

254

392

Guidance on use

Use only where increase in number of
homes with view of green space expected
as a direct result of scheme.
Use only where significant increase in use
of gardens or non‐countryside green
space is expected as a direct result of
scheme.

Local freshwater, wetland and flood plain
land cover (+1% within 1km of the
home/regular place of work)

21

46

71

Use only where increase in local
freshwater, wetland and flood plain land
cover is expected as a direct result of
scheme.
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3. Providing the health and social benefits
Many of the human needs and ecosystem service provisions can be provided by designing and
operating multi‐functional BGI (see Ashley et al, 2016). Box 3.1 illustrates a multifunctional traffic
roundabout in Uptown Normal, Illinois, USA. The commonest applications are in the areas of
multifunctional green infrastructure (human needs and natural environment); flood defence
measures (human needs and natural environment); and infrastructure that utilises aspects of
landscape for more than one purpose (intra‐human needs). Despite this understanding, land use
planning processes and those related to public and personal health are often not considered
together. How many health professionals understand the importance of healthy environments?
Typical medical health policies and approaches are designed to tackle the symptoms rather than the
causes of poor health.

Box 3.1 The Circle in Uptown Normal, Illinois, USA (source: Town of Normal)
This is an award winning multi‐functional public space located in a roundabout, providing
green space that hosts many community events, including farmers markets, blues festivals
and arts festivals. It collects runoff from surrounding streets to alleviate downstream
flooding, infiltrates, stores and treats the runoff, re‐circulates the water into a public
fountain that provides cooling for the area and the space even abates surrounding vehicle
noise.
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In many countries municipalities have the lead role in land use planning processes, community
engagement, community health and safety and local support. New public health responsibilities were
introduced in England in 2012, which should be considered in the light of integration across all
services and functions of a municipality, seeing these collectively rather than traditionally as in the
past in a disconnected way. BGI offers considerable potential benefits to providing improved public
health at source rather than it needing to be managed once people are unwell (e.g. Burrage, 2011;
Miller et al, 2012). This is recognised as the Department of Health (2012) point out:
“Shapers of place: Since local government holds many of the levers for promoting wellbeing it
makes sense to give it greater responsibility and power to shape the locality in a healthy
direction.
Every day of the year local councils have direct contact with many of their residents. A fully
integrated public health function in local government at both strategic and delivery levels
offers exciting opportunities to make every contact count for health and wellbeing.
Local authorities should embed these new public health functions into all their activities,
tailoring local solutions to local problems, and using all the levers at their disposal to improve
health and reduce inequalities.”
It is yet to be seen if this is happening and if the advantages of BGI are being fully exploited.
The example of Uptown Normal in Illinois shown in Box 3.1 illustrates that it is possible to
successfully manage a traffic roundabout in a multifunctional way, providing many human needs and
health benefits. Other examples include utilising roads as ‘blue highways’ conveying excess
stormwater when the drainage system is overwhelmed (Digman et al, 2014a). Despite the use of
roads as flood routes in historic times (this can be seen in Pompeii, Figure 3.1), such designed
exceedance is not standard practice as part of how surface water is routinely managed (Digman et al,
2014b), as safe and unencumbered passage for motor vehicles is a major, if not the overriding
objective in many cities.

F IGURE 3.1 R OADS WERE BUILT TO SERVE MORE THAN ONE FUNCTION – HERE SO THAT WATER
COULD FLOW ALONG THEM AS WELL AS TRAFFIC . T HIS IS IN P OMPEII ‐ THE STEPPING ‐ STONES WERE
SPACED FOR STANDARD CARTWHEEL AXLES TO PASS UNHINDERED (P HOTO : C HRIS D IGMAN )
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3.1 Town and City planning
Urban areas are (e.g. Hoang & Fenner, 2015) socio‐technological‐ecological systems, although few
studies or analyses actually consider all three of these interactions. The MEA is an example of a socio‐
ecological system perspective in that it is an ecosystems assessment from a social value perspective
(e.g. Rinas, 2014). The confusion around a focus on social, technological or ecological and
combinations thereof means that defined outcomes may be restricted by a limited focus on just
ecosystems and society, without proper regard to other domains. Frequently, for example, those
concerned with managing flood risk confine their perspective to socio‐technical outcomes (e.g.
Gersonius et al, 2013) although these linked outcomes are also considered in terms of urban
metabolism and material flows by Hodson et al (2012) where the relative importance of secondary
resource flows is demonstrated: “the role of cities in shaping systemic changes in the organization of
infrastructure and the level of resource flows is not well understood or researched in an
interdisciplinary and comparative manner.. “.
Although the ultimate goal should be one where city management is undertaken from a ‘systems‐of‐
systems’ perspective knowledge and techniques for doing this are still in their infancy (e.g. Hall et al,
2013) that includes the health service as much as any other. Therefore it is imperative each
infrastructure or service provision sector exploits the interactions and multiple functionality
opportunities that are apparent within at least a limited interacting ‘system‐of‐systems’. The
converse is that systems are highly interlinked already, with interdependencies that are often
extremely vulnerable to one disturbance somewhere in the linked systems (e.g. IET, 2013). How
often is it clear that environment or social networks are not good enough to help prevent the most
vulnerable from becoming unwell and then requiring health service support? This is why resilience is
so important and a topic of advancing understanding especially regarding interacting health and
other services (Schewenius et al, 2014) (e.g. Figure 1.4).
Contemporary advances in information technology and elsewhere in understanding now make co‐
management, multifunctionality and interactivity between systems and realisation of the benefits
arising from this much more feasible than ever before. There are a number of domains of knowledge
and practice, many well established, that can be seen to conveniently converge in the process of
creating a renewed perspective to ‘get more from less’. The need for collaborative planning of grey‐
green‐blue infrastructure has never been as important as it is today (Faehnle, 2014).
Surprisingly, land use planning and city planning at a strategic scale, arguably the most important
instruments for managing urban areas and which do need to consider the widest possible range of
systems and services, often fail to fit these together, or see them in an integrated way for the best
value to society and to manage public health most effectively. In fact, neglect of the air polluting
effects of motor vehicles in major cities is almost endemic in Europe as well as elsewhere in the
world (e.g. in London21 and Zwolle22). BGI fortunately, can provide a major contribution to tackling
such air pollution.
Aesthetic and other recreational benefits from managing surface water differently from the past via
BGI, are increasingly recognised in urban areas, such as that shown in Figure 3.2 in the UK. Sadly, the
21
22

https://www.rt.com/uk/328456-london-pollution-eu-days/
http://www.meteozwolle.nl/weather27/index.php?p=59_2&lang=en
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water used is groundwater and not collected rainfall – as, health concerns have precluded using
rainwater without treatment.

F IGURE 3.2 A ESTHETIC AND RECREATIONAL USE OF WATER IN AN URBAN ENVIRONMENT IN CENTRAL
B RADFORD , UK.

As an example of disconnected planning processes, such as preferencing motor vehicles in towns and
cities, Storbjo & Hjerpe (2014) state that “We conclude that the integrative, proactive and reflexive
potentials of spatial planning to deliver climate adaptation have yet to be realized”. This type of ‘silo’
mentality has been extensively identified in studies of how organisations, nations and others have
gone about the process of coping with climate change. There are silos in technological choices, in
decision and policy making; many of which are there for self‐protection (vested interests) of
individuals or institutions and organisations (e.g. Carter & White, 2012). Despite many years of
‘sustainability’ studies, the silo problem where endeavours are compartmentalised with scant
interaction between them has not been solved, even though many of the complexities have been
identified for various systems (e.g. Rehan et al, 2014). Organisations, parts of organisations, nation
States and every form and function of human endeavour is beset by unfortunate
compartmentalisation despite this growing understanding of complexity. Climate change linked with
economic stress challenges seem at last to be focusing thinking on how to bridge many of these silos
forcing inter/cross and even trans‐disciplinary approaches to be taken to maximise value to society
(e.g. Polk, 2014).
Such an approach is essential if the opportunities available from taking an interacting and multiple
beneficial systems approach are to be realised. Current approaches are both inefficient and costly
(also unsustainable, even if we are not yet able to define how to be sustainable23). The approach also
perpetuates a mind‐set of compartmentalisation that inhibits attempts to change the way in which
urban systems are seen and provided and to make this more efficient and effective overall (e.g de
Chazal, 2010).
It may be that planning as a practice is beginning to break down these silo barriers. For example,
Wilson & Chakraborty (2013) suggest that where an ‘outcome’ focus is taken, then silos can be
23

e.g. Coping with change: urban resilience, sustainability, adaptability and path dependence. Michael
Thompson and M. Bruce Beck. International Institute for Applied Systems Analysis University of Georgia.
Review commissioned as part of the UK Government’s Foresight Future of Cities Project. December 2014.
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broken down and that in their review of planning research into urban sprawl there is evidence that it
“frequently engages with broader themes of resilience and justice, increasingly considers multiple
environmental outcomes, and suggests a convergence in the way sprawl is studied that transcends
national boundaries as well as the developing‐developed country dichotomy”. The increasing framing
of desirable outcomes is an emerging trend that seeks to move beyond ‘performance’ or ‘objectives’
into the arena of delivery of benefits as outcomes (e.g. University of Cambridge, 2014).
Outcomes are typically higher level than performance objectives, for example, in aiming to provide a
system that is resilient to shocks or to enhance health in the Netherlands by providing green areas
(e.g. Jonker et al, 2014). Outcome based approaches are being used more and more to attract private
investment into projects that will also benefit society as well as provide returns to the investor (e.g.
Impetus, 2014)24. As with most cross‐disciplinary (beyond silos) working, the terminology, culture of
practice and framing from the social investment sector is significantly different from the traditional
infrastructure sector. Social needs transcend the artificial boundaries set by the infrastructure mono‐
disciplinarians who circumscribe their areas out of a sense of self‐protection (Palmer, 2000).
Box 3.1 provides examples of outcomes that are relevant to blue‐green infrastructure developments
for the management of urban runoff as shown in Figure 1.6.
Box 3.1 Examples of outcomes relevant to using BGI in developments (each of these has
overlapping outcomes) (adapted from Woods‐Ballard et al, 2015)
1.

2.

3.
4.

By managing the quantity of runoff:
a. People and property are protected from flooding
b. The natural water cycle is maintained and protected
By managing the quality of runoff:
a. The environment is supported and protected
b. Public health is protected
Better places are provided for people by creating and sustaining amenity
Better places are provided for nature by creating and sustaining biodiversity

As a vital component of human health support, water in cities has always been given a priority by
those who ensure these needs are being met. In most cases this is and has been municipalities. In
rare cases water is managed by private enterprises (only in England and Denmark in Europe),
although there are many variants where enterprises manage water systems on behalf of
municipalities (Juuti & Katko, 2005).
Green Stormwater Infrastructure (GSI) is a term used by Seattle Public Utilities to denote the use of
the green infrastructure elements for stormwater management systems (Open Space Seattle, 2010)
and the green space vision won an award in 200725. In New York “The award winning Bluebelt
program preserves natural drainage corridors such as streams and ponds, and optimizes them to help
control and filter stormwater”26. The Bluebelt project has been running since the 1980s and is trying
to replicate the pre‐development hydrology of the existing wetland systems even in the densest
24

“Outcomes are statements of change that you are trying to achieve”

25

https://www.asla.org/awards/2007/07winners/439_gftuw.html
http://www.nyc.gov/html/dep/html/press_releases/14‐026pr.shtml#.VLTtOid_XxZ

26
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parts of New York City: “The point is to cobble together whatever public property we can – parkland,
highway rights of way, land owned by the State.” Additional wetlands have been created and
investment in storm sewers has been minimised. It is not only bluebelt, as the NYC plan estimates
that for every vegetated acre of GI, total economic benefits would accrue due to: reduced energy
demand ($8,522) and CO2 emissions ($166); improved air quality ($1,044); increased property value
($4,725) in the process of reducing CSO emissions by 2 billion gallons at a cost of $1.5bn less than
traditional methods (Foster et al, 2011). Despite all of these initiatives, concepts and ideas, Young et
al (2014) point out by extensive review that there is a lack of a consistent typology for mainstreaming
urban green infrastructure.
As well as local systems, cities also have centralised ‘critical’ infrastructure, defined as being
especially important. These may include inter alia: energy installations and networks; chemical
plants; communications and information technology systems; health care systems; food and banking
industries; transportation systems; and water plants (Popescu & Simeon, 2012). The latter define
‘critical infrastructure’ as “a physical or virtual asset, system, network or part thereof, the disruption
or destruction of which would have a significant impact on vital social functions, health, safety,
security, economic or social well‐being of people, or any combination thereof.” Following the broad
increase in both environmental and man‐made hazardous events and the impacts these have made
in the past decade, interest in defining, protecting and reducing the exposure and vulnerability of
critical infrastructure has grown rapidly (e.g. EC, 2008). Interdependencies can also be important
between infrastructures, with ‘cascading failures’ from one system to another. However, an
empirical study of evidence collected worldwide showed “very few cascades outside of the well‐
established pathways originating in the energy and telecommunication sectors” (van Eeteen et al,
2011). It seems therefore that interdependencies are principally confined to the consequential
impacts from energy and telecommunications (IT) disruptions to other critical infrastructures.
The response to reducing the risks to critical infrastructure is typically to increase its’ resilience,
especially if exposure or hazard cannot be addressed directly (e.g. Serre et al, 2013). One way to do
this is by providing system redundancy, i.e. having over‐capacity so that if part of the system fails
then there is still sufficient capacity to cope. Alternatively, decentralisation provides a spatial
spreading of risk, due to the geographical positioning of the asset; so that unless the hazard is
omnipresent it will not impact on all of the assets simultaneously. Hence, in broad terms,
decentralised systems like blue‐green infrastructure are more resilient than the centralised
equivalent service provision systems, albeit there may be added difficulties for operators and
managers especially where they are under‐resourced. Blue‐green systems are also more flexible in
that they are easier to adapt when this is needed in the light of new understandings and knowledge
(Eckart et al, 2012).
Planning processes are not the only aspects of how urban systems and services are managed that
frequently exhibit this constrained or ‘silo’ mentality. Many professionals manifest a tendency to
resist innovation where it is unfamiliar and they feel threatened. For example, in Denmark Zhou et al
(2013) describe how the Egedal municipality engineers were reluctant to use any other technology
than buried piped drainage for a large new urban development area as they feared “this would
induce a number of new elements and uncertainties in the system that could not easily be
controlled”. The planning department was promoting the use of distributed drainage elements such
as ‘SuDS’ or ‘BMPs’ (blue‐green infrastructure) as being more effective and commensurate with
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visions of a water sensitive city in the Municipal Plan. Due to their reluctance to engage with the
potential for using non‐piped systems, the engineers had to be excluded entirely from the process of
developing the components of the masterplan for the way in which water was to be managed.
Eventually, once the details had already been decided, the engineers were allowed to re‐engage but
only provided they committed fully to the use of non‐piped drainage systems; not only for the local
project but for the entire municipal drainage system. This shift in perspective, bringing an integrated
and maximally beneficial (water sensitive) vision and ‘universal guidelines’ across the entire
municipality, was led, promoted and pushed through by planners and ultimately endorsed by initially
reluctant engineers.

4. Summary and conclusion
There are myriads of complex interactions and interdependencies in the way in which urban services,
systems and infrastructure are provided and how these function. Yet ‘walls’ exist between services,
providers and those utilising these services. These walls are largely historical and derive from the
ways in which our towns and cities have developed. They need to be bridged not only between those
providing and those being provided for, but also between providers and within the providers
themselves. New ideas surrounding how water is managed in urban areas for maximum benefit can
only deliver their full potential if these walls are broken down. In the context of this report, it is
health providers, carers and those involved with social welfare that need to be more interconnected
with those dealing with natural systems, capital and ecosystems.
The historical development mainly within the last decade of WSUD and a blue‐green perspective in
the context of urban development has come about because of a concern primarily with
environmental impacts and ‘sustainability’ leading to contemporary surface water management that
has been re‐linking more closely into urban planning and design and recognising the value of natural
capital and ecosystem services (e.g. Abbot et al, 2013; Digman et al, 2012; Cettner et al, 2014).
However, prior to this time, there was a much greater concern with public health (initially) and then
public welfare. Many now believe that public health has been dealt with and that only certain
aspects of welfare (mainly social; Allen & Balfour, undated) remain. However, public safety has once
again become a major priority, not only due to flooding and, to a lesser extent drought risks, but also
due to the range of hazards and threats arising from changes in climate and in human demographics
(e.g. Oven et al, 2012; Serre et al, 2013). These include threats to the natural systems that support
human health and welfare and also directly to human health.
Alongside these threats there is a new emerging vision that sees all forms of water as potential
opportunities as part of an integrated approach, with water sensitive urban design (WSUD)
seemingly leading the way in bringing together a forward perspective on delivering the best for
society and which includes a strong liveability aspect (e.g. CRC for Water Sensitive Cities, 2014). Blue‐
green infrastructure needs to be seen now in this context. As Blomqvist & Kaijser (1998) state: “The
old systems represent visions in a rigid form. The most modern systems have not lost their liquid
nature”; i.e. they are fluid and adjustable to increasing understanding. Ironically, despite conveying
liquid, how many piped drainage systems can be said to be ‘fluid in nature’? It is unfortunate that in
much of the developed world, an integrated approach to managing water in all its’ forms and the
potential for this to develop is being hampered by political perspectives (see Karvonen, 2011 for a
view on politics and surface water) and legislation that lacks understanding of the opportunities an
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integrated approach could provide, In many Governments (both central and local), there is often
confusion and a lack of joining‐up in policy with regard to water with urban planning that confounds
or prevents best practice being taken up, and a perceived conflict between policies, such as housing
development and better drainage or keeping roads free of water ‘at all costs’. Enforcement of better
ways of managing water, rather than reacting to flooding problems via retrofitting as frequently
happens following the increasing occurrence of major floods in towns and cities, is a more cost‐
effective way of managing surface water for maximum benefits (Patouillard & Forest, 2011; Ashley et
al, 2014). Ironically there is evidence linking the sophistication of city street layouts and connectivity
with both prosperity and also health (UN‐Habitat, 2013), although the health benefits may accrue
only because of the prosperity, rather than due to the street layouts as illustrated in Smart Growth
America (2014). Hence surface water management needs to be intrinsically integrated into and with
street and highway design and operation.
The need to engage with those serviced by BGI and engage them in the BG systems so that they can
become more a part of the service delivery is pressing. Urban infrastructure systems are largely
extant in Europe’s towns and cities. These networks are both valuable as assets and also inhibit
change due to the inertia they provide and in turn entrenched service providers are reluctant to
change ‘what they have always done’. There is an imperative to utilise what is already there, so
centralised systems27 are added‐to rather than decentralised systems being constructed (e.g.
Cashman & Ashley, 2008). Often the jurisdiction for ownership and responsibility is different, with
many blue‐green systems being the responsibility of the property or landowners they serve, rather
than managed by a municipality or other organisation.
There is also a need to live differently now that the unsustainability of past living, especially in our
fast growing urban areas is known about. We need to innovate, but architects, planners, urban
design specialists and others, who collectively share a broader view of the opportunities from
managing water differently in urban environments, not engineers are leading the innovations now
coming about. Despite this, the functioning and maintenance needs of the (usually) smaller blue‐
green systems need to be understood and engaged with by those they serve, unlike traditional
buried pipe systems for which those served are frequently entirely ignorant of their functioning (e.g.
NAO, 2004). New opportunities, such as urban horticulture (e.g. Sustain, 2014), will be exploitable in
this way. The new ‘social innovation’ perspective recognises all of these opportunities and will
develop further in the short to medium term.
Finally, the ten key messages from the ‘Cities and Biodiversity Outlook are reproduced below as a
summary of the important interactions between urban living, biodiversity and human health28.

27

‘centralised’ is a term used to describe the traditional networks of pipes, sewers and collective treatment
facilities for water management in urban areas; ‘decentralised’ systems are dispersed throughout an area.
Blue‐green systems are typically dispersed and therefore classified as ‘decentralised’ (e.g. Poustie et al, 2014).
28

ICLEI et al (2013) Cities and Biodiversity Outlook. http://www.cbobook.org/resources?r=1&width=1280
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