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What are the issues?
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Urbanisation
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‘Urbanisation is NOT just the outward expansion of the city

Ave. 26m2

Paving front gardens:
c. 132,000 houses in Dublin
AAF = 750 mm/yr

If 20% of these pave their front garden, that’s 686,400 m2

new impervious area
x
2.54 cm (1”) of rainfall 
=
approx. 17,500 m3 additional runoff

(it’s over 87,000 m3 if they all do it)

Internal Urban Creep: 
• Developing existing green 

sites within the urban 
area

• Paving front/back 
gardens, extensions, 
adding garden sheds, etc.
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Pluvial Flooding, River Santry, Dublin 
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Urban Runoff & 
Water Quality

• Le Fevre et al, 2015
• “wide variety of pollutants”

• ….at levels high enough to have a deleterious effect….”

• Toxic metals, suspended solids, pathogens, nutrients, 
hydrocarbons frequently found at elevated levels

• McGrane, 2014
• Emerging priority pollutants

• Flint and Davis, 2007
• Most of the load is delivered in the 1st flush

• McGrane, 2016
• Mobilisation of contaminants expedited through 

increased surface runoff and hydraulic efficiency
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Habitat and Biodiversity Loss
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Impact of urbanisation on habitat loss

• McKinney, 2002
• Urban development has a major 

impact on habitat, ecology and 
biodiversity

• Persistent and likely to expand into 
other local ecosystems

• Seto et al, 2015
• Complex relationship between 

urbanisation and biodiversity

• Landcover change is the biggest 
direct impact

• Indirect impacts
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A Sustainable Approach

Green Infrastructure

Natural (Nature-Based) Water 
Retention Measures
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Green Infrastructure

• “An interconnected network of natural areas and 
other spaces that:

• Conserves natural ecosystem values and 
functions

• Sustains clean air and water

• Provides a wide array of benefits to people and 
wildlife”

• Benedict and McMahon, 2006

Image: Institute of Ecology and Environmental Management
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Natural Water 
Retention 
Measures

• “…multi-functional measures 
intended to protect and manage 
water resources using natural 
means and processes, therefore 
building up green infrastructure….”

• WFD CIS Working Group 
Programme of Measures, 2014



Key point

Green Infrastructure is a 
FRAMEWORK

NWRM is a methodology
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GI as a Framework

• Ellis, 2013
• Need for development planning process to integrate SUDS drainage 

infrastructure within the context of a multi-purpose greenspace network

• Consider infrastructure needs and provision as the first step in the spatial 
planning process.

• Therefore, neither GI nor NWRM can be an add-on
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Multiple Benefits of GI/NWRM



Example: 
Lancaster, PA, 
USA

• GI plan would provide approx. 

• $4.2 m in energy, air quality and climate related benefits annually

• Un-costed, benefits

• reduced urban heat island effect, 

• increased property value, 

• reduced noise pollution, 

• increased recreational value, 

• habitat improvement, 

• public education, and 

• community cohesion
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NRWM 
Examples
For Urban Areas
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Green Roofs

• Roof/Roof Section that is 
vegetated

• Comprises several layers

• Require very little maintenance



Green Roof – peak flow reduction rates

Study Location Runoff reduction 

(%)

Peak Flow reduction (%) 

or Peak delay (min)
Kohler et al. (2002) Germany 60-79

Hutchinson et al. (2003) Oregon, USA 69 (10-100) up to 93% for single event

Moran et al. (2003) North Carolina, USA 60 (10-100) 85%

Berndtsson et al. (2005) Sweden 51 (30-80)

VanWoert et al.(2005) Michigan, USA 60.6 (52.4-96.2) up to 100% for single event

VanWoert et al.(2005) Michigan, USA 65.9-70.7 (59.5-97.1)

Carter and Rasmussen (2006) Georgia, USA  (model) 50–90 18 min (compared to conventional roof)

Getter et al. (2007) Michigan, USA 80.8 (57.1-95.5)

Hathaway et al. (2008) North Carolina, USA 64 >75% (average)

Bliss et al. (2009) Pennsylvania, USA 5–69 5–70% (compared to conventional roof)

Fioretti et al. (2010) Italy 68  (5-100) 89% average (50-100% single events, 

compared to modeled conventional roof)

Voyd et al. (2010) New Zealand 66 91% average 93% median (33-100% for 

single events)

Buccola and Spolek (2011) Oregon, USA 20–65 4–8 min

Carpenter and Kaluvakolanu 

(2010)

Michigan, USA 68.25 88.86%

Qin et al. (2012) Singapore 11.4 65%

Stovin et al. (2012) Sheffield, UK 50.2  (0.0-100.0) 60% (20-100% for single events)

Carson (2013) New York, USA 36-61

Kok et al. (2013) Kuala Lumpur, Malaysia 24%

Locatelli et al. (2014) Denmark (model) 43–68 0–40 min

Wong and Jim (2014) Hong Kong 38.9-45.3* 25-35 min, 40.6-56.3%

Lee et al. (2015) South Korea 13.8-60.8

Zhang et al. (2015) China 68.0 (38.8-100)



Green Roof – Pollutant Removal

Few studies with conflicting 
results

Roof age, use of fertilizer, 
substrate type, vegetation 
type all impact effectiveness

Temporary increase in 
nutrient runoff if new green 
roof is fertilised

Can act as a protective layer 
on, e.g. metal roofs, 
decreasing pollution runoff 
from them

Greatly extend the lifespan 
of existing roofs

Several benefits for 
biodiversity if done right



Bioretention 
Cells/Rain Garden

• Area designed to collect runoff 
from impervious surfaces

• Site is graded to cause stormwater 
to flow into garden



Benefits

• Peak flow reduction > 80%

• Reduces pollutant load of 
intercepted runoff

• Small in size – approx. 150 m2 for 
0.25 ha surface area

• Evapotranspiration significant

• Aesthetic appearance



Bioretention Cells – Hydraulic Efficiency
Bioretention Design Catchment Characteristics Hydrologic Performance

Reference Location Description Media Composition
Media Depth 

(cm)

Bioretention 

Surface Area 

(m2)

IWS Depth 

(cm)

% Catchment 

Impervious

Catchment 

Surface Area 

(ha)

Peak Flow 

Reduction 

(%)

Runoff 

Volume 

Reduction 

(%)

Willard et al., 2017
Virginia, 

USA
Clay Liner

88% sand, 8% fines, 4% 

OM
180 35 150 96 0.16 82 84

Olszewiski and Davis., 

2013
Maryland, USA 54% sand, 46% fines 65 102 none ** 0.37 83 79

Brown and Hunt, 2011
North Carolina, 

USA
96% sand, 4% fines

110 146 88 76 0.22 ** 89

110 146 58 76 0.22 ** 93

96 142 72 72 0.25 ** 98

96 142 42 72 0.25 ** 100

Debusk and Wynn, 2011
Virginia, 

USA

88% sand, 8% fines, 4% 

OM
180 35 150 96 0.17 99 97

Hathaway et al., 2011
North Carolina, 

USA

87% sand, 4% silt, 4% clay 60 55 none 100 0.1 ** 63

88% sand, 5% silt, 5% clay 25 54 none 98 0.05 ** 61

Davis, 2008
Maryland, 

USA
Lined Cell

50% sand, 30% topsoil, 

20% OM

90 28 none 100 0.24 44 52

120 28 90 100 0.24 63 65

Hunt et al., 2008

North 

Carolina, 

USA

Loamy sand, 6% fines 120 229 none 99 0.37 97 **

Hunt et al., 2006

North 

Carolina, 

USA

Organic sand 120 10 none ** 0.2 ** 72

** no values given in study, OM = organic matter, 



Bioswales

• Vegetated channels or trenches

• Designed to intercept overland 
sheet flow

• Very common in car parks

• Can be seen as linear bioretention 
cells



Bioswales –
performance

• Davis et al (2012) – Hydraulic Performance

• Run-off completely retained in smallest 
40% of storms

• Run-off reduced in the next 40% of 
storms

• Conveyance and limited reduction in the 
largest 20% of storms

• Due to soil saturation

• Pollutant Removal

• High for TSS (up to 97%)

• Moderate to high efficiency for TN and TP

• Limited for metals removal

• Biodiversity

• Increases urban biodiversity, even better than 
traditional urban gardens and parklands

• Tree planting within bioswales further improves 
biodiversity



Pervious paving

• Specially designed pavement system that 
allows water to infiltrate through rather than 
becoming runoff

• Stone reservoir provides temporary storage to 
allow infiltration to subsoil

• Many different types

• Porous asphalt

• Interlocking pavers



Pervious Paving -
Performance

• Hydraulic performance varies substantially

• All can reduce peak flow to some degree

• Bean et al (2007)

• 37 out of 40 sites had infiltration rates > 25 
mm/hr

• Pollutant Removal

• TSS – 80 – 90% removal rate

• TP – varies, 20 – 78%, median 45.9%

• TN – not so good, but….

• Toxic metals – good removal rates, 65% - 84%

• Road Safety

• Reduced noise (Golebiewski et al, 2003)

• Enhanced tyre grip due to rougher macro-
texture (Kudo and Ida, 2013)



Tree Trenches and Tree Pits

• Single tree or series of trees in a 
trench system connected by an 
underground filtration structure

• Often described as mini-
bioretention cells

• Rain partially intercepted by tree 
canopy, surface runoff 
intercepted by roots and 
evapotranspirated, or infiltrated

• Can have overflow to drainage 
network



Tree Pits and Tree Trenches – Hydraulic 
Performance 

Philadelphia–
standard tree 
trench has 
capacity of 2,400 
US Gallons



Tree Pits and Tree Trenches – Pollutant 
Removal
• Performance due to phytoremediation, media adsorption, absorption 

and filtration

• Varied performance depending on design, tree type used, substrate 
used, etc.

• TSS – 63.4 – 87.5%

• TP – 50 – 60%

• TN – 40 – 50%



Tree Pits and Tree Trenches – Secondary 
benefits
• Positive impact on property values

• People’s physical and mental health

• Biodiversity

• Contributes to reduced thermal/heat island effects



For the householder

• Water butts

• Rainwater planters

• Rain gardens

• Green Roofs
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Design 
Considerations

Bioretention and The 
Stormwater Chain

Source: Rain Gardens, Nigel Dunnett and Andy Clayden
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4 Elements of the 
Stormwater Chain

• Prevention of runoff

• Retention techniques

• Detention facililties

• Conveyance techniques
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Objectives of 
Bioretention

REDUCE THE AMOUNT OF IMPERVIOUS SURFACES 
IN ORDER TO REDUCE RUNOFF

UTILISE THE LANDSCAPE AND SOILS TO NATURALLY 
MOVE, STORE AND FILTER STORMWATER RUNOFF 

BEFORE IT LEAVES A SITE
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NWRM must 
be properly 
designed

• Under-design can cause 
plant stress and poor 
performance

• Overdesign can also 
cause plant stress due to 
drought conditions

• Size v Number 
consideration

https://www.bing.com/images/search?view=detailV2&ccid=n14ohjco&id=81AF4F2CD4A40B9BC9D1A2E21E4729DBFDCC053F&thid=OIP.n14ohjcooYfc9X9HWiV6TwHaDx&mediaurl=https://www.dublintown.ie/wp-content/uploads/2017/09/DCC_logo-e1505751392341.png&exph=393&expw=770&q=dublin+city+council+logo&simid=607991939892381726&selectedIndex=4


Design Integration with 
landscape

• Stormwater chain incorporated into the 
existing landscape

• Catchment scale

• Development site scale

• Single house scale
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Maintenance

NWRM tend to require very 
little maintenance

Maintenance costs must be 
compared with the cost of 
managing traditional drainage 
infrastructure, roadways

Community engagement can 
also contribute, e.g. litter 
picking, vegetation 
management, etc.

Real issue with Maintenance –
who’s budget?
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Safety
• Same River Channel Pre- and Post-Restoration

• Which is easier to get out of?
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Role for Planners

• Planning is crucial to delivering SuDS

• Coordination Role - how to incorporate SuDS into the built 
environment

• Housing density requirements

• Human needs v Ecological/Natural needs

• Ensuring multiple benefits are realised

• Importantly, GI at the right scale and at the right time
• GI planning must be planned strategically

• Not at Planning Application scale
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Summary

• Must distinguish between GI and NWRM

• Achieving multiple benefits necessary to maximise the use of NWRM

• Whole range of NWRM elements that planner and developers can 
consider

• Working with the landscape is key to successful utilisation of NWRM

• Multi-disciplinary, systemic approach essential
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Thank you.
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