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Presentation Overview

� 1. Why use Green Infrastructure
� 2. Green Roof Basics
� 3. Green Infrastructure Overlay-LTCP 

(Washington, DC)
� How many green roofs to make an impact
� Creating policy from Study
� Implementing



Why Green Infrastructure?

� 1.5% of the lower 48 United 
States is covered by 
impervious surface-an area 
the size of Ohio (Elvidge et 
al. 2004)

� Up to 75% of surfaces are 
impervious in large cities 
(GRHC, 2007)

� Increased construction of 
buildings and destruction of 
natural landforms changes 
rainfall flow and heightens 
the risk of flood



Why Green Infrastructure?
� Current city infrastructure cannot 

support the volume of water 
generated during wet weather events 
(especially in the combined sewer 
area)
� Flooding
� Increase volume of stormwater 

being treated by the wastewater 
treatment plants

� Raw Sewage/stormwater going 
into local water bodies

=



Green Infrastructure
� Recently the EPA, generated a 

Green Infrastructure memo 
encouraging cities to use 
innovative design:
� “Green infrastructure can be both a cost 

effective and an environmentally preferable 
approach to reduce stormwater and other 
excess flows entering combined or separate 
sewer systems in combination with or in lieu 
of, centralized hard infrastructure solutions.”

� Common types of green 
infrastructure
� Green Roofs
� Trees and tree boxes
� Rain Gardens
� Vegetated Swales
� Pocket Wetlands
� Vegetated Median Strips
� Etc.



Evolution of Stormwater 
Management….

WHAT DOES THIS MEAN FOR 
STORMWATER MANAGEMENT?

WHAT DOES THIS MEAN FOR 
STORMWATER MANAGEMENT?

1 2 3
Paradigm ShiftParadigm Shift



Benefits of Green Infrastructure

� Cleaner Water
� Enhance Water Supplies
� Cleaner Air 
� Reduced Urban 

Temperatures
� Increased Energy Efficiency
� Community Benefits
� Cost Savings



Green Roof Basics
� Green Roof: ‘Contained’ green spaces on top of 

a human-made structure located above, below 
or at grade.

(Low Impact Development Center http://www.lid-
stormwater.net/images/greenroof1.jpg )



Green Roof Basics
Characteristics of Extensive and Intensive Green Roofs

Characteristics Extensive Semi-Intensive Intensive

Depth of Growing Media 6" or less 25% above or below 6" More than 6"

Accessibility Often inaccessible May be partially accessible Usually accessible

Fully Saturated Weight 10-35 lb/ft^2 35-50 lb/ft^2 50-300 lb/ft^2

Plant Diversity Low Greater Greatest

Cost Low Varies High

Maintenance Minimal Varies Generally High

(Source: GRHC, 2007)



Extensive Green Roofs



Intensive Green Roofs



University of Georgia



Wind Engineering



Wind Engineering



Wind Engineering



Wind Engineering



Benefits of Green Roofs
Public Benefits Private Benefits
Aesthetic improvement Energy efficiency
Waste Diversion Increased membrane durability
Storm Water Management Fire retardation
Reduction of the urban heat island effect Blockage of electromagnetic radiation
Improved air quality Noise reduction 
Improved livability Marketability
Local job creation Local job creation

•Green Roofs extend the life of roof membrane by at least 2-3 
times

•Reduction in roof temperature

•Reduction in cooling costs

•Reduce noise by 40dB

(Source: Green Roofs for Healthy Cities, 2007)



Stormwater Quantity Reduction

(Source: World Building Design Guide, 2007)



Stormwater Quantity Reduction

(Source: North Carolina State University; Moran, 2004)

•63% retention 
over duration of 
study

•87% reduction in 
average peak flow

•Rational 
Coefficients were 
developed:

•Typical rooftop: 
0.75-0.95

•Green Roof: 0.25 
(1” storm) and 
0.55( 1.5” storm)



Stormwater Quality Improvement

1) A reduction  in runoff during storm events may 
limit the occurrence of CSOs and diminish the 
quantity of untreated wastewater entering fresh 
water bodies in addition to decreasing stream 
bank scour and erosion 

2) Green roofs retain pollutants from rainwater, 
roofing materials, and atmospheric deposition

1) Soil Absorption
2) Plant uptake
3) Microbial activity
4) Filtration
5) Evapotranspiration



2006 North America Green Roof Industry Survey

(Source: Green Roofs for Healthy Cities, 2009)

TOP TEN US CITIES FOR GREEN ROOF INSTALLATION IN 2007 (SQUARE FEET)
Chicago IL - Illinois 517,633
Wilmington DE - Delaware 195,600
Baltimore MD - Maryland 121,550
Brooklyn NY - New York 102,908
Virginia Beach VA 100,500
Royersford PA - Pennsylvania 100,000
Washington DC 55,046
Philadelphia PA - Pennsylvania 46,820
Amery WI - Wisconsin 30,928
Germantown MD - Maryland 25,740

Source: Green Roofs for Healthy Cities (www.greenroofs.org) Annual Market Survey



The Green Build-out Model: 
Quantifying the Stormwater 

Management Benefits of Trees and 
Green Roofs in Washington, DC

� Study completed by Casey 
Trees and Limno Tech

� Funding for the research 
was provided by the EPA 
through Water Quality 
Cooperative Agreement 
CP-83282101-0

� Research obtained a 2007 
ASLA honor award for 
excellence



Introduction
� Primary goal of grant was to quantify the contribution 

that trees and green roofs could make toward reducing 
stormwater runoff volumes and discharge frequencies in 
the District of Columbia

� Secondary goal of grant was to identify policy 
recommendations to facilitate implementation of trees 
and green roofs as stormwater controls

� Green Build-out Model added the “green component” to 
the DC WASA Mike Urban Model

� Research considered stormwater benefits from trees and 
green roofs

� Trees and green roofs were treated as land cover 
change, using the stormwater storage per unit area to 
incorporate them in Mike Urban Model

� Model outputs focused on reductions in stormwater 
runoff volume, discharge volumes, and discharge 
frequencies



Background

� Water infrastructure is 
aging

� Capacity issues due to 
growth increase the stress 
on pipes, pumps, and 
treatment facilities

� Requirement of Clean 
Water Act are becoming 
more stringent



Background

� One third CSS
� Two thirds 

MS4
� Nearly all 

waters in 
District are 
listed as 
impaired



Background
� District developed LTCP in 2002
� Currently estimated to be $2.1 billion
� traditional engineering solutions
� 3 interception/storage tunnels 
� District suspects additional stormwater control will be 

necessary as EPA develops TMDL requirements
� In CSS and MS4 area space is limited and cost are high 

for traditional stormwater control measures such as 
retention and detention ponds

� Both green roofs and trees reduce the volume of runoff, 
reduce peak rates of runoff, and improve water quality

� These benefits have not been evaluated or sufficiently 
quantified on a sewershed basis

� Assumptions and methods can be applied to model 
infrastructure in other cities



Methods and Assumptions: 
Scenario Concepts

� Two scenarios were investigated
� Intensive greening scenario: put trees and 

green roofs wherever it was physically 
possible

� Moderate greening scenario: put trees and 
green roofs where it was practical and 
reasonable to do so

� Greening scenarios represent incremental 
benefits from the next green roof or tree placed

� Results were compared to the existing 
stormwater conditions in the district determined 
from the LTCP



Methods and Assumptions: Tree 
Cover Area



Methods and Assumptions: Green 
Roof Storage

� Amount of storage of green roof depends on the 
type, coverage area and building size

� All green roofs were modeled as extensive 
green roofs with 3-4” of growing media
� Literature review
� Purpose as a stormwater best management practice (BM P)
� Design Consistency
� Opportunity
� Costs
� Market trends
� Conservation

� Storage amount was assumed to be one inch for 
three to four inch extensive green roofs



Methods and Assumptions: Green 
Roof Coverage Area

� Existing green roof coverage in the district is 
less than 0.1%
� Modeling input for existing green roofs was consider ed 0

� Building Coverage: 75% of building footprint 
area would be available for greening



Methods and Assumptions: Green Roof 
Coverage Area



Findings
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Findings
•Pollutant Load reductions

•Operational 
Savings Costs:
could realize between 
$1.4 and $5.1 million 
per year in the
moderate and 
intensive greening 
scenario



Conclusions
� Significant Stormwater Management Benefits Provided 

District-wide
� Targeted strategies by individual sewershed yield 

greatest results
� Need for combined approaches with other LID solutions
� Tunnels still needed in the CSS with only trees green 

roofs, and larger tree boxes
� Study provoked WASA to reconsider one of their tunnel projects, 

planning depending on the extent of these practices, their performance, 
and their acceptability to regulatory agencies

� Extent of wide scale implementation across the District
� MS4 Opportunities with TMDLs
� Operations savings in CSS
� Multiple benefits

� Same investment would provide improvements in air quality, public 
health, social capital, and economic development, reductions in carbon, 
UV radiation, and the urban heat island effect



Additional Resources
� US EPA NPDES Green Infrastructure

� General information
� Key resources
� Case studies
� Performance data
� Funding
� Partnership contacts

http://cfpub.epa.gov/npdes/home.cfm?program_id=298

� Casey Trees Foundation
� Full Report
� Mini Model-used for planning purposes

http://www.caseytrees.org/resources/index.html

� Roofscapes
� Stormwater modeling information
� Numerous case studies

http://www.roofmeadow.com/technical/publications.sht
ml

� Research Universities
� Penn State
� North Carolina State
� Southern Illinois University at Edwardsville
� Michigan State University



� Contact: heather.williams@amec.com
� 317-713-1700


