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LOCAL ACTION TOOLKIT
Ecosystem services in urban water environments
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 and economic prosperity.

Urban Practitioner’s ‘Toolbox’ of Interventions
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HOW TO USE THIS TOOLBOX:
The toolbox can give you an overview of the benefits of different interventions, guide you towards
further literature and give you examples of where an intervention has been used.
It can also help you make decisions about the right way to intervene in your local environment. The
benefits wheel shows you the relative contribution a certain type of intervention can make to a
specific characteristic of an area. It identifies 12 different benefits, grouped into four categories –
social, environmental, economic and cultural – that influence the quality of life.

Using the toolbox to deliver targeted interventions

ELEMENTS OF THE TOOLBOX:
The toolbox is made up of a number of tools or “interventions”, each with different characteristics.
Most of them 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 – but there are a few that are usually “existing assets” (for example, public parks) – i.e., they
already exist in the urban landscape and are likely under pressure, for example from development.
These 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”.
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The Benefits Wheel

ELEMENTS OF THE INTERVENTIONS:
The Benefits Wheel constitutes 12 different benefit indicators that can be influenced
by the intervention, grouped into four categories: social, environmental, economic
and cultural. Each of the different benefit indicators is ranked on a scale from 1 to 5,
indicating the impact that the intervention can have on it, compared to other
interventions.
For example, detention basins score a “2” on the benefit “Habitat Network”, while trees
score a “4”. This means that placing trees in the urban landscape can have a greater
positive impact on the development/protection of habitats and biodiversity than building a
detention basin.
This is a semi-quantitative ranking that does not indicate a percentage,
but an indication of the relative contribution the intervention can make
on the provision of a certain benefit. The ranking has been assigned on the
assumption that the intervention is well planned, designed and maintained. Further
information on each of the benefit indicators is given in the detailed “Benefits”
section of the tool factsheet.

Add. Ben .&
Costs

Costs, Maintenance and Feasibility

Landscape Context

On the next page, each of the benefits is explained in detail.

To address not only surface water flooding but most of the benefits represented in
the wheel adequately, you should look at the bigger picture of what you are trying to
do in your area. Look at interventions as part of the landscape and think about how
you can combine them to achieve optimal outcomes.
This is especially important as interventions come in different shapes and sizes and
their respective relative contribution can therefore vary. This section presents
examples and ideas on positioning interventions and indicates their function in
dealing with surface water.

This section gives you more detail on planning aspects of the intervention. If you
know the details of where you would like to install an intervention, you can use this
section to select suitable options and find further guidance. Or, if you would like to
identify suitable options for installing interventions, you can find initial information on
what each intervention needs to work here. More detailed guidance can be found in
various guidance documents, for example the Suds Manual published by CIRIA or
you can check the references of this section.


Costs: indicative capital cost. This can vary due to local factors and should only
be seen as an indication. Some factors influencing capital cost or in some cases
lifetime costs may be given.



Maintenance: Average maintenance costs per unit are given where available or
an indication of magnitude of costs is given. Typical maintenance activities are
indicated. Correct maintenance is crucial to guarantee that the intervention
can deliver, and detailed information should be sought before it is planned and
installed.



Feasibility: Options of fitting intervention (retrofit or new development) are
indicated along with other factors that can influence whether or not an
intervention can be delivered successfully.

This section gives information on further important benefits that can be gained from
an intervention that are not included in the benefits wheel. It also lays out potential
negative effects it can have.
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THE BENEFITS INDICATORS:
Each of the twelve wedges of the benefits wheel represents one indicator for the provision of benefits through
delivering an intervention or protecting/restoring an existing asset. In the factsheets, details on how the
intervention can do this are given along with their references so you can understand what it is that the
intervention influences. To get a basic understanding of what the indicators mean, read the table below.

Health: Access

Health: Air

Flood (Surface)

Flood (Rivers & Sea)

Indicates potential to
provide accessible,
attractive green space
(either intervention
itself or designated
area) and the health
benefits arising
thereof, or to improve
accessibility of existing
area

Indicates potential for
air quality improvement
if used optimally, i.e.
wind direction,
pollution sources etc.
are taken into account

Indicates contribution
to reducing surface
water flooding through
either infiltration,
conveyance or storage
of runoff. Higher
numbers have been
assigned to
interventions infiltrating
runoff, since this
reduces the volume of
runoff from the start. *

Indicates potential to
influence flooding from
rivers through
providing storage or
reducing volume of
water the river
receives. Important:
only takes effect
downstream of
intervention! Benefits
are not likely to be felt
locally.

Habitat

Low Flow

Water Quality

Climate Regulation

Indicates the ability to
provide habitat for a
variety of species
(plants & animals) and
form part of an urban
ecological network

Indicates potential
contribution to
groundwater recharge
or to reduction of
pressure on mains
water

Indicates the ability to
prevent pollution either
through breaking down
pollutants or reducing
polluted runoff

Indicates potential to
regulate local air
temperatures and
store/sequester
carbon.

Cultural Activities

Aesthetics

Property Value

Flood Damage

Indicates likelihood to
provide opportunity
for engagement in
cultural activities
and/or experience
cultural values

Indicates aesthetic
value of intervention
itself and contribution
to appearance of local
area

Indicates potential
impact on increasing
value of property

Indicates contribution
intervention can make
to reducing severity of
flooding (both from
rivers and surface
water) and therefore
damage done

*Surface water flooding is a complex problem, that is not easily represented in one number. It can be mitigated by
reducing the volume of water, i.e. infiltrating it or storing it immediately at the source, by leading the water away from
vulnerable areas or by collecting it from a bigger area and storing it. For the purposes of this toolbox, the three options
are presented on the same scale. It is therefore important to understand what the main issues you are facing are, i.e.
where does the water that is causing a problem come from. If you want to control water locally, interventions providing
infiltration may be best suited, but if you are looking to a larger scale, these interventions may not be able to fulfil your
requirements and you may prefer options storing water. A good way to understand this is by using the SuDs approach
regarding site, local and regional control. An indication of where a certain intervention fits in is given in the “Landscape
context” section.
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INTERVENTIONS TOOLBOX – METHODS:
General Approach
The list of interventions was compiled by reviewing existing typologies of green infrastructure components and
sustainable drainage systems. They were categorised into “existing assets” and “interventions” based on the
likelihood of being implemented as a new feature. Parks, allotments, urban rivers/watercourses and private
gardens were classed as “existing assets” as they are usually under pressure from various factors, for example
new development. While their size or number may be increased in some cases, it is more often the case that
existing ones have to be protected (see for example Smith, 2010; Heritage Lottery Fund, 2014). Throughout
the process of collating information, the list of interventions was modified in order to allow for interventions
with similar features to be treated together, making the toolbox more manageable and easier to use.
Information was collated from a variety of sources in the grey as well as academic literature. Grey literature
was mostly used to provide initial information and signposting to academic publications, but also as a source in
its own right, especially where it was published by accredited organisations such as Forest Research or the
Environment Agency. A semi-structured literature review using the snowball method was carried out to gain a
broad range of information on each intervention respectively. Especially information on costs and maintenance
was taken mainly from grey literature, as this is not a topic academic publications are usually concerned with.
Additionally, the Natural England Ecosystem Services Transfer Toolkit and the SuDS Manual (Kellagher et al.,
2015) was used to provide an overview as well as limited validation of findings where it was suitable.

Benefits Wheel Indicators
To allow comparability and consistency throughout the use of the output from the Local Action Project, and
to make the use of the toolbox as simple as possible, the same twelve indicators for benefits were used to
describe interventions as for the GIS based needs assessment.
The indicators are given a ranking from 1 to 5 based on the ability of an intervention to increase the provision
of certain ecosystem services/benefits from ecosystem services in the urban landscape. This describes its ability
to increase a benefit compared to other interventions, with 1 signifying “low/unlikely” and 5 signifying
“high/very likely”. Benefit indicators are semi-quantitative measures that allow comparison between different
interventions, but not the quantification of the increase of a benefit or the ability to add benefits together. It
does also not allow comparison of benefit indicators within a wheel. For example: this means that an
intervention ranked 1 on the benefit indicator “Cultural Activities” and 5 on “Aesthetics” is unlikely to
contribute to the provision of opportunities for cultural activities, compared to an intervention that is ranked
5. It does not mean that the intervention contributes 5 times as much to an aesthetically pleasing environment
than to providing opportunity for cultural activities.
The rankings are based on the collated literature. The value given to each indicator was based on set of
characteristics and their comparison within the different interventions. Literature was identified specific to
each intervention, however where it was likely that findings could be transferrable (e.g. due to similar
characteristics in one aspect), and information on a specific intervention was not easily available, evidence that
was not specific to the intervention was accepted. For each indicator, a number of sources were used where
possible to provide an overall estimate of the performance of the intervention. More weight was given to
academic literature reviews and grey literature from accredited sources presenting evidence, but case study
evidence and academic papers were used to complement these.
As a measure of confidence, a “traffic light” system was used to indicate the evidence base the ranking was
based on. Each of the indicators on each intervention was given an asterisk in red, amber or green, designating
a level of certainty: red meaning little availability of and/or high uncertainty within the literature; amber
meaning mainly positive evidence in the literature but little literature available or sometimes uncertainty in
literature; green meaning that a strong evidence base confirms the positive influence of the intervention.
Table 1 gives an overview of each indicator and its characteristics.

Limitations
While the approach taken was similar to a structured literature review, it did not use the same methods of
classifying and weighing different sources in a structured way. Due to time constraints, the literature used was
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limited although a high number of sources was identified and through the use of established sources of grey
literature and existing reviews, the overall coverage of evidence should be sufficiently high. This does mean
however that opportunities to showcase the multiple and varied benefits that different features of green
infrastructure can provide may have been missed. This is even more likely as green infrastructure is a very
broad and fluid concept that is dealt with by the academic community using a number of different disciplines,
terminologies and approaches. This makes it difficult to gather all relevant data within a limited amount of time.
Additionally, while efforts were made to include broader literature and evidence on urban ecosystem services
in general and green infrastructure more specifically, the literature search was focussed on identifying benefits
that could be linked to specific interventions, potentially missing evidence that was not clearly related to them.
While the semi-quantitative ranking is based on a comparison of evidence, it is still biased as evidence is
weighed by the researcher, influencing the ranking. To make this evident to the user and to enable further
referencing, the confidence measurements were used.

Indicator

Description

Evidence used

Health: Access

potential to provide accessible, attractive
green space (either intervention itself or
designated area) and the health benefits
arising thereof, or to improve accessibility
of existing area

Evidence on positive health impacts linked to specific intervention,
evidence on use of intervention for physical activity, evidence on
potential to provide accessible green spaces, evidence to increased
use of greenspaces due to intervention

Health: Air

potential for air quality improvement if used
optimally, i.e. wind direction, pollution
sources etc. are taken into account

Evidence on pollutant removal of specific or similar intervention,
evidence on air quality, evidence on air quality related health
benefits

Flood (Surface)

contribution to reducing surface water
flooding through either infiltration,
conveyance or storage of runoff. Higher
numbers have been assigned to
interventions infiltrating runoff, since this
reduces the volume of runoff from the start

Evidence on infiltration rates and volume reduction, evidence on
peak flow attenuation, evidence on storage. This is a very difficult
indicator as surface water flooding can be mitigated in various
ways and on various scales. Using a single number to represent
this is difficult. Awareness of the detailed description given is
therefore important as well as of the causes and symptoms of the
surface water flooding situation one is trying to tackle using these
interventions.

Flood (Rivers &
Sea)

Indicates potential to influence flooding
from rivers through providing storage or
reducing volume of water the river receives

Evidence on ability to influence flood management and reduction
of runoff of intervention itself or similar interventions

Habitat

Indicates the ability to provide habitat for a
variety of species (plants & animals) and
form part of an urban ecological network

Evidence for species numbers and species rareness found linked to
intervention, evidence for habitat value, evidence for use as
stepping stones

Low Flow

Indicates potential contribution to
groundwater recharge or to reduction of
pressure on mains water

Evidence for infiltration and groundwater recharge, evidence for
flow regulation, evidence for decreased use of mains water
(ultimately reducing abstraction) of intervention itself or similar
interventions

Water Quality

Indicates the ability to prevent pollution
either through breaking down pollutants or
reducing polluted runoff

Evidence for infiltration of polluted runoff (reducing amount of
pollutants reaching surface water), evidence on breakdown of
pollutants in intervention, evidence of reduced pollutants in runoff

Climate
Regulation

Indicates potential to regulate local air
temperatures and store/sequester carbon.

Evidence on reducing temperatures, evidence of positive impact
on UHI, evidence on carbon sequestration/storage in intervention
or similar interventions

Cultural
Activities

Indicates likelihood to provide opportunity
for engagement in cultural activities and/or
experience cultural values

Evidence on cultural values connected to intervention, evidence
on activities relating to cultural benefits, evidence on use of
intervention as meeting points

Aesthetics

Indicates aesthetic value of intervention
itself and contribution to appearance of
local area

Evidence on aesthetic value of intervention, evidence on
opportunity for design and creation

Property Value

Indicates potential impact on increasing
value of property

Evidence on increased property values linked to intervention or
similar interventions

Flood Damage

Indicates contribution intervention can
make to reducing severity of flooding (both
from rivers and surface water) and
therefore damage done

Combination of evidence on surface water flooding and fluvial
flooding, taking into account the scale on which the intervention
works
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URBAN
INTERVENTIONS

Image: John Lord (CC BY 2.0)
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SWALES
Swales are linear, shallow channels designed to collect and convey rainwater. They also provide pollutant
removal and infiltration to some extent. Vegetation and sedimentations removes suspended solids, dissolved
pollutants infiltrate with the water into the soil and can so be removed. 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.

Benefits Wheel

Landscape context
In the landscape, swales act as connecting elements
between other elements of rainwater treatment. While
they do provide some storage and 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.

Shows the contribution of swales to the provision of ecosystem services.
More detail on the next page.

Costs

Featured Case Study

£10-20/m2. Medium land take, linear
structures allow high adaptability. (7)

Maintenance
£0.1/acre for regular maintenance,
marginally higher for remedial or
intermittent maintenance. Mowing,
litter and debris removal. Clearing of
inlets and outlets. May need removal of
sediment. Can be included in
landscaping costs. (7)

Hollington Primary School, Hastings
This school on a sloping site had suffered considerable flood damage due to
overland flows entering the site from residential areas above. Additionally,
residential parts of the catchment below the school are also prone to
flooding and run off from and passing through the school site is a
contributory factor. The SuDS intercept these flows and divert them, over
land, to a system of storage, conveyance and flow control comprising an
innovative playground storage area, storage swales and rain garden basins
that create a dynamic school environment with enhanced learning potential
and increased biodiversity.
More: http://www.susdrain.org/casestudies/case_studies/hollington_primary_school_hastings.html

Feasibility
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
or large amounts of storm water and
high pollution. (1,9)
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Social Benefits

Environmental Benefits

Health: Access. * 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. (1)

Water Quality. * 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. Accumulation of pollutants can be a
problem. Vegetated swales are sometimes said to perform
better.(2,4,5,9,10,13)

Air Quality. * Vegetation of any kind takes up pollutants
from the air. Closely mown grass is unlikely to contribute
significantly. (14)

Surface Water. * 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. This
depends on their design. (1,2,6,9,11,12,13)

Fluvial Flood. * Swales have no impact on fluvial flooding.

Habitat Provision. * Can function as green corridors and
provide habitat to different species. Especially use of native
plants and varied vegetation is valuable. (1,8)

Climate Regulation. * Evaporation can have positive effects
on UHI effect. Little carbon storage possible.(15)

Low Flows. * Groundwater recharge is usually provided, but
care has to be taken to prevent pollution. Water from swale
can be discharged into streams and so directly improve low
flows – depends on water quality. (1,13)

Cultural Benefits

Economic Benefits

Aesthetics. * Depends on design. Higher growing native
vegetation can provide interesting meadow-like appearances.
Meandering swales have a more natural look. The design can
easily be adapted to suit surroundings. (1, 9)

Property Value. * Swales are unlikely to contribute much to
property value.

Cultural Activities. * Can be used as an educational
resource, design of the swale should take this into account.
Case studies have demonstrated the use of swales as
“outdoor classrooms” etc. (1, 9)

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

Additional Benefits and Potential Costs
No additional benefits

Water quality. In peak events, nutrients and metals can be
released from the swale and reach watercourses. Correct
design and maintenance should work to prevent this.
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.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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AMENITY LAWNS
Amenity grassland is usually intensively managed, closely mown grassland found in parks, sports grounds, village
greens or around buildings. It provides a permeable surface and so enables source control and infiltration.
Vegetation can filter and trap sediments.

Benefits Wheel

Landscape context
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.

Shows the contribution of amenity lawns to the provision of ecosystem
services. More detail on the next page.

Costs
£0.07/m2 – £0.6/m2.
Factors: Instalment of a new lawn may
include stripping down old one. Options
for establishing new grass area are
natural colonisation (minimal cost),
grass seed mixtures and turf. (16)

Maintenance

Feasibility

1,600-2,200£/ha/a (0.02-0.22£/m2/a).
Depends on how it is maintained
(hand/gang mown, frequency). Mowing,
intensity depends on aesthetic
requirements. However, maintenance
costs likely to increase proportionally
with smaller size. (17)

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.

Featured Case Study

More Meadows, Birmingham & 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.
More: www.bbcwildlife.org.uk/sites/default/files/grasslands.pdf
Image: BBC
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Social Benefits

Environmental Benefits

Health: Access. * Potential for dual use as sports ground or
similar. Amenity lawns should be highly accessible, but design
and maintenance are important factors. (1,10)

Water Quality. * Sediment and pollutants can be trapped
and to an extent degraded in the soil. However, fertilisation
and pesticide application can impact water quality negatively.
(2,4,7,12,14)

Air Quality. * Vegetation and soil can trap air pollutants and
dust. (5)

Surface Water. * 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. Once soil
becomes waterlogged, area acts as impermeable surface.
(1,2,3,4,5,9,12,14)

Habitat Provision. * 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. (4,6, 13, 15)

Climate Regulation. * 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. (4,5,8,19)

Fluvial Flood. * Strategically placed open green spaces can
act as storage for fluvial flooding. (2)
Low Flows. * Potential for groundwater recharge. (4,5)

Cultural Benefits

Economic Benefits

Aesthetics. * Greenspace can improve the visual quality of
urban areas. It is very versatile, but a less interesting feature
than other interventions. (1,2,4)

Property Value. * 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. (11)

Cultural Activities. * 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. (4,5,10)

Flood Damage. * 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.

Additional Benefits and Potential Costs
Noise reduction. soft lawns can decrease noise by 3db,
providing mental and physical health benefits and so
improved wellbeing.
Multifunctional. highly multifunctional area that can easily
be enhanced by other SuDS/GI and does not have any safety
concerns that may come with water bodies.
Health. closely mown grasses have the benefit of less risk of
triggering 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 the potential of a greenspace to have restorative effects
(with size of a greenspace being the most important factor),
providing stress relief and an “escape”.

Water quality. 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.
Climate regulation. Dry vegetation can be perceived as
ugly or dangerous. Irrigation to counteract this can decrease
the ability to infiltrate water, but increases the cooling
potential of the area. However, it means a greater demand
on water use and energy. This could to an extent be
mitigated by rainwater harvesting on site.
Social disbenefits. poor maintenance and design can
encourage anti-social behaviour and so have a negative
impact on the surrounding areas.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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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. They are different from ponds in that they have more shallow
zones in which bottom-rooted vegetation can grow. Wetlands consist of different zones that are either
permanently wet, permanently dry or periodically wet. 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.

Benefits Wheel

Landscape context
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.
They should always be preceded by other treatment
interventions or sediment forebays to ensure aesthetic
and hydrologic benefits, and also to keep costs low.

Shows the contribution of wetlands to the provision of ecosystem services.
More detail on the next page.

Costs

Featured Case Study

20-35£/m3 or £15,000-160,000 per
wetland. The exact costs depend on
design, with high land take and planning
costs. (4, 11)

Maintenance
0.1£/m2/a. Removal of litter and
potentually silt/sediment, vegetation
(pruning etc.). Fences, landscape
maintenance. Costs are likely to
decline after the first few years. (4)

The Surgery, Kington, Herefordshire
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;
however, the wetland is located below the car park and has a post and rail
fence restricting access.
More: http://www.susdrain.org/casestudies/case_studies/surgery_kington_herefordshire.html

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. (5,14, 27)
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Social Benefits

Environmental Benefits

Health: Access. * Can provide highly valuable recreational
areas (has been shown to be up to ~63,400£/ha/a) that
encourage physical activity and have positive health impacts.
(17,22, 31)

Water Quality. * Effective pollutant reduction: sediment
~90%, nutrients avg. 60% depending on retention time and
season. Reduction of hyrdocarbons 50-80%, heavy metals
varying but up to 99%. During dry seasons, storm events can
wash out pollution w sediment. High water temperature may
be an issue. (2,5,6,9,11,13,14,18, 26, 32)

Air Quality. * Potential to reduce air pollution significantly,
but few studies on constructed wetlands. (8)
Habitat Provision. * Potentially very high but depends on
design. Can provide important stepping stones for migratory
birds, but depends on size. However, high pollutant loads can
compromise this. (18, 19, 22, 24)
Surface Water. * Reduction of volume and peak flow
potential >80%. Storage area needs to be provided (high land
take). Helps to reduce flood impact by delaying high flows but
not necessarily reduction in volume. Varying success. Can
increase peak flow due to saturation if capacity full.
(5,6,7,9,11,14,22, 23, 28)

Climate Regulation. * High carbon storage potential (up to
2.4kg/m2/yr net), can regulate air temperature and have
significant positive effect on UHI. Dense vegetation increases
carbon sequestration potential. However, GHG release can
potentially occur. (12,16,21,22)

Fluvial Flood. * Can provide flood prevention if positioned
upstream/in floodplain areas. Few studies on constructed
wetlands. (23, 25)

Low Flows. * Wetlands can increase water flow during dry
seasons but may also decrease it. (25)

Cultural Benefits

Economic Benefits

Aesthetics. * 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.
(17,22, 30, 31)

Property Value. * Can increase property value by up to
28%. Some studies even show up to 300% increase. Increased
spending in commercial areas. (11,20)

Cultural Activities. * Potential very high, can be used for
angling, birdwatching etc, but depends on design. (17,22, 29)

Flood Damage. * 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.

Additional Benefits and Potential Costs
Mental health – Blue spaces have high impacts on stress
levels, and emotional connection to blue spaces is higher than
to green spaces. This can strengthen the sense of place and
identity and so improve wellbeing.
Educational value – 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.
Water re-use – Water stored in wetlands can potentially
be re-used for other purposes, e.g. irrigation. This may save
energy and water costs.

Pollution - Danger of pollutants being washed out of
wetland, higher water temperatures in water body can have
impact on aquatic species downstream
Safety – if not designed correctly, it can be perceived as a
hazard mainly for children.
Aesthetic/Amenity – maintenance needs to be carried out
to prevent the wetland from developing odours and
accumulating litter and so becoming an eyesore and
unwelcoming place.
Habitat – if not enough pre-treatment is provided, pollution
of sediments might occur and wildlife might be negatively
impacted by the heavy metals etc in the water.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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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. 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.

Benefits Wheel

Landscape context
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.

Shows the contribution of trees to the provision of ecosystem services.
More detail on the next page.

Costs
£15-400 per singular tree (including
planting costs). Relative costs decrease
with increasing number of trees (potent.
below this).

Featured Case Study

Dependent on: Species and age of the
tree, location of planting.

Maintenance
0.1£/m2 for managed woodland in
managed greenspace. Higher for
singular trees. (31,32)
Main costs: Pruning Maintenance will
be lower the better the tree is suited
to the conditions – e.g. soil type, water
supply, size of tree pit

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 storm water runoffs away from the
local sewer systems every year. This is worth between an estimated
£20,638 and £29,006 in reduced CO2 emissions and energy savings every
year.
The total structural value of all trees in Victoria, (which does not constitute
a benefit provided by the trees, but rather a replacement cost) currently
stands at £2,103,276. The trees in Victoria remove a total of 1.2 tonnes of
pollutants each year and store 847.08 tonnes of carbon.
More:
https://www.itreetools.org/resources/reports/VictoriaUK_BID_iTree.pdf

Feasibility
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. (33,34)
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Social Benefits

Environmental Benefits

Health: Access. * 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.(1,2,3,4,5,6,8,9,7)

Water Quality. * By allowing increased infiltration, trees
improve water quality. Leaf litter on the ground reduces soil
erosion, trees intercept pollutants and infiltrate them.
(27,28,37)

Air Quality. * A single tree can reduce PM concentration by
15-20%. Street trees reduce prevalence of asthma in children
and death rates from respiratory diseases. (9,16,30)

Surface Water. * 10-15% of rainfall are intercepted by
canopies (2,000-3,000 litres per year, according to US studies
(15)). Open tree pits increase infiltration, with leaf litter
acting like a sponge, and so reduces runoff even further (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%. (13,14,28, 29,33,37)

Habitat Provision. * Depends on location, size and species
of tree, but can provide important corridors. Especially large
trees are of high importance for biodiversity. Preservation of
trees in developments and preservation of especially larger
areas of existing woodland can have a high impact on urban
biodiversity.) (22,23,24)

Climate Regulation. * 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. (19,20,21)

Fluvial Flood. * Trees along river banks (i.e. in the riparian
zone) can act to slow water flow and reduce fluvial flooding.

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

Cultural Benefits

Economic Benefits

Aesthetics. * Aesthetic benefits have been proven multiple
times, impact on mental health (people feel more relaxed in
areas with trees), place shaping. (7,12,37)

Property Value. * Trees in the surrounding environment can
lead to a 5-10% increase in property value, and increase
spending in business areas making areas more attractive to
businesses. (10,11,37)

Cultural Activities. * 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. (12)

Flood Damage.* Due to their impact on surface water
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.

Additional Benefits and Potential Costs
(Mental) Health. 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 new-borns/maternal health.

Property Value. 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.

Energy Savings. 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%

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.

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

Health. Allergy attacks due to pollen are possible and 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.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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surface water runoff by measuring the runoff from 9
m2 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%. The reduction was more
than interception alone could have produced, and
relative to the canopy area was much more than
estimated by many previous studies.

The results from this study show that both grass and
trees can effectively cool surfaces and so can provide
regional cooling, helping reduce the urban heat island
in hot weather. In contrast grass has little effect upon
local air or globe temperatures, so should have little
effect on human comfort, whereas tree shade can
provide effective local cooling.
(18) Davies, H. and Doick, K. (2015) ‘Valuing the
carbon sequestration and rainwater interception
ecosystem services provided by Britain’s urban
trees.’ Bonn.
(19) Forestry Commission (2013) Air temperature
regulation by urban trees and green infrastructure.
Farnham.
Vegetation has a key role to play in contributing to the
overall temperature regulation of cities. Informed
selection and strategic placement of trees and green
infrastructure can reduce the UHI and cool the air by
between 2ºC and 8ºC, reducing heat-related stress and
premature human deaths during high-temperature
events.
(20) Nowak, D. J., Greenfield, E. J., Hoehn, R. E.
and Lapoint, E. (2013) ‘Carbon storage and
sequestration by trees in urban and community
areas of the United States’, Environmental
Pollution, (178), pp. 229–236.
Urban whole tree carbon storage densities average
7.69 kg C m2 of tree cover and sequestration densities
average 0.28 kg C m2 of tree cover per year. Total
tree carbon storage in U.S. urban areas (c. 2005) is
estimated at 643 million tonnes ($50.5 billion value;
95% CI ¼ 597 million and 690 million tonnes) and
annual sequestration is estimated at 25.6 million
tonnes ($2.0 billion value; 95% CI ¼ 23.7 million to
27.4 million tonnes).

(14) Davies, H. and Doick, K. (2015) ‘Valuing the
carbon sequestration and rainwater interception
ecosystem services provided by Britain’s urban
trees.’ Bonn.

(21) Lehmann, S. (2014) ‘Low carbon districts:
Mitigating the urban heat island with green roof
infrastructure’, City, Culture and Society, 5(1), pp. 1–
8. doi: 10.1016/j.ccs.2014.02.002.

(15) Seitz, J. and Escobedo, F. (2014) ‘Urban Forests
in Florida : Trees Control Stormwater Runoff and
Improve Water Quality’. University of Florida.

The integration of trees, shrubs and flora into green
spaces and gardens in the city is particularly important
in helping to keep the urban built environment cool,
because buildings and pavements increase heat
absorption and reflection (what is called the urban
heat island effect). Integrated urban development with
a focus on energy, water, greenery and the urban
microclimate will have to assume a lead role and
urban designers will engage with policy makers in
order to drastically reduce our cities’ consumption of
energy and resources. This paper introduces the
holistic concept of green urbanism as a framework for
environmentally conscious urban development.

Neighbourhoods with fewer trees have the potential for
increased stormwater, pollutants, and chemicals
flowing into their water supply and systems, resulting in
health risks, flood damage, and increased taxpayers’
dollars to treat the water. In Santa Monica, CA, rainfall
interception was measured for 29,229 street and park
trees. Researchers found that the trees intercepted
1.6% of total precipitation over a year, providing an
estimated value of $110,890 ($3.80 per tree) saved
on avoided stormwater costs.
Air quality
(16) Forest Research (no date) Improving Air Quality.
Climate Regulation
(17) Armson, D., Stringer, P. and Ennos, A. R. (2012)
‘The effect of tree shade and grass on surface and
globe temperatures in an urban area’, Urban
Forestry & Urban Greening, 11(3), pp. 245–255.

Habitat Provision
(22) Alvey, A. A. (2006) ‘Promoting and preserving
biodiversity in the urban forest’, Urban Forestry &
Urban Greening, 5(4), pp. 195–201.
The potential for urban areas to harbor considerable
amounts of biodiversity needs to be recognized by city
planners and urban foresters so that management
practices that preserve and promote that diversity can
be pursued. Management options should focus on
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increasing biodiversity in all aspects of the urban forest,
from street trees to urban parks and woodlots.
(23) Mörtberg, U. and Wallentinus, H.-G. (2000) ‘Redlisted forest bird species in an urban environment
— assessment of green space corridors’,
Landscape and Urban Planning, 50(4), pp. 215–
226.
The logistic regression models showed that important
properties of remnants of natural vegetation were
large areas of forest on rich soils, together with
connectivity in the form of amounts of this habitat in
the landscape. These properties were associated with
the green space corridors. Implications for the design
of urban green space corridors would be to treat
mature and decaying trees and patches of moist
deciduous forest as a resource for vulnerable species,
and to conserve large areas of natural vegetation
together with a network of important habitats in the
whole landscape, in this case forest on rich soils, also in
built-up areas.
(24) Stagoll, K., Lindenmayer, D. B., Knight, E., Fischer,
J. and Manning, A. D. (2012) ‘Large trees are
keystone structures in urban parks’, Conservation
Letters, 5(2), pp. 115–122.
This study found that (1) large trees had a consistent,
strong, and positive relationship with five measures of
bird diversity, and (2) as trees became larger in size,
their positive effect on bird diversity increased. Large
urban trees are therefore keystone structures that
provide crucial habitat resources for wildlife. Hence, it
is vital that they are managed appropriately. With
evidence-based tree preservation policies that
recognize biodiversity values, and proactive planning
for future large trees, the protection and perpetuation
of these important keystone structures can be
achieved.
General/broader References (for multiple
benefits)
(25) Bird, W. (2007) ‘Natural Thinking’, Royal Society
for the Protection of Birds, pp. 1–116.
(26) McPherson, E. G., Simpson, J. R., Peper, P. J.,
Gardner, S. L., Vargas, K. E. and Xiao, Q. (2007)
Northeast Community Tree Guide.
Presents benefits and costs for representative small,
medium, and large deciduous trees and coniferous
trees in the Northeast region derived from models
based on indepth research carried out in the borough
of Queens, New York City. Average annual net benefits
(benefits minus costs) increase with mature tree size
and differ based on location: $5 (yard) to $9 (public)
for a small tree, $36 (yard) to $52 (public) for a
medium tree, $85 (yard) to $113 (public) for a large
tree, $21 (yard) to $33 (public) for a conifer.
(27) Roy, S., Byrne, J. and Pickering, C. (2012) ‘A
systematic quantitative review of urban tree
benefits, costs, and assessment methods across
cities in different climatic zones’, Urban Forestry &
Urban Greening, 11(4), pp. 351–363.
Urban trees can potentially mitigate environmental
degradation accompanying rapid urbanisation via a
range of tree benefits and services. But uncertainty

exists about the extent of tree benefits and services
because urban trees also impose costs (e.g. asthma)
and may create hazards (e.g. windthrow). Few
researchers have systematically assessed how urban
tree benefits and costs vary across different cities,
geographic scales and climates. This paper provides a
quantitative review of 115 original urban tree studies,
examining: (i) research locations, (ii) research methods,
and (iii) assessment techniques for tree services and
disservices.

(28) The Mersey Forest (2014) Urban Catchment
Forestry: The strategic use of urban trees and
woodlands to reduce flooding, improve water
quality, and bring wider benefits.

(29) U.S.

Environmental
Protection
Agency
(2013) Stormwater to Street Trees. Washington,
DC.

(30) Wang, Y., Bakker, F., de Groot, R. and Wörtche,
H. (2014) ‘Effect of ecosystem services provided
by urban green infrastructure on indoor
environment: A literature review’, Building and
Environment, 77, pp. 88–100.
The economic effects of adjoining vegetation and green
roofs on climate regulation provided energy savings of
up to almost $250/tree/year, while the air quality
regulation was valued between $0.12 and $0.6/m2
tree cover/year. Maximum monetary values attributed
to noise regulation and aesthetic appreciation of urban
green were $20 – $25/person/year, respectively. Of
course these values are extremely time- and contextdependent but do give an indication of the potential
economic effects of investing in urban green
infrastructure.
Guidance
(31) The Woodland Trust (2002) ‘Urban woodland
management guide 4: Tree planting and woodland
creation.’
(32) The Woodland Trust (2011) Trees or Turf ?
The costs of woodland in managed green space are
£1,500/ha/a for the first 4 years after establishment,
after which they become a cheaper alternative to
amenity grassland, reducing annual maintenance costs
per hectare to £630.

(33) The Woodland Trust (2015) ‘Practical Guidance:
Residential Developments and Trees’.
Planting trees can slow the flow of water and reduce
surface water runoff by up to 62 per cent compared to
asphalt. A single young tree planted in a small pit over
an impermeable asphalt surface can reduce runoff by
around 60 per cent, even during the winter when it is
not in leaf. Tree roots can increase infiltration rates in
compacted soils by 63 per cent, and in severely
compacted soils by 153 per cent. A single tree has
been estimated to reduce PM concentration by 15-20
per cent. Natural England has estimated that access to
quality green space could save around £2.1 billion in
health care costs. The presence of trees is perceived as
indicating a more cared for neighbourhood and the
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presence of street trees was associated with a
decreased incidence of crime.
(34) Sustrans (no date): Introducing plants and trees
into your street.
(35) Forestry Commission (2009) ‘The London Trees
and Woodlands Standard Costs .’
(36) Trees
for
Cities:
http://www.treesforcities.org/aboutus/information-resources/benefits-of-urban-trees/

(37) Warwick District Council (2003) ‘The Benefits of
Urban Trees. A summary of the benefits of urban
trees accompanied by a selection of research
papers and pamphlets.’
This briefing note is an attempt to summarise some of
the benefits of urban trees. A number of papers
relevant to the subject of the benefits of urban trees
have, with the kind permission of their authors, been
included in the appendices.
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RETENTION PONDS/BASINS
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. 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.

Benefits Wheel

Landscape context
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.

Shows the contribution of retention ponds to the provision of ecosystem
services. More detail on the next page.

Maintenance

Feasibility

£15-25/m3 treated water (lowmedium). 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 yrs).

0.5-1£/m2 surface area. Litter and
debris removal, sediment removal may
be required. Vegetation management.
Outlets and inlets need to be kept free.
If sediment is not removed sufficiently
before entering the pond, dredging may
be necessary, reducing design life and
increasing costs.

Commercial and Residential, Retrofit/high
density area unlikely due to high land
take. Liner enables installation above
vulnerable groundwater. If groundwater
table is high, a liner could also improve
sedimentation by preventing constant
inflow into the pond. Continuous water
supply must be given to ensure
permanent pool does not dry out.

Featured Case Study

Costs

Ardler Village, Dundee
Ardler was originally a Local Authority housing estate built in the late 1960s
with over 3200 flats in six multi-storey buildings housing nearly 8000
people. The area suffered economic decline during the 1980s and studies in
the 1990s showed high numbers of single parent families and long term
unemployment. Dundee City Council bid for funding to prevent irreversible
decline and were awarded £85 million to regenerate the area in 1999.
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.
More:
http://greenspacescotland.org.uk/SharedFiles/Download.aspx?pageid=133&m
id=129&fileid=74
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Social Benefits

Environmental Benefits

Health: Access. * Water bodies encourage low intensity
activities and the areas around ponds can be designed to offer
space for recreational activities. (4, 11, 12, 18, 26, 27)

Water Quality. * Avg sediment removal efficiency of 90%, N
30%, P 50%, metals 50-80%. Depends on the retention time
provided by the pond. (2, 4, 5, 8, 9, 11, 16, 17, 21,27)

Air Quality. *Plants in the area surrounding the pond as
well as the soil are likely to take up a certain amount of
pollutants. (7)

Habitat Provision. * 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. (4, 12,
18)

Surface Water. * 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. Volume reduction depends on infiltration
and storage time. (1, 4, 5, 6, 9, 11, 12, 19, 20, 22, 23)

Fluvial Flood. * By storing water and attenuating peak flow,
retention ponds can positively influence the risk of flooding
downstream. (4, 11,22,23)

Cultural Benefits

Aesthetics. * Ponds are an aesthetically pleasing landscape
feature, providing a sense of beauty and so promoting
wellbeing. (4, 11, 12, 13, 18)

Cultural Activities. * Water bodies have been shown to
provide opportunity for reflection and social interaction and
so are important cultural points if maintained and designed
adequately. Can be used as educational facilities. (4, 11, 13,
24, 25, 26)

Climate Regulation. * 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. (10, 14, 18)

Low Flows. * Ponds can potentially release water during dry
periods, and the possibility to re-use water can reduce
pressure on mains water. (4)

Economic Benefits

Property Value. * 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. (4, 11, 13, 18)

Flood Damage. * Through their impact on reducing and
removing surface water runoff, retention basins can reduce
severity of surface water floods.

Additional Benefits and Potential Costs
Water re-use. Depending on the water quality, water from
ponds can be reused for watering greenspaces or other nonpotable uses.
Mental Health. 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.

Water quality. 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.
Cultural Activities. 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.
Habitat. Invasive species can be problematic.
Climate. Waterbodies may emit GHG.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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DETENTION PONDS/BASINS
Detention ponds or basins are usually 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 do so by
allowing sediment to settle and biological processes to take place that destroy nutrients and other pollutants.

Benefits Wheel

Landscape context
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.

Shows the contribution of detention ponds to the provision of ecosystem
services. More detail on the next page.

Costs

Featured Case Study

15-55£/m3 volume, with a lifetime of up
to 50 years. Costs depend on the site
and context, as well as the scale of the
development. (5)

Maintenance
0.3£/m2/a. Can be part of landscaping.
Inlet and outlet need to be cleaned
regularly and sediment monitored and
removed if necessary. Regular
maintenance is necessary. (5)

Lamb Drove, Cambridgeshire
Lamb Drove is a residential development of 35 homes on a one-hectare
site. SuDS was incorporated from the start of development (2004) to prove
that it can be practical in new residential developments, particularly in
Cambridgeshire which is low-lying and has plans for up to 50,000 new
homes by 2016.
A range of SuDS components have been used, including permeable
pavements, green roofs, swales and detention basins. The Management
Train concept was used across the site, this mimics natural drainage as
much as possible and aims to control runoff as close as possible to its
source.
More: Report: http://robertbrayassociates.co.uk/projects/lamb-drove/

Feasibility
Residential, Commercial, Retrofit.
Multiple uses possible and can therefore
be incorporated in existing amenity space
and used for recreation. (6,14,15)
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Social Benefits

Environmental Benefits

Health: Access. * Detention basins can be used as
multifunctional areas and so provide opportunities for
recreation and sport. (2,6,14)

Water Quality. * Especially high sediment removal (40-70%)
but also for metals and insoluble pollutants, but lower for
soluble pollutants. Higher for extended detention basins. (3, 4,
7, 10, 11)

Air Quality. * Potentially, pollutants can be adsorbed by
vegetation and soil. (9)

Surface Water. * Detention basins have a high impact on
peak flows and can reduce volume of runoff (20-90%), but are
most effective for small storms. Extended detention basins
can achieve better outcomes. (7, 8, 10, 11)

Fluvial Flood. * Detention basins may influence fluvial floods
downstream by reducing the amount of water discharged into
rivers. (2)

Cultural Benefits

Aesthetics. * 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. (6,13,15)

Cultural Activities. * Depending on design, detention
basins can provide space for cultural activities. (6, 14, 15)

Habitat Provision. * Low potential but planting of native
vegetation and shrubs can improve habitat conditions for
wildlife. Invasive species can be a problem. (6, 13, 15)

Climate Regulation. * DB can reduce the UHI effect and
store carbon if vegetated. Long storage times, while improving
nutrient removal, can increase GHG emissions. (2, 13,16)

Low Flows. * Groundwater recharge is possible. (6,13)

Economic Benefits

Property Value. * Good design increases property value in
close vicinity to detention basins. (11)

Flood Damage. * Through their impact on reducing and
removing surface water runoff, detention basins can reduce
severity of surface water floods.

Additional Benefits and Potential Costs
No additional benefits

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.
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.
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.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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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. 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.

Benefits Wheel

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

Shows the contribution of intensive green roofs to the provision of
ecosystem services. More detail on the next page.

Costs

Maintenance

Feasibility

£100-140/m2 (high). But can increase
the lifetime of roofing compared to
conventional roofs by up to three times.
May be higher for retrofit. However, no
additional land take is required.

Low to High. Regular inspection
needed. May need irrigation and
drainage systems. Due to the
importance of their appearance,
maintenance similar to that of parks or
gardens can be required.

Domestic, 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.

Featured Case Study

Bridgewater Green Roofs, 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 also attracts the widest range of animals and so has the greatest benefits
for ecology. It also states that added insulation effects of bio diverse and
sedum living roofs will save approximately 4.9t of CO2 per annum or a total
of 245t over the life of the living roof.
More: The Solution Organisation (2005): Whole Life Costs & Living Roofs
– The Springboard Centre, Bridgewater.
http://www.thesolutionorganisation.com/Living%20roof%20Bridgewater%20
003.pdf
Image: greenroofs.com
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Social Benefits

Environmental Benefits

Health: Access. * Accessible intensive green roofs can
provide stress relief, space for exercise, and improve mental
health. However, access may be restricted. (4,17)

Water Quality. * Overall, they have a positive impact on
water quality. Pollution reduction can exceed 90% for various
metals and phosphorus up to 64%. First flush effects may
occur. (2,4, 5, 13, 16)

Air Quality. * IGR provide high potential for removing
pollutants from the air. Studies in Chicago have estimated
removal of 50% O3, 27% NO2 and 7% SO2.Through their
mix of different vegetation types, IGR have the potential to
remove 3x as many pollutants in total compared to those
with only grass. Removal depends on season, species, and
local factors. (13, 15, 16, 19)

Habitat Provision. * Green roofs can provide important
ecological stepping stones and habitats for invertebrates.
Intensive green roofs face more disturbance through
maintenance and use. Ecological potential can be maximised
through the selection of suitable vegetation. (4,6,11)

Surface Water. * Intensive green roofs are considered to
have an attenuation capacity of 90-100%, capturing 70+% of
rainfall volume and delaying peak flows. (2,4,5,6,7,10,16,24)

Climate Regulation. * 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. (1,4,8,9,13)

Fluvial Flood. * Green roofs are unlikely to contribute to
reducing fluvial flooding.

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

Cultural Benefits

Economic Benefits

Aesthetics. * Green roofs can provide the same high
aesthetic benefits as public parks or gardens, however there
is little literature analysing this benefit. (6,23)

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

Cultural Activities. * Where access is given, these places
can provide settings for social bonding, strengthen
communities and potentially allow cultural activities like
gardening and farming. (6,17)

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

Additional Benefits and Potential Costs
Energy saving. Green roofs can reduce temperatures in
buildings (up to 75% reduction in cooling demand shown in
extensive roofs, and higher for intensive). A case study in
Bridgewater, Somerset (see below) estimated a fuel saving of
GBP 5.20/m² per year.
Mental health. 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.
Noise reduction. Green roofs have been shown to reduce
noise. One study has shown a reduction of 8dB.
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.

Aesthetics vs Runoff control – The wish and need to
maintain lush and aesthetically pleasing vegetation can mean
that irrigation and/or fertilisation is necessary during dry
spells. This may decrease the ability to store/absorb
precipitation; increases water consumption and, in the case
of fertilisation, decrease the water quality of the runoff. To
an extent, this can be avoided by coupling water harvesting
systems with green roofs, so that dry periods can be
overcome with water from previous storm events. This also
increases storage capacity of the roof. If designed adequately,
the stored water can even be used to enhance the landscape
by providing aesthetically pleasing water features (blue roof).

*** Indication of confidence. * Literature confirms positive
influence. * Mostly positive results in literature and/or little
literature available. * Varying results in literature, little literature
available
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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. 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.

Benefits Wheel

Landscape context
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.

Shows the contribution of extensive green roofs to the provision of
ecosystem services. More detail on the next page.

Costs

Maintenance

£55-130/m2 (medium to high). Depends
on type - may be higher for retrofit.
Longer life expectancy than
conventional roofs (up to 3 times).
Relative costs depend on area, location
(and with it the accessibility of the site).
Benefit of not using any additional land.
(3, 6, 14, 18)

Maintenance requirements are minimal
if at all. Usually no requirement of
artificial irrigation or fertilization.
Invasive species removal may be
required, as well as clearing of drains.
(6)

Featured Case Study

Bridgewater Green Roofs, 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 also attracts the widest range of animals and so has the greatest
benefits for ecology. It also states that added insulation effects of bio diverse
and sedum living roofs will save approximately 4.9t of CO2 per annum or a
total of 245t over the life of the living roof.
More: The Solution Organisation (2005): Whole Life Costs & Living Roofs
– The Springboard Centre, Bridgewater.
http://www.thesolutionorganisation.com/Living%20roof%20Bridgewater%20
003.pdf
Image: greenroofs.com

Feasibility
Residential and Industrial, Retrofit
possible. Flat and sloping roofs are
possible. Slopes however influence
drainage and will lead to less water
holding capacity. (6, 12)
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Social Benefits

Environmental Benefits

Health: Access. * Extensive green roofs are usually not
accessible but can provide mental health benefits if they are
visible from other places. (4,17)

Water Quality. * The capacity of green roofs to reduce
pollutants is linked to their age (more mature roofs capture
more pollutants), design, season (removal rates are higher in
summer) and species. 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%. Sedum roofs
are less effective at reducing pollution than herbaceous
perennials. (2,4, 5, 13, 16)

Air Quality. * Sedum covered green roofs can remove up
to 200g PM/a/m2 from the atmosphere and provide benefits
through the improvement of air quality. Different types of
vegetation can account for even higher reductions. Studies
have shown that 19m2 of extensive green roof can reduce
pollution by the same amount as a medium sized tree. (13, 15,
16, 19)

Surface Water. * 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. A study in Brussels has shown that greening
only 10% of possible roofs would lead to overall runoff
reduction of 2.7%. (2, 4, 5, 6, 7, 10, 16)

Habitat Provision. * Green roofs can provide important
ecological stepping stones for wildlife and habitats to a number
of even endangered invertebrates. This depends on their
design and species selection as well as maintenance. (4, 6, 11)

Climate Regulation. * 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). Depending on their vegetation, they can
store and sequester carbon. (1, 4, 8, 9, 13)

Fluvial Flood. * Not given.
Low Flows. * Not given.

Cultural Benefits

Economic Benefits

Aesthetics. * Ext. green roofs can be designed to be
aesthetically pleasing.

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

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

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

Additional Benefits and Potential Costs
Energy savings. 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. They
could play an important role in adapting cities to climate
change.

Water quality. 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.

Mental health. The view of green roofs can provide
relaxation and restoration and so have beneficial effects on
the mental health of those in vicinity.
Noise reduction. Green roofs can impact on acoustic
transfer into and out of a building.
*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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PERMEABLE PAVEMENTS
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. 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.

Benefits Wheel

Landscape context
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.

Shows the contribution of permeable pavements to the provision of
ecosystem services. More detail on the next page.

Costs

Featured Case Study

27-40£/m2 (high). Depends on whether
replacement or new development and
type of paving. No need for connection
to sewer system (saves additional
costs). If all costs are taken into
account, they are lower than for
traditional surfacing and drainage. (4, 7)

Maintenance
0.5-1£/m3 of water stored/treated.
Brushing/vacuuming every 6 months to prevent the clogging and
accumulation of metals in the top
layers is likely necessary to maintain
good water quality performance.
Clogging however is more an issue
with porous than permeable
pavements. Unlimited design life. (4,5,
7, 8, 14)

Permeable paving in parking area. 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.
It is the first use of this type of permeable paving material on a public street in
Portland, although similar materials are used locally in parking lots and private
driveways.
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
More: https://www.portlandoregon.gov/bes/article/77074

Feasibility
Industrial and Domestic. Retrofit
possible. The type of pavement 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. Sand or sediment input
can happen especially during
construction; contractors have to be
made aware of this. (5, 7, 8, 14)
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Social Benefits

Environmental Benefits

Health: Access. * Can be used in multifunctional areas but
does not provide same benefits as greenspace. Can provide
area for recreational use. (8,15, 14)

Water Quality. * 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. N and P have varying degrees of removal, dependent
on the design of the structure (below ground infiltration). (1,
2, 6, 10, 12)

Air Quality. Not given.
Habitat Provision. Not given.

Surface Water. * 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. Runoff generation can
be eliminated. (1, 2, 3, 6, 9, 10, 13, 14)

Climate Regulation. * Potential to mitigate UHI through
evaporation and storage of water but this depends on various
factors. If combined with other technologies (see below) may
help to reduce emissions. (11, 12, 14)

Fluvial Flood. * Can provide flood prevention downstream
by reducing runoff into rivers.

Low Flows. * Permeable pavements can potentially allow
groundwater recharge and combined with rainwater
harvesting reduce pressure on mains water. (8)

Cultural Benefits

Economic Benefits

Aesthetics. * May allow grass to grow, creating attractive
green area where otherwise only paving would be present.
Depends on type of pavement used. (7,15)

Property Value. * Depending on type and quality may add
value. (14)

Cultural Activities. Not given.

Flood Damage. * 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.

Additional Benefits and Potential Costs
Water re-use potential –There is high potential of
combination with RWH systems that allow using the water
for non-potable uses. The combination with geothermal heat
pumps (GHPs) enables re-use of water (e.g. for gardening)
along with energy efficient heating/cooling of buildings. This
of course depends on the site context but can provide
sustainable heating without need for fossil fuels (therefore
reducing emissions).
Multi-functionality – Paved surface enables safe and
comfortable use for vehicles and pedestrians while allowing
infiltration and benefitting vegetation, providing treatment
and flow management. While it is not a greenspace itself, it
can improve the accessibility of greenspaces by providing
convenient, safe paths through existing green infrastructure
that integrate well with the landscape.

No additional impacts

*** Indication of confidence. * Literature confirms positive
influence. * Mostly positive results in literature and/or little
literature available. * Varying results in literature, little literature
available
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RAINWATER HARVESTING/WATER BUTTS
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.

Benefits Wheel

Landscape context
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.

Shows the contribution of rainwater harvesting to the provision of
ecosystem services. More detail on the next page.

Costs

Featured Case Study

£10+ for water butts, £2000-4000 for a
complete domestic system. Retrofit is
possible but likely more expensive for
entire systems. Depends on scale and
type of the system (e.g. gravity fed or
pump system) and existing connections.

Maintenance
Costs: £0.1-0.4 per m2 (4,7)
Typical maintenance activities: cleaning
and inspection. Depends on context
and type of system.

Rainwater Harvesting at Calke Abbey, National
Trust
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.
More: https://www.nationaltrust.org.uk/calkeabbey/documents/calke-abbey---building-design-guide.pdf

Feasibility
Context: Residential, Industrial. Retrofit
and use in high density urban areas
possible.
Connection to rainwater pipes is
necessary. More water is collected from
sloping roofs. (7)
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Social Benefits

Environmental Benefits

Health: Access. * Rainwater Harvesting Systems provide
no access to or to the benefits of accessing green space.

Water Quality. * 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.(2,5)

Air Quality. * Rainwater Harvesting Systems have no
impact on air quality.
Habitat Provision. * Rainwater Harvesting Systems have no
capacity to provide habitats for wildlife.
Surface Water. * 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 (11). However,
there is little evidence on the scale of this impact on flooding.
(1,3,8)

Climate Regulation. * Rainwater harvesting can have
positive impacts by saving water and thus energy, but if pumps
are used the emissions might outweigh the benefits. (3,6)

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

Low Flows. * 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) (12).
However, there are few studies on the scale of this impact.

Cultural Benefits

Economic Benefits

Aesthetics. * 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. (8, 10)

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

Cultural Activities. * Rainwater Harvesting Systems
provide no opportunity for cultural activities or further
cultural benefits.

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

Additional Benefits and Potential Costs
Economic. 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).
Water re-use. During periods of hosepipe bans, as they can
happen more frequently, 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.

Energy use. Where complete RWH systems are installed
with pumps, the intensity of energy use can be increased
compared to mains water. This can have net negative impacts
on emissions from the system. This is not the case for water
butts and other storage systems without pumps.
Water quality. 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 in significant frequency. It is
important to connect drain pipes correctly, so only rainwater
is discharged into the water storage

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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PUBLIC PARKS AND GARDENS
Public Parks and Gardens are important existing assets of an urban environment, with 91% of people in the UK
believing that public parks and open spaces improve their quality of life (4). While high land prices and pressure
from different competing objectives often makes the development of a new park in an area unlikely (although
not impossible – see for example the Thames Barrier Park Case study) it is all the more important to protect
existing parks and manage them in a way that maximises the multiple benefits laid out below. Benefits from
parks, as far as they have been monetised, are significant: Edinburgh, for example, has shown that its public
parks show a SROI of on average £12 for every £1 invested, and Camley Street Park (London) alone has
calculated a total of £2.8 million in ecosystem service benefits per year.

Benefits Wheel

Landscape context
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. Especially for parents and
households with children, parks are a significant resource,
socially as well as culturally, with over 80% of people with
children under 10 in the household using their local park
at least monthly. 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.

Shows the contribution of parks to the provision of ecosystem services.
More detail on the next page.

Parks – depending on their size and design – often
constitute a combination of different types of green
infrastructure 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. (4, 8).

Maintenance Costs
Average management costs of parks in 2013/14: £6,410/ha. (8) 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.

Featured Case Study

Camley Street Natural Park
Camley Street Natural Park now provides access to nature in a
densely populated area. It contains a pond, a meadow, a marsh and
woodland providing a habitat for a variety of wildlife.
The natural park has been managed by London Wildlife Trust since
its opening, on behalf of London Borough of Camden. Some of the
benefits are: Habitat provision (70 species of trees, 32 species of
bees, 20 species of amphibians and reptiles, 75 species of birds, 8
species of fish), regulating noise, providing educational space,
enabling access to nature (with 15,000-20,000 visitors each year).
Total ecosystem service value: £2.8 million per year.
http://www.atkinsglobal.co.uk/~/media/Files/A/AtkinsCorporate/group/cs/Camley-st-natural-park.pdf
Image: www.wildlondon.org.uk
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Social Benefits

Environmental Benefits

Health: Access. * A greater quantity of urban green space is
generally associated with better health. 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.
However, even though a lot of evidence points to this
positive link, there are diverse results in the literature –
which possibly points to the importance of park design in
enabling the provision of benefits. (2,4,5,6,9,10,12,13,14,20)

Water Quality. * Through water infiltration, parks can
prevent pollutants from reaching waterbodies and streams.
Fertilization and pesticide use however can have a negative
impact. (2, 16, 18)

Air Quality. * While research focusing on parks specifically
is limited, it is clear that trees have a big impact on air quality.
Air quality within parks is often better than outside, as are air
temperatures. This is true for PM10 but also other pollutants
like NOx and SOx. (2, 6, 10, 18, 20)

Surface Water. * Due to high infiltration rates, grassed
areas are able to nearly completely eliminate runoff, therefore
having a positive impact on surface water flooding. In
Manchester areas with less green space are more susceptible
to surface water flooding. The effect however depends on
type of vegetation and intensity/duration or rainfall as well as
factors like soil type and compaction. (2, 9, 15, 16, 18)

Fluvial Flood. * 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. (18)

Cultural Benefits

Habitat Provision. * Often, parks have been found to be the
most biodiverse type of urban of green space. However, this
can be due to exotic species. Larger, more diverse and less
isolated parks harbour more native species. (2,3, 16, 17, 20,
22)

Climate Regulation. * Parks, especially those with high tree
cover, can act as carbon sinks. A study in Leicester has shown
that 97.3% of the carbon pool stored in urban vegetation is
stored in trees. Parks provide resilience against increasing
temperatures and the UHI effect. Air temperatures in London
have been shown to be 2-8 degrees lower in greenspaces. This
could mean that the current provision on green space in
London saves 16-22 lives per day during heatwaves. Parks can
influence the air quality in surrounding areas as the
temperature difference can lead to “park breeze” into
surrounding built up areas. (1,2, 6, 7, 9, 18, 20)

Low Flows. * Parks have been shown to contribute
significantly to groundwater recharge due to their high
infiltration rates (over 30%). Grassed areas are able to nearly
completely eliminate runoff. (9,16)

Economic Benefits

Aesthetics. * 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. Some studies show these benefits even from just
viewing green space (2, 19)

Property Value. * 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. (e.g. a study in the
Netherlands has shown an increase in 5-12% for houses
overlooking attractive areas, and 6-12% for houses
overlooking open spaces) (2, 11, 18, 20)

Cultural Activities. * 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. (2,4, 6, 20)

Flood Damage. * 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.
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Additional Benefits and Potential Costs
Crime: Higher levels of high quality green space provision
are correlated with lower crimes. Apart from the economic
benefits, this means a positive impact on the community and
the mental wellbeing of residents. Studies in the US have
shown more than 25% reduced crime rates and aggressive
behaviour in areas with green space provision than in those
with less. This seems to be due to the environment deterring
criminal activity by increasing use of the space and natural
surveillance, but also to green space preventing mental
fatigue. (4,9, 21)

Crime: Poor quality green space can actually enforce
antisocial behaviour. Parks that are not maintained well can
become hotspots for crime and vandalism, and lead to
perceptions of unsafety.
Property value: As with crime, poor quality green space
can actually have the reverse effect of what it is meant to
achieve and reduce values of properties where it is perceived
to be an unsafe area.

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. (9, 18)
Mental health Parks provide important mental health
benefits by offering somewhere to escape from daily life,
exercise and build a connection with nature. 30% lower
depression rates in areas with higher greenspace have been
shown. Biodiversity has also been shown to impact on the
psychological benefit of visiting parks, with the species
richness being more important than the area of the green
space. A study in Bristol has shown that children are more
likely to engage in active play in areas with green spaces. A
study in Greenwich showed that dissatisfaction with urban
green space is related to poor mental health. (4, 8, 9)
Social Cohesion: A study in Vienna has shown an increased
“attachment” to an area in places with a perceived higher
supply and quality of greenspace. 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. (4,9,20)
*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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COMMUNITY GARDENS & ALLOTMENTS
Orchards and allotments show similar benefits to parks and other open areas regarding their environmental
and partly social benefit, 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 unique is the social and cultural aspect of food production and land
ownership in an otherwise urban environment. The ecosystem services provided depend on how the
allotments/orchards are used and guidance for allotment owners and users should be considered within the
management of surface water and multiple ecosystem services.

Benefits Wheel

Landscape context
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.

Shows the contribution of allotments to the provision of ecosystem
services. More detail on the next page.

Costs

Featured Case Study

The cost of allotments or orchards are
hard to estimate and are more
dependent on the opportunity costs
from lost opportunities for housing/
commercial develop-ment. Users of
allotments pay for accessing the space,
with fees varying in different areas but
on average between £30-£40 for a
250m2 plot (2).

Maintenance
As allotments are managed privately,
maintenance costs depend on the
individual owner. Avoiding soil
compaction, planting and maintaining
buffer strips and allowing wild habitat
can maximise provision of ecosystem
services

‘The social, health and wellbeing benefits of allotments:
five societies in Newcastle’ (Ferres, M. and Townshend, T. G.,
2012)
Three main reasons for having an allotment were identified: (1) Being able
to grow one’s food, (2) the enjoyment and pleasure obtained by the activity
itself, (3) dedicating time to 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 they obtain psychological or
spiritual benefits from having an allotment and 72% state they gain physical
benefits.
More: http://www.ncl.ac.uk/guru/documents/EWP47.pdf

Feasibility
The main factor determining the
feasibility of allotments is the availability
of suitable land. Demand is usually given,
with many allotments having waiting lists
for plots. Opportunities for new creation
are undeveloped land or reclaiming of
previous allotment sites, as well as
protection of existing sites
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Social Benefits

Environmental Benefits

Health: Access. * 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.
(3,5,6,7)

Water Quality. * Bioretention can improve water quality
in many aspects, 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. (3,4,16)

Air Quality. * Air quality is not a significant benefit provided
by allotments, hover 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. (3,13)

Habitat Provision. * 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.(2,3)

Surface Water. * 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.
(3,4,15,16,17,18)

Climate Regulation. * 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.
(3,14)

Fluvial Flood. * Allotments can only contribute to reducing
fluvial flood risk by infiltrating water before it reaches streams.
(17)

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

Cultural Benefits

Economic Benefits

Aesthetics. * 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.(6,7)

Property Value. * 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. (19)

Cultural Activities. * 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. (5,6,7,8,9,10)

Flood Damage. * By reducing the impermeability of an
urban area, allotments can help to reduce severity of
floods.(17)
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Additional Benefits and Potential Costs
Mental Health. 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.

Water Quality. 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.

Food Production. People who own an allotment eat more
fresh fruit and vegetables than those who 0don’t. A study in
Manchester has quantified the economic benefit of food
production on allotments to be on average 698£ per plot and
year (3). Another report has found the total food production
in London in urban gardens to be £1.4 million per year.

Flooding. 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.

*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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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. 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, it can therefore be useful to refer to this factsheet to understand
further benefits. Opportunities for river restoration in parks and other open spaces may also be more easily
found than in higher density urban environments.

Benefits Wheel

Landscape context
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. In
addition, other pressures are present in the urban
environment: air pollution from traffic can cause
acidification. Pesticides from roadsides or amenity areas
can reach the water, as well as fertilisers. Construction
sites can cause high sediment inflow. (Environment
Agency 2009). Past culverting and straightening streams
and disconnecting them from floodplains has also had a
degrading impact.
These pressures threaten the quality of rivers and their
value as habitats, but also the benefits they can bring to
people, some of which are represented in the benefits
wheel on the left, and explained in more detail on the
next page..

Shows the contribution of rivers to the provision of ecosystem services.
More detail on the next page.

Maintenance Costs
To improve the state of urban rivers and restore the benefits they provide, there are many interventions that
can be taken. Habitat can be restored, for example by removing hard riverbanks and re-meandering.
Reducing runoff and pollution from hard surface by installing SuDS can improve water quality and work on a
wider scale (7, 8, 19). The costs for river restoration are very variable. A study on restoration projects
carried out in the EU has shown that costs can range between 100 to 3000€ (equivalent to about 70-2300£)
per metre of river restored (9). The cost of SuDS depends on their type – see other factsheets..

Featured Case Study

Mayesbrook Park
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. The overall benefits are substantial relative to the planned
investment. The lifetime value of restoring the site across the four ecosystem
service categories (provisioning, regulatory, cultural and supporting) yields a grand
total of calculated benefits of around £27 million, even if ‘likely significant positive
benefits’ for the regulation of air quality and microclimate are excluded. This is
compared to the estimated costs of the whole Mayesbrook Park restoration
scheme at £3.8 million including the river restoration works. This produces an
excellent lifetime benefit-to-cost ratio of £7 of benefits for every £1 invested.
http://publications.naturalengland.org.uk/publication/11909565?category=49002
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Social Benefits

Environmental Benefits

Health: Access. * Improved open spaces – 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, and 82% reported
feeling differently in the park due to better recreational
opportunities and higher biodiversity and the surrounding
natural environment. Recreational opportunities are
improved through increased opportunities for angling, water
sports and low intensity activities. Improving pathways to
enable active transport can have impacts on physical health.
(1,2,3,4, 5,6,8,11)

Water Quality. * 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: Filter strips and permeable surfaces are specifically
important close to rivers to intercept polluted runoff from
discharging directly into the river. Preventing polluted runoff
from entering the stream by pre-treating it in ponds or
wetlands is an important step to reducing this pressure
further. (1, 8, 9)

Air Quality. * 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. (1,16, 17)

Surface Water. * 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. Creation of floodplain and
forest habitats increases runoff infiltration and so reduces the
amount of water that needs to be drained away, with suitable
natural habitat like medium dense woodlands and meadows
likely reducing runoff by appr. 20%. (1, 4, 8, 13,19)

Fluvial Flood. * Restoring rivers, i.e. re-meandering them
and establishing vegetation, creating wetlands, slows the flow
and increases water storage capacity. It has to be understood
where the issue is created (i.e., where does the water come
from – upstream or surface water draining into the river?)
and the correct measures have to be taken according to this.
Erosion regulation can decrease the need for dredging
downstream, reducing flood risk and also labour intensity. (1,
4, 8, 19)

Habitat Provision. * 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 – an improvement of 1-3 classes in
the WFD status compared to previous conditions has been
found. Morphological status had also improved to moderate in
almost half of the case studies, with a third even reaching
“good” status (1,8, 9, 18)

Climate Regulation. * 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. The effect is
size dependent (1, 15). In Seoul, daylighting of a a culverted
river and vegetating the surrounding area has led to an average
temperature of 14 degrees C lower than surrounding urban
area (1, 4, 16)

Low Flows. * Depending on their characteristics,
groundwater recharge can occur from rivers. Flow regimes
are usually improved after restoration, although this depends
on the type of restoration and the drivers of the flow regime.
(1, 4)
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Cultural Benefits

Aesthetics. * 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. About 60% of the case studies evaluated
in the 2004 URBEM report showed improvement of
aesthetics after the river restoration project. (1, 2, 3, 4, 5, 6)

Cultural Activities. * Reconnecting people to the natural
environment (which in turn increases happiness) can be
achieved by restoring natural landscapes in urban settings
and making them accessible. This also increases the
possibility to use them as educational resources, especially
in urban settings where similar rural environments may not
be as easily accessible. Water is connected to many
activities that are not only recreational and benefit human
health but also have cultural traditions connected to them,
like angling or bird watching. 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 (1, 2, 3, 4, 5, 6, 8, 10, 11, 12, 13)

Economic Benefits

Property Value. * 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%. (1, 8, 18)

Flood Damage. * 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. (4).

Additional Benefits and Potential Costs
Improved sales – high quality environments lead to an
increase in money spent in local businesses and also
encourage businesses to settle in an area.

No additional impacts.

Employment – settlement of businesses in an attractive
area can increase the local employment rate. Additionally,
through the creation of parks new opportunities for
businesses (cafes, outdoor recreation facilities) can improve
the employment situation.
Mental health: water bodies have been found to be
particularly significant in shaping people’s sense of place and
improving their mental wellbeing. They provide attractive,
stimulating features that have the ability to restore
attentiveness and inspire creativity, and landscapes with
water are perceived as more restorative than those without
– even to the extent that urban landscapes featuring water
are seen to be as restorative as green landscapes.
Additionally, the improved recreational opportunities can
give rise to increased social activities. Views of water and the
sound of water have been shown to alleviate stress more
effectively than other types of natural setting.
Crime and social cohesion– as restoration provides an
opportunity for partnership working, the improved
community ownership of places where restoration has been
undertaken by an engaged community is likely to reduce
crime and vandalism in the area (see “Access” and “Public
Parks” factsheet) and increase the social connections
between people living in the area.
*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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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. This indicates the importance of gardens on a wider scale, not only for humans but
also nature. Private gardens are mainly used for relaxation and recreation, with over a third of garden owners
surveyed (2011) naming these as main activities; with gardening, eating, drying laundry and socialising being
other common activities. Over 80% of gardens are used for more than one of these activities. (4, 14)

Benefits Wheel

Shows the contribution of parks to the provision of ecosystem services.
More detail on the next page.

Landscape context
The vegetated, permeable area provided by gardens is
reduced each year due to development pressures,
individual choices regarding the design of the garden and
its maintenance and to provide space for private vehicles.
In London, for example, an area of 2.5 Hyde Parks
(2.5x142 ha) of vegetated garden land is lost each year
(14), and in a case study area in Leeds, paved area in
gardens increased by 13% over the course of 10 years
(12). While domestic gardens have significant positive
benefits for their owners, they are not accessible to the
wider public and do therefore not contribute to
increasing public access to green space. Especially
domestic back gardens may not even provide aesthetic
benefits as they may be hidden behind house fronts or
fences/walls. This has implications on the ability of
gardens to provide benefits – on a local as well as a citywide scale. Fragmented habitats can also be unable to
support wildlife even though the conditions would be
given, connecting these habitats (e.g. through tree lined
streets for birds) and managing them on a larger scale,
e.g. as a group of gardens in an area, could be an
interesting opportunity to maximise their habitat
potential. Benefits from individual gardens to the wider
public could also be maximised by strategically managing
gardens on a larger scale than the individual plot.

Maximising benefits: how could we make the most of gardens?

Featured Case Study

Manage gardens on a larger scale: this could allow habitat connectivity and optimise benefit provision for all.
Improve soil structure and include ponds to maximise infiltration and allow storage of water in designated
areas. Reduce use of pesticides and fertilizer to prevent polluted runoff and use of mains water for irrigation.
Open up walls to make gardens visible and increase the attractiveness of the area. Inform on the ways
gardens can be used for exercise, education and play in different demographics..
Perry, T. and Nawaz, R. (2008) ‘An investigation into
the extent and impacts of hard surfacing of domestic
gardens in an area of Leeds, United Kingdom’,
Landscape and Urban Planning, 86(1), pp. 1–13.
A study in Leeds has linked the increase in paved front gardens (and
therefore increase in impermeable area) to an increased severity in
surface water flooding in that area. A 13% increase in paved area was
observed over 33 years, of which 75% is due to paving of front gardens,
that lead to a predicted 12% increase of average surface water runoff.
This prediction was reflected by actual events in Leeds, where heavy
rainfall led to more frequent and severe flooding (Perry and Nawaz,
2008). While this study was focussed on front gardens being paved, there
is no reason to assume that the loss of back gardens would have a
different effect.
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Social Benefits

Environmental Benefits

Health: Access. * For those able to use them, 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.
Gardening in one’s own garden has been shown to provide
greater satisfaction than gardening in community/shared
gardens. Where visible, the increased green space may help
reduce mental fatigue and so have a positive impact on crime
rates in an area. Private Gardens may have an especially
important effect on young children due to being more readily
accessible for children and providing a safe area for play and
exercise. Private Gardens can also be hugely important
resources for the elderly, however there can be barriers from
decreased physical ability and lack of support. (1, 2, 4, 6, 8,
13)

Water Quality. * Reducing runoff improves water quality as
less pollutants are carried into surface water bodies, but also
because biological processes in the soil break down pollutants.
Bioretention (the breakdown of pollutants in structures
consisting of porous soil, mulch and various plants) has been
shown to have significant potential to reduce pollution in
runoff. Especially metals can be nearly completely (>90%)
removed, ammonium and phosphorous have been found to be
reduced by 60-80%. Nitrate, however, can be increased
through bioretention treatment. Private gardens, especially if
they are managed traditionally, are likely to contribute to
nitrogen and pesticide pollution and could so even have a
negative impact. (2,3)

Air Quality. * 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). They
can not only benefit those owning the domestic garden but
the area surrounding them – depending on their size and
location. However, there is little direct evidence available and
effects are certainly only on a small scale. (2)

Surface Water. * 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. This depends on local characteristics such as soil
type and can be exacerbated by compacting the soil, e.g.
through heavy footfall or parking of vehicles. (2, 12, 13, 17)

Fluvial Flood. * 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.
Protecting permeable areas is therefore a significant
contribution to keeping flood risk as low as possible. (9)

Habitat Provision. * Especially for invertebrates and birds,
even small domestic gardens can provide an important habitat,
but also for some animals that used to be common in lowintensity farmland (e.g. hedgehogs, frogs, bumblebees). They
are likely to support a fairly generalist array of species, though
the importance of this should not be underestimated. Gardens
have been shown to harbour more plant species (a study
found the entire garden flora across the UK to consist of 1056
species) than any other form of urban green space. Plant
composition can be homogenous though and include many
non-natives. Another important factor can be the size of
gardens: the ability to provide biodiversity is often related to
the area and connectivity. While gardens have the potential to
provide very valuable habitats, the way they are managed
influences the realisation thereof greatly. (2, 5, 7, 10, 11, 13,
15)

Climate Regulation. * A 10% increase in veg surfaces would
help control summer temperature increase (predicted 4
degrees) due to climate change (modelling study in
Manchester). Additionally, the soil can store carbon, especially
if disturbance is minimised. An average of 2.5 kg m-2 of carbon
is stored in domestic gardens with 83% in soil (to 600mm
depth), 16% in trees and shrubs and only 0.6% on average in
grass and herbaceous plants. (2, 13)

Low Flows. * Infiltration allows groundwater recharge.
Grassed areas are able to nearly completely eliminate runoff.
However, increased water use in summer may occur and
increase pressure on mains water. (2)
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Cultural Benefits

Aesthetics. * Gardens, where they are visible, provide high
aesthetic benefits for the neighbourhood. In a study in
Sheffield published in 2000, more than 50% surveyed stated
the fact that gardening created “a more beautiful
environment” as a contribution gardens make to the urban
environment. (4)

Cultural Activities. * Gardening has been linked to
increased sense of self-esteem, identity and ownership. They
can lead to strong place attachment and provide a forum for
interaction between family members. Gardens allow playful
activities as well as growing food, gardening to shape a place
after one’s own imagination or creative activities like
painting or photography. Private gardens may, however,
completely discourage wider social interaction by providing
a clear barrier to the outside through hedges and walls –
this is dependent on their layout and the way they are used.
Contrarily, it has also been found that private gardens
encourage social interaction between neighbours as
contacts are made across the garden fence – a study
published in 2000 found that 23% of garden users value the
opportunity to meet neighbours when in the garden. (1, 6,
8, 16)

Economic Benefits

Property Value. * 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. (19)

Flood Damage. * 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).

Additional Benefits and Potential Costs
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. At the same time, this
relates to soil water availability, as evaporation and
transpiration are the main reasons for the cooling effect.
Winter heating savings can also be gained if gardens are used
to plant hedges to insulate from wind (while avoiding shading
the house too much or directing wind tunnels towards the
house), 17% have been suggested for houses in Scotland,
although there is less literature. (2,17)

Carbon Emissions. Management of gardens can lead to an
increase in emissions. This can be due either to the products
and services used (greenhouses, peat, plastics etc) or the
activities carried out (lawn mowing…). This means it is
important to be conscious of how to manage a garden for it
to be environmentally sustainable. (2)

(Mental) Health. Gardens and gardening provide benefits
through the physical exercise that they can facilitate as well
as through 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, as well as a later onset of
dementia. Regular physical exercise reduces risk of coronary
heart disease. The low intensity, regular exercise that
gardening provides can be very beneficial. Gardening helps
reduce depression and anxiety, and encourages creativity and
self-expression. Views of nature encourage faster recovery
from illnesses and increase attention, alertness and improved
moods. Especially landscapes with high natural resemblance
provide restorative benefits. (1,2,4)

Water Quality. Using fertilizers and pesticides can have
negative impacts on the water quality of receiving waters. If
possible, these should not be used or substituted by organic
products to minimise impacts. Keeping a compost heap can
provide fertilizer and reduce waste production. (3, 11)

Water Use. The need for irrigation can increase water use
in a garden and so demand on mains water and energy. This
can have negative impacts on low flows and carbon
emissions, or if not done decrease the cooling potential and
aesthetic value. Choosing the right plants is important. (2)

Habitat Provision. Introduction of invasive species can be a
problem. Also, using pesticides can diminish the value of
gardens as a habitat. Native plants should be preferred and
management intensities should be kept at a reasonable level –
introducing areas for wildlife, like wildflower strips or leaving
piles of leaf litter and dead wood can increase the value as a
habitat. Domestic cats can also present a threat to wildlife.
(7, 11)

Food. 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.
However, there is little literature on the extent of food
production in private gardens or the implications it has. (16)
*** Indication of confidence. * Literature confirms positive influence. * Mostly positive results in literature and/or little literature
available. * Varying results in literature, little literature available
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ACCESS
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. 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.

Benefits of accessible green space
Mental wellbeing. One in four people in England experience poor mental health at any given time. 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: Some of the mental health
benefits do not necessarily need physical access to a green space but can already be increased by providing a view of them as it is
the aesthetic experience that gives rise to the positive effects (1). There is evidence on the impact of quality of the green space
at hand (2). Having access to green space has been shown to improve mental health considerably and sustainably (3), and natural
views can promote drops in blood pressure, increase focus and reduce feelings of stress, even if only short exposure (40
seconds) happens (4). Children with ADD have been found to benefit from activity in public, especially green spaces (5). 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 (1).
 Connection with nature and sense of place are important factors in an individual’s wellbeing and have been shown to be
connected to greenspaces6.
 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 (17).
Physical Wellbeing. 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 (1, 8, 9, 10).
 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 (11).
 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 (17).
Economic Benefits. Attractive areas lead to higher business investment and more visitor-spending. Additionally, jobs can be
created in the maintenance and creation of green spaces (5, 7). 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 (1).
 Millions of working days are lost due to stress related employee absence (1, 2).

Featured Case Study

 NHS Scotland has been estimated to save £85 million per year if only 1 in 100 inactive people took adequate exercise (5).

Finlathen Park, Dundee.
This research is part of the Scottish Government’s GreenHealth
project. Participatory techniques have been used in a case study
to identify community opinions on current uses of urban green
and open spaces, and options for the future.
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.
More:
http://www.hutton.ac.uk/sites/default/files/files/no5%20greenspace
%20services.pdf
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Enabling Access
Physical Accessibility

Maintenance

Information

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. Improve
access with:

Visible lack of maintenance can have a
negative impact on the use of green
space. Be aware of:

Lack of information about existence or
facilities available in a greenspace can be
a barrier to its use.

 Signs and maps close
throughout the park

to

and

 Maintenance of footpaths
 Public transport connections

 Litter removal and
damage/vandalism

repair

of

 Overgrown vegetation and dog mess
(Potential trade-off: overgrown, wild
areas may be perceived as untidy but
be important factors for wildlife.
Make sure to designate specific
wildlife
areas
and
provide
explanatory signs.)

 Make information about facilities and
services and how they can be used
easily accessible (e.g. online)
 Within the area, maps and signs help
find important services and areas
 introduce staff (e.g.
rangers,
gardeners, volunteers) into the area
to provide a first point of contact
and community interaction

 Information on how and where
damage should be reported and
rapid response

Safety

Comfort

Community Ownership

Perceived safety risks are a key barrier
to the use of green spaces. Improve
access with:

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.

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:

 Especially in bigger areas, having well
maintained
facilities
addressing
different target groups like cafes and
public toilets can increase use by
existing user groups and attract new
groups.

 Involving ‘problem groups’ can avoid
single group dominance in public
spaces and help increase use and
make the space safer.

 Sufficient lighting. Street lighting has
been shown to reduce levels of
crime, and increase levels of
perceived safeness.
 Avoid dense wooded13 or shrubby
areas, and maintain lines of sight and
visibility of exits throughout the
area, and take advantage of existing
infrastructure and buildings for
natural surveillance (e.g. visibility
form cafes, offices…).
 Wide main paths to give pedestrians
enough space to pass by.

 Providing specific areas for dogs
(increase use by dog owners and
make other user groups feel more
comfortable)

 Community lead green space
management can address local needs
differently and possibly allow better
maintenance without increased
budget
 Working with other communities or
groups with similar remits and aims
opens
opportunities
for
collaboration
and
knowledge
transfer

Maximising benefits: how could we make the most of gardens?
Some benefits can be maximised by taking some things into consideration when restoring/designing green space:
Educational Value
 Signs explaining natural features and informing target groups (e.g. schools) about accessibility of the area
Mental Restorative Value
 Natural Components have been found to increase the restorative potential of greenspaces. Provision of certain
elements is therefore important (e.g. large, sparsely distributed trees, meadow-like areas with flowers, water
features) (14, 15, 16, 17)
 Provide sheltered places (but keep visibility/safety aspects in mind)
 Play areas for children of different ages. To maximise benefits especially for younger children, a challenging, varied
environment is likely to increase development of balance, co-ordination and creativity.
 Access to natural ‘wild’ areas provide different social and cultural benefits – e.g. inspiring children to more imaginative
play and so increasing their cognitive abilities,
Physical Health
 Facilities supporting recreational activities – this can also mean use of land like detention basins where they are not
vegetated – e.g. as skate boarding areas, basketball courts, etc (depending on size and suitability).
 High and low intensity activities should be encouraged – walking paths as well as exercise areas are therefore useful
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