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PROJECT TEAM
The Local Action Project was funded by Defra and ran from March 2015 to April 2016. The
project was led by the Westcountry Rivers Trust who have extensive experience of
evaluating ecosystem services and working in partnership with a variety of stakeholders. The
Project Board contained members from Defra, the Environment Agency, Natural England,
Natural Resources Wales and Imperial College London.

Cover image: Victoria Park, Leicester by Matt Neale (Flickr - CC BY 2.0)

LOCAL ACTION PROJECT
Working with local communities to enhance the value of natural capital in
our towns, cities and other urban spaces to improve people’s lives, the
environment & economic prosperity…

STRATEGIC EVIDENCE
+ INFORMATION
Present robust evidence and
information in a clear way to
help build consensus, facilitate
local decision-making & secure
funding

LOCAL CHOICES,
PRIORITIES + AMBITIONS
Talk to the local community and
civil society groups to discover
their future vision and ambition
for where they live

VALUING THE BENEFITS
FROM NATURAL CAPITAL

FUNDING + RESOURCES
FOR LOCAL ACTION

Characterise the social, cultural,
environmental and economic
benefits provided by natural capital
in urban landscapes and estimate
potential improvements

Support the formation of effective
stakeholder-led partnerships by
increasing engagement, mobilising local
delivery organisations and tapping into
funding

Irrespective of who we are or where we live, the natural environment can provide us with a wide
array of benefits that support our health, wellbeing and economic prosperity every day. In recent
years, a substantial body of research has been undertaken to review the ‘natural capital’ or
‘environmental infrastructure’ that we have in our various landscapes and to estimate the social,
cultural, environmental and economic benefits that these assets or features provide to both the
people who live near them and to society as a whole.

THE PARTNERSHIP APPROACH
The Catchment Based Approach (CaBA) embeds collaborative working at a river catchment scale to deliver
cross-cutting improvements to our water environments. Community partnerships, bringing local knowledge and
expertise, are active in each of the 100+ Water Framework Directive catchments across England, including those
cross-border with Wales.
Evaluation of CaBA has revealed that partnerships can act as a single point of coordination in a catchment, integrating an otherwise
piecemeal approach to land and water management. CaBA has forged a holistic, integrated and evidence-led approach, which promotes
the identification of synergies and generates projects that deliver multiple benefits – e.g. flood risk management, improved
habitats, connectivity for wildlife, cleaner raw water for water companies, improved angling and recreational opportunities,
better soil management, water supply for agriculture.
CaBA has been a catalyst for actions that would not have happened without partnerships’ involvement. Pursuing multiple objectives
through integrated action makes solutions affordable that would have been unaffordable if pursued in isolation. CaBA also has huge value
to the Defra family as an exemplar of an integrated approach to catchment management and an advocate and driver for integration. It
provides a forum at catchment scale that helps statutory bodies engage with stakeholders and in turn helps find smart ways to deliver
environmental objectives. The independent evaluation has revealed that partnerships have generated £4 of benefit in-kind for every £1 of
central funding given by Defra.
You can read more about Defra's Policy Framework behind the Catchment Based Approach at goo.gl/3jOEvv and find out about CaBA
partnerships across the country at www.catchmentbasedapproach.org.

THE KNOWLEDGE BROKER
Numerous studies (see www.watergov.org) have now shown that undertaking a
stakeholder-led participatory systematic review of data and evidence relating to a
catchment landscape, when facilitated by an impartial ‘knowledge broker’, can help
to achieve a number of critical outcomes in the catchment planning process:
1. It allows the stakeholders, who are invariably from a variety of backgrounds and who initially have
highly diverse levels of technical knowledge, to develop a shared conceptual understanding of the issues
that may be affecting their catchment and of where the priority and opportunity areas for the delivery
of catchment management interventions may occur. Through an inclusive, participatory examination of
the data and evidence all stakeholders are engaged in the process and all can feel that their
contributions are valued and have been considered.
2. The process also allows the stakeholders in the catchment partnership to develop a shared language
with which they can discuss the problems in the catchment, where they are occurring and how they
may best be overcome. The data and evidence is used to stimulate and facilitate the discussion and to
help stakeholders visualise spatially the pressures and opportunities across their catchment.
3. A full review of the environmental data and evidence available for the catchment includes the
evaluations of what interventions are already being delivered in the catchment, how they are funded and
where there may be deficiencies in this provision that is compromising the enhancement of ecosystem
service provision. The evidence review process facilitates the targeting, planning and delivery of
catchment management interventions in the most integrated, balanced and cost-effective manner.
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BARRIERS & OPPORUNITIES
Experience in a number of towns and cities has shown that community-led partnerships that bring people
together with environmental professionals and other interest groups, can generate projects and deliver real
benefits for the people living and working there.
However, experience also shows us that, without the support of local planning authorities, government agencies, developers, policymakers and, perhaps most importantly, the actual beneficiaries in the ‘receiving’ communities, it can be very difficult to secure the
funding and permission required to proceed with the practical delivery of environmental measures in either rural or urban landscapes.
Ultimately, to see their interventions delivered, they will have to persuade a number of key audiences (including the local planning
authority, policy-makers, funders and stakeholders in the community) that their proposed interventions will be delivered in a costeffective manner and will generate the primary and secondary outcomes for all of the stakeholders predicted or required to benefit.

The graphic on the right reflects some of the barriers that stakeholders have experienced in relation to delivering interventions. 
The diagram below illustrates the complex network of urban practitioners and actors involved in the partnership approach.

A NATURAL CAPITAL APPROACH
The scientific evidence gathered through research into ecosystem function and natural capital has become a powerful
resource to support environmental groups, policy-makers and planners as they have planned their approaches to land
management, environmental protection and ecosystem enhancement at a regional or national scale.
Furthermore, this improved understanding of the ‘value of nature’ has helped us to quantify and therefore better communicate its importance to society
and this has, in turn, empowered environmental practitioners seeking to win financial or community support for their continuing efforts in this field.
Having said this however, for any individuals or organisations interested in delivering practical measures ‘on-the-ground’ that are designed to enhance the
value of natural capital in urban landscapes (and which therefore also increase the benefits experienced by people living in them), this high-level evidence
has not quite proved as useful.
Below is a graphical representation of the evidence-led approach to managing natural capital and targeting environmental measures in urban landscapes that provides
the foundation of this report. 

A natural capital approach for targeting environmental measures in urban landscapes
1

2

Full audit/review of
natural assets already
present in the landscape
– area and distribution

Characterise
functions/ecosystem
services provided by natural
assets of different types…
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Deliver targeted, cost
effective interventions into the
right places to deliver the benefits
identified as being required.

8

Identify candidate
locations for action –
suitability for intervention, skills,
funding + resources, community
buy-in, design, ‘optioneering’…
9

Integrate needs
assessment with other
relevant policies, strategies,
priorities + drivers…

7
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Identify and quantify
the benefits experienced by
people under FOUR different
categories…

6

Calculate the value
(monetised where
appropriate) of the benefits
provided and to who…

Assess profile of
benefits experienced by
different communities to
characterise need for action

Use evidence of value
to mandate protection +
enhancement of existing
stock/assets in landscape
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ECOSYSTEM SERVICES
Access to
nature

Health + wellbeing

Drinking water

Biodiversity

Fisheries

Recreation

Food - crops

Food - dairy

Flood protection

First adopted by the Convention on Biological Diversity
(Rio Earth Summit, 2000), the ‘ecosystem approach’ is a
clearly defined strategy for the integrated management
of land, water and living resources that promotes
conservation and sustainable use in an equitable way.
Climate
regulation

Humans have developed many and varied geographic units to
manage society, such as parish, borough and county boundaries.
However, while these units may be the most appropriate for
managing people, there is now an increasing recognition that we
actually need to manage people within the context of their
environment.
River catchments offer a natural management unit (a hydrological
ecosystem) where water moves over and through the landscape
to the sea via streams and rivers. The ecosystem approach
therefore provides an excellent framework for the catchment
partnership approach to landscape-scale integrated catchment
management planning.
The ecosystem services framework seeks to identify the
mechanisms via which the natural environment provides benefits
to society and requires that the beneficiaries of these services
are engaged in making decisions about the objectives and
priorities for their environment.
The quality and quantity of the water in a river is highly
dependent on the way we are using the land across the
catchment and the variety of services we are deriving from it.
Unfortunately, over the last 100 years our catchment ecosystems
and the services they provide have come under increasing
pressure from conversion of natural habitats, pollution of land
and water, exploitation of terrestrial and freshwater resources,
invasive species and climate change. The result is that the
provision of the ecosystem services we depend on has been
skewed in favour of the production of food, fibre and fuel to the
detriment of many of the other services.

DEMONSTRATION AREAS
To ensure that the approach is robust and developed in a ‘real-life’ participatory manner, we identified a series of Demonstration Areas where the spatial evidence
and cost-benefit framework would be piloted.
Four locations were selected to include a range of characteristics (size, physical geography or stage of development in sustainable water management) to test the usefulness of the approach in different
situations. All of the ‘lessons learnt’ through this collaborative and iterative process have been captured and used to refine the approach and the presentation of the outputs.

LEICESTER

MANCHESTER

NEWTON ABBOT

THAMES ESTUARY

Leicester is a city and unitary authority area in the
East Midlands of England, and the county town of
Leicestershire. The city lies on the River Soar and
at the edge of the National Forest.

Manchester is a major city in the northwest of
England with a rich industrial heritage. It is fringed
by the Cheshire Plain and the Pennines and is
surrounded by an arc of towns forming an almost
continuous conurbation - Greater Manchester.
The city has a population of 514,417 (as of 2013),
while Greater Manchester is the UK's secondmost populous urban area, with 2.55 million.

Newton Abbot is a small market town and civil
parish in the Teignbridge District of Devon,
England on the Rivers Lemon and Teign at the
head of the Teign Estuary. The town lies to the
east of Dartmoor National Park. The town has a
population of 25,556.

The tidal Thames extends from Teddington in the
west to Sheerness (Kent) and Shoeburyness
(Essex) in the east.

In the 2011 census the population of the Leicester
unitary authority was c.330,000 making it the most
populous unitary authority in the East Midlands
region. The associated urban area is also the 11th
largest by population in England and the 13th
largest in the United Kingdom.
Leicester is covered by the River Soar Catchment
Partnership, which is hosted by Trent Rivers Trust
and comprised of over 20 organisations, including:
Leicester City Council, the Environment Agency,
Natural England, Severn Trent Water and
Loughborough University. The RSCP is also a
Demonstration Catchment under the EU
WaterLIFE Project.
www.waterlife.org.uk/the-project/where-we-work/soar/
www.trentriverstrust.org/site/river-soar

The city of Manchester is covered by two
catchment partnerships: the Irwell in the north
east (hosted by Groundwork Manchester) and the
Upper Mersey in the south and west (hosted by
the Healthy Rivers Trust). Most recently,
Manchester has become the focus of two
significant projects: the LIFE Integrated Project
(led by the Environment Agency), which will be
focusing on partnership-working on the Irwell
Catchment, and the Defra Urban Pathfinder
initiative, which will be looking at Manchester.
www.groundwork.org.uk/sites/msstt
www.healthywaterwaystrust.org.uk

The South Devon Catchment Partnership is being
hosted jointly by the South Devon AONB and the
Westcountry Rivers Trust, supported by the
Environment Agency. The SDCP have undertaken
a number of planning workshops, produced an
ecosystem services evidence review and
developed a catchment action plan.
They have also worked to engage local authorities
across the catchment with Teignbridge Council
particularly ken to look at natural capital in urban
landscape management as their Local Plan is being
delivered and will soon be reviewed.
www.swcatchments.info/?page_id=41

www.teignbridge.gov.uk/localplan

The urban area that surrounds the estuary has
been defined in numerous ways depending on the
subject or sector of interest, but there are 34
London Boroughs with Estuary frontage with a
combined population of 7.2 million people.
Thames Estuary Partnership is committed to
maintaining and improving the landscape of the
Thames, whether that is through infrastructure
and engineering projects, trade development,
water quality and resource management or natural
habitat conservation.
Hosted by University College London (UCL), TEP
has been building networks, delivering projects
and facilitating partnership programmes across its
target area for the past 20 years.
www.thamesestuarypartnership.org

PROJECT OUTPUTS
For each Demonstration Area we have developed a suite of evidence and information resources to
support the targeting and implementation of environmental management/enhancement action in urban
landscapes

Review of environmental assets & natural capital value
A comprehensive review of the environmental infrastructure (identifiable natural features in the
landscape) that play a role in the provision of benefits to people living in the urban landscape. Once
identified, the magnitude and diversity of the benefits that these natural assets provide have been
characterised (and where possible quantified and/or monetised).

Strategic assessment of benefits (need, priority)
Assessment of 12 benefits metrics to support strategic targeting of actions.
This strategic assessment, when combined with information on statutory
or other priorities and drivers, indicates where there may be the greatest
need (or opportunity) for interventions to realise benefits.

Urban practitioners ‘toolbox’
Development of a well-characterised list (or ‘toolbox’) of
interventions; including feasibility criteria for its delivery, the ‘needs’ it
has the potential to address, the likely cost and the diversity and
magnitude of the benefits likely to be realised. Including case studies.

Detailed opportunity mapping
Identification of opportunity areas for the delivery of interventions.
Based on the feasibility criteria for each intervention, the ‘needs’
assessment and target areas where priorities and drivers coincide,
the capacity of the landscape to receive a suite of interventions can
be determined.
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INDICATORS OF PROVISION
For the Local Action Project we have developed a simple, but consistent,
framework for the assessment of natural capital- and ecosystem servicesderived benefits in urban landscapes.
The method uses a series of 12 benefit-indicators, which can be variously used to: 1) characterise
the benefits derived from existing natural capital; 2) establish a baseline of benefits experienced
by people living in specific communities (facilitating a strategic assessment of need for
enhancement or deficiency of provision), and 3) to predict the magnitude and diversity of
benefits generated through the delivery of a targeted urban environmental management
intervention programme. 
The “Benefits Wheel” has two main applications in this toolkit:
1) In the Strategic Assessment, the Wheel represents the current provision of benefits in a specified
geographical unit (e.g. a ward), relative to other units in the demonstration area
2) In the Interventions Toolbox and Current Assets, the Wheel indicates the potential contribution a
specific intervention can make to the provision of benefits, relative to other interventions

BENEFITS OF NATURAL CAPITAL
Within urban areas there are numerous benefits that humans derive from the environment (or
natural capital), known as ecosystem services. These include the provision of resources that are
consumed, the regulating of ecosystem functions such as air quality and climate regulation, nonmaterial, cultural services such as recreation and aesthetic experiences, along with the services that
are necessary for ecosystem functioning such as soil formation and nutrient cycling etc. Together,
these have significant influence on numerous economic activities and on the health and well-being of
human inhabitants within cities.
On the left, some of the challenges of modern life and the contribution that natural capital makes to
mitigating them are represented.

THE BENEFITS WHEEL
KEY
Four Types of Benefits 1. Social
2. Cultural
3. Environmental
4. Economic
Framework applicable to 1. Existing natural capital or
green/blue infrastructure
typologies
2. Strategic needs/benefits/
opportunity assessment at
various spatial scales
3. Intervention-derived benefits
4. Delivery ‘optioneering’

Benefits/value calculated 1. Intervention suitability to
address need/deficiency (Y/N)
2. Semi-quantitative indication of
likely benefits provided

EXPERIENCE

Access to Greenspace

Average House Price

Average price for a two-bedroom house
in December 2015.

Proportion of people that live within 600 metres
(approx. ten mins walk) from an accessible
greenspace

Air Quality (PM10)

Flood Damage Cost (surface water)

Mean concentration of particulate matter
(PM10) modelled for 2016, derived from
background maps from the UK-AIR data
archive.

Estimated costs incurred due to flood damage from
surface water, based on figures in the EA’s National
Flood Risk Assessment (NaFRA).

Flood Risk (Rivers and Sea)

Local Climate Regulation

Number of residential properties that
have a greater than 1 in 100 year chance
of flooding from rivers and/or sea
(fluvial and/or coastal flooding).

Urban heat island effect measured
using Landsat 8 satellite thermal
imaging data.

Flood Risk (Surface Water)
Number of residential properties that
have a greater than 1 in 100 year chance
of flooding from surface water (pluvial
flooding).

Habitats for wildlife

Percentage of landscape area that is
described as a priority habitat in
Natural England’s Priority Habitats
Inventory.

GOOD
Drought or low river flows

Aesthetic value of landscape

The water availability value of river waterbody
catchments, according to the EA’s Catchment
Abstraction Management Strategy (CAMS).

Number of nature- or greenspace-related
photos taken in the area that have been
uploaded to Flickr and tagged accordingly.

Water Quality

BAD

Number of urban ‘reasons for not achieving good
WFD status’ identified for each river waterbody.
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Cultural Activity

Number of recreational facilities per 1000
people, including places such as allotments,
sports clubs.

LEICESTER OVERVIEW
Leicester is a city and unitary authority area in the East Midlands of England.The city
lies on the River Soar and at the edge of the National Forest. Leicester is the County
Town of Leicestershire, a county known for its rolling hills, vast countryside and
quaint villages.
In the 2011 census the population of the Leicester unitary authority was c.330,000 making it the
most populous unitary authority in the East Midlands region. The associated urban area is also
the 11th largest by population in England.
Population Density
Data from the Census 2011 allows
central and local government, health
authorities and many other organisations
to target their resources more
effectively and to plan housing,
education, health and transport services.

LEICESTER OVERVIEW

Study Area
The study area for this work, which lies in the
lower half of the River Soar Catchment (see
following page), has been extended beyond the City
of Leicester boundary (red line left) to include many
of the surrounding communities.
These communities fall into five different local
authorities; the City of Leicester itself, Charnwood,
Harborough, Oadby and Wigston, and Blaby
Districts.

Victoria Park, Leicester
by Craig Boney - CC BY-NC-ND 2.0

Historically, Leicester was an important market town with transport links to London and Birmingham via the
Grand Union Canal and later the Grand Central Railway. During the industrial era the manufacturing sector
expanded rapidly, with a particular emphasis on textiles, hosiery and shoes.
Today, the people of Leicester pride themselves on its cultural diversity and
modern character. Leicester is home to a number of unique tourist
attractions, including the National Space Centre and the newly
established King Richard III visitor centre.

Image by Ned Trifle.
CC BY-SA 2.0

River Soar Catchment
Draining an area of 1,400 km², the River
Soar flows through towns, including
Croft and Narborough, before reaching
Leicester.

Grand Union Canal

National Space Centre
The National Space Centre is
the UK’s largest attraction
dedicated to space
exploration and space
science. The Centre, which is
filled with rockets, satellites,
Martian surfaces and other
amazing artefacts, receives
around a quarter of a million
visitors each year.

Study area

University of Leicester
The University of Leicester is a leading UK
University committed to international
excellence through the creation of world
changing research and high quality,
inspirational teaching. Leicester is ranked in
the top 100 of the world’s best international
universities by Times Higher Education.

M1 Motorway

The River Soar Navigation
Some of the River Soar is navigable and
forms part of the Grand Union Canal,
joining the Leicester Line with the River
Trent and the Erewash Canal. It is 24
miles long and has 18 locks.
Image by Not From Utrecht. CC BY-SA 3.0
Image by Steve Cadman. CC BY-SA 2.0
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LEICESTER OVERVIEW

Leicester General Hospital

CURRENT ASSETS

Green Wedges
These areas of land offer a space for recreation and nature
conservation, providing a ‘green lung into urban areas’. They
have been included in the planning policy for Leicester and
Leicestershire for many years.

It is first vital to perform a comprehensive audit of the environmental
infrastructure (natural capital in the landscape) and to characterise
the ecosystem services these assets currently provide.
This review allows assets providing important benefits to
be identified and provides evidence in support of efforts
to protect and enhance them. In addition, it is vital to
characterise the current natural capital in the landscape
to ensure that any proposed programme of
interventions designed to enhance provision is strategic
and correctly targeted.

Wetlands + ponds
Wetlands are defined as
transitional between terrestrial
and aquatic eco-systems where
the water table is usually at or
near the surface.

Parks & gardens
Publically accessible parks, gardens
and open green spaces are an
important part of Britain’s heritage
that provide spaces for people to
undertake recreation and cultural
activities.

Landcover Composition
The chart below shows the composition of different land types
across the study area, according to OS MasterMap topography
classes. The “Natural Surface” class includes agricultural land,
as well as amenity grassland and other natural areas. “Natural
Environment” includes habitats such as woodland, rough
grassland, marsh, reeds and scrub.
80
70

Area (km²)

CURRENT NATURAL CAPITAL

Woodland
Urban woodland can be defined as
all the woodland within the boundary
of a town or city, ranging from
larger tree- and shrub-covered
areas down to individual street
trees.

60

Natural Environment
Domestic Garden

50

Natural Surface

40

Inland Water

30

Urban

20
10
0

Other

This map shows a combination of OS MasterMap
datasets and local green/open space data
provided by Leicester City Council.

Allotments
An allotment is an area of land, leased
either from a private or local authority
landlord, for the use of growing fruit
and vegetables. They can also be used
for growing ornamental plants, or the
keeping of hens, rabbits or bees.

Detailed view
Due to the high resolution datasets provided by Leicester
City Council, we are able to examine fine-scale features such
as gardens, outdoor sports areas, play areas and street trees.

Gardens
Domestic gardens are key
component of the green
infrastructure in an urban
landscape.

CURRENT NATURAL CAPITAL

Abbey SOA

Rivers + waterbodies
Rivers, canals, pond
and lakes are a key
component of the
natural capital (blue
infrastructure) in an
urban landscape.
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River Soar, Leicester
by Rhianne Burgess- CC BY-NC-ND 2.0

PARKS & AMENITY GREENSPACES
Public parks and gardens are vital natural assets in
an urban environment. While high land prices and
pressure from different competing objectives often
makes the creation of a new park in an area unlikely
(although not impossible – see for example the
Thames Barrier Park Case study), this makes it all
the more important for us to assess the magnitude
and diversity of benefits provided by our existing
parks, determine who receives these benefits and to
manage them in a way that maximises the multiple
benefits they provide.

CURRENT NATURAL CAPITAL

Parks have recorded increasing visitor numbers, showing that
there is a demand for their use. Over 10% of people visit or
pass through their local parks daily, and over 50% at least
once per month. Parks and open space have been suggested
to be the third most frequently used public service after GP
surgeries and hospitals. However, budgets are being cut and
staff numbers reduced, leading to increased user charges and
potential deterioration of their condition.
Parks, depending on their size and design, often constitute a
combination of different green infrastructure- and SuDS-type
‘interventions’ and their value to society and the
environment depends on their different parts. To understand
what different singular ‘modules’ in a park do (e.g. trees,
ponds, ..), or how these could be incorporated, please refer
to additional factsheets. Parks have the additional benefit of
bringing all these single modules together and potentially
achieving an effect that is larger than the sum of its parts.

HEALTH + WELLBEING
Urban green space is generally associated with
better health. Parks increase physical activity,
reduce obesity, reduce stress, increase ability to
focus, reduce ADHD symptoms and reduce
cardiovascular/
respiratory
morbidity.
Greenspace is also associated with lower rates of
mental illness.

There are wide ranges between different
cities and countries but parks almost always
have a positive impact on property values.
While park size is a factor, even small parks
can have an impact.
Due to their impact on surface water and
their potential contribution to mitigating
fluvial flooding, parks can reduce severity of
flooding and the damage caused by it.

The “healthiest” areas in England (i.e. with the higher levels of
activity and lowest levels of obesity) have 20% higher green spaces
than the least healthy areas. Being exposed to park settings has also
been linked to better attention performance, reduced cardiovascular
morbidity in males and better recovery rates.
Air quality is often better within parks. This is true for
PM10 but also other pollutants like NOx and SOx. Parks
can also influence the air quality in surrounding areas as
the temperature difference can lead to ‘park breeze’
into surrounding built up areas.

Parks, especially with high tree cover, can act as
carbon sinks. In Leicester, 97.3% of the carbon
pool stored in urban vegetation is stored in trees.

To an extent, parks can provide flood storage if they are
designed to do so, and this should be taken into account
when designing new parks as well as when existing ones
are restored or redeveloped.

Air temperatures are often lower in parks. In
London, air temperatures can be 2-8˚ lower in
greenspaces. The current provision of green
space in London could save 16-22 lives per day
during heatwaves.

Due to high infiltration rates, grassed areas are
able to nearly completely eliminate runoff,
therefore having a positive impact on surface water
flooding. A study in Manchester showed that areas
with less green space are more susceptible to
surface water flooding.

In many studies, parks have been found to be
the most biodiverse type of urban greenspace.
However, this can be due to exotic species.
Larger, more diverse and less isolated parks
harbour more native biodiversity.

The aesthetic value of parks can be very high and is for
example shown through their impact on property values
as well as stress and mental fatigue. A study in Zurich
found parks and urban forests to be associated with an
87% recovery ration for stress and 40% enhancement of
positive feelings.

Contribute significantly to groundwater
recharge, due to their high infiltration rates
(over 30%). Grassed areas can almost
completely eliminate runoff, therefore having
a positive impact on surface water flooding

COMMUNITY COHESION
There is evidence showing that particularly if
teenagers are catered for with specific facilities
and equipment, parks have the potential to cater
for multiple ethnic groups, potentially improving
social cohesion in the neighbourhood.

Through water infiltration, parks can prevent
pollutants from reaching waterbodies and
streams. Fertilization and pesticide use
however can have a negative impact.

Many parks provide venues for annual festivals, meeting
spaces for community groups and therefore add to the
cultural service provision in an area. Parks, as accessible
local green spaces, can give rise to cultural activities
like bird watching, painting or photography.

LOCAL ECONOMY
Small businesses are more likely to settle in areas
with good parks, open spaces and recreational
areas. Visitor spending has been shown to be
higher in attractive areas, and while this is not
specific to parks, they are often connected to
shopping trips in one way or another.

CRIME
High quality green space provision is correlated
with less crimes. Apart from economic benefits,
this has a positive impact on the community and
mental wellbeing of residents. Studies have shown
over 25% reduced crime rates and aggressive
behaviour in areas with better green space
provision.

PARKS & AMENITY GREENSPACE IN LEICESTER
Having examined the benefits provided by publically accessible green infrastructure, such
as parks, gardens and amenity greenspaces, it is then important to look at the ‘demandside’ and look at who receives these benefits and how they may be divided among these
beneficiaries.

Camley Street Natural Park
Camley Street Natural Park was opened to the public in May 1985. An
economic evaluation has shown that the total ecosystem services value
of the Park is £2.8 million per annum. This is largely due to cultural
services, particularly: enhancing the local environment and property
market for residents, visitors and businesses; supporting individuals and
communities through volunteering and employment and supporting
visitor spend in the local economy. www.goo.gl/TRPndi

The Value of Edinburgh’s Parks
The Edinburgh City Council Parks and Greenspace service carried out
a Social Return on Investment (SROI) study to measure the impact of
services provided through the city's parks. SROI is a method of
estimating the financial value of the social, environmental and economic
benefits that parks provide. The study found that through City of
Edinburgh's parks, for every £1 invested, there is about at £12 return
in social, environmental and economic benefits. www.goo.gl/491iYz

To do this, we have determined how many
people live within 600m (~10 minutes) walk
of each of the public parks and gardens in
Leicester (see right) and calculated the area
of each park per 1,000 of these potential
users (see below).

Parks + Gardens

This calculation gives an indication of
where the demand on the ecosystem
services benefits provided by a park
may be greater and where parks may
be disproportionately important,
under pressure and at elevated risk
of degradation.
Parks under pressure may require
protection or enhancement to maintain
provision. They may also have little or no
headroom to support population increases.

State of the UK’s Public Parks
The State of the UK’s Public Parks research report was commissioned
by HLF to emphasise the value and importance of public parks,
establish a clearer picture of their current condition using existing and
new data and identify particular challenges facing the sector over the
next few years. While information on public parks can be difficult to
access, this study has brought together and reviewed much of the
existing evidence base. www.hlf.org.uk/state-uk-public-parks

COSTS & MAINTENANCE
Average management costs of parks across the
UK in 2013/14 was £6,410/ha. Often maintenance
activities are already carried out by volunteer
groups and this can provide a valuable
opportunity to protect existing parks with the
additional social benefits that volunteer groups
provide.

QUALITY & PRESSURE
Poor quality greenspace can have negative effects
on property values and crime rates.
Cuts in budgets of local authorities and reduced
staff increase pressure on parks and their quality.
Additionally, high population density can lead to
“overload” in high-use parks.

City of Leicester
boundary

Parks under pressure
Area (ha) of each park per
1,000 people that live within
600m (10mins) walk of it
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CASE STUDIES

ALLOTMENTS & ORCHARDS
Allotments, orchards, community gardens and city
farms show similar benefits to parks and other open
areas when it comes to the ecosystem benefits they
provide, as they are comprised of similar structural
elements (trees, shrubs, meadow like areas) and
therefore exhibit similar properties in terms of
infiltration and water quality. However, what makes
these types of urban green spaces so unique is the
social and cultural aspect of food production and
land ownership in an otherwise urban environment.
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The specific ecosystem services provided depend on how
the allotments/orchards are used and guidance for allotment
owners and users should therefore be considered within the
management of surface water and multiple ecosystem
services. The high land take of allotments makes them
unlikely to be used on a large scale. As they cover a
significant amount of land, they have the potential to
contribute locally not only by infiltrating runoff and providing
amenity benefits but also provide the opportunity to
incorporate other interventions – e.g. ponds, swales – within
them, maximising multiple benefits.
As they are not accessible to the public, certain benefits –
access, social cohesion, education, … - can only be provided
on a fairly limited scale. However, this is likely to benefit
particularly older demographics, which can be an important
aspect.

HEALTH + WELLBEING
Allotments have been shown to generate a sense
of pride, engagement with nature and an
increased well-being is reported by 80% of
allotment gardeners. They are especially
important as community resources and generate
multi-cultural meeting spaces

Attractive views of green spaces have been
shown to increase property values by 10+%,
however there is no specific literature on the
effect of allotments.

While allotments are not freely accessible, they provide
significant health benefits to a wide number of people,
especially in an older age group. They provide an
important space to form community ties and social
cohesion.

By reducing the impermeability of an urban
area, allotments can help to reduce severity
of floods.

Air quality is not a significant benefit provided by
allotments, however they can have an impact on a
regional scale, with trees being able to filter pollutants.
Orchards are likely to have a more significant impact.

Allotments and orchards provide mitigation
of the UHI effect by lowering air
temperatures and allowing influx of fresh
air, and store carbon in vegetation and soils.
This benefit is likely to be greater from
orchards.

Allotments can only contribute to reducing fluvial
flood risk by infiltrating water before it reaches
streams.

Open surfaces allow infiltration and can increase
groundwater recharge, therefore improving low flow
conditions. Infiltration on vegetated areas is 20%+
higher than on impermeable ground, and grassed areas
have been shown to have the potential to nearly
completely eliminate runoff.

Allotments and orchards can provide great
habitats for pollinators and other insects as well
as mammals, birds and amphibians etc. More
plant species have been found in allotments
than in parks in a study in Manchester, although
no rare species were found.

The aesthetic quality of a site is the second most
important aspect in choosing an allotment site, it can
therefore be inferred that they generate significant
aesthetic benefits.

Infiltration can enable groundwater recharge
and so have a positive impact on low flows.

COMMUNITY COHESION
Allotments have been shown to encourage crosscommunity and cross-cultural ties by bringing
together people from different backgrounds and
ages. Gardening is also associated with increased
neighbourhood attachment, generating a sense of
community and identity.

Bioretention can improve water quality, and it
is likely that similar processes occur in
allotment soils. Water and with it pollutants
are captured by existing vegetation, This can
be increased by installing filter and buffer
strips in runoff pathways.

Growing food is an – in urban environments rare cultural and educational activity and allotments are
often used to experiment with exotic as well as native
species.

EDUCATION & LEARNING

FOOD PRODUCTION

Apart from providing a resource for children to
learn how to grow vegetables, understand
seasonality and increased awareness of nature,
experimenting with exotic plants can be a way of
learning about other cultures and nature for
adults and children alike.

People owning an allotment eat more fresh fruit
and vegetable. A study in Manchester has
quantified the economic benefit of food
production on allotments to be on average 698£
per plot and year. Another report has found the
total food production in London in urban gardens
to be £1.4 million per year

ALLOTMENTS IN LEICESTER
There are 45 allotment sites across Leicester. 32 thereof are managed by local allotment
societies, the rest by the City Council. Rents range from £6.50 to £22 per plot and year,
depending on which charges are included.
As a response to the growing demand for allotment sites, Leicester City Council opened an
additional 30 plots in 2012. The plots were added in one of the most deprived wards of the city to
enable users to grow their own vegetables in order to save money.

CASE STUDIES
Allotments in Newcastle

Balornock Urban Garden Scheme Glasgow
Balornock Primary School manages an allotment and uses it as a
classroom resource, providing children with an understanding of where
their food comes from and healthy eating. The school is located in a
low income, dense urban area and the access to nature and fresh food
through the allotment makes an important contribution to the
wellbeing of families involved. www.goo.gl/qdJpTj

Bridgend Allotment Community Health Inclusion
Project, Edinburgh
Edinburgh Council’s Parks and NHS Lothian set up a scheme for
referring patients to social and therapeutic horticulture, enabling access
to allotment plots. The plots are part of a larger allotment site and
provide opportunities for people to improve their mental and physical
health through social interaction, exercise and a healthy diet. (Image:
Chris Hill) www.goo.gl/XCMV9d

WATER QUALITY

FLOOD DAMAGE

The use of pesticides and fertilizer can have a
negative impact on the water quality of receiving
systems. Organic fertilizer and pest control
through natural mechanisms (e.g. providing
habitat for natural predators) should be
encouraged.

Allowing runoff to collect in allotments is only
viable as long as the area does not suffer from
permanent waterlogging. Hydraulic connectivity
should be as high as possible, and structures
increasing infiltration – e.g. trees or infiltration
trenches – as well as storage structures like
ponds should be incorporated.

Image: Food Ethics Council. Groundwork
Leicester & Leicestershire Allotments Project.

COSTS & MAINTENANCE
The cost of managing allotment sites is hard to
estimate, but they are often seen as valuable land
for development. Users of allotments pay rent to
access the space, with fees varying in different
areas but typically between £30-£40 for a 250m2
plot.

QUALITY & PRESSURE
Allotments land needs to be take care of to avoid
reduction in quality and so decreased use. Once
use for gardening has ceased, allotment land is
hard to re-gain and is often re-developed and lost
as green space.
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This study identified three main reasons for having an allotment:
growing one’s food, enjoyment and pleasure from the activity itself,
time for relaxation and exercise. This demonstrates psychological,
physical and social benefits, with allotment holders saying that contact
with nature at the allotments is an important factor in their lives. 79%
of participants state psychological or spiritual benefits from having an
allotment and 72% state physical benefits. www.goo.gl/Jl5MYA

PRIVATE GARDENS
In 2002, an estimated 27 million people in the UK
owned gardens. Domestic gardens contribute about
a quarter of the total urban area in typical cities in
the UK, and contribute up to 86% of the total
number of trees in a city. Especially small gardens
are important, as they contribute the greatest
proportion to the total area of gardens, and the
accumulated number of structures such as ponds,
nesting sites or compost heaps is significant at the
city-scale.
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Private gardens are mainly used for relaxation and
recreation, with over a third of garden owners surveyed in
2011 naming these as main activities in the garden, with
gardening, eating, drying laundry and socialising being other
common activities. Over 80% of gardens are used for more
than one of these activities.
It is important to note that, while the social benefits from
increased permeability and habitat provision can be felt on a
larger scale (e.g. multiple people benefit from increased
infiltration and reduced storm-water runoff, as their
properties are at less risk from flooding), the impact on
human wellbeing is constrained to those able to use the
garden. As private gardens are not publically accessible and
often not even visible, they have been ranked lower than
their benefits for the individual as they cannot provide the
same benefits to a larger number of people. However, their
contribution to the wellbeing of the individual should not be
underestimated!

MAKING THE MOST OF IT
Manage gardens on a larger scale. Improve soil
structure and include ponds. Reduce pesticides,
irrigation and fertilizer. Make gardens visible to
the neighbourhood. Inform on the ways gardens
can be used for exercise, education and play.
Enhance gardens for wildlife.

It is widely accepted that gardens add value to a
property. A survey by HomeSearch found that a garden
added 20% in value compared to a house without a
garden.

When accessible, they can provide increased physical
fitness, connection to nature, improved relaxation and
recovery from trauma, and similar benefits related to
stress avoidance and cognitive function.

While a single garden will have no significant impact,
case studies like the previously mentioned one in Leeds
show that the loss of a proportion of gardens in an area
can contribute significantly to increased damage from
surface water flooding.

Especially in gardens with trees (at least certain types)
air quality can be significantly improved. This is
dependent on the type of vegetation used and where it is
planted. Trees are especially positive if they are on the
leeward side of a high pollution area (e.g. a busy road).

Urbanisation and decreased permeability of
surfaces has been shown to impact the
magnitude of flooding by increasing the
amount of runoff a river receives. Increasing
permeability of an area by 30% could lead to as
much as a doubling in the magnitude of 100
year return period floods.

Increasing vegetated surfaces can help to
mitigate high temperatures due to climate
change.
Gardens can also store carbon, mainly in their
soil. On average, 2/5kg of carbon are stored per
m2.

Even small domestic gardens can be important
habitats for all kinds of wildlife. Their
management is crucial for biodiversity, but
collectively, gardens have been shown to
harbour over 1000 plant species across the UK.

Plants and trees intercept rain and slow
runoff, contributing to an attenuation of the
peak flow and volume reduction of runoff
through increased infiltration. However, heavy
and prolonged rainfall, with potential additional
runoff from adjacent areas, can lead to
waterlogging of the soil.

Infiltration can contribute to groundwater
recharge, but irrigation can increase pressure
on mains water demand.

Bioretention and capture and destruction of
pollutants in the soil can help to improve water
quality. Fertilization and pesticide use however
will have a negative impact.

FOOD PRODUCTION
Food production is another potential activity
carried out in private gardens. It has been shown
that people owning an allotment are more likely
to consume fresh fruit and vegetables, and this is
likely transferable to private gardens.

Gardens allow playful, creative and placeshaping activities as well as growing food.
Gardening increases sense of self-esteem,
identity and ownership, leading to strong place
attachment. It also provides a forum for family
interaction.

HEALTH + WELLBEING
Gardens/gardening provide benefits through
physical exercise they enable and by providing a
‘retreat’ from everyday life and enabling
interaction with nature. Reduced mortality,
lowered blood pressure and cholesterol levels,
increased bone density have been linked to
gardening, (along with later onset of dementia.

Gardens, where they are visible, provide high
aesthetic benefits for the neighbourhood. One
study showed that 50% of garden owners
appreciate the fact that gardening creates “a
more beautiful environment” as a contribution
to the urban environment.

ENERGY SAVINGS
Sheltering vegetation could reduce energy costs
for heating and cooling – on average 30% cooling
energy savings have been found. These can be
maximised by choosing vegetation with a high
albedo to increase the reflection of light and with
it heat.

PRIVATE GARDENS IN LEICESTER
The vegetated, permeable area provided by gardens is being significantly reduced each
year due to development pressures, individual choices regarding the design of the garden
and their conversion/maintenance to provide space for private vehicles.
In London, for example, an area of 2.5 Hyde Parks of vegetated garden land is lost each year, and in a
case study area in Leeds, paved area in gardens increased by 13% over the course of 10 years. This
has implications on the ability of gardens to provide benefits – on a local as well as a city-wide scale.
While there are no exact numbers for Leicester, similar trends are visible.

Paved front gardens, Leeds
A study in Leeds linked the increase in paved front gardens) to an
increased severity in surface water flooding in that area. A 13%
increase in paved area was observed over 33 years (75% is due to
paving of front gardens) that lead to a predicted 12% increase of
average surface water runoff. This was reflected by actual events in
Leeds, where heavy rainfall led to more frequent and severe flooding
(Perry and Nawaz, 2008). www.goo.gl/NRfwZL

London: Garden City? (Smith, C. 2010)
Gardens make up much of London’s green space. Climate change
means that their extent and quality may become increasingly important
due to the benefits they can provide. Until now, the character and scale
of London’s gardens as a green space resource have not been fully
documented. This report investigates the scale of the changes to
gardens’ extent and composition, in particular their loss.
www.goo.gl/g9HGaw

Benefits of Urban Gardens to Well-being
Private gardens occupy a significant proportion of the total surface area
of a British city. For many people, the garden represents their only
contact with nature and their chance to express themselves creatively.
This paper reports on a major survey on the role of private, urban
gardens in human well-being, conducted in Sheffield, England, over the
summer of 1995. (Dunnett & Quasim 2000) www.goo.gl/FAAXQJ

EMISSIONS & WATER
Management of gardens can have a net negative
effect on GHG emissions – either through
products used or activities carried out.
Additionally, the use of irrigation can increase
demands on mains water.

HABITAT & WATER QUALITY
Use of pesticide and fertilizer can have negative
impacts on water quality of runoff and receiving
watercourses as well as the potential of the area
to harbour wildlife. Additionally, introduction of
invasive species can present an issue.

The maps below show domestic front gardens. Using satellite imagery their land cover composition has been
assessed in order to highlight the ratio of natural to paved surfaces. On the second image, gardens with more
than 50% of hard, impermeable surface have been coloured red. They present opportunities for increasing
permeability of the landscape by using permeable paving or de-paving surfaces, for example.
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CASE STUDIES

URBAN RIVERS
Rivers have in many cases provided the resources
and benefits necessary for the development of cities.
Yet, in urban areas, rivers have often been seen as a
threat to infrastructure and human health rather
than as a resource, leading to their increasing
degradation.
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Many benefits that arise from protecting rivers and
restoration projects can be similar to those from public
parks where access is given and the restoration is designed
to provide a similar environment. Opportunities for river
restoration in parks and other open spaces may also be
more easily found than in higher density urban
environments.
Rivers receive water as runoff from their surroundings, even
more so due to the increasing impermeability of the urban
environment. Sewers – meant to carry surface water flow,
but often also carrying pollutants from misconnections –
also discharge into watercourses. Other pressures in the
urban environment are air pollution from traffic that can
cause acidification, pesticides from roadsides or amenity
areas can reach the water, as well as fertilisers. Construction
sites can cause high sediment inflow. Past culverting and
straightening streams and disconnecting them from
floodplains has also had a degrading impact.

Through their contribution to surface water
drainage and regulating flows, healthy river
ecosystems can help reduce severity of
flooding. The Mayes Brook Restoration, for
example, shows an annual benefit in
improved flood management of £10,000

To improve the state of rivers and restore their
benefits, many interventions can be taken. Habitat
restoration, e.g. by removing hard riverbanks and
re-meandering. Reducing runoff and pollution
from hard surface by installing SuDS can improve
water quality.

in parks and other public open spaces, river restoration
can improve their quality, as has been shown for
example by the restoration project of the River Quaggy,
running through Sutcliffe Park, where about 30% of the
visitors only started visiting after the restoration
project had improved the area
Air quality is likely to be improved due to denser
vegetation and the transport of fresh air along the river
corridors – however this could also mean the distribution
of pollutants from busy roads.

Water bodies can have a cooling effect on their
local area and so mitigate UHI effect. Wetlands
and ponds that might be created through river
restoration along with soils and vegetation can
store carbon.
In Seoul, daylighting of a culverted river and
vegetating the surrounding area has led to an
average temperature of 14 degrees C lower than
surrounding urban area

Restoring rivers, i.e. re-meandering them and
establishing vegetation, creating wetlands, slows the
flow and increases water storage capacity.

Draining landscapes into rivers rather than sewers could
mean less risk of surface water flooding, however, it
might increase flood risk from rivers. River restoration
projects have to be carefully planned to accommodate
for this function.

Rivers are amongst the UK’s most diverse and
rich ecosystem, and provide ecological
connectivity through a landscape. Almost all
rivers have been degraded. River restoration
has been shown to improve the quality of water
and habitat

River landscapes are one of the most attractive
landscapes, and this aesthetic quality provides many
benefits by drawing people to the area. The effect on
mental health has been described above and is also
reflected in property values.

Depending on their characteristics,
groundwater recharge can occur from rivers.
Flow regimes are usually improved after
restoration.

These pressures threaten the quality of rivers and their value
as habitats, but also the benefits they can bring to people.

RESTORING RIVERS

View of water or a garden adjacent to water
can have a significant positive impact on
property values, with studies showing
increases in value from 10% -even more than
30%

COMMUNITY COHESION
Restoration provides an opportunity for
partnership working and in turn improved
community ownership. This can reduce crime and
vandalism in the area and increase the social
connections between people living in the area.

Freshwater systems can dilute and store
pollution – however, only to a certain level.
River restoration and protection through GI
can impact positively on a river’s health.

Water is connected to many activities that are not only
recreational and benefit human health but also have
cultural traditions connected to them. At Mayesbrook
Park (see case studies), the benefits from cultural
service provision through restoration of an urban
stream can be valued at £820,000 per year

HEALTH + WELLBEING
Water bodies are particularly significant in
shaping sense of place and improving mental
wellbeing. They provide attractive, stimulating
features with the ability to restore attentiveness
and inspire. Landscapes with water are perceived
as more restorative.

LOCAL ECONOMY
Increased sales and settlement of businesses in an
attractive area can increase the local employment
rate. Additionally, through the creation of parks
new opportunities for businesses (cafes, etc) can
improve the employment situation.

URBAN RIVERS IN LEICESTER
The river Soar is the main river running through Leicester. It is a tributary of the Trent
and is nearly 60 miles long. Many of the tributaries and streams in Leicester are
culverted, in hard channels and impacted by urban diffuse pollution.

Mayesbrook Restoration, London
The Mayesbrook Park project demonstrates how a green
infrastructure approach to urban river restoration is a strong
alternative to traditional hard engineering. By using green infrastructure
to address flood-water management, the project has created an
attractive public amenity, while the communities that surround the
park and the wildlife within it are now able to cope better with the
effects of climate change. www.goo.gl/QsGI2W

Restoration of the Quaggy, London
The formerly culverted Quaggy was restored as a meandering river
running through Sutcliffe Park. It now provides habitat for several
protected species, has increased use of the park by 73% and helps
reduce severity of floods. Information boards and walks are provided
that allow educational and other cultural and social benefits to be
generated. The park itself acts as a flood storage area, storing up to
85,000 cubic metres of flood water. www.goo.gl/hsDHbr

River Medlock, Manchester
The River Medlock Re-naturalisation project is a high level restoration
scheme that will revive a historically significant but neglected section of
the River Medlock in East Manchester. The Environment Agency in
partnership with Groundwork and Manchester City Council is leading a
series of improvements to the River, reconnecting it with the
surrounding community and transforming its value as a natural space.
www.goo.gl/GHsm8b

COSTS & MAINTENANCE

QUALITY & PRESSURE

The cost of river restorations can be quite
variable. An EU study has shown that they can
range between 100-3000€ (equ. to about £702300) per metre and are related to length rather
than area restored. Maintenance activities are
similar to those in parks or other public open
spaces.

River restoration has been shown to be effective
in improving the WFD status of rivers, but there
are many pressures that continue to impact on
rivers in urban areas. Climate Change adds
additional uncertainty and pressures and needs to
be considered when planning river restoration.

The map below shows an overview of opportunities for improvements on watercourses, detailing culverted
river stretches and barriers to fish migration.
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CASE STUDIES

The Soar suffered from heavy pollution during the 1800s due to the textile industry, and was a main
transport route. Today, the Soar provides many more recreational opportunities and its
environmental condition – though still not pristine – has improved dramatically. Restoration efforts
such as on the Willowbrook, that use SuDS to improve water quality, offer many additional benefits
on top of improving the condition of the watercourse.

STRATEGIC TARGETING
The way in which natural capital is managed in urban areas has a significant
impact on the benefits that local communities receive. It is important to carry
out a strategic targeting exercise prior to intervention delivery, in order to
ensure that proposed measures are tailored to local needs.
By assessing the benefits (or lack of benefits) associated with natural capital across an urban
area, it is possible to gain an understanding of the type and distribution of the issues that are
present. This information can be used to identify target areas for more refined investigation.
It is necessary to review which types of interventions are available and appropriate to
resolve the issues and then to assess how and where they can be applied to be most
effective. Different intervention scenarios can be explored.
This chapter describes the strategic targeting process for Leicester; including the
consideration of priority areas and drivers, as well as the results from the baseline benefits
assessment.

STRATEGIC TARGETING

Assessment of
benefits and needs
at city-scale

Identification
of target area

Poor air quality?

Low access to
natural space?

Assessment of
opportunity and
feasibility
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Poor water
quality?

Review of toolbox

Potential for
street trees?
Victoria Park, Leicester
by Craig Boney - CC BY-NC-ND 2.0

Surface water
flooding?

PRIORITY AREAS & DRIVERS
Before assessing the baseline of benefits received by local communities, it is important to
consider any existing priority areas and drivers for improving natural infrastructure, including
legislative drivers and restrictions, socioeconomic patterns, funding incentives or local plans.
There are numerous priority areas and drivers that affect the management of natural resources in an urban
area. The maps on this page highlight a few of these areas in Leicester; namely social deprivation, general
health and crime rates.

Number and type of crimes
The UK Police data for crimes recorded between January
and October 2015, shows a higher number of crimes in the
centre of Leicester, with theft and anti-social behaviour
predominating.

Social deprivation
The Index of Multiple Deprivation (2015) shows relative
deprivation for Lower Super Output Areas in England. It
uses 7 indicators of deprivation, including income,
employment, health, crime and the natural environment,

1. Urban Green Infrastructure POST Note, Houses of Parliament, 2013. 2. Air pollution removal by urban trees and shrubs in the United States, Nowak et al. 2006. 3. The urban forest in Beijing and its role in air pollution reduction, Yang et al. 2004

General health
The 2011 Census collected selfassessment data on general health.
This map shows the distribution of
the population that described their
health as ‘bad’ or ‘very bad’.

STRATEGIC TARGETING

It is well-documented that areas of social deprivation are often linked to poorer health, reduced air quality,
increased crime rates and lower access to natural spaces. It has been found that investment in green
infrastructure in economically deprived areas has a greater positive impact on health and wellbeing than in
affluent areas1. Many types of natural interventions provide benefits that address some of these issues. For
example, street trees can improve air quality by trapping pollution such as PM10, ozone and nitrogen
dioxide2,3. It is important to assess which parts of the city are suffering from socioeconomic problems and
to investigate whether natural infrastructure could contribute to resolving them. These factors should be
kept in mind throughout the strategic targeting process. A number of other priority areas and drivers are
identified and explored on the following pages.

BENEFITS ASSESSMENT
A simple, but consistent and robust framework has been developed for the
assessment of natural capital- and ecosystem services-derived benefits in
urban landscapes. (as summarised on page 11) The multi-indicator graphics
produced have been referred to as Ecosystem Service Benefits ‘Wheels’.
The analysis method developed uses a series of 12 ecosystem service benefit-indicators,
which can be variously used to: 1) characterise the benefits derived from existing natural
capital; 2) establish a baseline of benefits experienced by people living in specific
communities (facilitating a strategic assessment of need for enhancement or deficiency of
provision), and 3) to predict the magnitude and diversity of benefits generated through the
delivery of a targeted urban environmental management intervention programme.
The map opposite shows the benefits wheels for Leicester. Each indicator was assessed
for the study area and the value for each Ward or Middle Super Output Area was
calculated. The wheels enable the viewer to quickly and easily gain an insight into where
there are communities that are suffering from a lack of benefits from natural
infrastructure.

STRATEGIC TARGETING

For more comprehensive details about how the indicators were calculated, see the ‘LAT
Mapping Methodology’ and the ‘LAT Report’, available at the project website
(http://urbanwater-eco.services/).

Vicoria Park, Leicester
by harrypope - CC BY-NC-ND 2.0

Index of Spatial Units (Wards and Middle Super Output Areas)
1

Thurnby and Houghton Ward

17

South Wigston Ward

33

Hamilton

49

Braunstone East

2

Forest Ward

18

Wigston All Saints Ward

34

Latimer South

50

Rowley Fields

3

Muxloe Ward

19

Wigston Fields Ward

35

Northfields

51

Clarendon Park

4

Enderby and St. John's Ward

20

Wigston St. Wolstan's Ward

36

New Parks East

52

Aylestone Park

5

Ellis Ward

21

Oadby Brocks Hill Ward

37

Humberstone

53

South Knighton

6

Saxondale Ward

22

Oadby Uplands Ward

38

Newfoundpool

54

Aylestone

7

Winstanley Ward

23

Oadby Woodlands Ward

39

Charnwood

55

Saffron

8

Ravenhurst and Fosse Ward

24

Oadby Grange Ward

40

St Matthews and St Peters

56

Eyres Monsell

9

Fairestone Ward

25

Castle Hill

41

Crown Hills

57

Netherhall and Thurnby Lodge

10

Millfield Ward

26

Rushey Mead

42

Western Park

58

West Knighton

11

Birstall Wanlip Ward

27

Mowmacre and Stocking Farm

43

St Saviours

59

New Parks West

12

Birstall Watermead Ward

28

Beaumont Leys

44

Spinney Hill

60

City Centre South & Southfields

13

Thurmaston Ward

29

Rushey Fields

45

West End

61

City Centre North

14

Anstey Ward

30

Belgrave

46

Evington

15

Wigston Meadowcourt Ward

31

Latimer North

47

Braunstone West

16

Oadby St. Peter's Ward

32

Abbey

48

Stoneygate

25

Benefits Wheel Key:
Surface water flooding
Risk of surface water flooding varies considerably
across the study area, with areas such as
Northfields and Latimer South having relatively
severe problems, and areas such as Oadby Uplands
Ward and Eyres Monsell being at a lower risk.

Low environmental benefits
Areas in the centre of the city have the
lowest environmental scores, with reduced
habitat area, higher temperatures and
poorer water quality.

Multiple benefits
Areas on the outskirts of the study area tend
to receive the most benefits from natural
infrastructure, for all categories. This includes
higher property values, better air quality,
abundant habitats and reduced flood risk.

Multiple issues

Access to natural space

Low cultural resources

The accessibility of parks and other natural spaces
varies greatly across the study area. Some urban
communities are within a 10 minute walk from
multiple natural areas, while others have none.
Rural access is generally higher, though there are
still some issues with lack of pathways.

Some communities (e.g. Forest Ward and
Fairstone Ward) have relatively low access
to natural cultural resources, such as
allotments and outdoor sports clubs.

The twelve indicators are described in more
detail on the following pages..

STRATEGIC TARGETING

Areas in the centre of Leicester receive
relatively few benefits for multiple categories.
This includes lower property values, poor air
quality, fewer habitats, and higher flood damage
risks and costs.

ACCESS TO NATURAL SPACE
Many studies have shown that spending time in natural green spaces can significantly improve mental and physical health. These
spaces not only provide the opportunity to do fitness or recreate but they also provide non-physical benefits, such as emotional or
spiritual benefits.The importance of accessible open spaces to people living in urban environments is reflected in UK Government’s
2012 National Planning Policy Framework in which they set out their high level policy objectives for the provision of open space.
The indicator for access to natural space was assessed by calculating the percentage of people in each spatial unit that live
within 600m (~10 mins) walk of an accessible natural space and ranking them to indicate the highest to lowest
need/opportunity for increased provision.

STRATEGIC TARGETING

Access to Natural Space
This map shows the natural spaces included in
the analysis; accessible green spaces greater
than 1ha, accessible water environments, and
rural footpaths and minor roads.
Access routes to natural spaces, restricted to 600m distance
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AIR QUALITY (PM10)
The regulation of air quality is an important ecosystem service with significant social benefits in urban areas. Air pollution can
reduce mortality and life expectancy (COMEAP, 2009; Defra, 2008). It could cause concomitant health costs in the UK of up to
£15 billion a year (DEFRA, 2008). In addition, it is also thought to have a negative impact on the natural environment and to
reduce biodiversity (CEH RoTAP Report, 2009).

Air Quality Management Areas
These are areas that have been identified
by Local Authorities as being unlikely to
meet the national objectives for air quality.

Modelled air quality baseline
The estimated background air pollution maps
available from Defra UK-AIR enable concentrations
of PM10 across the city to be mapped.

STRATEGIC TARGETING

The indicator for air quality was assessed by calculating the average concentration of PM10 (using modelled mean background
concentration levels for 2016) in each spatial unit and ranking them to indicate the highest to lowest need/opportunity for improvement.

FLOOD RISK (RIVERS & SEA)
Flood risk management is extremely important as flooding can not only cause a huge amount of physical damage and disruption
to an area, but it can also have a profound effect on the psychological health and emotional wellbeing of the people who live
there.
The indicator for the social impacts of flood risk from rivers and sea was assessed by calculating the number of residential
properties located in areas with a greater than 1 in 100 year risk of fluvial and coastal flooding (rivers and sea) in each spatial
unit and ranking them to indicate the highest to lowest need/opportunity for improvement.

STRATEGIC TARGETING

Properties at risk of fluvial
or coastal flooding
This map shows the distribution of
properties at flood risk from rivers
and sea, across the study area.

Flood risk from rivers & sea
The Environment Agency Risk of Flooding from Rivers
and Sea dataset uses local water level and flood defence
data to model flood risk, for different flood likelihoods.
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FLOOD RISK (SURFACE)
Surface water (SW - pluvial) flooding happens when rainwater does not drain via the normal drainage systems or soak into the
ground, but lies on or flows over the ground instead. SW flooding can cause serious problems, particularly as it can often be
contaminated with untreated waste water.

Properties at risk of
surface water flooding
This map shows the distribution
of residential properties at flood
risk from surface water, across
the study area.

Flood risk from surface water
The Environment Agency’s Updated Flood Map for
Surface Water uses national scale modelling combined
with locally produced data where available.

STRATEGIC TARGETING

The indicator for the social impacts of flood risk from pluvial sources (surface water flooding) was assessed by calculating the number of
residential properties located in areas with a greater than 1 in 100 year risk of surface water flooding in each spatial unit and ranking
them to indicate the highest to lowest need/opportunity for improvement.

AESTHETIC VALUE
Cultural services are the non-material benefits people obtain from ecosystems through spiritual enrichment, cognitive
development, reflection, recreation, and aesthetic experience (Millennium Ecosystem Assessment 2005). A number of studies
have now used the distribution of photos taken and uploaded to the internet as an indicator of high quality and culturally
important natural resources.
The indicator for the aesthetic value of the landscape was assessed by calculating the number of Flickr-posted photos per
spatial unit, which had been tagged with keywords relating to ecosystems and nature, and ranking them to indicate the highest
to lowest need/opportunity for improvement.

STRATEGIC TARGETING

Tags: woodland, woods, river, soar,
wetland, water, park, grass, flowers,
tree, leaf, nature, wildlife, beautiful,
landscape, summer, autumn, winter,
bird

Density of ‘nature’-tagged photos
The map shows the distribution of nature photos
across the study area, highlighting a number of
parks and other natural spaces.
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Victoria Park is a 28 ha park to the south east of Leicester
Image by Craig Boney - CC BY-NC-ND 2.0

CULTURAL ACTIVITIES
Green infrastructure and open spaces can be used for a variety of cultural activities, presenting opportunities for increased
learning, a sense of place, increased environmental awareness and commitment, as well as social cohesion, neighbourhood
participation and tolerance.

Heritage Sites
Sites with high heritage value are
protected and managed by Heritage
England and are of high cultural value.

Density of cultural resources/facilities
Features such as allotments and outdoor sports clubs
were mapped in order to understand the distribution
and availability of natural cultural resources.

STRATEGIC TARGETING

The indicator for natural resources for cultural activities was assessed by determining the number of cultural activity groups or facilities
related to nature per 1000 people in each spatial unit and ranking them to indicate the highest to lowest need/opportunity for
improvement.

WATER QUALITY
The transfer of fresh water onto and then across the land is one of the fundamental processes that sustain life on Earth. All of
us depend on the fresh clean water in our rivers and streams every day – we drink it, we recreate on and in it and it sustains
other life on which we depend for food and enjoyment.
The indicator for water quality was assessed by determining the number of urban Reasons for Not Achieving Good Status
(from the Environment Agency’s River Basin Management Plan data) in each spatial unit and ranking them to indicate the
highest to lowest need/opportunity for improvement. Where a spatial unit was intersected by multiple waterbodies the value
was averaged across it by area.

STRATEGIC TARGETING

Pollution Incidents
The recorded pollution incidents
(esp. 3 and 4) for an area can be a
good indicator of the water quality
problems derived form CSOs and
misconnections

Number of urban RNAGs
affecting Water Quality
The causes of waterbody failures (Reasons for Not Achieving
Good Status – RNAGs), when they are known, are recorded by
the Environment Agency in the WFD RNAGs Database using a
defined set of reasons for failure, along with the pressure(s)
driving that failure.
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LOW FLOWS
Rivers require sufficient flow to remain in good ecological condition. Water quantity in a river also has a direct bearing on the
volumes and concentrations that can be discharged from point sources of pollution. Sufficient flows are also required to
ensure that effluent is diluted appropriately downstream, which is an important consideration for drinking water supplies

Abstractions: type & volume
Abstraction license data is available
through the CaBA data package, showing
the type of abstractions as well as the
maximum annual and daily abstraction
quantities for each license.

Risk of low flow/water availability
The Environment Agency is responsible for managing
water resources in England and they use the catchment
abstraction management strategy (CAMS) process and
abstraction licensing strategies to do this.

STRATEGIC TARGETING

The indicator for low flows was assessed by determining the water reliability predicted for each waterbody in the EA’s Catchment
Abstraction Management Strategy (CAMS) and averaging this out across each spatial unit and ranking them to indicate the highest
to lowest need/opportunity for improvement. N.b. This indicator was not a relative score within the urban area, but a reporting of the
environmental performance against the national benchmark.

HABITATS FOR WILDLIFE
The species and biodiversity that occur in a catchment landscape are supported by the network of natural habitats and
greenspaces that currently exist in the catchment landscape. Ecological theory suggests that the habitat patches must be of a
particular extent and have sufficient connectivity between them in order for the landscape to have a functional ecological
network and for the assemblage of species to be supported at the correct level.
The indicator for habitat provision was assessed by determining the area of priority natural habitats in each spatial unit and
ranking them to indicate the highest to lowest need/opportunity for improvement.

STRATEGIC TARGETING

Designated sites for nature
conservation
There are numerous different types of
wildlife designations, with differing
levels of protection. The map below
shows some of the key sites for wildlife
in the study area, including EU, national
and local designations.

Priority habitats
The priority habitat inventory dataset provided by
Natural England (NE) shows the distribution of habitats
of principal importance, identified in the Natural
Environment and Rural Communities Act (2006)
Section 41. It replaces NE’s previous separate BAP
habitat inventories.
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LOCAL CLIMATE REGULATION
Health and wellbeing can be severely impacted by the urban heat island effect, which is a result of the large areas of heat
absorbing surfaces in combination with higher amounts of energy use in city areas1.Vegetation and urban trees reduce
urban temperatures through shading and the consumption of heat energy through evapotranspiration. Additionally, in
winter trees reduce heating costs by disrupting wind speeds2.

Landcover comparison
This map shows the principle landcover
types across the study area, for
comparison with the temperature data.
Many natural features, particularly the
rivers, closely correspond with cooler
temperatures.

Temperature variation: thermal imaging
Thermal imagery data acquired from Landsat 8 shows
temperature variation across the study area, during
the summer months.

1. Ecosystem services in urban areas, Bolund & Hunhammar, 1999. 2. Quantifying urban forest structure, function, and value: The Chicago Urban Forest Climate Project, McPherson et al., 1997

STRATEGIC TARGETING

The indicator for local climate regulation was assessed by determining the average temperature (using Landsat 8 thermal imagery)
in each spatial unit and ranking them to indicate the highest to lowest need/opportunity for improvement.

FLOOD DAMAGE COST
In addition to the social impacts resulting from people living at risk of flooding and being flooded, there are also economic impacts
of flooding – the actual cost of the damage done and the impacts on the local economy of infrastructure damage and disruption to
services.
The indicator for the cost of surface water flood damages was assessed by calculating the total estimated cost of flood damages in a
year in each spatial unit and ranking them to indicate the highest to lowest need/opportunity for improvement. The indicator was
generated using the Environment Agency’s (EA) National Flood Risk assessment (NaFRA).

STRATEGIC TARGETING

Commercial properties at risk of
surface water flooding
This map shows the distribution of
commercial properties at flood risk from
surface water, across the study area.

Surface water flood damage
A simplified application of the NaFRA Damage Calculation Methodology (EA, 2013) was used to estimate annual flood damage
costs. The number of residential properties and the area of commercial properties in different flood risk zones were
identified for each ward and estimated annual damage costs were calculated using the values given in the NaFRA report. Area
and grade of agricultural land was also taken into account. For more information on the process taken, see the ‘LAT Mapping
Methodology’ and the ‘LAT Report’, available at the project website (http://urbanwater-eco.services/).
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PROPERTY VALUE
It has been shown that a high-quality public environment that is pleasant and well-maintained increases footfall in retail
areas and offers very clear benefits to the local economy in terms of stimulating increased house prices, since house-buyers
are willing to pay to be near green space. In fact, there are a number of factors, both environmental and socioeconomic,
that have a positive and/or negative impact on the quality of life (or ‘liveability’) of the urban landscape and several studies
have now used the value of property as an indicator of this landscape quality or value.

Average sale price of a 2-bed house
This dataset was obtained using the Nestoria API
and shows the average sale price of a 2-bed house
in December 2015, for postal districts.

New Walk is a tree-lined promenade in Leicester, built in 1785
Image by Ian Wright – CC BY-NC 2.0

STRATEGIC TARGETING

The indicator for property value was assessed by calculating the average price paid for a 2-bed house in December 2015 in each SOA
or ward and ranking them to indicate the highest to lowest need/opportunity for improvement.

INTERVENTIONS
TOOLBOX
The toolbox consists of a number of tools or
“interventions”, each with different
characteristics, that can be taken in the urban
environment to improve the provision of
ecosystem services.

INTERVENTIONS TOOLBOX

It gives an overview of the multiple benefits of different
urban interventions by identifying 12 different benefit
indicators that correspond to the strategic assessment
of benefit provision. The benefits wheel shows the
relative contribution a specific intervention can make to
each of the 12 benefit indicators. Similar to the
strategic assessment, each of the different benefit
indicators is ranked on a scale from 1 to 5. This
indicates the impact that the intervention can have on
the magnitude of a benefit indicator, compared to other
interventions.
Most of the interventions work as actual “interventions”
(for example, swales) – i.e., they are meant to be
designed and developed specifically for an area to
address certain issues, be it as new build or retrofit.
However, “existing assets” that have previously been
discussed (page 16 onwards) should also be seen within
this context.
The two categories are of course not completely
exclusive – there may be existing “interventions” in the
landscape that need protection or improvement, or
there may be opportunities to develop new “assets”.
For more comprehensive details see the ‘LAT Report’
and the comprehensive factsheets, available at the
project website (http://urbanwatereco.services/toolbox).

Retention Ponds
In this example, the retention ponds take up water from the surrounding impermeable area. The runoff is
filtered through the vegetation surrounding the ponds and is stored and treated in the ponds before it is
discharged. Additionally, the ponds provide a recreational area and place to de-stress, and help keeping
the area cool on hotter days.

Street Trees
Trees are beautiful additions to the surrounding landscape and help to give the place its identity. They
harbour wildlife and can protect the neighbouring houses from the noisy road and its pollution. The tree
pits soak up water from the roads and reduce surface water runoff that reaches drains, rivers or pools.

Amenity Areas
Lawns in public areas soften noises and provide permeable surfaces where
water can infiltrate. Cumulatively, they can reduce surface water runoff
remarkably, as long as they do not suffer from water logging.

The Bigger Picture

Urban Rivers and Streams
Urban watercourses provide significant features shaping the landscape and identity of an area. Their
restoration can also lead to significant improvements in water quality, biodiversity and flood control, aside
from providing spaces for exercise and exchange.

While this toolbox introduces singular interventions and their benefits, it is important to understand the role they play in the wider
landscape rather than on their individual scale. Each intervention, structure, asset or whatever you like to call it performs its function
within a broader network of other natural assets. Together, they build a network of Green Infrastructure. The benefits of this network are
larger than the sum of its parts: In ecological terms, for example, this network is important to establish and maintain habitat connectivity.
Various different parts perform different functions in the surface water treatment train that ensures that water is dealt with
comprehensively. To ensure the benefits humans derive from natural assets and green infrastructure, the quality of greenspace and its
accessibility needs to be taken into account.
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INTERVENTIONS TOOLBOX

Allotments
Here, the allotments intercept road runoff before it reaches the river
and can infiltrate it. This reduces the risk of surface water flooding and
can help to improve water quality. They provide green views and
opportunities to exercise and grow healthy food in a dense urban
environment.

DETENTION BASINS
Detention ponds or basins are dry depressions in the
ground that can be vegetated or grey. While usually
designed to provide only short term storage of water,
their pollutant removal efficiency is higher when
they are designed to hold water for longer (they are
then called extended detention basins). They allow
sediment to settle and biological processes to take
place that destroy nutrients and other pollutants.

INTERVENTIONS TOOLBOX

Detention basins act mainly as storage areas and can provide
treatment of water from a larger catchment area. Surface
water can be stored as part of a routine runoff path (‘on-line
component’) or they can act to capture overflow when the
usual train of treatment is insufficient (‘off-line’), before it is
discharged into the sewer system or further treatment. The
intended function influences the design, with on-line
components usually being vegetated to provide infiltration
and pollutant treatment capacities. To maintain their function,
pre-treatment – for example sediment forebays – is
necessary. They can be combined with swales, and including
small ponds or wetlands can increase treatment
performance. In addition, they can provide valuable
recreational areas.

Good design increases property value in
close vicinity to Detention Basins.
Through their impact on reducing and
removing surface water runoff,
Detention Basins can reduce severity of
surface water floods.

Detention basins can be used as multifunctional
areas and so provide opportunities for recreation
and sport.
Potentially, pollutants can be adsorbed by
vegetation and soil.

As vegetated or even wet areas, Detention
Basins can mitigate the Urban Heat Island
effect. They also have the potential to store
carbon in their soil and vegetation. This does
not apply to grey detention basins.

Detention Basins may influence fluvial floods
downstream by reducing the amount of water
discharged into rivers.

Detention Basins have a high impact on peak
flows and can reduce volume of runoff (2090%), but are most effective for small storms.

While they have not the highest potential
to provide habitats for wildlife,
management for biodiversity can increase
this, for example through planting native
shrubs.

Depending on design the aesthetic value can be
significant. In highly urbanised areas where
grey design is required, this can be enhanced
to look appealing and provide multifunctional
space.

Detention Basins can provide groundwater
recharge if infiltration is possible.
Especially sediment can be removed
effectively, but also metals and insoluble
pollutants.

WATER QUALITY
Sediment removal needs to be taken care of if
accumulation of metals happens at the bottom of
the basin. Otherwise, the soil can become
contaminated and high pollution can occur in the
outflow of the basin.

CLIMATE REGULATION
Depending on the design, NH4 and CH4 can be
emitted, more so when storage times are longer.
This should be considered when designing the
basin and outlet.

When they are dry, Detention Basins can provide
space for cultural, recreational and educational
activities.

AESTHETICS
Lack of maintenance can lead to swampy areas at
the outlet of the basin which can be perceived as
dangerous or simply ugly, and can also have an
impact on the multi-functionality of the space.

DETENTION BASINS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, detention
basins should be seen within the wider landscape.
While they are able to store runoff, it is important to understand that their ability to reduce runoff
and infiltrate it is limited. If they are placed in natural runoff paths, they can reduce the risk of fluvial
flooding by preventing water from entering the stream immediately.

Lamb Drove, Cambridgeshire
Lamb Drove is a residential development of 35 homes on a one
hectare site. A range of SuDS components were used, including
permeable pavements, green roofs, swales and detention basins. When
the capacity of source control components (e.g. water butts) are
exceeded, water flows through swales and detention basins into a
retention pond before being released into a drainage ditch. The overall
savings are estimated at £11,000. www.goo.gl/teySj4

Detention basins provide control of runoff from a large catchment area, but their storage capacity is
limited by their design. Combining them with other interventions like swales can reduce sediment
loads before runoff enters the basin and so reduce maintenance requirements. Water can further be
lead into retention ponds or wetlands to undergo additional treatment or to be stored over a
longer period, or be discharged slowly into sewers or other receiving systems.

SuDS in Scotland
This report provides information on the performance of SuDS in terms
of water quality, hydrology and amenity and the factors affectig
performance. It investigates mainly source and site control systems.
Part B summarises results from specific sites, which include ponds,
swales, detention basins, porous paving and filter drains. Results
suggest that all systems investigated are producing the hydrological and
water quality benefits desired, however social and cultural benefits
sometimes have the potential to be improved www.goo.gl/Iyzkzy

Aztec Business Park, Bristol
The site has a series of ponds arranged in series, two retention ponds
with permanent water and then a detention pond which remains dry
most of the time. The large amenity ponds were fed from road and car
park drainage. Instead of costly oil separators to pre-treat runoff, large
ornamental fountains were installed to aerate the water and promote
breakdown of hydrocarbons. www.goo.gl/4LTuC1

COSTS &
MAINTENANCE

FEASIBILITY

Installation costs of 15-55£/m3 can be expected but are
dependent on site and context, with a lifetime of up to 50
years. Regular maintenance, such as clearing inlets and
outlets, is necessary but can often be factored into general
landscaping. 0.3£/m2 to be expected.
Residential, Commercial, Retrofit.
Multiple uses are possible and it can therefore be
incorporated in existing amenity space and used for
recreation.

INTERVENTIONS TOOLBOX

CASE STUDIES

RETENTION PONDS
Retention ponds are a type of green/blue
infrastructure that feature a permanently wet area
of water (i.e. ponds), designed to store water and
provide attenuation and treatment, supporting
aquatic and emergent vegetation. They empty into a
receiving water body.

INTERVENTIONS TOOLBOX

Retention ponds work similar to wetlands but can store
more water. Phytoplankton in the water body absorbs
soluble pollutants, and sedimentation removes solids from
the water column. Ponds provide infiltration and storage, and
are most effectively used lower in the ‘catchment’, after
water reaching the pond has already gone through pretreatment. They can, however, provide primary, secondary
and tertiary treatment. The retention time of permanent
water is linked to the effectiveness of pollutant treatment,
and the volume of the storage area to its capacity for holding
floods.
The intended catchment area should therefore be taken into
account when calculating the storage volume of a pond.
Their appearance is very variable and should be adapted to
the context.

Can add significant property value to
development and increase business and
tourism. 150% increase in property value
in residential area where view of the
water is available.
Through their impact on reducing and
removing surface water runoff,
retention basins can reduce severity of
surface water floods.

Water bodies encourage low intensity activities and
the areas around ponds can be designed to offer
space for recreational activities.
Plants in the area surrounding the pond as
well as the soil are likely to take up a
certain amount of pollutants.

Water bodies can balance temperatures and
mitigate the UHI effect. Vegetation can take
up CO2 that can consequently be buried, but
Methane and other GHG can also be released.

By storing water and attenuating peak flow,
retention ponds can positively influence the
risk of flooding downstream.

Provide peak discharge control for small and
medium storms (10 yr return period) or even
large storms if carefully designed.
Performance depends on storage volume
permitted.

Ponds can harbour wildlife and aquatic
vegetation and also function as habitat
corridors and stepping stones for wildlife.
They perform an ecologically highly
important function, especially in the urban
environment.

Ponds can potentially release water during
dry periods, and the possibility to re-use
water can reduce pressure on mains water.
Avg sediment removal efficiency of 90%, N
30%, P 50%, metals 50-80%. Depends on
the retention time provided by the pond

Depending on design the aesthetic value can be
significant. In highly urbanised areas where
grey design is required, this can be enhanced
to look appealing and provide multifunctional
space.
When they are dry, Detention Basins can provide
space for cultural, recreational and educational
activities.

WATER QUALITY

CLIMATE REGULATION

RECREATION vs HABITAT

HEALTH/WELLBEING

Eutrophication in summer. Avoid by providing
constant baseflow, prevent runoff of water
directly from fertilised areas around pond (e.g.
lawns). It is important to provide an initial stage of
water treatment (e.g. traps, filter strips, sediment
forebays) before runoff is discharged into ponds.

Depending on the design, NH4 and CH4 can be
emitted, more so when storage times are longer.
This should be considered when designing the
pond and outlet.

If all surrounding area managed intensively, the
ecological potential of the intervention sinks. But,
if vegetation is not managed at all, the area may
have low potential for recreational activities.

Bodies of standing and running water (excluding
marshes/swamps) have been shown to provide
more mental health and aesthetic benefits than
built urban environment without water and even
in greenspaces, those featuring water are ranked
as being more interesting and restorative.

RETENTION PONDS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, retention
ponds should be seen within the wider landscape.

CASE STUDIES
Ardler Village, Dundee
Ardler was originally a local housing estate in an area suffering
economic decline. Dundee City Council were funded to regenerate the
area. SuDS were used in the regeneration, including two retention
ponds and swales, alongside copses of mature trees, sports facilities
and “pocket parks” within each neighbourhood. 45% of Ardler is now
greenspace and 75% of residents say that being able to see wildlife is an
important feature. www.goo.gl/TFjaKb

Ponds are a part of the comprehensive water treatment that Green Infrastructure can provide, as
they retain water and clean it through natural processes. This means they need to receive runoff,
either through swales or directly from surface runoff, but either way it is important that this water
undergoes pre-treatment. This can be ensured by incorporating filter strips or forebays before
ponds, and together they can provide a green landscaping element that offers accessible greenspace.
As they are part of the last stages of treatment, they should be at the end of runoff-pathways so that
there is enough opportunity to let the runoff undergo prior stages of treatment. Additionally, swales
can provide connections to other green or blue spaces and so provide better habitat connectivity.

This report provides information on the performance of SuDS in terms
of water quality, hydrology and amenity and the factors affectig
performance. It investigates mainly source and site control systems.
Part B summarises results from specific sites, which include ponds,
swales, detention basins, porous paving and filter drains. Results
suggest that all systems investigated are producing the hydrological and
water quality benefits desired, however social and cultural benefits
sometimes have the potential to be improved www.goo.gl/Iyzkzy

Aztec Business Park, Bristol
The site has a series of ponds arranged in series, two retention ponds
with permanent water and then a detention pond which remains dry
most of the time. The large amenity ponds were fed from road and car
park drainage. Instead of costly oil separators to pre-treat runoff, large
ornamental fountains were installed to aerate the water and promote
breakdown of hydrocarbons. www.goo.gl/4LTuC1

WATER REUSE
Depending on the water quality, water from
ponds can be reused for watering greenspaces or
other non-potable uses.

COSTS &
MAINTENANCE

FEASIBILITY

£15-25/m3 treated water (low-medium). Depends on site
context – sometimes existing natural depressions can be
used. Typically high land take (>5ha), but can be designed to
be smaller. Long design life (20-50 years).

Residential, Commercial, Retrofit.
Multiple uses are possible and it can therefore be
incorporated in existing amenity space and used for
recreation.

INTERVENTIONS TOOLBOX

SuDS in Scotland

WETLANDS
An urban constructed wetland is a type of blue
infrastructure (i.e. consisting of a permanent body of
water) that can provide a range of ecosystem
services. Wetlands consist of different zones that are
either permanently wet, permanently dry or
periodically wet.

INTERVENTIONS TOOLBOX

The periodically wet zone provides room for storing surplus
water in high rainfall events. Release of water can be
controlled through structures at the outlet of the wetland. In
permanently wet zones, vegetation acts as a filter slowing
and stabilising suspended solids and adsorbing pollutants.
Pollutants are also destroyed by microbial processes or UV
radiation. Wetlands are best suitable as the last stage of the
treatment process (secondary and tertiary treatment). They
provide infiltration (but only above non-vulnerable
groundwater) to an extent and storage.
To function, a wetland needs a continuous water flow.
Artificial as well as natural wetlands store water and provide
habitat for different species. Wetlands can be designed to suit
various sites and functions, however they generally need a
comparatively big area of land to function and keep costs
low.

Can add significant property value to
development and increase business and
tourism. 150% increase in property value
in residential area where view of the
water is available.
Taking up water from their own area and
surrounding areas can help reduce the
risk of flooding and the extent of
flooding on a larger scale.

Wetlands can provide highly valuable recreational
areas (one study showed their value to be up to
~63,400£/ha/a) that encourage physical activity
and have positive health impacts.

Potential to reduce air pollution
significantly, but few studies on
constructed wetlands.

Wetlands provide high carbon storage
potential (up to 2.4kg/m2/year net) and
regulation of air temperature and have
significant positive effect on the UHI effect.

Can provide flood prevention if positioned
upstream/in floodplain areas. Few studies on
constructed wetlands.

Wetlands allow a reduction of volume and peak
flow potential >80%, but delays in flows are
more common than volume reduction.
Sufficient storage area needs to be provided.

Depending on the design and management,,
wetlands can offer significant habitats and
stepping stones for birds and other
animals.

Potentially very high if open water is visible.
Water bodies have been shown to provide sense
of place, restorative environments and so
many cultural benefits.

Wetlands can increase water flow during
dry seasons but may also decrease it.

Wetlands are effective at reducing a
number of pollutants, especially sediment
and nutrients, but also metals and
hydrocarbons.

Potential very high, can be used for angling,
birdwatching etc, but depends on design.

WATER QUALITY/ HABITAT

CLIMATE REGULATION

AESTHETIC/AMENITY

HEALTH/WELLBEING

Danger of pollutants being washed out of
wetland, higher water temperatures in water
body can have impact on aquatic species
downstream. If insufficient pre-treatment is
provided, pollution of sediments might occur and
wildlife might be negatively impacted.

Depending on the design, NH4 and CH4 can be
emitted, more so when storage times are longer.
This should be considered when designing the
pond and outlet.

Maintenance needs to be carried out to prevent
the wetland from developing odours and
accumulating litter and so becoming an eyesore
and unwelcoming place. If not designed correctly,
it can be perceived as a hazard mainly for
children.

Bodies of water (excluding marshes/swamps) have
been shown to provide more mental health and
aesthetic benefits than built urban environment
without water. Even in greenspaces, those
featuring water are ranked as being more
interesting and restorative.

WETLANDS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, wetlands
should be seen within the wider landscape.
While they are able to store and treat runoff, it is important to understand that their ability to
reduce pollution is limited by the retention time and the pollutant load. They should always be
preceded by other treatment interventions or sediment forebays to ensure aesthetic and hydrologic
benefits, and also to keep costs low.

CASE STUDIES
Glenbrook Wetlands, London

Especially where large quantities of pollution runoff are expected, filter strips or sediment forebays
should be incorporated. Wetlands can take up water from other interventions, either as part of the
standard runoff path or to deal with flows exceeding the design of other interventions.

Thames 21 created wetlands as part of a SuDS scheme to improve the
health of a local river system (Salmon Brook). The wetlands remove
nutrients and coliforms and provide amenity value, flood protection
and a habitat for wildlife at the same time.
www.goo.gl/RvZacK

In this new development, a Health Centre was build using SuDS
treatment to manage surface water. The landscape design involved the
creation of areas of new, chiefly native, planting and grassland as well as
a series of wetlands acting as part of the storm-water management
system on the site. Employees and patients of the Health Centre are
able to enjoy the landscape, including the swales that are located in the
staff gardens. www.goo.gl/JXoXgb

Lamb Drove, Cambridgeshire
Lamb Drove is a residential development of 35 homes on a one
hectare site. A range of SuDS components were used, including
permeable pavements, green roofs, swales and detention basins. When
the capacity of source control components (e.g. water butts) are
exceeded, water flows through swales and detention basins into a
retention pond before being released into a drainage ditch. The overall
savings are estimated at £11,000. www.goo.gl/teySj4

WATER REUSE
Water stored in wetlands can potentially be reused for other purposes, e.g. irrigation. This may
save energy and water costs.

EDUCATION
Wetlands can provide highly biodiverse, unique
habitats and if designed and maintained correctly
can be used to educate children and adults about
various nature-related topics. The spaces can also
be used as outdoor classrooms.

COSTS &
MAINTENANCE

Instalment costs are likely to be 20-35£/m3 or £15,000160,000 per wetland. The exact costs depend on design, with
high land take and planning costs. Maintenance amounts to
£0.1/m2 per year, and mainly consists of removal of litter
and potentially sediment. They are likely to decline after the
first few years.

FEASIBILITY

Residential, Industrial (Retrofit – if site conditions make it
possible or pocket wetland) Sufficient base flow needs to be
provided, low infiltration rates of soil. They are best used to
take runoff from multiple areas after it has undergone
primary/secondary treatment.

INTERVENTIONS TOOLBOX

The Surgery, Kington, Herefordshire

INTENSIVE GREEN ROOFS
Intensive green roofs are a type of green roof with
deeper substrate and shrubby vegetation or even
trees. They are usually accessible and can often take
the shape of a garden, which also means they require
more maintenance than extensive roofs.

INTERVENTIONS TOOLBOX

They can also include blue roof elements (e.g. rainwater
irrigation or water storage features). Due to their deeper
substrate, they put higher loads onto roof structures than
extensive green roofs, however this also means that they
have higher capacities to store water. Intensive green roofs
have the same function as any open, permeable surface: they
provide interception and source control, and are therefore
part of the first stages of treatment. They effectively reduce
the impermeable surface of an urban area and act to reduce
runoff.
They are able to provide storage to an extent, but need
further connection to drainage systems.
Green roofs can be combined with rainwater harvest
systems or feature blue spaces – like ponds – that can use
the collected runoff. As they cannot receive runoff from
adjoining areas, their effect is on a limited scale, but
cumulative effects on a wider area should not be
underestimated.

Studies have mentioned increases in
property value through installation of
green roofs but have not quantified
them.

Accessible intensive green roofs can provide stress
relief, space for exercise, and improve mental
health. However, access may be restricted.

By reducing the impermeability of an
urban area, green roofs can help to
reduce severity of floods.

IGR provide high potential for removing
pollutants from the air. Studies in Chicago
have estimated removal of 50% O3, 27%
NO2 and 7% SO2.

The carbon sequestration/storage potential
depends on the vegetation used. Additionally,
IGR regulate air temperature – green
surface areas can reduce temperatures by up
to 3 degrees.

Green roofs are unlikely to contribute to
reducing fluvial flooding apart from reducing
runoff.

Intensive green roofs are considered to have
an attenuation capacity of 90-100%,
capturing 70+% of rainfall volume and
delaying peak flows.

Green roofs can provide important
ecological stepping stones and habitats to
a number of even endangered
invertebrates. Intensive green roofs face
more disturbance through maintenance
and use.

Green roofs can provide the same high
aesthetic benefits as public parks or gardens,
however there is little literature analysing this
benefit.

IGR could even need irrigation and so
increase demand on water resources.

Overall, they have a positive impact on
water quality. Pollution reduction can
exceed 90% for various metals and
phosphorus up to 64%.

Additionally, green roofs can improve wellbeing by reducing
air temperature and improving air quality in urban areas.

IRRIGATION

ENERGY SAVINGS

Irrigation may be needed to maintain the aesthetic
and cooling quality of the roof, but this can have
negative impacts on water demands as well as
potential to store water. Rainwater Harvesting
would be a way of avoiding some of the negative
impacts.

Depending on the design, NH4 and CH4 can be
emitted, more so when storage times are longer.
This should be considered when designing the
pond and outlet.

Where access is given, these places can provide
settings for social bonding, strengthen
communities and potentially allow cultural
activities like gardening and farming.

NOISE REDUCTION
Green roofs have been shown to reduce noise.
One study has shown a reduction of 8dB
compared to a conventional roof.

HEALTH/WELLBEING
Green spaces have positive effects on physical and
mental health that are related to exercise and the
ability to view green/natural areas. Green roofs,
can therefore be a contribution to raising quality
of life especially in highly urbanised areas.

INTENSIVE GREEN ROOFS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, Intensive
Green Roofs should be seen within the wider landscape.
As source control elements, Intensive Green Roofs prevent runoff from being generated and
becoming a problem further along the line. Below, opportunities for green roofs have been
identified on a local scale – where roofs are not too steep and are of a certain size (in order to
make it economical and achieve effects) there is potential to incorporate them to reduce
surface water flows in the area.

CASE STUDIES
Bridgewater Green Roof, Somerset

Intensive & Extensive Green Roof, Canary Wharf,
London
This report quantifies the energy savings from reduced heating/cooling
demand due to the green roof. During the summer months the
temperature remains at a comfortable level, the ventilation system is
now not required to operate. In winter months, heating has become
redundant. Saving in electricity consumption is estimated to be
approximately 25,920 Kw per year. www.goo.gl/3wzgyz

Great Ormond Street Hospital, London
The hospital has taken a creative approach to the use of limited
outdoor space on this very constrained urban site. By accepting the
impossibility of patient usage (because of the location of the space) this
problem has been turned into an advantage: staff have a secluded space
of their own where they can ‘switch off’, away from their patients, in a
relaxing, fun environment. http://goo.gl/lYRnsg

EDUCATION
In highly dense urban environments, accessible
green roofs can provide a safe and convenient
outdoor learning environment that not only gives
access to natural habitats but can also increase
focus and wellbeing of pupils/students.

COSTS &
MAINTENANCE

FEASIBILITY

While instalment costs are high at £100-140/m2, IGR can
increase the lifetime of a roof by up to 3 times compared to
conventional roofs. They also have the benefit of not
requiring additional land. Maintenance depends on the
vegetation and can be similar to that of parks or gardens.
Residential, Industrial, Retrofit possible. Only on flat roofs.
Plants should be carefully selected to minimise irrigation
and fertilisation needs. Intensive green roofs need strong
roof structures due to their higher weight.

INTERVENTIONS TOOLBOX

This report investigates the whole life costs of a living roof (extensive
green roof) in Somerset. It compares costs of an exposed roof, a
sedum roof and a biodiverse roof and finds that the biodiverse roof
achieves the best financial and non-financial results, due to a longer life
time and insulation benefits. It has the greatest benefits for ecology.
Added insulation effects of biodiverse and sedum living roofs will save
approximately 4.9t of CO2 per annum. www.goo.gl/MFK4b6

EXTENSIVE GREEN ROOFS
Green roofs are distinguished into two main
categories: intensive and extensive. Extensive green
roofs usually feature a thin layer of soil medium and
plants like succulents, grasses or other low
maintenance, low growing vegetation. They require
little to no maintenance and are usually not
accessible.

INTERVENTIONS TOOLBOX

By intercepting precipitation and allowing infiltration in the
soil media as well as evaporation and transpiration from
plants, extensive green roofs reduce the impermeable
surface of an area. They are most effective in small to
medium rainfall events with low intensities and longer
durations.
Green roofs have the same function as any open, permeable
surface: they provide interception and source control, and
are therefore part of the first stages of treatment. They may
be able to provide storage to an extent, but will need further
connection to drainage systems.
They can be combined with rainwater harvest systems. They
only receive water from the area of the roof.

Can add significant property value to
development and increase business and tourism.
150% increase in property value in residential
area where view of the water is available.
Through their impact on reducing and
removing surface water runoff,
retention basins can reduce severity of
surface water floods.

Extensive green roofs are usually not accessible
but can provide mental health benefits if they are
visible from other places.

19m2 of EGR can reduce air pollution as
much as a medium sized tree. Sedum
covered green roofs can remove up to 200g
PM/a/m2 from the atmosphere and provide
benefits through the improvement of air
quality.

Green roofs can reduce temperatures (up to
75% reduction in cooling demand shown).
They impact positively on the UHI effect by
lowering the air temperature (vegetated
areas can decrease air temperatures by up to
3 degrees).

No impact other than potential reduction of
runoff into rivers.

About 50% (27-81%) of runoff can be
retained in small to medium rainfall events
by extensive green roofs, depending on soil
thickness and vegetation characteristics

Green roofs can provide important
ecological stepping stones for wildlife and
habitats to a number of even endangered
invertebrates.

EGR can be designed to be aesthetically
pleasing.

EGR are unlikely to have an impact on low
flows.

Overall, they have a positive impact on
water quality. Studies have shown
retention of PO4 of up to 80%, and
retention of heavy metals of 80-99%.

As they are usually not accessible, ext. green roofs
have little potential to provide cultural benefits.

WATER QUALITY

ENERGY SAVINGS

NOISE REDUCTION

HEALTH/WELLBEING

Runoff can include high pollution loads from
green roofs than can either be a symptom of the
“first flush” effect after longer dry periods, due to
the vegetation or – in some cases – fertilization.
Care needs to be taken to avoid this through
informed design.

Depending on temperature, green roofs can
provide substantial energy savings by cooling a
building in summer (up to 75%0 and providing
isolation in winter (up to 10%). Electricity savings
could amount to £5.20/m2/yr (see case study).

Green roofs can impact on acoustic transfer into
and out of a building.

The view of green roofs can provide relaxation
and restoration and so have beneficial effects on
the mental health of those in vicinity.

EXTENSIVE GREEN ROOFS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, Extensive
Green Roofs should be seen within the wider landscape.
There are vast opportunities for incorporating extensive green roofs in an urban area. On the
map on the page previously (intensive green roofs), an overview of rooftops in the Manchester
target area with low slopes and a minimum size threshold, shows where green roofs could
potentially be implemented. However, extensive green roofs could be used in many more
opportunities, as they are fairly cheap and can be installed on steeper slopes too.

CASE STUDIES
Derbyshire Street Pocket Park, London

Green roofs in a dense urban environment, Sweden
Augustenborg, an inner city suburb of Malmö, Sweden, consists of
council offices and apartment blocks separated by courtyards, roads
and parking places. The BMPs range from green-roofs and open
channels to detention ponds and their choice, size and location was
dictated by cost, available land, safety and public expectations. It was
found that the green-roofs are effective at lowering the total runoff
from Augustenborg. www.goo.gl/pcEQS1

Bridgewater Green Roof, Somerset
This report investigates the whole life costs of a living roof (extensive
green roof) in Somerset. It compares costs of an exposed roof, a
sedum roof and a biodiverse roof and finds that the biodiverse roof
achieves the best financial and non-financial results, due to a longer life
time and insulation benefits. It has the greatest benefits for ecology.
Added insulation effects of biodiverse and sedum living roofs will save
approximately 4.9t of CO2 per annum. www.goo.gl/MFK4b6

COSTS &
MAINTENANCE

FEASIBILITY

Instalment costs of £55-130/m2 can be expected, although
retrofit can be higher. They increase the life expectancy of
roofs, potentially offsetting the higher instalment costs.
Maintenance requirements are minimal and maintenance is
usually clearing drains and removing invasive species if
necessary.
Residential, Industrial (Retrofit – if site conditions make it
possible) Flat and sloping roofs are possible. Slopes
however influence drainage and will lead to less water
holding capacity.

INTERVENTIONS TOOLBOX

Derbyshire Street was a dead end road, and due to large trees
surrounding the street was popular for fly-tipping and anti-social
behaviour. The Pocket Park project was started in 2013 to make better
use of this space; it included a cycle route, community outdoor space
and various SuDS techniques such as permeable paving, green roofs,
rain gardens and swale. The SuDS scheme is designed to cope with a 1
in 100 year event. http://goo.gl/JrwJl9

PERMEABLE PAVING
Permeable pavements are made of material that is
itself impermeable to water but the material is laid
so that space is provided where water can infiltrate
into the underlying structure. They reduce peak flows
and effects of pollution.

INTERVENTIONS TOOLBOX

They require no additional land take and are therefore highly
valuable interventions in dense areas, especially because they
are easily accepted by the community around. An aggregate
subbase allows water quality improvements and attenuation
of flows, while a geotextile layer improves pollutant removal
and performance.
Permeable Paving provides source control and infiltration
and can be combined with storage systems. They are the first
stage the water passes through. Where runoff cannot be
completely eliminated, conveyance to a storage area should
be designed.

Permeable Pavements may add value to
properties.

Taking up water from their own area and
surrounding areas can help reduce the
risk of flooding and the extent of
flooding on a larger scale.

Potential to mitigate UHI through
evaporation and storage of water but this
depends on various factors.

Permeable Pavements offer 40% more
effective peak flow reduction than
conventional pavements, other studies have
found runoff reductions of up to 100%,
treating the paved area and to an extent even
runoff from adjacent areas.

Permeable Pavements can potentially
allow groundwater recharge and combined
with rainwater harvesting reduce pressure
on mains water.
Pollutant reductions are very high but can
depend on maintenance. TSS reductions of
>60% (58-94), motor oil, diesel and metals
(20-99) can be (nearly) completely
removed.

MULTIFUNCTIONALITY

There is high potential of combination with RWH
systems that allow using the water for nonpotable uses.

Paved surface enables safe and comfortable use
for vehicles and pedestrians while allowing
infiltration and benefitting vegetation, providing
treatment and flow management.

Permeable paving cannot contribute to
improving air quality.

May potentially provide flood prevention
downstream by reducing runoff into rivers.

Permeable paving has no impact on
habitats..

WATER RE-USE

Can be used in multifunctional areas but does not
provide same benefits as greenspace. Can provide
area for recreational use.

Permeable Paving may allow grass to grow,
creating attractive green area where otherwise
only paving would be present. Depends on type
of pavement used.
Permeable Paving has no direct impacts on cultural
activities.

PERMEABLE PAVING IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, Permeable
Paving should be seen within the wider landscape.
Offering source control and often storage, Permeable Paving intercepts water before it
becomes runoff. It breaks the increasing impermeability of urban areas without sacrificing the
space people value to park their cars etc. On a larger scale, this means that overall runoff could
be decreased significantly by substituting conventional hard surfaces by permeable paving.

CASE STUDIES
Lamb Drove, Cambridgeshire

Permeable Paving Oregon, USA
In 2004, Environmental Services paved three blocks of streets in the
Westmoreland neighbourhood with permeable pavement that allows
water to go through the street surface and into the ground. Different
types of permeable paving were tested in Portland to compare their
performance in reducing runoff. Permeable paving absorbed runoff 27%
quicker than concrete and porous asphalt (60 inches per hour). It also
provides aesthetic benefits. https://goo.gl/uZ4gq2

Hazeley Academy, Milton Keynes
Hazeley Academy is a secondary school designed by Architecture MK,
it included a SuDS scheme when it was built in 2007. Permeable paving
has been the main technique used, although this technique is limited on
slopes. To overcome this, terraces have been built with flow control
chambers within them, runoff enters the permeable paving and flows
through a series of compartments over a period of time. This means
the water undergoes treatment with benefits for wildlife. Additionally,
the water is re-used. http://goo.gl/92pf6a

COSTS &
MAINTENANCE

FEASIBILITY

Instalment costs of £27-40/m2 are likely and depend on
whether pavement is being replaced or newly installed as well
as the type of paving. As costs may be saved from connection
to sewer systems, overall costs can be lower than for
traditional surfacing and drainage. Maintenance is crucial to
ensure function - £0.5-1/m3 water treated arise from the need
to brush/vacuum the pavement.
Industrial and Domestic. Retrofit possible. The type of used
depends on expected traffic load and aesthetic requirements.
Only gentle slopes. Adjacent areas need to be stabilised to
prevent sediment flow into the paved area.

INTERVENTIONS TOOLBOX

Lamb Drove is a residential development of 35 homes on a one
hectare site. A range of SuDS components were used, including
permeable pavements, green roofs, swales and detention basins. When
the capacity of source control components (e.g. water butts) are
exceeded, water flows through swales and detention basins into a
retention pond before being released into a drainage ditch. The overall
savings are estimated at £11,000. www.goo.gl/teySj4

AMENITY LAWNS
Amenity grassland is usually intensively managed,
closely mown grassland found in parks, sports
grounds, village greens or around buildings. Different
ways of managing grassland can result in higher
benefits for wildlife and humans.

It provides a permeable surface and so enables source
control and infiltration. Vegetation can filter and trap
sediments, influencing pollution.

INTERVENTIONS TOOLBOX

Grassed areas intercept runoff and allow infiltration while
also slowing flows down. Impermeability of urban areas is
one of the main factors in exacerbating surface water
flooding. The cumulative effect of vegetated areas in
infiltrating runoff can mitigate this, although it has to be
taken into account that waterlogged soils will effectively be
impermeable. Amenity areas are present along roadsides,
under trees, in public open spaces and as recreation grounds.
Designing amenity areas with surface water in mind can help
maximise the benefits. Slightly depressed areas can provide
attenuation and collect runoff from additional areas (in effect
working similar to detention basins or swales) and keeping
open, vegetated areas alongside rivers provides a space to
safely attenuate floods.

Lawn areas on properties have been
shown to add value to properties, but
only when well maintained. Lawn in public
spaces can also increase rental prices in
a neighbourhood. .
Taking up water from their own area and
surrounding areas can help reduce the
risk of flooding and the extent of
flooding on a larger scale.

Potential for dual use as sports ground or similar.
Amenity lawns should be highly accessible, but
design and maintenance are important factors.

Vegetation and soil can trap air pollutants
and dust.

Surface temperatures of grassed areas are
much lower (up to 25dC) than asphalt.
Additionally, carbon can be sequestered (in
plants and soil), but management activities
are likely to offset the net carbon benefits.

Strategically placed open green spaces can
act as storage for fluvial flooding

Invertebrates can find habitat in highly
managed grassed areas, for other animals
(e.g. birds) it is likely the area would have
to be less managed (e.g. transformed into
rough grassland). Adding structural
diversity can provide significant benefits.

Can be very high when runoff is eliminated, a
reduction of up to 99% of runoff compared to
asphalt is possible, reducing peak flows and flow
volume. This may be compromised by high
footfall on the area and subsequent compaction
as well as soil type.
Greenspace can improve the visual quality of
urban areas. It is very versatile, but a less
interesting feature than other interventions.

Potential for groundwater recharge

Sediment and pollutants can be trapped
and to an extent degraded in the soil.
However, fertilisation and pesticide
application can impact water quality
negatively.

Potentially important part of cultural spaces, e.g.
village greens. Allows cultural activities like
picnicking, playing golf, etc. Depends on size and
accessibility, although even the view of lawns plays
a part in cultural identity and place making.

WATER QUALITY

WATER USE

ANTI-SOCIAL BEHAVIOUR

HEALTH/WELLBEING

Poor maintenance may lead to erosion, litter. This
can lead to a decrease in the visual quality and
also impact the watercourses the area might drain
to, by clogging the soil and increasing pollutant
load.

Dry vegetation can be perceived as ugly or
dangerous. Irrigation can decrease the ability to
infiltrate water, but increase the cooling potential
of the area. But, it means a greater demand on
water use and energy. This could be mitigated by
rainwater harvesting on site.

Poor maintenance and design can encourage antisocial behaviour and so have a negative impact on
the surrounding areas.

Closely mown grasses trigger less allergies. The
proximity of greenspace is beneficial on mental
and physical health, improving social wellbeing and
saving health related costs. Grass areas are main
predictors for restorative effects of a greenspace.

AMENITY LAWNS IN THE LANDSCAPE
On a larger scale, amenity lawns can be a valuable part of a comprehensive water
treatment.
Designing amenity areas with surface water in mind can help maximise the benefits. Slightly
depressed areas can provide attenuation and collect runoff from additional areas (in effect
working similar to detention basins or swales) and keeping open, vegetated areas alongside
rivers provides a space to safely attenuate floods.

More Meadows, Birmingham and Black Country
This report investigates the opportunities for amenity grassland in
parks and open spaces to be managed for biodiversity and wildlife.
Social benefits arise from the use of local volunteers and engaging park
staff, enhancing social cohesion and sense of place. The project
showcases the importance of engagement of the local community and
staff and generating understanding of the project objectives prior to
implementation. http://goo.gl/bkCjls

If the amount of rainfall exceeds the amount that can be taken up by the soil, these areas
become waterlogged and therefore effectively impermeable. Combining amenity areas with
other structures that either improve their soil structure – for example planting trees – or collect
and convey water – like swales, detention basins or retention ponds – is necessary to provide
comprehensive management of runoff.

Effects of trees and amenity grass on runoff, Manchester
This study assessed the impact of vegetation upon urban surface water
runoff by measuring the runoff from 9m2 plots covered by grass,
asphalt, and asphalt with a tree planted in the centre. It was found that,
while grass almost totally eliminated surface runoff, trees and their
associated tree pits, reduced runoff from asphalt by as much as 62%.
(Armson et al. 2013) http://goo.gl/63HhKh

Contracts for Wildlife: Biodiversity in Urban Parks
This report gives guidance on maximising habitat value in urban parks
and open spaces. Case studies from p29 onwards investigate the
importance of integrated planning and engagement and showcase the
multiple opportunities for maximising benefits from open space to
provide habitats and social and cultural benefits to a variety of users.
http://goo.gl/N0ZYtf

NOISE REDUCTION
Soft lawns can decrease noise by 3db, providing
mental and physical health benefits and so
improved wellbeing.

MULTIFUNCTIONALITY
Amenity Lawns can provide highly multifunctional
areas that can easily be enhanced by other
SuDS/GI and do not lead to perceived safety
concerns that may come with water bodies.

COSTS &
MAINTENANCE

FEASIBILITY

Different options of establishing new grass areas have different
costs, but may lie between £0.07-0.6/m2. Maintenance costs
depend on its intensity, and are proportionally higher with
smaller areas. Highly managed amenity lawns can be expected
to costs £0.02-0.22/m2 to maintain.
Suitable in all areas, any size, as long as soil infiltration rates are
sufficiently high. If high footfall is expected or vehicular access
necessary, soil can be structurally strengthened (increasing
cost). Infiltration rates depend on soil type and intensity of use.
High groundwater levels can slow infiltration down.

INTERVENTIONS TOOLBOX

CASE STUDIES

RAINWATER HARVESTING
By collecting water from impermeable surfaces,
rainwater harvesting can reduce the volume of
runoff and peak flows and so have a positive impact
on surface water flooding. It can vary in scale from
single water butts installed on private properties to
underground storage tanks on commercial areas.
Costs and effectiveness of the intervention depend on its
scale and design, but benefits from reduced runoff are only
significant for larger systems or on a cumulative scale.

INTERVENTIONS TOOLBOX

Rainwater Harvesting acts as source control and storage. It
prevents runoff by taking it up at its source. In one year, it is
estimated that 24,000l can on average be saved from a roof
in the UK, preventing this additional runoff. Once RWH
systems have reached their capacity, they cannot contribute
any more to reducing runoff. Ways of dealing with overflows
have to be incorporated – this could be infiltration systems
like Rain Gardens, for example, taking up water spilling out
of water butt outlets.
The impact of RWH is mostly realised on a local scale, but
cumulative effects where RWH is implemented on as many
properties as possible are to be expected.

Rainwater Harvesting Systems may be
able to add value to a property,
especially if they are extensive.

Rainwater Harvesting Systems provide no
possibility of access or the benefits of accessing
green space.

Due to their impact on surface water
flooding, Rainwater Harvesting Systems
may influence the extent of flooding
downstream.

Rainwater Harvesting Systems have no
impact on air quality.

Rainwater harvesting can have positive
impacts by saving water and thus energy, but
if pumps are used the emissions might
outweigh the benefits.

Rainwater Harvesting systems are unlikely to
contribute to reducing fluvial flooding apart
from reducing runoff into water courses.

High peak flow and volume reductions can be
achieved depending on the size and design of
the system/butt and the saturation of the
system. An estimated 24,000l/a can be saved
from the average roof

Rainwater Harvesting Systems have no
capacity to provide habitats for wildlife.

RWH can indirectly reduce abstraction
rates by reducing demands on mains water
(up to 80% of mains water use in
industrial/commercial buildings, 30-50 in
domestic)
Rainwater Harvesting provides no
opportunity for reducing pollution and
may even deteriorate the quality of water.
However, it does intercept water initially
and can so reduce the first flush effect.

Water butts can be used as planters and so
provide aesthetic benefits. Tanks can be stored
underground so as to not impact on the
landscape or be designed to provide amenity
value.
Rainwater Harvesting Systems provide no
opportunity for cultural activities or further
cultural benefits.

ENERGY USE

WATER QUALITY

ECONOMIC

WATER RE-USE

Where complete RWH systems are installed with
pumps, the intensity of energy use can be
increased compared to mains water with net
negative impacts on emissions from the system.
This is not the case for water butts and other
systems without pumps.

While it is generally not an issue, water harvested
from roofs can hold high concentrations of
pollutants, especially after long dry periods.
However, there is little evidence of this occurring
frequently. It is important to connect drain pipes
correctly.

Even if there is no increase in property value,
rainwater harvesting systems and water butts can
save significant amounts on water bills (depending
on type of water use and intensity of use).

During periods of hosepipe bans, as they can
happen, harvested rainwater can be used to water
vegetation and keep it beautiful. For bigger
systems, the ability to meet water demand
independent of mains water can provide
sustainability and resilience benefits.

RAINWATER HARVESTING IN THE LANDSCAPE
Rainwater Harvesting can be a valuable part of surface water control on the larger scale.
While it is able to intercept rainfall before it becomes runoff, it is important to understand that
its ability to take up existing runoff and infiltrate it is limited and that once the tank is filled, they
cannot contribute to runoff management at all.

Rainwater Harvesting, Calke Abbey
With total costs of £11,181.86, the National Trust installed a
Rainwater Harvesting System on its property in Calke Abbey to reduce
pressures on mains water and make use of the relatively high volumes
of rainfall. Estimated savings from mains water use are £625 per year at
the moment, and the harvested rainwater is now the main supply for
garden irrigation where previously mains water was used.
https://goo.gl/90pbmC

Especially where large quantities of surface runoff are expected, for example where large
impermeable areas are located upstream, rainwater harvesting should be complemented with
additional interventions and exceedance flow management systems. They can be combined with
raingardens that are planted at overflow pipes, for example.
Below, opportunities for including water buts in the target area in Manchester have been identified.

Stebonheath Primary School, Llanelli
Stebonheath Primary School is situated at the top of a hill, surrounded
by a number of residential streets which have experienced flooding.
The scheme concentrates on source control measures, diverting flows
into water butts and then into the swale. The swale helps to control
high flows as well as providing valuable green space in the school
playground. Geocellular storage was created beneath the school car
park. http://goo.gl/ZyRgpB

Hazeley Academy, Milton Keynes
Hazeley Academy is a secondary school designed by Architecture MK,
it included a SuDS scheme when it was built in 2007. Permeable paving
has been the main technique used, although this technique is limited on
slopes. To overcome this, terraces have been built with flow control
chambers within them, runoff enters the permeable paving and flows
through a series of compartments over a period of time. This means
the water undergoes treatment with benefits for wildlife. Additionally,
the water is re-used. http://goo.gl/92pf6a

COSTS &
MAINTENANCE

Instalment costs are likely to be £10+ for water butts,
£2000-4000 for a complete domestic system. Depends on
scale and type of the system (e.g. gravity fed or pump
system) and existing connections. Typical maintenance
activities include cleaning and inspection. They can be
expected to be £0.1-0.4/m2.
Residential, Industrial. Retrofit and use in high density urban
areas possible. Connection to rainwater pipes is necessary.
More water is collected from sloping roofs.

FEASIBILITY

INTERVENTIONS TOOLBOX

CASE STUDIES

SWALES
Swales are linear, shallow channels designed to
collect and convey rainwater. They also provide
pollutant removal and infiltration to some extent.
Vegetation and sedimentation removes suspended
solids, dissolved pollutants infiltrate with the water
into the soil and can so be removed.

INTERVENTIONS TOOLBOX

Three
types
of
swale
can
be
distinguished:
Attenuation/conveyance swales, dry swales and wet swales.
They each are designed to optimise different aspects of
water management. Attenuation/conveyance swales usually
do not provide treatment or amenity/ecological benefits,
they resemble conventional drainage ditches. Dry swales can
be grassed and then are more resembling conventional
drainage ditches as well, providing less treatment and flow
reduction, or vegetated. Vegetated swales usually feature high
grasses and shrubby vegetation, slowing water flow and
enabling sedimentation as well as providing more visual and
ecological benefits.
In the landscape, swales act as connecting elements between
other elements of rainwater treatment. They are best suited
to accept runoff from an area – for example, a car park –
and lead it into further structures like detention basins or
ponds. They can replace conventional pipework in this
function. Whether swales can only work as conveyance or
also to reduce/treat runoff is determined by the infiltration
capacity of the soil. They are ideal for industrial sites as
pollution incidents are easily visible. Downstream treatment
components should be incorporated.

WATER QUALITY/ HABITAT
In peak events, nutrients and metals can be
released from the swale and reach watercourses.,
affecting habitats and water quality Correct design
and maintenance should work to prevent this.

Swales are unlikely to contribute much
to property value.

Depends on the design of the swale and its
surroundings, but swales can provide accessible
small greenspaces. This is often in the context of a
larger green area and the impact of the swale
itself can therefore not be seen separately

Through their impact on reducing and
removing surface water runoff, swales
can reduce severity of surface water
floods.

Vegetation of any kind takes up pollutants
from the air. Closely mown grass is unlikely
to contribute significantly.

Evaporation can have positive effects on UHI
effect. Little carbon storage possible.

Swales have no impact on fluvial flooding.

Swales can infiltrate 40% of all rainfall events
and reduce runoff for an additional 40%, with an
overall volume reduction of 50-60% - often low
peak discharge or volume control provided by
swales.

Can function as green corridors and
provide habitat to different species.
Especially use of native plants and varied
vegetation is valuable.

Depends on design. Higher growing native
vegetation can provide interesting meadowlike appearances. Meandering swales have a
more natural look.

Groundwater recharge is usually provided,
but care has to be taken to prevent
pollution.
Swales perform well removing TSS
(usually above 65%) and metals but less
for nutrients (30-40% or less, with P
showing better removal than N). Fine
particles are often not captured.

AESTHETICS
If maintenance and plant selection is not careful,
the swale’s appearance could deteriorate. For
swales near roadsides, salt resistant plants should
be chosen to be able to survive de-icing in winter.

Can be used as an educational resource, design of
the swale should take this into account.

EDUCATION
As they are so easily suited to different situations,
swales can provide natural environment in
otherwise built up areas. Case studies have
demonstrated the use of swales as “outdoor
classrooms” etc.

SWALES IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, wetlands
should be seen within the wider landscape.
While they are able to store and treat runoff, it is important to understand that their ability to
reduce pollution is limited by the retention time and the pollutant load.

Hollington Primary School, Hastings
This school on a sloping site had suffered considerable flood damage
due to overland flows from residential areas above. Additionally,
residential parts of the catchment below the school are prone to
flooding. The SuDS intercept and divert these to a system of storage,
conveyance and flow control comprising a playground storage area,
swales and rain gardens that create enhanced learning potential and
increased biodiversity. www.goo.gl/yQCjjM

Opportunities for realising swales can be found not only in parks but also roadside verges or
similar areas allowing linear structures to be incorporated. Water can further be lead into
retention ponds or wetlands to undergo additional treatment or to be stored over a longer
period.
Below, areas of high hydrological connectivity are highlighted. Where they correlate with green spaces,
for example, swales could be incorporated to direct the surface flow to further treatment or storage.

SuDS in Scotland
This report informs on the performance of SuDS in terms of water
quality, hydrology and amenity and the factors affectig it. It investigates
mainly source and site control systems. Part B summarises results from
specific sites, including ponds, swales, detention basins, porous paving
and filter drains. Results suggest that all systems investigated are
producing the hydrological and water quality benefits desired, social
and cultural benefits sometimes can be improved www.goo.gl/Iyzkzy

Matchborough First School,Worcestershire
After failures in the traditional drainage system, a SuDS system was
implemented. Swales collect overland flow and runoff from the car
park and playground. This connects to a constructed wetland which
also takes runoff directly from the roof. The system was designed to
cope with a 1 in 100 year storm, with overland flow routes provided
for this. The SuDS system is cheaper to maintain, and provides amenity
value and an educational resource for pupils. http://goo.gl/fZGKyw

COSTS &
MAINTENANCE

FEASIBILITY

Instalment costs of £10-20/m2 are to be expected. As linear
structures, swales can be easily adapted to many areas.
Maintenance can be part of landscaping and consists usually
of litter removal, mowing and clearing of in- and outlets.
£0.1/m2 are likely.
Residential, Industrial, Retrofit & high density development
possible. Land take limits suitability. Performance depends on
the length of the swale in flow direction and vegetation.
Hydraulic connectivity must be ensured, not suitable for
steep areas, large amounts of water and high pollution.

INTERVENTIONS TOOLBOX

CASE STUDIES

STREET TREES
Trees can provide a number of different services that
depend on their size, species, and location. Their
leaves can trap air pollutants either through taking
them up or through deposition, thus removing them
from the surrounding air. They also intercept rainfall
and so slow the rate with which water reaches the
ground, increasing infiltration where permeable
surfaces are available and additionally reducing
runoff through evaporation and root uptake.

INTERVENTIONS TOOLBOX

Through their wide variation in shape, size and demands they
are very versatile and can be used in multiple settings. Trees
are generally perceived as aesthetically pleasing additions to
the landscape and thus provide many less tangible benefits
that increase quality of life considerably.
Studies have shown that trees can reduce runoff by 62%
compared to the same area of naked asphalt, and a 5%
increase in tree cover in an area can reduce total runoff by
2%. Trees act as interception and source control, reducing
the runoff generated on a local scale. Water that is not
intercepted can infiltrate into the tree pit and be led into
storage structures or further treatment. To provide a
comprehensive treatment and management of surface water,
trees should be seen within the wider landscape. While they
are able to intercept rainfall before it becomes runoff, it is
important to understand that their ability to take up existing
runoff and infiltrate it is limited and they should be
complemented with additional interventions.

HEALTH
Allergy attacks due to pollen are possible,
additionally some trees can produce VOCs and
increase ozone generation. Selection of species is
important as well as their placing in the urban
landscape to avoid trapping of pollutants.

Trees in the surrounding environment
can lead to a 5-10% increase in property
value, and increase spending in business
areas which can also mean that
businesses
are more likely to settle down
Due to their impact on surface water
in
these
attractive areas
flooding, trees can influence the extent
of a flood – however, singular trees are
unable to make a big impact and can only
contribute little to fluvial flooding.

While trees are not themselves ‘accessible’, they
make areas more attractive. Streets with trees
have 20% higher bicycle traffic than those without
(26). Parks with a number of trees are used more
than those without, however dense tree stands can
increase fear of crime.
A single tree can reduce PM concentration
by 15-20%. Street trees reduce prevalence
of asthma in children and death rates from
respiratory diseases.

Reduce air temperature/UHI (increasing
green cover by 10% reduces temperatures by
3 degrees, areas under canopies can be 1-10
degrees cooler than open areas). iTree
studies in the UK have estimated annual C
sequestration to be 3.65 – 7.4kg/tree.

Trees planted densely along river banks (i.e.
in the riparian zone) can act to slow water
flow and influence fluvial flooding
downstream.

10-15% of rainfall are intercepted by canopies ,
open tree pits increase infiltration (up to 62%
reduction of total rainfall volume on area,
compared to 10-20% for asphalt). In severely
compacted soils, tree roots can improve
infiltration by 153%.

Depends on location, size and species of
tree, but can provide important corridors.
Especially large trees are of high
importance for biodiversity.

Aesthetic benefits have been proven multiple
times, impact on mental health (people feel
more relaxed in areas with trees), place
shaping.

Infiltration allows groundwater recharge
or releases water slowly into the water
bodies. This can mean a positive impact on
low flows

CLIMATE REGULATION
Release of VOC can have negative impacts on
GHG emissions, as can fuel-intense maintenance.
It is therefore important to select the right
species and keep maintenance as low carbon as
possible.

By allowing increased infiltration, trees
improve water quality. Leaf litter on the
ground reduces soil erosion, trees
intercept pollutants and infiltrate them

Trees can be important cultural assets and
facilitate some cultural activities. This is
dependent on their context – for example, old
trees that are part of village greens may have
different cultural meanings than newly planted
street trees.

PROPERT VALUE

HEALTH/WELLBEING

Potential negative impact on properties (shading,
roots, litter), unhealthy trees can pose safety risk.
Trees can also obscure views, leading to less
aesthetic value and in some cases even higher
perceptions of unsafety.

Urban parks with trees reduce stress levels more
than those without. Trees have positive impacts
on exercise regularity. They have also been
connected to positive impacts on health of newborns/maternal health.

TREES IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, trees should
be seen within the wider landscape.
While they are able to intercept rainfall before it becomes runoff, it is important to understand that
their ability to take up existing runoff and infiltrate it is limited. In close proximity to watercourses,
they can slow the flow and so influence the extent of flooding. While they are able to store and
treat runoff, it is important to understand that their ability to reduce pollution is limited by the
retention time and the pollutant load.

Benefits of Trees in the Victoria BID, London
Existing trees, green spaces and other green infrastructure assets in
Victoria divert up to 112,400 cubic metres of stormwater runoff away
from the sewer systems every year. This is worth an estimated £20,638
- £29,006 in reduced CO2 emissions and energy savings per year. The
total structural value of all trees in Victoria currently stands at
£2,103,276. They remove a total of 1.2 tonnes of pollutants each year
and store 847.08 tonnes of carbon. http://goo.gl/U7G3I

Below, streets that offer enough space to support trees have been highlighted. They could provide important
connections between habitats, add valuable leaf cover to the urban environment and help to increase
sustainable traffic and reduce air pollution.

Effects of trees and amenity grass on runoff, Manchester
This study assessed the impact of vegetation upon urban surface water
runoff by measuring the runoff from 9m2 plots covered by grass,
asphalt, and asphalt with a tree planted in the centre. It was found that,
while grass almost totally eliminated surface runoff, trees and their
associated tree pits, reduced runoff from asphalt by as much as 62%.
(Armson et al. 2013) http://goo.gl/63HhKh

St Mary’s Way, Sunderland
Sunderland City Council released a plan for revitalising the city centre
in 2008, to create a people-focused area that would attract investors
and improve the quality of life for residents. A 28-acre brownfield site
was acquired and used in the redevelopment, containing a new business
district and realignment of St. Mary’s Way (500m of the central ring
road). Street trees play a significant role in the redevelopment due to
their numerous benefits for the environment (water management, air
pollution) and people (mental health). http://goo.gl/nEEPn9

ENERGY SAVING

NOISE REDUCTION

Strategically
placed
trees
can
reduce
cooling/heating costs in buildings and save energy
(10% savings on energy costs due to cooling).
Shelterbelts can reduce heating costs by up to
18%

Trees can act as buffers against noise and placed
strategically minimise the impact of highly used
roads.

COSTS &
MAINTENANCE

Instalment costs of £15-400 per tree (including planting).
Relative costs decrease with increasing number of trees.
Dependent on: Species and age of the tree, location of
planting. 0.1£/m2 for managed woodland in managed
greenspace, will be lower the better the tree is suited to the
conditions . Higher for singular trees. Main costs: Pruning.

FEASIBILITY

Residential, Industrial, Retrofit. Interception and infiltration
components for small area, can be combined with similar
types of SuDS or stand alone. An open tree pit helps water
and oxygen supply. Soil compaction should be avoided.

INTERVENTIONS TOOLBOX

CASE STUDIES

RAIN GARDENS
‘Rain Gardens’ is a term used for a type of green
infrastructure that is made up from plants that are
fed by the rain runoff from roofs etc. They are usually
small depressions in the ground on mainly residential
sites but can vary in size and are sometimes also
called ‘bioretention cells’.

INTERVENTIONS TOOLBOX

They aid infiltration by slowing the water down and
increasing soil permeability, as well as taking up the water
themselves. In doing so, they also remove sediment and
pollutants to a certain degree. However, they can also be
designed to remove pollutants efficiently by incorporating a
waterlogged area that allows biological breakdown of
nutrients. Rain Gardens act as source control and infiltration
devices. This means they receive rain immediately after it falls
and are best used upstream of any pond, wetland or similar
structure, being especially effective for smaller, but more
frequent events, with a smaller pollutant load.
Opportunities for planting Rain Gardens include planters in
built up areas, combining them with Rainwater Harvesting
(e.g. as a receptor for overflow from water butts) or trees
by planting them in tree pits.

Rain gardens could potentially contribute
to increased property values.
Taking up water from their own area and
surrounding areas can help reduce the
risk of flooding and the extent of
flooding on a larger scale.

Overflow from clogging can occur and reduce
effectiveness of the intervention and potentially
distribute first flush pollutants.

Vegetation and soil can trap air
pollutants and dust

Rain Gardens are unlikely to contribute
significantly to reducing fluvial
flooding

Carbon storage and sequestration possible,
potential to improve UHI effect but very
small scale

Infiltration of up to 90% of annual roof
runoff but large events cannot be fully
adsorbed – a raingarden with 20% of the roof
area should infiltrate this amount of runoff
from the roof. Even to larger storms (e.g.
50yr RP) raingardens can provide peak flow
attenuation of 20%.

Native plants and shrubs can provide
habitats for insects, if right plants are
selected can be very good for pollinators.
Due to small scale benefit is unlikely to be
high

Potential to recharge groundwater.

Removal of sediments and nutrients
(dependent on design) off up to 99%. Metal
reduction varies between 30 and 99%.

WATER QUALITY

Increase attractiveness of a place and can
so improve use, however little potential to
increase exercise rates etc. due to
inaccessibility

AESTHETIC
If not selected adequately, plants used might need
replacing and decrease aesthetic value of the
planting. Could also attract pests.

Very high potential to be designed to be
aesthetic landscape features.

Potential for gardening activities, in
bigger systems planting of fruit bearing
shrubs might give opportunity for farming
related activities.

RAIN GARDENS IN THE LANDSCAPE
To provide a comprehensive treatment and management of surface water, rain gardens
should be seen within the wider landscape.
While they are able to intercept rainfall before it becomes runoff, it is important to understand
that their ability to take up existing runoff and infiltrate it is limited, however their cumulative
impacts on an area should not be underestimated.

Greening Streets, Nottingham
This project aimed to reduce the volume of surface water flowing into
the Day Brook by constructing 21 linear gardens draining water into
soakaways rather than sewers, designed to manage surface water
runoff for a 1 in 30-year rainfall event. Modelling suggests a 33%
reduction in flow reaching drainage sewers, reducing the likelihood of
flood events. It cost £85,000 to install 148m² of rain garden (£460 per
m²). Residents perceive them positively. http://goo.gl/ATYFqS

Rain Gardens can be used in many shapes and sizes and there are many opportunities to
incorporate them into the urban landscape. They could be part of roundabouts, parking bays or
along roadsides, or they could be incorporated into existing green spaces to provide further
treatment of runoff and attenuation.

Derbyshire Street, London
Derbyshire Street was a dead end road, and due to large trees
surrounding the street was popular for fly-tipping and anti-social
behaviour. The Pocket Park project was started in 2013 to make better
use of this space; it included a cycle route, community outdoor space
and various SuDS techniques such as permeable paving, green roofs,
rain gardens and swale. The SuDS scheme is designed to cope with a 1
in 100 year event. http://goo.gl/JrwJl9

Glencoe Elementary Rain Garden, Oregon, USA
This project was designed to protect residents from sewer backups
during storms. A rain garden of 2000ft² was built to manage runoff
from 35,000ft² of asphalt, it captures 30-40% of runoff in the catchment
draining to the sewer. This garden included silty soils planted with
vegetation as well as an overflow in case of extreme rainfall and runoff.
Monitoring found that over a two year period, the garden retained
almost 95% of the flow it captured. https://goo.gl/GZpF31

COSTS &
MAINTENANCE

FEASIBILITY

£20-270+/m2 instalment costs are likely, dependent on size
and situation. They are very variable due to high variability of
design and context. Maintenance should be low and
dependent on context mostly litter and sediment removal.
Residential, Industrial, Retrofit. High hydraulic conductivity
must be given and a drain for exceedance flows must be
established (e.g. drain into existing sewer system). In built up
areas, rain gardens can also be established in planters. Ideally
between 3-5m wide, length adjusted to suit slope.

INTERVENTIONS TOOLBOX

CASE STUDIES

CASE STUDY
Finlathen Park, Dundee
This research is part of the Scottish Government’s GreenHealth project. It
identifies the importance of sub-areas of green space with different functions and
the impoartance of small areas of green spaces closer to home. The accessibility
of the stream running through the park proves to be beneficial for the enjoyment
of the environment as well as providing environmental benefits. Findings show
the importance of the multiple services provided by green spaces, such as places
for relaxation and escape, and desires to improve the quality and range of
benefits and indicate recommendations for increasing effectiveness of urban
green space planning.
http://www.hutton.ac.uk/sites/default/files/files/no5%20greenspace%20s
ervices.pdf

PHYSICAL WELLBEING

INTERVENTIONS TOOLBOX

Even for some those benefits that can be gained through passive use – like
mental health wellbeing from viewing green space – the space has to be visually
accessible. Many of the services green infrastructure provides only turn into
benefits when access to the space itself is granted. This is not only a question of
putting in doors or pathways, but of making accessing a greenspace safe,
attractive and easy and providing the right environment for people to enjoy
benefits. This means, access is in a way also a question of design – especially as
poor quality green space is often not used and can mean negative impacts rather
than positive ones. This does not only apply to parks or general amenity spaces
but also green roofs, pocket parks and similar, and these opportunities should
not be underestimated in providing access to green spaces in a dense urban
environment.

ECONOMIC

While green spaces have numerous benefits that arise from
passive use, like viewing it, from the effect is has on air quality or
infiltration or through improving aesthetics – in short, benefits
that arise without a human actually having to step into the space
– there are a number of benefits that can only be gained by using
green space actively.

MENTAL WELLBEING

ENABLING ACCESS
Green spaces can contribute to improved mental wellbeing either by encouraging physical exercise and play,
providing space for “escape” and have been shown to make significant contributions to an individual’s
wellbeing in many different ways. Access to good quality green space improves mental health considerably
and sustainably, and natural views can promote drops in blood pressure, increase focus and reduce feelings
of stress, even if only short exposure (40 seconds) happens. Children with ADD have been found to benefit
from activity in public, especially green spaces. Play in vegetated areas has been shown to inspire more
imaginative activities and breaks during schooldays improve learning for children. Social development
through play with others is also an important benefit of these areas.
• Connection with nature and sense of place are important factors in an individual’s wellbeing and have
been shown to be connected to greenspaces.
• Parks and other green areas provide meeting spaces and venues for social events. This can increase social
interaction over a neighbourhood and increase residents’ overall satisfaction with their area.

The ability to exercise and travel actively has impacts on physical wellbeing. Green spaces have been shown
to facilitate physical exercise for those living near them, and streets with trees show higher cycle traffic than
those without. Examples of benefits are:
• Increased likelihood of physical activity and therefore lower obesity rates and lower rates of
cardiovascular diseases. People who live furthest away from public green space are 27% more likely to
suffer from obesity.
• Lower overall mortality rates – although differences have been found between different demographic
groups, overall a positive relationship between green space provision and health has been found.
• Lower air temperatures during heatwaves – green spaces (where they are big enough) can provide
shelter from hot temperatures during prolonged periods outside in the urban environment.

Attractive areas lead to higher business investment and more visitor spending. Additionally, jobs can be
created in the maintenance and creation of green spaces. While some of the benefits laid out below arise
from improved mental and physical wellbeing, it is worth showing the contribution they can make to the
economy:
• Obesity is an ever increasing strain on the NHS and is linked to physical inactivity.
• Millions of working days are lost due to stress related employee absence.
• NHS Scotland has estimated it could save £85 million per year if only 1 in 100 inactive people took
adequate exercise.

Perceived safety risks are a key barrier to
the use of green spaces.
street lighting
avoid dense wooded areas
wide main paths

Educational Value
• Inform target groups about the
accessibility of the area.
• Provide signs explaining natural features

• Include play areas for children of
different ages
• Provide “natural areas” and
components, like wild meadows and
large trees

Physical Health
• Include facilities supporting recreational
activities (can include detention basins, for
example)
• Encourage high and low intensity activities
(e.g. by promoting interest groups)

THE BE NE FITS

• Provide sheltered places

M A X I M I SI N G

Mental Restorative Value

Maintenance
Visible lack of maintenance can have a negative
impact on the use of green space.
litter removal and damage repair
avoid overgrown vegetation
information on how to report damage

Physical
Accessibility

Information
Lack of information
about existence or
facilities available in
a greenspace can be
a barrier to its use.
easy access to
information
maps and signs
staff

For many people, but
especially for groups like
elderly or disabled,
physical access and the
state of the environment
can inhibit use of a
greenspace
 Signs and maps
 Foopaths
 Public transport

Comfort
While a greenspace consisting of only vegetation
and pathways may provide a nice corridor to
walk through, ensuring certain needs can be met
locally can increase time spent in a space and its
attractiveness to new groups.
address different target groups
designated dog areas

Community Ownership
Local communities often want to be involved of the
management of ‘their’ space. This can work in multiple
ways and be coordinated via existing groups (e.g. schools)
or ones that are specifically set up for a particular space
involve “problem groups” in the planning
community lead management
collaboration and knowledge transfer

INTERVENTIONS TOOLBOX

Safety

DELIVERY SCENARIOS
Using the information gathered throughout the previous sections, it is possible to identify areas of the city that could benefit the most from
increased or improved environmental infrastructure and also what types of interventions are appropriate to meet those needs. These pages
illustrate how different intervention scenarios can be explored for a selected target area.
The baseline benefits assessment for Leicester revealed that many of the Middle Super Output Areas
to the north east of the city centre, surrounding the Willowbrook, showed relatively low benefits
values for all four categories (social, cultural, environmental and economic). These areas were
selected for more detailed assessments; exploring intervention opportunities and delivery scenarios.

35. Northfields
-

34. Latimer South
-

INTERVENTION DELIVERY

-

Low air quality
High flood risk (rivers + sea)
Low provision of cultural
resources
Low habitat provision
High urban heat island effect
Moderate flood damage costs

Low air quality
High flood risk from rivers + sea
High surface water flood risk
Low aesthetic value
Low habitat provision
High urban heat island effect
Low property prices

Landscape Target Area: Lower Willowbrook
34

35

41. Crown Hills
-

40. St Matthews and St Peters
-

Low air quality
Low habitat provision
High urban heat island effect
Low property prices
Moderate aesthetic value
Moderate surface water flood risk
Moderate water quality

39
40

27

High surface water flood risk
Low aesthetic value
High surface water flood damage
Low property prices
Moderate water quality
Moderate provision of cultural
resources

41

39. Charnwood

27. Mowmacre & Stocking Farm

-

-

-

Low air quality
High flood risk from rivers + sea
High surface water flood risk
High urban heat island effect
High surface water flood damage
Low property prices
Moderate access to nature
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High flood risk from rivers + sea
High surface water flood risk
Moderate surface water flood
damage
Moderate property prices
Moderate air quality
Moderate water quality

KEY PROBLEMS
º Poor air quality
º Low property value
º High surface water flood
risk + damage costs
º High temperatures
º Low aesthetic value
º Few habitats

Reduced runoff + SW
flood risk

~80km of
suitable roadside
1 tree every 10m
= 8,000 trees

Green roofs

N.b. This doesn’t consider
existing street trees

Benefits:
Cooling
Reduced runoff
Improved air quality

Habitats for wildlife

Rainwater harvesting
(water butts)

167 buildings that meet
criteria (125,000m²)

SUDS
Lots of natural areas with high
hydrological connectivity… potential
SUDS opportunities?

20,262 residential houses
1,502 commercial properties
Domestic water butt holds ~150L
Commercial rainwater tank could hold ~10,000L

Potential to hold 18 ML of water..?

12 allotments in the area
6 parks (total of 447,000m²)
- Swales?
- Retention basins?

INTERVENTION DELIVERY

Street trees

Benefits:
Improved air quality
Improved aesthetics − property value?

RIVER SOAR CATCHMENT PARTNERSHIP
The Local Action Project for Leicester was carried out with
support from members of the River Soar Catchment
Partnership; including Trent Rivers Trust, Leicester City Council
and the Environment Agency.
Partnership Vision:

“A Soar catchment that has a sustainable and diverse water environment
that benefits people, the natural environment and the economy of the local
area. A catchment in good ecological condition with improved resilience to
climate change, flooding and pollution events. As a Catchment Partnership
for the Soar, we will work together using innovation and cooperation, to
capitalise on the opportunities presented and find solutions to the challenges
faced."

For more information about the River Soar Catchment Partnership, go to
http://www.trentriverstrust.org/site/river-soar
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Swans in Leicester
by Vadim Timoshkin - CC BY 2.0

FURTHER RESOURCES
To find a list of full references of the evidence behind the toolbox and maps, as well as more detailed information on the
different interventions, including factsheets to download, please visit:

www.urbanwater-eco.services
There, you will also find a compendium of case studies (UK and international), links to further assessment and valuation tools, as
well as final reports and presentations related to the Local Action Toolkit.
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