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A Short glossary 

 

Green Infrastructure (GI) - Green infrastructure is the network of natural environmental 

components and green and blue spaces that lies within and between the North West's 

cities, towns and villages which provides multiple social, economic and environmental 

benefits. In the same way that the transport infrastructure is made up of a network of 

roads, railways, airports etc. green infrastructure has its own physical components, 

including parks, rivers, street trees and moorland. 

 

GI Intervention –Installation of new GI, or altered management of existing GI, specifically 

for bringing about improvements to water environment.   

 

Opportunity – Refers to individual or multiple water-related issues with potential to be 

improved by GI. Some studies may refer to this as “Need”.  

 

Deliverability – Measure of facility of delivering GI intervention, on basis of constraint 

factors such as: cost, land availability etc. 

 

Opportunity – an area where there is both a GI need and high level of deliverability.  

 

CaBA – Catchment Based Approach is a Defra initiative developed to let stakeholders 

become more involved and have a say in the delivery of the Water Framework actions. 

 

Surface Water - Rainwater that falls on the ground, on roofs and roads, pavements and 

paths.  
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Green Infrastructure for Water: Executive Summary 
 

Why Green Infrastructure for Water? 
 

Maintaining water quality and managing water quantity 

in the urban environment presents a number of 

challenges for government agencies, utility companies 

and policymakers. The UK has in recent years, for 

example, faced increased incidences of flooding, 

imposing enormous economic, social and environmental 

costs on householders, businesses and the public sector. 

Such devastating events are only expected to increase as 

a result of climate change.  Meanwhile, keeping our 

rivers, seas and watercourses clean is another challenge. 

The EU’s Water Framework Directive, for example, now requires all water bodies to achieve ‘Good’ 

ecological and chemical status. 

This report looks at the role which green infrastructure can play in addressing some of these 
challenges. The potential of green infrastructure to provide benefits to water quantity and quality 
has been recognised for some time now. It’s widely acknowledged that urban woodlands, and the 
integration of trees and other green infrastructure (GI) with sustainable drainage solutions, can have 
a positive impact on the water environment by:  
 

• Reducing diffuse pollution from rural and urban sources 

• Restoring the condition of riparian and aquatic habitats.  
 
The case for GI’s contribution to water quantity and 

quality has already been set out in a number of national 

and international strategic documents, and the idea of 

“Urban Catchment Forestry” is gathering momentum in 

the UK. 

City of Trees’ approach aims to build on this emerging 

potential by developing a practical tool aimed at 

maximising the benefits which GI can deliver to urban 

water quality and quantity. For ‘Urban Catchment 

Forestry’ to be effective it is essential that interventions are targeted to the most appropriate 

locations where they can best benefit communities. 

This tool will assist all those involved in the management of water quality and quantity by providing 

a solid evidence base to demonstrate:  

• What GI interventions to deploy in particular locations 

• Where to implement GI solutions to get the maximum benefit. 
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How to maximise the benefits of GI for water  
 
One of the key benefits of green infrastructure is its 

ability to prevent high water volumes and/or 

contamination from making their way into watercourses 

or flood prone areas. It does this by interrupting the 

‘pathways’ between the sources of problem volumes / 

contamination and these ‘receptors’.  

It therefore follows that by identifying and mapping 

layers of different landscape features it is possible to 

identify potential ‘pathways’ where green infrastructure 

can have the biggest impact. With this in mind this 

project has involved the construction of a GIS model of the Irwell Catchment area which does exactly 

this. It offers the possibility of a powerful new way of planning and implementing GI for water 

quality and management. Crucially, we believe the methods and techniques we have developed are 

replicable in other water catchment areas. 

  

 

 

 

 

 

 

Identifying areas of ‘high opportunity’ for GI 
  
The tool we have developed can provide a range of data to support the case for effective GI 

intervention. Users can identify locations across the catchment with ‘high opportunity’ for GI to have 

a beneficial impact. From there, the range of possible GI intervention opportunities in each of these 

locations can be identified. Specific projects can also be rigorously examined to provide evidence of 

need. And guidance can also be provided on improving the design of a given project in order to 

maximise its benefits - for example how to design a street tree scheme so it integrates with road 

drainage to protect a local watercourse. 

In summary it offers evidence to identify: 

• The best places for GI to be deployed to have the biggest impact 

• The range of GI opportunities which could be implemented in these locations 
• Locations where a specific project should be located to have the greatest impact. 
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1. Introduction 
This paper sets out a proposed approach to identifying opportunities for addressing issues of water 

management and water quality through installation of green infrastructure (GI), or improved 

management of existing GI resources. The project has arisen from work undertaken over recent 

years by Red Rose Forest, the Environment Agency and the University of Manchester, looking at how 

GI might be used to tackle issues around Urban Diffuse Pollution.  

The purpose of this document is to introduce the model to catchment partners and other 

stakeholders, and to encourage discussion about how it could be improved.  

 

1.1 Aim 
The aim of this project is to develop a systematic and strategic model to help identify where, in a 

predominantly urban environment, there is the greatest potential for GI to bring about 

improvements to the water environment. Key to the approach will be making best use of readily 

available data to facilitate desktop assessment across the entire catchment. 

 

1.2 Project Scope 
 This initial phase of the project is concerned with development of a methodology and standard 

suite of data for the assessment of issues of surface water volume and/or water quality.  

 Prevention of infiltration of contaminated runoff to groundwater is also within the scope of the 
project. 

 Initial solution selection in this phase is likely to focus on installation of street trees as a key 
intervention; however the model will be constructed such that the range of green infrastructure 
and SUDS designs may be considered in future phases.  

 It is considered that socio-economic needs across GM are already understood, and can be linked 
at a later stage.  

 Issues relating to anticipated climate change are largely understood, and built into current SUDS 
design. Also, climate impacts are not considered to have a spatial element at the scale of Greater 
Manchester, and are therefore out of scope.  

 The model is intended to be applicable to any urban area, but has been applied here in the 
Irwell, Upper Mersey, and Lower Mersey Catchments.  
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2 Why Green Infrastructure for Water?  

There are multiple pressures to improve our management of water quality and quantity. Managing 

the risk of flooding to householders is a major challenge, with substantial cost implications for the 

UK, and one that is expected to increase in the future with predicted climate change. Poor water 

quality is a further challenge; with the EU Water Framework Directive requiring that all water bodies 

reach ‘good ecological and chemical status’. 

 

The case for GI’s contribution to water quantity and quality has already been set out in a number of 

existing documents, for example, Forest Research’s Woodland for Water; CIWEM’s Multi-Functional 

Urban Green Infrastructure, and the UK Government’s Pitt Review, following the 2007 floods. The 

use of GI and associated sustainable drainage solutions are increasingly being seen as having 

important benefits for improving the condition of the water environment, to:  

 

 Reduce diffuse pollution from rural and urban sources, and  

 Restore the condition of riparian and aquatic habitats.  
 
Additionally, GI has the potential to modify rates of water flow over the ground, promote infiltration 

to ground, remove excess water through transpiration, and provide areas for water storage during 

high rainfall or other flood events, and thus help to reduce downstream flood risk.  

As an example, the chart below illustrates the anticipated reductions in rainfall runoff from surfaces 

with grass cover, or trees over asphalt, relative to bare asphalt.  

 

 
The effect of surface type and season on the runoff coefficients for asphalt, tree over asphalt, and grass 

experimental plots iTrees (Armson 2012) 

 

Managing water quality and quantity with GI is of particular importance to the Catchment Based 

Approach, as it can have effects across the catchment and address issues that are not easily dealt 

with using traditional engineering techniques. The ideas behind this approach are being further 

developed through the Urban Catchment Forestry programme, looking at how trees in urban areas 

can be used to address specific problems in urban sub-catchments. 
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A Few Green Infrastructure for Water Case Studies 

 

 

The i-Trees experimental tree pits on Manchester’s 

Oxford Road corridor are part of collaboration 

between the University of Manchester, Red Rose 

Forest, and Manchester City Council. They have 

demonstrated a considerable reduction in runoff 

expected from trees over asphalt, and especially 

from grass, relative to bare asphalt surfaces.  

www.redroseforest.co.uk 

 

Victoria Business Improvement District in 

London includes plans for 25ha of green roofs 

with the potential for handling some 

80,000m3 of runoff in an area known to be 

susceptible to surface water flooding.  

http://publications.naturalengland.org.uk 

 

 

 
www.thameswater.co.uk 

Sewer flooding in Counters Creek – Due in part to 

loss of permeable surfacing, heavy rainfall in July 

2007 caused widespread basement sewer flooding 

in Hammersmith & Fulham and Kensington & 

Chelsea. A number of properties also flooded 

during storms in 2004 and 2005. In response, 

Thames Water initiated a £250 million investment 

programme integrating a range of SuDS, including 

rain gardens and green roofs, to slow the speed of 

rainwater entering sewers, thereby allowing sewers 

more time to cope with sudden heavy downpours. 

 

 

Dŵr Cymru Welsh Water realised that 

building larger and larger sewers is 

unsustainable, and that the key is in reducing 

existing flows, and avoiding additional flows. 

Reducing surface water can only be achieved 

with the cooperation of other parties. 

Following the example set in Portland, pilot 

studies for rainwater harvesting and a “SuDS 

showcase site” are to be set up under the 

strategy.  

www.dwrcymru.com 

 

http://www.redroseforest.co.uk/
http://publications.naturalengland.org.uk/
http://www.thameswater.co.uk/
http://www.dwrcymru.com/
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3 Importance of a Strategic Approach 

Almost every type of green infrastructure will have some beneficial impact on water quantity and 

quality. But when and where are these impacts significant? While there is strong evidence to 

support GI interventions to achieve water management and water quality objectives, there remains 

uncertainty over where in the built environment GI is needed most.  

 
The figure below illustrates the range of sources of information regarding water issues. The greater 

share of information comes from the Environment Agency’s River Basin Management Planning 

(RBMP) and Flood Risk Management Planning (FRMP) processes, and United Utilities’ Asset 

Management Planning (AMP).  

 

 
 

Some of these issues are considered sufficiently urgent that they are prioritised for action within a 

given planning cycle, whilst other issues, having been identified, may fail to be prioritised, for various 

reasons, such as budgetary or time constraints. Other water problems may be known about, yet fall 

outside statutory planning processes, either because the knowledge is held only locally. Finally, 

there are issues which might be predicted to contribute to the overall poor quality of a water body, 

without having been identified formally. An example of this might be zinc-contaminated runoff from 

galvanized steel roofing, of the sort commonly found on light industrial units.   

 
So, whilst a great deal of information certainly exists regarding the location of issues, it is not all held 

in a single location. In addition, the following factors present challenges to understanding when and 

where GI impacts are significant: 

 

 The proportion of these known issues that can successfully be addressed by GI is not well 
understood.  

 Needs-led retrofit of GI into urban landscapes faces greater constraints than GI associated 
with new development, in that areas of high need generally occur in areas where 

Prioritised in 
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implementation constraints are also highest. This is due to the role of density in generating 
urban drainage/pollution problems and limiting GI options.  

 
As a result, GI projects with explicit water benefits tend to be initiated locally, where chance 

conditions present themselves, and in isolation from other GI schemes.  

For GI to be deployed in an effective and cost-efficient manner, it is important, therefore that our 

understanding of where issues exist is consolidated, and equalled by our understanding of where GI 

will perform well for water. Ensuring that effective GI interventions are carefully targeted to the 

most appropriate locations is a key goal of this approach.  
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4 Our Approach 

4.1 Conceptual Framework 
At the core of the approach taken here is the notion that the particular usefulness of GI is its ability 

to be deployed to interrupt pathways between the sources of problem volumes and/or 

contamination and the receptors, i.e. watercourses or flood prone areas (In the case of problem 

water volumes, sources are taken to be those surfaces on or close to the Earth’s surface where 

rainfall first accumulates). On this basis, a GIS model has been constructed, comprising individual 

“layers” of different landscape features, each a potential pathway for pollutants or water, and each 

offering the opportunity for GI. Because this model is intended to guide GI interventions at the 

catchment scale, in the main it is the types of locations likely to give rise to problems that are 

considered (i.e. large impermeable surfaces on industrial premises), as opposed to individual, 

address-level locations. Identification of individual polluters is beyond the scope of this model.   

 

A number of key assumptions underlie the selection of each of the features in the table above. 
Detailed rationale and assumptions for each are described, along with full methodology, in the 
technical report available upon request from Red Rose forest.  
 
The following steps were taken to construct the model:  
 
1. Identify issues – A non-spatial list of common sources of contamination and problem water 

volumes was generated through consultation of sector publications (such as CIRIA’s The SuDS 
Manual), and refined through workshops and discussions with Environment Agency colleagues.  

 
2. Identify likely pathways and opportunities – Once likely pathways were considered, available 

data on land cover and land use characterisation were analysed within a GIS to generate one or 
more opportunity layers corresponding to each water issue. Each pathway relates to a particular 
type of landscape feature, e.g.: natural surface, car park, industrial yard etc. Each opportunity 
layer therefore answers a specific issue, and also implies specific GI interventions appropriate to 
that issue and feature type. For example, opportunities to tackle road film are likely to be 
confined to narrow space, either on or alongside the road surface, suggesting that some form of 
trench system would be more appropriate. A total of 18 different classes of opportunity feature 
have been identified and included in the model.  

 
3. Opportunity Targeting – The GIS was used to overlay each layer of opportunity features to 

generate a “heat map” to be used in the targeting of interventions, or further detailed 
investigation. No assumptions have been made regarding the relative usefulness of each type of 
opportunity, and all have been weighted equally in the overlay. This map highlights those 
locations that have the greatest number of opportunities to disrupt pathways, although not 
necessarily where a single GI intervention will have the biggest impact. An important point about 
the opportunities considered here, however, is their multifunctionality: GI Interventions for 
quantity will almost always have an impact on quality; and, all GI interventions will provide 
additional benefits. 

 
4. Deliverability and Constraints – This additional range of features, which presently highlight 

locations of water protection zones, or valuable habitat types, can be brought into the 
assessment at any stage to indicate wither locations or particular interventions that ought to be 
avoided, or that would be most favourable.   

 
The table below describes the problems, pathways, and potential opportunities considered.  

 



 
 

Water-related issues, pathways, and potential GI interventions 
 

Water-related Issues with 
potential GI solutions 

Likely pathways Mapped features likely to present opportunities for GI Likely GI interventions 

Road Film  Highways drains  Highways within close (300m) proximity to river network.  Trough systems 

 Swales 

 Diversion to wet woodland 

 Diversion to attenuation ponds 

Aerial Deposits  Industrial and retail park surface water drainage 

 Other large car parks 

 Large areas of hard landscaping 

 Roofs and carparks/yards at business, retail and industrial 
parks close to watercourses 

 Large impermeable surfaces in town centres  

 Rain gardens 

 Trough Gardens 

 Infiltration zones 

Contaminated land and 
historic landfill 

 Leaching to adjacent watercourses 

 Surface runoff to watercourses 

 Contaminated land sites in proximity to watercourses 

 Historic landfill sites in proximity to watercourses 

 Reed bed systems 

 Filter strips 

Mixed agricultural  Overland runoff to watercourses 

 Channelled drainage  

 Agricultural sites in close proximity to watercourses  Filter strips 

 Infiltration zones 

 Riparian tree planting 

Contaminated surface 
water (domestic) 

 Direct connections between domestic properties 
and surface water drainage (misconnections, 
generally properties built after the 1920’s) 

 Surface water drainage connections to watercourses within 
areas of housing  

 Reed bed systems 

Domestic sewage  Combined Sewer Overflows (These also present a 
pathway for all urban pollutants and water volumes, 
otherwise directed to the sewer network) 

 Septic tank systems 

 Interventions for CSOs are the same as for reducing water 
volumes and are addressed elsewhere 

 Locations of properties with Septic systems, in WB 
catchments with >10% P inputs from septic systems, as 
modelled by SAGIS 

 Full range of infiltration, retention, and flow attenuation 
systems, dependent on site conditions 

Industrial/trade discharge  Surface runoff to watercourses  

 Surface runoff to surface water drainage network 

 Direct discharges to surface water drainage network 
(misconnections) 

 Industrial parks 

 Boundaries between industrial/waste sites and watercourses 

 Reed bed systems 

 Filter strips 

Mine workings and spoil 
heaps  

 Direct discharges to watercourses 

 Leaching to adjacent watercourses 

 Surface runoff to watercourses 

 On-site, or in close proximity to discharge point  Reed bed systems 

 Wet woodlands 

Urbanisation - 
impermeability 

 Runoff from impermeable surfaces and roofs to 
surface water drainage and combined sewer 
networks 

 Large areas of roof in built up areas 

 Areas of hard landscaping in built up areas 

 Large natural surface intersecting large hard 

 Surfaces in otherwise built-up areas 

 Woodland intersecting road network 

 Full range of infiltration, retention, and flow attenuation 
systems, dependent on site conditions 

Surface drainage - housing  Runoff from impermeable surfaces and roofs to 
surface water drainage and combined sewer 
networks 

 Soft surface within residential areas 

 Residential streets 

 Full range of infiltration, retention, and flow attenuation 
systems 

 Street trees and infiltration trenches 

Urbanisation - urban 
development 

 Breaching of banks close to domestic properties 

 Steep ground  

 Flood-prone areas within, and downstream of housing 

 Steep ground (planting) 

 Meanders 

 Backwaters 

 Woody debris dams 

 Riparian planting 

 Shrub or tree planting to increase surface roughness 
 



 
 

4.2 Benefits of the approach 
The final opportunity targeting map highlights those locations across the catchment where there is 

the greatest number of opportunities for GI to have a beneficial impact. Once an individual location 

of high opportunity has been identified, each of the associated opportunity layers can be examined 

in turn, or collectively, to identify the range of opportunities present in any given location. The 

model can therefore provide information in the following cases: 

 

1. Guidance on location. 

 To highlight locations with highest co-incidence of opportunities and to identify the range of 
projects/interventions that would be most appropriate in that location. 

 To highlight locations where a specific given project should be delivered to have greatest 
impact. 

2. To provide additional evidence of need, to support a given specific project. 
3. Guidance on improving the design of a given project in order to elicit maximum multiple 

benefits (i.e. designing a street tree scheme to integrate with road drainage to protect a local 
watercourse). 
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5 Recommendations  
The current model has been constructed only on the basis of easily available data, and as such, 
contains a number of key assumptions. Substitution or refinement of certain datasets with data 
presently held by the Environment Agency, United Utilities and Highways England would 
undoubtedly reduce inaccuracy introduced by these assumptions. The following assumptions and 
limitations may be considered for improvements in future iterations of the opportunity map. 
 

5.1 Weighting 
At present, each dataset in the model has been weighted equally when overlaid to produce the 
opportunities targeting map; each opportunity, and by implication each problem, has been 
considered of equal importance. The final opportunity targeting map therefore shows the locations 
with the greatest number of opportunities, but not necessarily where the most important 
opportunities are. The validity of this approach was tested with colleagues at the Environment 
Agency who agreed that weightings would in any case be subjective, and could skew results.  
 

5.2 Spatial prioritisation 
The model treats all features of the same type as equally important, wherever they are in the 
catchment. At present the only element of spatial prioritisation is introduced by inclusion of a 
priority layer relating to locations upstream of known areas of extensive flooding (illustrated in 6.3 
above). Further spatial prioritisation would allow the model to better indicate where the greatest 
impact could be achieved. For example, a big issue for water quality is the intermittent discharge by 
Combined Sewer Overflows (CSOs), but which ones spill most frequently? Targeting interventions 
which promote infiltration or detention of water volumes in the contributing catchments of those 
CSOs known to spill most frequently, or to greatest negative effect, would be an obvious 
improvement to the model. In addition to the locations of any such identified CSOs, details of the 
sewer network would allow more accurate modelling of contributing catchments than basing 
catchment assumptions on gravity alone.  
 

5.3 Other assumptions and limitations 
 Problem highways and surface water outfalls - When considering impact of road film on 

watercourses, the model currently assumes that all major roads and motorways passing within 
300m of a water course are likely to discharge to that watercourse. This same assumption is 
employed when considering surface water discharges from industrial premises. These 
assumptions could be substituted if locations of known problem highways or other surface 
water outfalls were included in the model.  

 Surface water network - When considering the issue of contaminated surface water drainage 
from domestic properties, the model assumes that all water courses which pass through 
residential areas are equally likely to receive contaminated surface water drainage. This may not 
necessarily be the case, as certain areas may have dedicated combined sewers. Locations of 
known contaminated surface water outfalls, whether or not included on the AMP cycle, would 
be a beneficial improvement.   

 Deliverability and Constraint - This model would be further enhanced if better information 
regarding factors likely to help or hinder GI installation or function could be identified and 
expressed spatially. Additional information regarding planned development at the catchment 
scale, such as UU AMP6, highways improvements or local authority development pipeline would 
be of great benefit in assessing deliverability of potential projects.  

 
An additional point for consideration may be the inclusion of private gardens in future iterations of 
the opportunities map. Private gardens present a potentially very big opportunity for promoting 
infiltration of water volumes within residential areas. While planning restrictions exist to protect 
front gardens at least from being paved over, enforcement of these restrictions or coordination of 
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programmes to enhance permeability across large numbers of individual property-owners remains a 
difficult task. For this reason, private gardens were excluded from this opportunity assessment; 
however, the case for their inclusion could be discussed as part of any stakeholder engagement.   
 
Notwithstanding that the model would benefit from further refinement, as it stands the map 
already highlights locations where multiple, or even single, GI interventions could be installed to 
generate multiple benefits for water, and help to build a case for collaborative project 
development. Overlaying additional data, such as priority outfalls, or surface water flood risk, can 
help to further focus attention on particular locations, and facilitate selection of GI-based 
solutions to those problems.  
 


