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EXECUTIVE SUMMARY

| n this paper CCAP provides information on the casis benefits of “green”
infrastructure solutions for bolstering local addmn to climate change. Pioneering
cities and counties have used green practicestease community resilience by
planning for, and adapting to, emerging climatengfgaimpacts. Generally, resilience
means that communities can better withstand, cafbe manage, and rapidly recover
their stability after a variety of crises. Praesicsuch as green roofs, urban forestry, and
water conservation are familiar to local governrseat strategies to enhance
sustainability and quality of life and they arerg@singly being seen as best practices in
climate adaptation. These solutions can help tadlptive capacity through planning,
preparing, or reducing climate-related vulneraie#it but the uncertainty involved in
calculating their economic and social costs ancehisnis a barrier to action for local
governments. This report will evaluate the perfange and benefits of a selection of
green infrastructure solutions, using their ranigechnological, managerial,
institutional, and financial innovations as a prdaytheir value for climate adaptation.

Over the coming century, climate change scenanoeq that urban regions will be
managing extremes of precipitation and temperaincegased storm frequency and
intensity, and sea-level rise. The problems withiclv urban areas are already coping
may already be indicating—or at least mimickindpat tclimate change impacts have
begun to occur and are likely to worsen in therkitu

Often green approaches are combined with modifinatto other traditional “hard”
infrastructures such as expanding storm-sewersieets or building storm-water
storage tunnels. In recent thinking, portfoliosgrieen” infrastructure and technologies
have been indentified as ‘best practices’ at tieallevel when combined with traditional
“grey” infrastructure to achieve greater urban aimstbility and resilience. In addition,
green infrastructure is now being recognized ®wdlue as a means for adapting to the
emerging and irreversible impacts of climate char@ensequently, some local
governments have adopted green infrastructurenasige against climate change risks,
particularly if the strategies result in multiplther benefits. The discovery of the
multiple benefits of green infrastructure has iretliaction regardless of the timing,
extent, and rate of climate change impacts. Gitierchallenges of accurately calculating
the incremental costs and benefits of climate adept policies, this report will use the
costs, benefits, and performance of various grefeastructure practices as proxies for
their value to climate adaptation across a randeatfnological, managerial, institutional,
and financial innovations.

Green infrastructure approaches help to achievaisability and resilience goals over a
range of outcomes in addition to climate adaptafidre climate adaptation benefits of
green infrastructure are generally related to takility to moderate the impacts of
extreme precipitation or temperature. Benefitdlide better management of storm-water
runoff, lowered incidents of combined storm and ereawverflows (CSOs), water capture
and conservation, flood prevention, storm-surgegutomn, defense against sea-level rise,
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accommodation of natural hazards (e.g., relocatirigf floodplains), and reduced
ambient temperatures and urban heat island (UKdt&st The U.S. Environmental
Protection Agency (EPA) has also identified gredrastructure as a contributor to
improved human health and air quality, lower enetgmnand, reduced capital cost
savings, increased carbon storage, additional igltibbitat and recreational space, and
even higher land-values of up to 30%.

The value of green infrastructure actions is cal@d by comparison to the cost of “hard”
infrastructure alternatives, the value of avoidathdges, or market preferences that
enhance value (e.g. property value). Green infragire benefits generally can be
divided into five categories of environmental pobien:

(1) Land-value,

(2) Quality of life,

(3) Public health,

(4) Hazard mitigation, and
(5) Regulatory compliance.

Examples of “green” infrastructure and technolofpractices include green, blue, and
white roofs; hard and soft permeable surfaces;gadleys and streets; urban forestry;
green open spaces such as parks and wetlandsglaptihg buildings to better cope with
floods and coastal storm surges.

Green technologies and infrastructure solution®#en implemented with a single goal
in mind, such as managing storm-water or redu@ngllambient heat, and the costs and
benefits are often evaluated in the same way. Kewehe full net-benefit of green
infrastructure development can only be realized lspmprehensive accounting of their
multiple benefits. For example, trees filter watdow runoff, cool local and regional
urban heat effects and clean air. Additionally, sadaptation practices provide co-
benefits to climate mitigation goals by helpingéduce greenhouse gas emissions. For
example, trees absorb and store carbon and carmdprsivade that reduces man-made
cooling needs and hence electricity demand.

Application of green infrastructure approaches eaimgscale from individual buildings,
lots, and neighborhoods to entire cities and metgions and the benefits range in scale
accordingly. Green infrastructure can be impleraénta large centralized public
“macro” projects or smaller decentralized “micrgdpdications on private property.
Therefore, the benefits of green infrastructure lmameasured at the building or site
level such that the individual owners reap theaiewenefits or, if spread across many
private owners, the benefits can be aggregated smare community, city, county,
region, or even nation. Community implementatibgreen infrastructure particularly
helps local governments to achieve environmentskasnability, and adaptation goals
within their jurisdictions.

Depending on circumstances and motivations, CCAfabtLeaders partners and other
pioneering communities have embraced the applicatigreen infrastructure and
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technologies as a means to prepare for and adapirtate impacts in addition to a path
to environmental sustainability. As discussed tigrwut this report, cities have
incentivized green infrastructure projects by Igwimg evidence of upfront or life-cycle
cost savings when compared to alternatives for potiic and private projects, 2)
providing direct financial incentives to propertyers for green infrastructure
installations; 3) instituting laws, regulationsddocal ordinances requiring
implementation of green infrastructure on privateperty, or 4) mandating that public
projects incorporate green infrastructure to dertratesviability and value (e.g., street
tree planting, green modifications to roads, gressfs on public buildings).

Select examples of green infrastructure costsppadnce, and benefits:

Cities

>

Green alleys or streets, rain barrels, and tregtiplaare estimated to be 3-6 times
more effective in managing storm-water per $100@$ted than conventional
methods.Portland invested $8 million in green infrastructure to s&2&0

million in hard infrastructure costs. A single gnaafrastructure sewer
rehabilitation project saved $63 million, not cdngtother benefits associated
with green practices such as cleaner air and gmwated recharge benefits.
Portland’s Green Street projects retain and iafiéirabout 43 million gallons of
water per year and have the potential to managdyrteaillion gallons, or 40%

of Portland’s runoff annually. Portland estimatidt downspout disconnection
alone would lead to a reduction in local peak C®we of 20%.

New York City’s 2010 Green Infrastructure Plan aims to reduceitlyts sewer
management costs by $2.4 billion over 20 yearse glan estimates that every
fully vegetated acre of green infrastructure wquidvide total annual benefits of
$8,522 in reduced energy demand, $166 in reduceigdissions, $1,044 in
improved air quality, and $4,725 in increased prypealue. It estimates that the
city can reduce CSO volumes by 2 billion gallon2680, using green practices
at a total cost of $1.5 billion less than tradiibmethods.

Philadelphia has been using policies and demonstration profeaisighout the
city since 2006 to help promote green infrastruetiarplanning and development.
Resulting in drastically reduced CSOs, improved giance with federal water
regulations, and savings of approximately $170iamill

Eco-roofs:

>

The life-cycle, net present value of green roofs een estimated to be as much
as 40% higher than a conventional roof from storatewmanagement, reduced
electricity costs, and air-quality benefits. A sdimgp of studies shows energy
savings from green roofs at 15-45% of annual eneogygumption—mainly from
lower cooling costs. Cool or white roofs can sape5%.
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Washington, DC has estimated that installationreég-roofs on most eligible
buildings could yield a 6-15% reduction in the niambf CSOs into local rivers,
with CSO water volume reductions of up to 26%

Toronto estimated that installation of green-raofg-wide could save an initial
$313,100,000 and $37,130,000 annually.

A study found that retrofitting 80% of air-conditied buildings in the United
States with white roofs would save $735 million aalty in reduced energy
consumption achieving an emissions reduction edgm@o removing 1.2 million
cars from use.

A typical blue roof can store about 50% of the wétat falls on it annually. One
inch of rain falling on a 1000 square feet of rgeherates 623 gallons of water
for harvest. Treating 1 million gallons of rainteainstead of reusing it saves
955 — 1911 kWh of electricity.

Permeable and reflective pavement:

>

>

Permeable pavement can reduce storm-runoff volun#0%, similar to a
meadow or forest.

A study in Los Angeles showed that increasing paar@meflectivity by 10-35%
could produce a 0.8°C decrease in UHI temperatutleaa estimated savings of
$90 million per year from lower energy use and oedliozone levels.

Urban Trees:

>

Studies have shown that the net economic bendfitsature urban trees range
from $30-90 per year for each tree, accountingfiopotential benefits with an
ROR of $1.50 to $3.00 for every dollar invested

A 20-percent tree canopy over a house resultsnoarcooling savings of 8 to
18% and annual heating savings of 2 to 8%

The value of street trees in Washington, DC arenes¢d at nearly $10.7 million
annually for all benefits

In Houston, Texas trees provide $1.3 billion inrstevater benefits (based on
$0.66 /cubic foot of storage)

The value from urban forestry in Chicago totals3$#llion with total carbon
sequestration rate of 25,200 tons/year equivalelied $14.8 million/year

In 2005, total carbon storage in urban trees initBevas approximately 700
million tons with net rate sequestration estimatedround 24 million tons per
year (88.5 million tons Cgaquivalent).
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» A study in Manchester, England found that adding Ideen cover in high
density urban areas and town centers under futimate change projections
would keep surface temperatures below local baséistorical levels except
under conditions of high emissions

» Studies have found general increases of up to 3i7%sidential property values
associated with the presence of trees and vegei@ property

Wetlands

> Building a wastewater treatment system using caottd wetlands costs about
$5.00 per gallon of capacity compared to roughl§.8Q per gallon of capacity
for a conventional advanced treatment facility

Zoning

» A community in Canada estimated that building nftwed control infrastructure
to manage probable future climate change impactgdsave $10 million in
avoided flood damages while rezoning alone wowle $155 million.

Climate Extension

Although local governments and communities aregigieen infrastructure to achieve a
variety of environmental and economic goals, intigdesilience to climate change,
application of green infrastructure solutions awéyet widespread as adaptation best
practices. Many communities either are unawatbebenefits of green infrastructure to
begin with or believe it's more expensive or difficto implement than traditional grey
approaches. Meanwhile, communities that have erelrgreen infrastructure may not
have connected it with adapting to climate chaogd,they have, they may not possess
the necessary capacity, know-how, or resourcetatognd implement solutions. One
solution to these barriers of awareness, willingnasd capacity is climate extension.

Climate extension would be a means to customizedafider adaptation information and
to provide technical assistance and capacity ta speific local adaptation needs.
Practical advice connecting green infrastructur wiimate adaptation could be brought
to bear from university, non-profit, or federal astdte government “climate extension
specialists” embedded in local communities. Claerattension specialists could provide
technical assistance to both local governmentgamgerty owners on practices
highlighted in this report.

Asking the Climate Question

When implementing green infrastructure and techyobmplutions to achieve
environmental and sustainability goals, “askingrélience question” means that local
governments and property owners seek to unders@nadditional benefits that these
practices may have for adapting to climate chamgefar building resilient communities.

Vi
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At the intersection of sustainability, smart groydind climate adaptation is a desire for
more resilient communities that are less vulnerablgatural and human induced hazards
and disasters. Diversity, flexibility, sustainalyil adaptability, self-organization, and the
ability to evolve and learn are seen as key systitnbutes of community resilience. In
the face of climate change, adaptive capacityes s encompassing resilience focusing
more comprehensively on planning, preparing, armléementing adaptive solutions.
“Asking the resilience question”—means that lodahping and building decisions need
to incorporate how to prepare for and manage inggfaoin climate change and weather
extremes—essentially “mainstreaming” resilienceshfzancing adaptive capacity.

Vii
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THE VALUE OF GREEN INFRASTRUCTURE
FOR URBAN CLIMATE ADAPTATION

“Urban systems provide ideal laboratories for unsi@nding resiliency and for
developing dual-use technologies, practices, astesys that provide value even
if no negative events occut.”

Over the coming century, climate change scenanoeq that urban regions will be
expected to manage extremes of precipitation angeeature, increased storm frequency
and intensity, and sea-level rise. Increasesablpms with which urban areas are
already coping may be indicating—or at least mimigk- that climate change impacts are
already occurring and are likely to worsen in thife? In practice, these impacts will
mean coping with:

* Longer and hotter heat waves

* Increased urban heat island (UHI) impacts sucheas ielated illness and higher
cooling demand and costs

* More damaging storms and storm surges

* Greater river flooding

* Increased frequency and intensity of combined sewerflows (CSOs)

* More intense and extended duration of droughts

» Longer water supply shortages, and

* Declines in local ecosystem services, such asodgedf coastal wetlands that
buffer communities against hurricanes.

The associated impacts on buildings, water andgp@mation infrastructure, emergency
preparedness, planning, quality of life, and effectmanagement of these stresses are
only now being considered. For example, among COAsn Leaders partners:

» Chicagoexpects an increase in days at or above 9om 15 days to 66 days per
year under projected high rates of greenhouserg@&as®ns and an additional 30
days over 100~. Overall, heat waves are projected to be longerg frequent, and
more intense with associated increases on pubdiithenpacts, including mortality.
The frequency of rainfall events delivering morartl2.5 inches in 24 hours are also
projected to increase, accompanied by associatatgels in flood risks and the need
for improved stormwater managemént.

Brad Allenby and Jonathan Fink, “Toward Inherei@Bcure and Resilient Societies” (12 August 2005) 309
SCIENCE MAGAZINE, pages 1034-36 (American Academirythe Advancement of Science)

2EPA Reducing Urban Heat Islands: Compendium oft&gias (October 2008): Urban Heat Island Basics
<http://www.epa.gov/heatisld/resources/compenditmmh

3Chicago Climate Change Action Plan-Climate Charmge@hicago: Projections and Potential Impacts, Etee
Summary (May 18, 2008). Convening Lead Authorshidehe Hayhoe, Texas Tech University; Donald Wuebbl
University of lllinois at Urbana-Champaign: httpaw.chicagoclimateaction.org/pages/research___tef8ophp
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» In Toronto, during particularly intense rainfall in August(a) a storm washed out
part of Finch Avenue and caused flash floodingreeks, rivers and ravines, eroding
stream-banks and damaging trees and parks. Mane4tl200 basements were
flooded. The damage to public and private propedsy estimated at $400-500
million — the most expensive storm in Toronto’'stbilg. The Finch Avenue washout
alone cost $40 million to repair. Although thiesflic event cannot be attributed
directly to climate change, Toronto is preparingrfore of these kinds of storms as
climate change threatens to increase the frequeficgense rain events.

» As a low-lying coastal communitiliami-Dade County is particularly vulnerable to
the potential impacts of sea-level rise, highermsteurge, and more frequent and
intense hurricanes. According to a recent studgnMicurrently is ranked first out of
20 cities in the world in total assets exposedo@stal flooding during a 1 in 100 year
storm surge. Miami’s current exposed asset valastisnated at over $416 billion,
and this is projected to increase to over $3.kanilby the 20708.

Characteristics of a resilient urban system arabtkty to bounce back from impacts
which may include elements of flexibility, divengisustainability, adaptability, self-
organization, self-sufficiency, and learnihgdowever, community resilience and climate
adaptation are difficult to assign value, givenent&inties about future climate impacts
and the subsequent difficulty in knowing when a oamity is adequately “adapted.”
Multiple goal, no-regrets policies centered on &renfrastructure” can offer
measureable benefits regardless of how climategdsan

In recent thinking, when combined with conventioftaky” infrastructure development
activities, portfolios of “green” technologies aimfrastructure have been indentified as
‘best practices’ at the local level for achievimgager urban sustainability and resiliefice.
In addition, green infrastructure is now being iggtaed for its value as a means for
adapting to the emerging and irreversible impattdimate changé&® Consequently,

“Ahead of the Storm: Preparing Toronto for Climateange, Development of a Climate Change Adapt&teategy,
REPORT, April 18, 2008: http://www.toronto.ca/teddatation.htm

SClimate Change Advisory Task Force (CCATF) InifR@commendations (April 2008)
http://www.miamidade.gov/derm/climatechange/tastdoasp

SRichard Klein, Robert Nichols, Frank Thomalla, “iiesice to natural hazards: How useful is this epie”
Environmental Hazards 5 (2003) 35-45 <http://wwwescedirect.com/science?_ob=ArticleURL&_udi=B6VPC-
4CBWS8SR-
1&_user=10&_coverDate=12%2F31%2F2003&_rdoc=1&_fnghl._orig=search&_origin=search&_sort=d&_doca
nchor=&view=c&_searchStrld=1580151226& rerunOriginagle&_acct=C000050221& version=1&_urlVersion=0
& userid=10&md5=65767ac9a548f79b3e7ad867eeeldachldype=a>

"For purposes of this report: “grey” infrastructare conventional storage structures (reservoitgntien ponds) and
conveyances (pipes, canals) used to manage drirdémger, or storm water usually constructed of oetecor metal;
also including streets, roads, bridges, and builihat do no incorporate technologies intendexthieve
environmental goals. “Green Infrastructure” ahtelogies implemented to achieve specific envirental goals
typically using natural vegetated materials bub asovative “grey” materials (e.g. permeable pagatnwhite roofs)
8Green Infrastructure (GI) practices, particulady $torm-water management, are considered synors/mith Low
Impact Development (LID), Sustainable Urban Dram&ygstems (SUDS), Stormwater Source Controls (S&@d)
Best Management Practices (BMPs). This reportaaillectively refer to these practices as “greenaistiructure.”
(“NYC Green Infrastructure Plan: A Sustainableafigy for Clean Waterways” (Department of Environtaé
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some local governments have adopted green infcigteuas a hedge against climate
change risks, particularly if it results in mulegpbther benefits. The identification of the
multiple benefits of green infrastructure has iretliaction regardless of the timing,
extent, and rate of climate change. Given the ehgh of accurately calculating the
incremental costs and benefits of climate adaptaiwicies, this paper will use the costs,
benefits, and performance of various green infuastire practices as proxies for their
value to climate adaptation.

What is Green Infrastructure?

Originally, “green” infrastructure was identified thiparkland, forests, wetlands,
greenbelts, or floodways in and around cities ginavided improved quality of life or
“ecosystem services” such as water filtration dadd control® Now, green
infrastructure is more often related to environmaéot sustainability goals that cities are
trying to achieve through a mix of natural appraachExamples of “green”
infrastructure and technological practices inclgdeen, blue, and white roofs; hard and
soft permeable surfaces; green alleys and stnedtan forestry; green open spaces such
as parks and wetlands; and adapting buildings ttetbeope with floods and coastal
storm surges!

Conversely, “Gray” infrastructure refers to moraditional approaches to dealing with
impacts, including building more wastewater treattrfacilities to deal with increases in
runoff from more intense precipitation events. dgrinfrastructure approaches may
compliment green infrastructure approaches in hglppmmunities to develop climate
resilience. For instance, innovations such as pabte pavement could be considered a
hybrid of green and gray infrastructure. Sometimes-structural approaches to
implementing green infrastructure are referredstésaft” approaches, while other times
“soft” refers to institutional means of changindbeior such as regulations or market
incentives.

Applications of these green infrastructure appreaaiange in scale from individual
buildings, lots, and neighborhoods to entire ciied metro regions. Green
infrastructure strategies can be implemented vigelacentralized public “macro”
projects or through smaller, decentralized “micapplications on private property.

Protection (September 2010))

www.nyc.gov/html/dep/pdf/green_infrastructure/NY @EninfrastructurePlan_ExecutiveSummary) pdf
(PlaNYC, Sustainable Stormwater Management Pla8 20@8tober 2008) City of New York)
http://www.nyc.gov/html/planyc2030/html/stormwattormwater.shtml

9(PlaNYC Stormwater (2008));(Natural Security, Ancan Rivers (2009)) <http://www.americanrivers.otmto
work/global-warming-and-rivers/infrastructure/natiisecurity.html>);(“Your Home in a Change ClimaRetrofitting
Existing Homes for Climate Change Impacts,” Lon@imate Change Partnership (February 2008) <
www.london.gov.uk/trccg/docs/publ.pdf>);(EmRfanaging Wet Weather with Green Infrastructuretjdic Strategy
2008, www.epa.gov/npdes/pubs/gi_action_strategy.pdf

19 Edward McMahon, “Looking Around: Green Infrastnuet”, Planning Commission Journal (Winter 2000)
Burlington, Vermont, No. 37

“This report will collectively refer to these prams as “green infrastructure.”

12p|aNYC Stormwater (2008)
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Therefore, the benefits of green infrastructure lmameasured at the building or site
level such that the individual owners reap theagig\benefits or, if spread across many
private owners, the benefits can be aggregated emfire community, city, county,
region, or even nation. However, to achieve theseefits of scale there must be
coordinated implementation across a broader axedving multiple parties to reach
certain critical levels of participation. Conseqtlg, community-level, rather than
individual-level implementation of green infrasttuie particularly helps local
governments to achieve environmental, sustaingpéitd adaptation goals within their
jurisdictions.

The climate adaptation benefits of green infrastmecare generally related to its ability
to moderate the expected increases in extremepgegmn or temperature. Benefits
include better management of storm-water runoffelong incidents of combined storm
and sewer overflows (CSOs), water capture and coaisen, flood prevention,
accommodation of natural hazards (e.qg., relocaiutgf floodplains), reduced ambient
temperatures and urban heat island (UHI) effectd,defense against sea level rise (with
potential of storm-surge protection measures). Ulg& Environmental Protection
Agency (EPA) has also identified green infrastruetas a contributor to improving
human health and air quality, lowering energy deshaeducing capital cost savings,
increasing carbon storage, expanding wildlife letland recreational space, and even
increasing land-values by up to 36%s.

Given the above benefits, green infrastructure @ggres help to achieve sustainability
and resilience goals over a range of outcomegjditian to climate adaptation. The
value of green infrastructure is calculated by carnmg the costs of green practices to
“hard” infrastructure alternatives, the value obmed damages, or market preferences
that enhance value, like property vafd&reen infrastructure benefits generally can be
divided into five categories of environmental pobien:

(1) Land-value,

(2) Quality of life,

(3) Public health,

(4) Hazard mitigation, and
(5) Regulatory compliance.

Green technologies and infrastructure solution®©#sn implemented with a single goal
in mind, such as managing storm-water or redu@nogllambient heat, and the costs and
benefits are often evaluated in the same way. Kewyé¢heir full net-benefit can only be
realized by a comprehensive accounting of theittiplal benefits. For example, trees
filter water, slow runoff, cool local and regionaban heat effects, and clean air.

3EPA Wet Weather (2008)

143, Wise et al, Integrating Valuation Methods to &gtize Green Infrastructure's Multiple Benefitsne for
Neighborhood Technology (CNT), Chicago, April 2Qb&p://www.cnt.org/repository/CNT-LID-paper.pdf)
15(EPA “Reducing Stormwater Costs through Low Imdaevelopment (LID) Strategies and Practices, Decembe
2007 <http://mww.epa.gov/iowow/NPS/lid/costs07/doeus/reducingstormwatercosts.pdf>);(Natural Segurit
American Rivers (2009))
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Additionally, some adaptation practices providebemefits to climate mitigation goals
by helping to reduce greenhouse gas emissionsexXaonple, trees absorb and store
carbon and can provide shade that reduces man-coatieg needs and hence electricity
demand.

Consequently, when implementing green infrastriecturd technology solutions to
achieve environmental and sustainability goalskitagsthe resilience question” means
that local governments and property owners seekderstand the additional benefits
that these practices may have for adapting to ¢téirohange and for building resilient
communities. The following sections explore thetspperformance and benefits of
various types of green infrastructure practices.

Eco-Roofs

| n terms of climate adaptation, eco-roofs are gdiydrstalled to respond to two
primary climate drivers—extreme precipitation aechperature. There are three main
types of eco-roofs: Green roofs (vegetated), winitds (cooling), and blue roofs (water
managing). Green, blue, and white roofs haverdisand overlapping benefits
compared to typical “black” roofs meant solely toyide shelter. Communities or
building owners with limited budgets, who are priityainterested in energy savings or
reducing peak energy demand, generally focus ohroots. Those who can consider
life-cycle costs and public benefits, and who aterested in broader environmental
impacts (particularly improving storm-water managai) may choose to install green
roofs. Sustainability leaders, such as ChicagoNewl York City, recognize the value
and opportunity for both cool and green roof tedbgies and are supporting efforts to
encourage both optior8.

Eco-roofs are usually established to achieve amditienvironmental and sustainability
goals, including:

» Water conservation

» Storm-water runoff and water quality management
* Local and regional cooling

* Aesthetic value

* Electricity savings

» Habitat provision for wildlife

e Carbon absorption

There are three primary types of eco-roofs: Greefs, White roofs and blue roofs. The
next sections will describe the properties, costslzenefits associated with each type of
eco-roof.

*EPA Reducing Urban Heat Islands: Compendium oft&gias (October 2008): Green Roofs <
http://www.epa.gov/heatisld/resources/compendiumsht
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Green Roofs—One Solution, Multiple Benefits
Green (vegetated) roofs are partially or completelyered with plants or trees
appropriate to the local climate which grow in 3#aéhes of soil, sand, or gravel planted
over a waterproof membrane. They also may inchdiitional layers such as root
barriers, drainage nets, or irrigation systemsgetation may be planted modularly in
trays for ease of maintenance or on soil spreassacdhe roof. Roofs may need to be
structurally reinforced when built to support thera weight. Older buildings can be
retrofitted for this purpose unless they have alye&inforced for other reasons. Green
roofs can be either intensive (80-100 Ibs. peftggor extensive (15-50 Ibs. per sq. ft.).
Extensive roofs typically have aesthetic goals amdgrown on shallower surface
material costing from $6-43 per square foot toatst Intensive roofs are installed at
$20-85 per square foot and use deeper soil andehngldnts that better tolerate a variety
of water conditions. Annual

maintenance costs for vegetated

roofs vary greatly depending on

the nature of the roof, climate

conditions, and local labor rates,

but experience shows annual costs

are 2-3% of construction per year

after vegetation has been Vegetation
established® Green roofs also

protect the underlying roofing Growing Medium

material from wind damage, UV Drainage, Aeration, Water Storage
rays, and regulate temperature and Root Barrier

impacts by as much as 21°C, Insulation

increasing roof life-spans by 2-3 Membrane Protection

times and achieving associated life 21¢Reot Bamer

cycle cost savings’ Roofing Membrane

Structural Support

Green roofs can reduce annual
stormwater run-off by 50-60% on .

average, including peak rundff.

Vegetated roofs control between Figure 1: Structure of a Green Roof (Source: heatwscom)
30-90% of the volume and rate of

stormwater runoff, detaining 90% of volume for stsrless than one inch and at least
30% for larger storm&' Intensive roofs are approximately twice as goodiaoff
management as extensive roofs. Seasonal and pgisal evapotranspiration rates for

YA typical flat black roof costs $2.50-3.50 per sgupot. The 4 Kinds of Flat Roofs (This Old HolWsebsite).
http://www.thisoldhouse.com/toh/article/0,,111094html

18p|aNYC Stormwater (2008)

National Institute of Building Sciences websitetdhsive Green Roof — Definition
<http://www.wbdg.org/resources/greenroofs.php>

2Green Roof: Final Presentation, Gateway Team, Coilaitdniversity Green Roof Project Submission Datdy( 26,
2007) <http://community.seas.columbia.edu/cslp/restsummer07/greenroofGreen_roof final_pdr.pdf>
ZIRETENTION temporarily holds or slows stormwateeases from a site—primarily to delay peak flows.
DETENTION holds storm-water on-site until it canteéeased or reused on-site
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plants also impact effectiveness of runoff contwath summer growing season being
better than winter. Up to 85% of some water natrgollutants can be captured by
intensive green roofs once established. Theseactaistics have tangible benefits for
urban communities. Washington, DC has estimatatiitistallation of green-roofs on
most eligible buildings could yield a 6-15% redoatin the number of combined sewer
overflows into local rivers, with CSO water volumegluctions of up to 26%.
Additionally, in New York City installing one 40-sgre-foot green roof could result in
810 gallons of stormwater captured per roof per.y#faeach installation cost $1,000
then a $100,000 dollar investment could lead ta 81€000 gallons of stormwater
captured, according to a recent study by Riverkespe

A green roof can also filter air pollutants, indlugl particulate matter (PM) and gaseous
pollutants such as nitrogen oxide (NQOsulfur dioxide (SQ), carbon monoxide (CO),

and ground-level ozone (0 Researchers estimate that a 1,000-square feeh goof

can remove about 40 pounds of PM from the air alhynwéile also producing oxygen
and removing carbon dioxide (GO Forty pounds of PM is roughly equivalent to the

annual emissions of 15 passenger cars. The tetupetzenefits of green roofs extend to
climate change mitigation as well. Vegetation #megrowing medium on green roofs
also can store carbon. Modeling has determinedgtie®n roofs may reduce building
energy use for electricity consumption by 2 - 6%rosonventional roofs, particularly for
summer cooling? One study estimated carbon sequestration at @#bsgper square
meter for green roofs. However, because maneoptants are small and the growing
medium layer is relatively thin, green roofs terad to have as large a carbon storage
capacity as trees or urban forests.

One of the greatest benefits of green roofs ig Hiality to combat the urban heat island
effect. Green roofs in some cases reduce surfagesi@ature by 30-60°C and ambient
temperature by 5°C, compared to conventional btaoks. A study in Portland
calculated that a neighborhood with 100% greensroofild reduce heat island effects by
50-90%. Additionally, studies of New York City afidronto estimate that a 0.4°C
reduction in the regional UHI effect can be achdewath installation of green roofs on
only 50% eligible roofs across the entire city. Eany, an Environment Canada study
determined that greening 6% of available roof spaderonto would reduce summer
temperatures by 1°C to 2°C overdllIn terms of quality of life improvements, the
inclusion of green roofs in a city landscape hankshown to reduce noise pollution by 2
— 8 decibels’’

22PlaNYC Stormwater (2008)

BplaNYC, Water Quality Initiatives website <http:iw.nyc.gov/html/planyc2030/html/plan/water_qualifzeen-
roofs.shtml>

24CNT Multiple Benefits (April 2010)

ZEPA Heat Islands Compendium (October 2008): GremofdR

%Time to Tackle Toronto’s Warming Climate changepdton options to deal with heat in Toronto, Evigetti,
Clean Air Partnership (2007) <www.cleanairpartngrsiig/pdf/time_to_tackle_toronto_warming.pdf>

ZICNT Multiple Benefits (April 2010)
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Economic Costs and Benefits of Green Roofs

The life-cycle costs and benefits of green roofy gaeatly but the net present value to
urban watersheds has been estimated to be 10-Igt¥értihan a conventional roof, even
taking into account the higher maintenance costgeén roofs. Some studies estimate
the value as high as 20-25% more than conventiondésé, based on benefits from storm-
water management and reduced electricity costsuprid 40% when air-quality benefits
are added. A sampling of studies shows energy gav¥iom green roofs at 15-45% of
annual energy consumption—mainly from lower cooliogts. These figures do not
consider overall financial benefits from extendedf+life, insulating value, reduced
urban heat island effects, local and regional waiteality improvements, fewer combined
sewer overflows (CSOs), urban biodiversity, noiamgening, increases in aesthetic and
property values, or from nominal carbon sequesin&ti

Although green roofs are more expensive per sdoatdo install than conventional
roofs, their multiple benefits make them cost-effexto implement particularly when
aggregated across many installed roofs over areamtban area. The following table
shows the monetized value of green roofs to theofif oronto, if they were applied to
100% of eligible roofs.

TABLE 1: Estimated City-wide Potential Value of Green Roofs in Torontg>*°

Category of Benefit Initial cost saving | Annual cet saving
Stormwater $118,000,000 -
Combined Sewer Overflow (CSO) $46,600,000 $750,000
Air Quality - $2,500,000
Building Energy $68,700,000 $21,560,000
Urban Heat Island $79,800,000 $12,320,000
TOTAL $313,100,000 $37,130,000

A University of Michigan study compared the expédatests of conventional roofs with
the cost of a 21,000-square-foot green roof antisaienefits, such as, storm-water
management and improved public health from thg BliiSorption. The green roof would
cost $464,000 to install versus $335,000 for a eatiwnal roof in 2006 dollars, a
difference of $129,000. However, over its lifetintiee green roof would save about
$200,000. Nearly two-thirds of these savings wadohe from reduced energy needs for

plaNYC Stormwater (2008)

2Report on the Environmental Benefits and Costsree6 Roof Technology for the City of Toronto, Ryers
University (2005) < http://www.toronto.ca/greenrsipidf/executivesummary.pdf>;<
http://www.toronto.ca/greenroofs/pdf/fullreportl@&lpdf>. Cost savings are relative to standard roofiagenials
calculated across multiple categories of benddisrinwater management, air quality improvementd)aso

including discounted life-cycle rates, economiesa#le, installation, maintenance, and adminisgatost, etc.—see
report for more detailed explanations

°This assumes that “100% of available area” inclualefiat roofs greater than 3,750 sq. ft. with g&agion covering at
least 75% of the roof. This amount totals 12,08@s of roof, or 8% of Toronto’s land area.
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the building®* In addition, Portland completed a comprehensbst-benefit analysis of
its current green roof program in 2008, calculatimaf green roofs provide each private
homeowner, on average, a net benefit of $404,0@0 4% years from avoided storm-
water fees, reduced heating and cooling costslager roof life. Green roofs on public
buildings were estimated to provide a net-bendf#1®1,000 from reduced operations &
maintenance costs, avoided storm-water managerosts, particulate pollution and
carbon absorption benefits, and habitat amenifies.

Green Roofs — Chicago City Hall '

In 2001, a 20,300 square-foot green roof was ilestaltop Chicago’s City Hall as part of
Mayor Daley’s Urban Heat Island Initiative. Thefancludes 20,000 plants, shrubs,
grasses, vines, and trees. When compared to aceadljnormal roof, City Hall’'s green
roof is nearly 56°C lower—plus benefits include noned air quality, reduced storm-water
runoff of 75% for a 1 inch storm, and energy sasihg

The city expects annual savings of mor
than 9,270 kWH of electricity and nearly §
740 BTUs of natural gas for heating. This

amounts to more than 6.3 tons of CO2e Se=®
saved, using EIA conversion factdrs. \
Energy cost savings is estimated at .
$3,600-$5,000 annually, increasing with @
higher energy prices.To date, Chicago
has over 400 green roof projects in vario@
stages of development with 7 million '
square feet of green roofs constructed o
underway (more than all other U.S. citie g

combined). Figure 2: Chicago's City Hall Green Roof

White Roofs—Adapting to the Urban Heat Island Effect

The urban heat island effect is caused by the terydef hard, dark surfaces, such as
roofs and pavement, to be measurably hotter thamalareas. It can raise a city’s
temperatures 2 to 5.5° C on hot summer days. Vhit®ol roofs are generally flat roofs
that have been painted white or are surfaced withesother light or reflective
material—often adding durability while reducing aerii temperatures. Research reveals
that conventional roofs can be 31-55° C hotter tha&mair on any given day, while cool
roofs tend to stay within 6-11°C of the backgrotehperature. This cooling
performance can lower ambient temperature, mitittegdJHI, and help prevent

SIEPA Heat Islands Compendium (October 2008): Gremnf<R

%2Cost Benefit Evaluation of Eco-roofs, City of Powa Oregon (2008) <
http://www.portlandonline.com/BES/index.cfm?a=26386=50818>. The net-benefits for the public building do not
include energy cost savings which explains the fawerall figure.
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mortality during heat wave. White vinyl roofs are the most reflective common
material used, reflecting 80% of the sun’s rays gared to only 6% reflection on a
conventional black roof and avoiding 70% of thethadssorption experienced on black
roofs. Some coatings can reach even higher lefekflectivity >*

Economic Costs and Benefits of White Roofs

The cost of white roofs is comparable to that afvantional roofs, costing between
$0.20 and $6.0 per square foot to instalEnergy savings from cool roofs result in
monetary savings from reduced cooling costs, varfiiom 10-70% in total energy use
savings per building. Additionally, reductionstie peak demand for cooling energy
range from 14-38% after installation. A study ofl3 cities determined that the average
net cost savings from reduced energy consumptachexl $0.22 per square foot of
installed cool roof per yedP.

The reflective benefits of white roofs accrue regilly across urban areas as more white
roofs are added and can be aggregated nationadiyeor globally.A 2009 study by the
Lawrence Berkeley National Laboratory’s (LBNL) Hesland Group found that
retrofitting 80% of air-conditioned
buildings in the United States with
white roofs would save $735 million
annually in reduced energy bills while
achieving an emissions reduction
equivalent to removing 1.2 million
cars from the roadAnother study by
LBNL in 2010 used global climate
models to determine the cooling
benefit of increasing the reflectivity offiss
roofs and roadways in large cities. T
study found that increasing the
reflectivity of surfaces in urban areas
with a population of over one million Figure 3: Creating a white roof is relatively simpe

would reduce global heating by 0.4°C

on average. This in turn would offset the heagffgct of 1.2 gigatons of CO2 emissions
annually, the equivalent of taking 300 million caftthe road for 20 year¥.

A demonstration project for Tucson, Arizona docutedrhow a cool roof reduced
temperatures inside the building and saved more 468 million Btu annually. A white
elastomeric coating was installed over a 28,00@&utoot un-shaded metal roof on one

3EPA Heat Islands Compendium (October 2008: Coolf§oo

34ikipedia website: Cool Roofs <http://en.wikipediay/wiki/Cool_roof

3EPA Heat Islands Compendium (October 2008): Coalffo

3EPA Heat Islands Compendium (October 2008): Coaiffo

%’Global Model Confirms: Cool Roofs Can Offset Carlfitinxide Emissions and Mitigate Global Warming, $%re
Release (July 19, 2010), Lawrence Berkeley Natibahbratory<http://newscenter.lbl.gov/news-
releases/2010/07/19/cool-roofs-offset-carbon-diexéthissiond/ (Painting the Town White -- and Green (March
1997), Lawrence Berkeley National Laboratohytp://heatisland.lbl.gov/PUBS/PAINTING/

10



The Value of Green Infrastructure for Urban Climatiaptation

of the city’s administration buildings. Followingd installation, energy savings were
calculated at 50 to 65% of the building’s coolingeegy—an avoided energy cost of
nearly $4,000 annualfy.

Blue Roofs— Addressing Water Management Challenges

It is estimated that $500 billion is needed to nepad upgrade the current US water
supply, waste water, and storm-water systems, avithdditional $500 billion needed to
accommodate climate change impattdhese estimates include $63.6 billion to control
CSOs and $42.3 billion for storm-water managemeht.“Natural Security”, American
Rivers identifies green infrastructure as a pref@approach for managing water in the
coming century to cost-effectively and flexibly eywith the impacts of climate change
on communitied? Blue roof practices are one of the green inftastre solutions that
address these growing needs.

Similar to a standard green roof, a blue roof slawstores
storm-water runoff but it accomplishes this by gsuarious
kinds of flow controls that regulate, block, orrstevater
instead of vegetation. Examples of blue roof tetbgies
include downspout valves, gutter storage systerdsesterns.
Water can be temporarily stored or harvested forpatable
uses on-site, and used or reused for landscaperderm
irrigation, direct groundwater recharge via methlads
downspout disconnections and infiltration systeons,
discharged directly into sewer systems at a redtioedrate
or after peak flow from storms. The captu red wata also
be sprayed directly on the roof to increase th@enative
cooling effect for the building. The goal is to minpre-
construction runoff rates at the site primarilyéduce
overloads on inadequate or aging

local storm-water infrastructure and prevent ladi flooding, -
potential flood damage, and CSOs. Blue roofs temleelp to Figure 4: weirs at the roof drain inlets
attain Low Impact Development (LID) standards, with create temporary ponding and more
infiltration systems earning 1 LEED credit and maukms to gradual release of water (NYC)
store water for reuse earning 3-4 LEED credits uiiak

“Water Efficiency” guideline$!

3&Drinking Water Infrastructure Needs Survey and ésssnent: Third Report to Congress.” USEPA Offick\atter,
2005. “Clean Watersheds Needs Survey 2004: Rep@thgress.” USEPA (January 2008)(from David Behar
SFPUC)

%9CNT Multiple Benefits (April 2010); EPA Clean Wastieds Needs Survey (2008)
<http://water.epa.gov/scitech/datait/databases/yphsad/cwns2008rtc.pdf>

49(Natural Security, American Rivers, 2009);(SusthlaaVater Systems: Step One - Redefining the Nation
Infrastructure Challenge. Report of the Aspen tattis Dialogue on Sustainable Water Infrastructardhe US. The
Aspen Institute, Energy and Environment Programy(RI@09).http://www.aspeninstitute.org/publications/sustaiea
water-systems-step-one-redefining-nations-infrastme-challenge

“Y EED: Leadership in Energy and Environmental Design

11



The Value of Green Infrastructure for Urban Climatiaptation

Economic Costs and Benefits of Blue Roofs

Adding blue roof flow controls adds less than $tlper square foot in additional or
incremental cost to the design of a new flat roddlditionally, blue roofs do not require
the expensive structural reinforcement that is iregun cases of green roof retrofits.
They also need less maintenance (particularlyaat-sp), and do not discharge the
nutrients and chemicals that may run off of gremoafg. A typical blue roof with storage
capability can store about 50% of the water thiég fan it annually*? One inch of rain
falling on a 1,000 square feet of roof generatésdillons of water for harve$t.

Installing blue roofs can create energy savingsraadlt in emission reductions as well.
Treating 1 million gallons of rain water uses 9553411 kWh of electricity. In

California, the system-wide energy cost to conweat, and distribute 1 million gallons
of water is 12,700 kWh, or 8.6 tons C¢2.By decreasing the amount of water needing
treatment communities can save energy and cut eamissions at the same time.
Savings per gallon captured and used will depentheocal market value of water.
Storm-water detention and retention value will atlaoy locally depending on savings
from local storm-water fees, or more generally friomproved local water quality
(including avoided Clean Water Act regulatory fees)damage avoided from CSOs or
flooding.

Seattle, Washington provides an example of varimwes roof practices in action. Their
rain catcher pilot program consists of three ddfeértypes of rainwater collection
systems:

1. Tight-line-directs rainwater outflow to a pipe that flows anthe yard through
weep holes in the sidewalk, reducing volumes deépad$n the storm drain via the
curb.

2. Tight-lined cisterra cistern at the point of initial outflow that kemlts water
during the storm event and releases it slowly theounderground pipes.

3. Orifice cisternsinclude an operable valve which can be openeahduhie wet
season, discharging a small amount of water onedgacent permeable surface
such as a lawn or rain garden to slow down flotacah also be closed to store up
to 500 gallons of roof runoff, which can be useaeéddor irrigation.

Each cistern cost the city a total of $1000 witR%$38f that sum paying for the wholesale
purchase of the cistern and $675 to installatiah@rerhead. Seattle is currently
analyzing the impact of cisterns on the combinedeseystem as part of a grdnit.

42EcoStructure website, “Blue is the New Green” B(Bgbruary 2010http://www.eco-structure.com/water-
conservation/blue-is-the-new-green.aspx

43CNT Multiple Benefits (April 2010)

4CNT Multiple Benefits (April 2010)

“SLow Impact Design Toolkit, What Will You Do with & rancisco’s Stormwater. San Francisco Publilityti
(SFPUC). Urban Stormwater Planning Charette (Semer2007)<sfwater.org/Files/Reports/UWP_toolkitpdf
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The Value of Rainwater Harvesting®

* King Street Center, Seattle, WA: The Center uses rainwater for toilet flushing and
irrigation. Rainwater from the building’s roof islected in three 5,400 gallon
cisterns. The collection and reuse system is abtedvide 60% of the annual water,
needed for toilet flushing, conserving approximate#4 million gallons of potable
water each year.

=)

* Solaire Buiding, New York, NY: Rainwater is collected in a 10,000 gallon cister
located in the building’s basement. Collected wegersed for toilet flushing and
make-up water. The system and other measures leaveased potable water use in
the building by 50%, earning the building New Y &tate’s first-ever tax credit for
sustainable construction.

e Stephen Epler Hall, Portland State University, Portand, OR: The storm-water
management system was designed to take rain fremotfs of two buildings and it
diverted to several “splash boxes” in the publezpl The water is filtered and
collected in underground cisterns prior to its eefes toilet flushing and landscape
irrigation. The stormwater collection and reusdesysconserves approximately
110,000 gallons of potable water annually, prowgdinsavings of $1,000 each year

Comparing Performance and Value of Eco-roof Types

As illustrated above, each roofing technology eikibtlifferent performance
characteristics and trade offs between overalbratfits and their cost to establish and
maintain. Because they are covered with soil angttagion, green roofs are generally
more expensive to establish, retrofit, and mainbaihmay provide a greater variety of
benefits at a better rate of performance and fonger period of time than any other
kind of roof, thus producing a higher net econoraagial, and environmental value. For
example, for an 11,000 square foot surface, a geanwvould save roughly $400 per
year in heating costs and $250 per year in coaosys for a total of $650 per year, while
a white roof would save roughly $200 per year iolieg and does not contribute to
heating cost reductior{s.

Blue and white roofs are cheaper to install andceepkbut may only offer single focus
benefits related either to water conservation amdff control or heat reduction.

However, all three types have value for adaptingitnate change and local decision
makers will need to evaluate the merits of eachtswi in relation to the impacts that

“EPA Wet Weather (2008)

4Gaffin, S. R., Rosenzweig, C., Eichenbaum-PikseKWanbilvardi, R. and Susca, T. (2010). “A Tengtere and
Seasonal Energy Analysis of Green, White, and BRa#ifs” (Con Edison Facility) Columbia Universitgenter for
Climate Systems Research. New York, Nittp://ccsr.columbia.edu/cig/greenroofs
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they want to address. Other characteristics tesassill include comparisons of cost-
benefit analysis, scales of implementation, gereceaéptability to the community, and
suitability for the local climate. As an examgiee following table illustrates the
differences in costs, impacts and other charatiesibetween green roofs and blue roofs
in New York City.

TABLE 2: Storm-water Performance and Value of Greenand Blue Roofé®

NYC Relative Cost of Stormwater Control Technologis: Blue and Green Roofs
Source | Incremental | Net Present| Lifespan | Cost | Gallons | Cost To | Annual Cost
Control Capital Value (per (yrs.) Per | (persq | Capture | per Gallon
Cost (per sq ft or Year ft or Gallon | (annualized
sq. ft. or unit) unit) net present
unit) value)
Blue Roof $4.00| $4.00 20 $0.20 1.25 $3.21 $0.16
(2-inch
detention)
Blue Roof $4.00| $4.00 20 $0.20 0.2 $6.42 $0.32
(1-inch
detention)
Green $24.45| $62.39 40 $1.56 0.47 $13337 $3.33
Roof

Green Alleys and Streets

Alleys in cities are usually public spaces adjatemrivate properties that allow for
public access by fire, police, and delivery sersiaad also for management of storm-
water runoff and heat effects around buildings pragerties. Urban alleys are
traditionally surfaced with impermeable materiagy(, asphalt, concrete) with the
objective of achieving rapid storm-water runoffarstorm-sewers, in addition to
providing access for vehicles. However, frequanhtense rains combined with
impermeable surfaces can lead to localized floqdirigeh is expected to be worse under
anticipated climate change conditions. Older stitacture particularly suffers from
these problems. Alleys surfaced in dark matenalsithout shade-trees lead to
increased ambient temperatures around buildinghiedr energy demand for building
cooling, causing increases in the associated to&tsilding owners. Higher
temperatures also add to UHI effects and can degaaehuality. Green alleys can help
manage these impacts.

Green alleys are an example of where several@iteeighborhood- specific green
infrastructure innovations merge, producing mudtipenefits and a holistic means to
implement climate adaptation. Green alleys usemaber of green infrastructure
practices to achieve stormwater management, heattien and energy conservation
goals, including:

“8pdapted from PlaNYC, Sustainable Stormwater ManagerRlan 2008 (Table 8, Page 41)
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» Permeable and reflective pavements,

» Rain-gardens (vegetation installed in artificiapessions to capture rainwater),
* Downspout disconnects and rain-barrels,

* Tree-planting,

* Landscaping and bio-swales (artificially contairvegetation),

» Cisterns,

» Eco-roofs, and

« Recycled material®

In addition, green alleys can earn LEED creditstteir contributions to urban
sustainability. Permeable pavement can earn sréatiistorm-water water quality
maintenance, UHI reductions, and recycled matewaite landscaping can earn water
efficiency credit®>* Slower runoff and storm-water capture generallyioes

municipal pumping demand and electricity costs,tingéoth mitigation and adaptation
objectives. The following sections will discussotgreen alley tools in detail, permeable
pavement and downspout disconnection/rainwateeciidin.

Green Alleys: Permeable Pavement

Permeable pavement is made out of materials tloat &later to soak back into the
ground rather than running over it and into otherrswarter management systems. The
goal of permeable pavement strategies is to produuf characteristics in cityscapes
that are similar to those in a meadow or a for&tidies have shown that permeable
pavement with proper “sub-soiling” (maintenancegforous layer of soil underneath)
can reduce runoff volume by 70 to 9084ermeable pavement in a typical alley can
infiltrate 3 inches of rainwater from a 1-hour stowith an infrastructure life expectancy
of 30 to 35 year?® It is typically designed with the capacity to mgaa 10-year rain
event within a 24-hour period—a standard that kkély need to be adjusted for to
account for projected increases in frequency atehsgity of storms in the future.
Research also indicates that permeable pavemeans afther benefits to cities, including
reducing the need for road salt application oressren the winter by as much as 75% and
reducing road noise by 10 decib&ls®

“SChicago Green Alley Handbook
<http://www.cityofchicago.org/city/en/depts/cdotipdrs/alley/svcs/green_alleys.html
<http://www.cityofchicago.org/content/dam/city/dsfeidot/Green_Alley Handbook 2010.pdf>

5National Ready Mixed Concrete Association (NRMC/Adbsite, Using Pervious Concrete to Achieve LEEDhRoi
<http://www.perviouspavement.org/benefits LEEDcrddiin>

5Y(Norbert Delatte, “Sustainability Benefits of Penvs Concrete Pavement” (2010)(Cleveland State Wsityy and
Stuart Schwartz (University of Maryland-Baltimorar@pus)<www.claisse.info/2010%20papers/p14.pdf>higego
Green Alley Handbook).

52Greening Gets Down and Dirty,” Timothy B. WheelBaltimore Sun (August 20, 2010)<
http://articles.baltimoresun.com/2010-08-20/featilye-gr-subsoiling-20100820_1_ polluted-runoff-statrains-
storm-water-pollution>

53Rooftops to Rivers (2006) NRDC

S4CNT Multiple Benefits (April 2010)

SSEffective Curve Number and Hydrologic Design of\Beus Concrete-Water Systems; Stuart Schwartz (@fsity of
Maryland-Baltimore Campus), Journal of Hydrologiegtheering, ASCE (June 2010)<
http://cedb.asce.org/cgi/WWWdisplay.cgi?264283>
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In terms of the effects on mitigating the urbanthsland effect, permeable pavement
tends to be cooler because of its higher reflagtilower capacity for absorbing heat,
and greater evaporative capacity. Dark pavemdrsisra 65 to 90% of the sun’s heat
while the more reflective permeable pavement alssonlty 25%. Consequently, each
10% increase in total reflective surface preseminmrban area lowers the UHI surface
temperature by 4°C. A study in Los Angeles shothed by increasing pavement
reflectivity alone by 10 to 35% across the city lddead to a 0.8°C decrease in UHI
temperature and an estimated savings of $90 mifl@ryear from lower energy use and
reduced ozone levels. Reduced pavement area &ndingegetation in Davis, CA
helped reduce home energy bills by 33 to 50% coetp#r surrounding

neighborhoods® Extrapolating to the global potential for enesgyings and emission
reductions, a 2007 paper estimated that incregmmgment reflectivity in cities
worldwide to an average of 35 to 39% could resuljlobal CO2 reductions worth about
$400 billion?”

Green Alleys: Downspout Disconnection and Rain Water Collection

Another method of controlling rainwater is to disoect downspouts from homes and
commercial buildings that once directed water excsting stormwater management
systems, often resulting in CSOs when the systeeewverwhelmed by intense rainfall.
The downspouts are then reconnected to a colleotisfow dispersion system, such as a
cistern (for storage) or a rain garden (for slogpersion). The aggregate impact of these
measures reduces the

load on existing sewel
systems and provides
water conservation
benefits to the city.

Downspout
disconnections cost
about $2,000 per
household for a full
professional
installation including
new gutters, rain-
barrels, and
redirection of water to|

landscaping, but a
rain-barrels can be Figure 5: (Left) A gutter downspout connected to tle storm drain system. (Right) A
purchased for as little disconnected downspout using a rain barrel to colt# stormwater for a rain garden

as $15°

%Ed MacMullan, Presentation: “Assessing Low Impaet/€lopments Using a Benefit-Cost Approach,”
ECONorthwest, # Annual Low Impact Development Conference (MarcklL222007)
<http://www.econw.com/reports/Low-Impact-Developmedenefit-Cost.pdf>

S’EPA Heat Islands Compendium (October 2008): CoukRents

%8 ow Impact Design Toolkit (2007) SFPUC
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Disconnection costs around $0.01 per gallon ohsiteater that is permanently removed
from the sewer systenOne study noted that if 80% of a neighborhood pigeied in
downspout disconnections, the community would achee30% reduction in runoff from
the peak flow of a “1-year” storm. Homeowner rgarden installation could achieve an
additional reduction of 4 to 7%. The study alsbnested that downspout disconnection
alone could lead to a reduction in local peak C8Dme of 209

Portlands Cornerstone Project for reducing CSOs providgantary participants $53
per disconnection or pays for a contractor to @govilork. Community groups earn $13
for each downspout they disconnect. The programently has 49,000 homeowners
participating, achieving about 4,400 disconnectipsisyear from 1995 to 2006, and has
removed approximately 1.5 billion gallons of storater per year from the combined
sewer system.

The table below illustrates the stormwater reduchenefits of various green alley
practices:

TABLE 3: Stormwater Removal Methods Comparison

Stormwater Average Peak | Average
Control Method | Flow (% Peak Lag
Removed) Time

(Minutes)

48" Soil 85 615

Bioretentior}°

30" Sail 82 92

Bioretention

Constructed 81 315

Wetlands

Constructed 81 424

Retention Pond

Porous 68 790

Pavement

Surface Sand 59 204

Filter

Bioswale: 48 19

Vegetated

Bioswale: No Data 19

Treebox Filter

Annual Report 2007, University of New

Hampshire Stormwater Center; Durham NH

5Rooftops to Rivers (2006) NRDC
5030il bio-retention indicates water passed throwgh arganic matter, and plant roots where it is@bed, held, or
filtered.
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Chicago: A Pioneer of Green Alleys and Streets

Chicago has 1,900 miles of public alleys with o800 acres of paved surfaces. In
2007, 30 green alleys with permeable pavement efiettive concrete had been
installed, along with over 200 catch-basins actbe<ity. Landscape ordinances
encouraged tree planting and installation in allefysatural landscaping, rain-gardens
(i.e., vegetation in artificial depressions) and-bwales (i.e., artificially contained
vegetation). Green alley design also encouragetebwner involvement in
disconnecting of rain-gutter downspouts from theesesystem, addition of rain-barrels
to capture rooftop runoff, and backup
power supplies to sump pumps in
basements. Simultaneously, building
owners were encouraged to install green
roofs.

The goal of these measures was to slow
the rate of storm-water runoff onsite and
through alleys, allowing water to soak
into the surrounding neighborhoods

more naturally thus avoiding localized
basement and surface street flooding and
to support the capacity of aging

Figure 6: A green alley is installed in Chicago infrastructure to handle extreme

precipitation events. In 2004, Chicago
provided residents 400 rain-barrels at a cost 6fCBD with the potential to avoid
760,000 gallons of stormwater per year.

Economic Costs and Benefits of Green Alleys

Green alleys or streets, rain barrels, and tregtip;are estimated to be 3 to 6 times
more effective in managing storm-water per $1,00@sted than conventional
method$? The cost estimates vary depending on the typecbiology deployed. Rain
garden or bioretention retrofits range from $2281.13 per gallon of storm-water
managed and permeable parking lots cost around $&i5gallon. Higher cost options
are curb extension swales, which cost around $l8e8@allon, and permeable sidewalk
installations, which cost around $11.24 per gaffofihe installed cost for permeable
pavement in green alleys is $0.10 to $6.00 perrediaat with service life of 7 to 35

61Chi(:ago Green Alley Handbook;

Chicago’s Sustainable Streets Pilot Project (PPT)
http://www.epa.gov/heatisld/resources/pdf/5-Chic&ustainableStreetsPilotProject-Attarian-Chicagb.pd
Chicago’s Sustainable Streets Pilot Project (TEXT)
Projecthttp://www.epa.gov/heatisld/resources/traptsd28Jan2010-Attarian.pdf

%2House Committee on Transportation and Infrastregtdiearing, Sustainable Wastewater Management{&sb4,
2009)< http://transportation.house.gov/hearingsihgBetail.aspx?NewsID=805>

8llinois Environmental Protection Agency recommetinias as required by Public Act 96-26, The lllinGiseen
Infrastructure for Clean Water Act of 2009 (June ZW10)< http://www.epa.state.il.us/green-
infrastructure/docs/public-act-recommendations.pdf>
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years, depending on material and maintenancee fdllowing table illustrates the costs
of various green alley practices.

TABLE 4: Green Alley Techniques and Costs

Green Alley Cost per unit to
Technique install
Tree planting $50 - $500 per tree

$0.10 - $5 per sq.
Native Landscaping ft

Rain Garden $3 - $6 per sq. ft.
Rain Barrel $10 - $5006
Permeable

Pavement $3 - $15 per sq. ft.
Green Roof $10 - 30 per sq. ft

$0.7 - $0.14 per sq
Natural Detention | ft.
$8 - $30 per linear
Bio-swales ft.

However, the economic benefits of installing graélay infrastructure outweigh the costs
in many cases. For example, Portland installedtedge bio-swales in one street project
over a two-week period at a cost of $15,000. Thegetated curb extensions reduced
peak flow from a 25-year storm event (2 inches ho@rs) by 88%, protecting local
basements from flooding and reducing total flowiltcal sewers by 85%%8. For
comparison, the average national insurance claifidoded basements is $3,000 to
$5,000 per basemefft. Avoiding basement flooding from one storm fortjtisee homes
justifies this investment. For an idea of potdrgavings, remember that Toronto’s Finch
Avenue storm event caused over 4,000 flooded bassraad $500 million in damage.

Low Impact Development®

An EPA study compared 17 local cases of using lapact development for storm-water
management versus conventional options, holdintppeance equal. The green options
showed cost advantages of 15 to 80% across alscaisd the results only accounted for
the water quality benefifS. A developer that used Low Impact Developmentrieghes

%A $5000 cost for a rain-barrel accounts for a ditersystem across an entire property (e.g. iratah
of new gutter systems, rain-gardens, sewer corores;tand potentially roof and subsurface cisterns)
%Rooftops to Rivers (2006) NRDC

56Avoiding Basement Flooding, Canadian Housing andtysme Corporation (2010) <http://www.cmhc-
schl.gc.ca/en/co/maho/gemare/gemare_002.cfm>

%t was noted earlier that LID and Gl are synonymfougpurposes of this paper. In this section, klidws an
integrated way to implement and value Gl

% EPA Managing Wet Weather with Green Infrastructuedsite: Philadelphia Case
<http://www.epa.gov/owow/nps/lid/costs07/factsheetlk<http://cfpub.epa.gov/npdes/greeninfrastructuoafggstudi
es_specific.cfm?case_id=62>
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like those used in green alleys in residential stididns sold lots for $3,000 more than
lots in competing areas that did not use LID. Relplg curbs, gutters, and storm sewers
with roadside bio-swales in a residential subdorisiould save a developer $70,000 per
mile, or $800 per residence. In Los Angeles Coitniyas estimated that while LID
stormwater controls would cost $2.8-$7.4 billidmey would deliver benefits of $5.6-$18
billion.

Using LID throughout a watershed that reduces dowas flooding can result in
economic benefits of $54 to $343 per developed. Bcfeor an example of the costs of
LID, Seattle has developed flexible and adaptabtemal drainage systems to manage
storm-water. The 72-acre Viewlands Cascade proget “vegetated cells” to reduce
storm-runoff by 75 to 80% and peak flow rates bye8Rith top performance in small
rain events. The project used green infrastrugiuasetices including a curving street,
vegetated swales, and additional plantings, reguiti a 99% reduction of monitored
surface runoff at a cost of $850,000 (or $3 to 86gnuare foot)°

Green Values Calculatorét

T he Center for Neighborhood Technology (CNT) in @giz has developed several
storm-water management tools. The National Gx&duaes Calculator helps users
compare costs, benefits, and performance of grdeasiructure and Low Impact
Development across neighborhoods when compareahtceational infrastructure. The
tool then recommends BMPs primarily to reduce
impermeable surfaces, and increase capture arigatiin

—
i -
- _-f&l'a of storm-water. The Green Values Stormwater Catoul
e - allows users to generate rough values for hydrologi

outputs and financial benefits for green storm-wate

E HE E H & practices on their properties.
Various green interventions can be entered intadbk

IHA I_u Es including downspout disconnections, permeable panem
STORMMWATER green roofs, tree cover, and drainage swales. sllsen
TOOLBOX enter associated parameters including lot andsizef

number of trees, square feet of permeable pavement,

average slope and solil type, etc. The tool théoulzes
volumes for lot and site improvements for stormeavatetention, annual discharge,
reductions in peak flow, and ground-water rechaviyjen compared to no improvements.
The final output shows reduction in life-cycle ®and increase in monetary benefits.
The Green Stormwater Ordinance Compliance Calauletips user evaluate and comply
with stormwater BMPs for regulated development€incago.

%Ed MacMullan, Presentation: Low Impact Developm@07)
"°ow Impact Design Toolkit (2007) SFPUC
"Green Values® Stormwater Toolbaebsite & calculator <greenvalues.cnt.org>
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Urban Forestry

Planting and maintaining trees in urban settingsissidered a quintessential green
infrastructure practice with multiple benefits fesilience, adaptation, and even climate
mitigation. The benefits of urban forestry extérain individual neighborhood trees to
widely distributed urban forests. As noted earlieres contribute to adaptation by
intercepting and filtering storm-water runoff teepent flooding and improve water
quality, absorbing pollutants to clean the airvmng wind-breaks to protect buildings
from wind damage, and regulating heat island edféutough shading and evaporation.
Simultaneously, trees contribute to mitigation byéring cooling demand for electricity
and directly sequestering carbon. Trees providélivg habitat and ecosystem services,
and have been shown to increase property valueiscenturies they have contributed to
overall urban quality of life. Dead trees even barrecycled into mulch.

Urban forestry programs establish trees in pulgaces such as parks, along streets and
alleys, or in any available open areas that loogeghments manage (along stream right-
of-ways, around public buildings, or in city-ownegicant lots). Urban forestry can
extend to green-belts around cities that bufferevweays and regulate development, and
even to acquisition and management of lands teepresurban watersheds so that
drinking water supply and quality is protected.cabordinances often guide property
owners’ responsibilities for trees as a private pnblic good.

Urban forestry delivers a range of stormwater aitl henefits to communities. A
typical medium-sized tree can intercept as much 280 gallons of rainfall per ye&.
During the summer, with trees in full leaf, evergre and conifers in Sacramento, CA
were found to intercept over 35% of the rainfaditthit them during smaller rainfall
events. Trees reduce runoff and erosion from stdoyrabout 7% and reduce the need

Trees slow and reduce stormwater runoff-improving
and protecting the quality of drinking water.'

In Houston, TX trees in the provide $1.3 billionstormwater benefits (based on $0.66
/cubic foot of storage)

In Austin, TX trees provide $122 million in stormigabenefits (based on a national

average of $2/cubic foot of storage)

In Atlanta, GA trees provide $833 million in stor@ter benefits (based on a national
average of $2/cubic foot of storage)

"?Fact Sheet #4 website: Control Stormwater Runatfi Wirees, Watershed Forestry Resource Guide, A&¥attip of
the Center For Watershed Protection and US Foresic® - Northeastern Area State & Private Forestry
http://www.forestsforwatersheds.org/reduce-stornawat
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for erosion controf® In Oakland, CA the continuous tree canopy iswstid to intercept
4 inches of rain, or 108,000 gallons of water, g@e in a typical yeaf’ Trees can
reduce runoff in urban areas by up to 17%.

In terms of mitigating UHI impacts, trees typicadligsorb 70 to 90% of sunlight in
summer and 20 to 90% in winter, with the biggeasseal variation seen in deciduous
trees (versus evergreens) that lose their leavasadly. One study showed that trees can
reduce the maximum surface temperature of the mudswvalls of buildings by 11 to 25°
C. The estimated effect of new shade trees plaar@ahd houses resulted in annual
cooling energy savings of 1% per tree while anigalting energy use decreased by
almost 2% per tre€. Direct energy savings from shading by trees agktation could
reduce carbon emissions in various U.S. metropoéitaas by roughly 1.5 to 5% due to
decreases in cooling energy Uée.

A climate modeling study in Manchester, Englandifibthat adding 10% green cover
like grass and shrubs in high density areas woeéplsurface temperatures below
historical baseline levels, except under conditiohisigh CO2 emissions. In the model,
when green roofs were also added to high dens#ysatemperatures stayed below
baseline levels even under the high emissions sosnaConversely, the studies also
show th% if green cover is left unaltered, tempees are expected to increase about 3.3
to 3.8°C.

In addition to these benefits, trees absorb andaesgtarious pollutants found in the
urban environment, including particulate matter {PMtrogen oxides (NQ), sulfur
dioxide (SQ), carbon monoxide (CO), and ground-level ozong.(@ne study
predicted that increasing the urban canopy of NerkCity by 10% could lower
ground-level ozone by about 3%. Another studynestied that one million additional
trees in a city could lower emissions of N€ almost a quarter ton per day and
particulate matter by over one ton per day. A 2606ly estimated that urban trees in the
United States remove 784,000 tons of pollutantypar at an economic value of $3.8
billion. The study focused only on deposition of grounel®zone, PM, NQ SQ, and
CO. Although the estimated changes in local amlkaerquality were modest, typically
less than 1%, the study noted that additional besnebuld be gained if urban
temperature and energy impacts from trees and aggetvere also included.

SEPA Heat Islands Compendium (October 2008): Treds\v&egetation

"Fact Sheet #4 Website

"Benefits of Trees” Factsheet (website), HoustoraAUrban Forestry Council <http://www.h-
gac.com/community/livable/forestry/documents/basefif trees.pdf

EPA Heat Islands Compendium (October 2008): Treds\vegetation

""EPA Heat Islands Compendium (October 2008): Treds\egetation

"8pdapting Cities For Climate Change: The Role Of Green Infrastructure S.E. GILL, J.F. HANDLEY, A.R.
ENNOS And S. PAULEIT, Built Environment Vol. 33, Nb (2007)< http://www.fs.fed.us/ccrc/topics/urban-
forests/docs/Gill_Adapting_Cities.pdf>

"EPA Heat Islands Compendium (October 2008): Treds\vaegetation
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Economic Costs and Benefits of Urban Forestry

The primary costs associated with planting and taaiimg trees or other vegetation,
include purchasing seeds or saplings, planting rantine maintenance such as pruning,
pest and disease control, and watering. Othes @afsirban forestry include program
administration, lawsuits and liability, root damagad tree stump removal. Generally,
however, the benefits of urban trees outweigh tstsc Costs to establish trees vary
depending on type of species, location, and climmatee. The city of Chicago estimates
that urban forestry costs $50 to $500 per treestabdish. A five-city study estimates an
annual maintenance cost of $15 to $65 per treedi&t have shown that the net
economic benefits of mature urban trees range $8énto $90 per year for each tree,
accounting for all of the benefits listed abovatiegS can accrue a rate of return on each
tree of approximately $1.50 to $3.00 for every aoihvested®

Many studies also show that trees and other vaegetaindscaping can increase property
values. Studies have found general increasesmft&bto 10% in residential property
values associated with the presence of trees agetat@on on a property. Other studies
indicate increases from 2 to 379.In areas with high median residential sales price
these property value increases are often amonigiipest categories of benefits for a
community®? A study in Portland showed that trees added $88T0e sale prices of
residential properties, reducing time on market&day<® Trees in Portland, Oregon
generate approximately $13 million per year in grtyptax revenues by increasing real
estate value$:

Some communities have begun to achieve infrastreictost savings by looking to the
ecosystem services provided by urban forestry wisex in lieu of “grey” infrastructure
investments for managing stormwater. In 1997, Nerk City decided against
constructing a new water filtration plant that wabhlave cost $6 billion to construct and
$300 million per year to operate. Instead, thg isispending far less—$1.5 billion over
10 years—to improve Catskill watershed forest mtida. By securing the source of the
water, the forests will naturally filter and purifiye drinking water at a significantly
reduced investmefit. A modeling study showed that Washington, DC dqdtentially
realize annual operational savings between $1.4b&ridmillion per year from reduced
pumping and treatment costs by implementing aduifiarban forestry practicé&S.

8EPA Heat Islands Compendium (October 2008): Treds\vegetation

8lCity Trees and Property Values, Kathleen Wolf (200fiversity of Washington, Seattle <
http://www.cfr.washington.edu/research.envmind/®dkiedonics_Citations.pdf>

82EPA Heat Islands Compendium (October 2008): Treds\vegetation

83CNT Multiple Benefits (April 2010)

%Haan Fawn Chau, Green Infrastructure for Los Argjedeldressing Urban Runoff and Water Supply Througv
Impact Development, City of Los Angeles (April ZD09)<http://www.ci.la.ca.us/san/wpd/Siteorg/progiaxec-
Summ-Grn-Infrastruct.pdf>

83andra L. Postel and Barton H. Thompson, Jr., “v8agsl protection: Capturing the benefits of nasureater
supply services” Natural Resources Forum 29 (2085)108<
http://www.consrv.ca.gov/dIrp/watershedportal/Doeumts/\Watershed%20ProtectnNat%20Res%20Forum05.pdf>
8The Green Build-out Model: Quantifying the StorntetaManagement Benefits of Trees and Green Roofs in
Washington, DC.” Casey Trees and LimnoTech. Und&k Eooperative Agreement CP-83282101-0 (May 157200
http://www.caseytrees.org/planning/greener-develamgbo/index.php>
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TABLE 5: Annual benefits of Washington’s street trees primarily result from
increases in property value due to the presence tees accounting for much of the
Aesthetic/Other benefit (Source: Casey Trees)

Annual Economic Benefits of Street
Trees (Washington, DC)

Energy $1,308,778
CO2 $349,104
Air Quality $185,547
Stormwater $3,695,873
Aesthetic/Other $5,138,396
Total: $10,677,697

Because tree maintenance can be a financial bdiodg@nivate landowners, a tax
incentive for property owners to maintain the urli@est could encourage more
participation from community membetsThe Ontario Ministry of Natural Resources
provides a tax incentive to rural land owners viithacres or more of forest who agree to
follow a Managed Forest Plan for their propertwartRipating landowners pay only 25%
of the municipal tax rate for residential propestid similar incentive for the
management of urban trees could be a very effeatayeto engage private property
owners in other communitiés.

Economic and Climate Value of Trees

Chicago-The structural value of the benefits from urbare$try in Chicago totals $2.3
billion and the total carbon sequestration ra25200 tons/year equivalent or a value of
$14.8 million/year based on an estimated marketevdr carborf’

7Rl ¥ e

San Francisce-In the San Francisco Bay _
area, total annual benefits for the region we

estimated at $5.1 billion, ranging from $103 &
million in San Francisco County to $1.5 '

enhancement accounted for 91% of total
benefits, followed by energy (electricity an
natural gas) at 6%, storm runoff at 2%. A 34
increase in canopy cover in the region was
projected to result in added benefits of $475 :
million, or $69 per capit& Figure 7: New street trees in San Francisco

87Eva Ligeti, “Climate Change Adaptation Options Taronto’s Urban Forest’(2007) Clean Air Partnership
http://www.cleanairpartnership.org/pdf/climate_chanadaptation.pdf>

8| igeti, Toronto’s Forests (2006) CAP

89 igeti, Toronto’s Forests (2006) CAP
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Importantly, urban forests provide co-benefitsltmate mitigation efforts by acting as
carbon sinks and lowering electricity demand faolicw.®* In 2005, total carbon storage
in urban trees in the United States was approxim@@0 million tons, with net

sequestration estimated at around 24 million tarsypar (88.5 million tons

CO,equivalent). A 2006 study found that about 15,806et trees in Charleston, SC,
were responsible for an annual net reduction of @y&00 tons of COworth about $1.50
per tree based on average carbon credit prices, tfatal of about $2,258.

Trees in Atlanta have been calculated to providen#Bon worth of pollution removal
value and store a total of 1.2 million tons of @arf® In Washington, D.C., the street
trees provide over $10 million in annual carbon gaiality, stormwater, energy and
property value benefits. The 1.9 million treesgha city sequester over 16,000 tons of
carbon annually which has a value of about $300H23@d on an estimate of the market
value of carbort? The table below illustrates the pollution redactand monetary
benefits that have been experienced by U.S. ¢hiesigh implementing urban forestry
programs with GHG emissions mitigation goals in dnin

Table 6: Carbon and Pollution Storage and Monetaryalue from Urban Forestry®®

Data

Year
Chicago 2007
New York City 1996
Philadelphia 1996
San Francisco 2004
Washington,
DC 2004

# Trees
3,585,203

5,211,839
2,112,619
669,343

1,927,846

Carbon
Stored
(MT)
649,336
1,225,2
28

481,034
178,250

474,417

Gross C
Seqlyr
(MT)

22,831

38,358

14,619
4,693

14,649

Energy Energy
Use Polin./yr

Use

Avoided Avoided

(MBTU)  (MWH)

127,185

630,615
144,695
No Data

194,133

2,988

23,579
10,943
No Data

7,924

M

Removed  $/yr Polin.

Removed
889 3986200

1,997 $10,594,900
727 ,938300
235 8P10P0

489 528200

®James R. Simpson and E. Gregory McPherson, SacicarBay Area State of the Urban Forest: FinaldRep
Center for Urban Forest Research, USDA Forest &griAacific Southwest Research Station (Decemt@f)20
http://www.fs.fed.us/psw/programs/cufr/productsé&ip cufr719_SFBay.pdf>
IFor purposes of this paper: “co-benefits” are djmstly those that achieve both mitigation and adépn
goals simultaneously—while other benefits are aberad “multiple”.
92EPA Heat Islands Compendium (October 2008): Treds\vaegetation
%Amy Morsch, “A Climate Change Vulnerability and Rissessment for the City of Atlanta, Georgia,” 3iseDuke
University (2009)< http://dukespace.lib.duke.edpate/handle/10161/2157>
%Quantified Benefits of using iTree, (iTree Stre@FRATUM) and iTree Eco (UFORE)) website, Caseyebre
Washington, DC (2010) <http://www.caseytrees.orgdgaphic/key-findings-data-resources/quantified-

benefits/index.php>

%Urban Forest Data website — City Lists, Northerséech Station, US Forest Service (2010)
<http://nrs.fs.fed.us/data/urban/>
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Wetlands: A Lesson Learned in the Benefits of Urban Forestry

In the 1960s, urban planners began to recognizeniéttands buffer regional
infrastructure and housing against flooding. Maeently, wetlands began to be seen as
an effective means to manage the more intenseraqdent precipitation events expected
under climate change conditions, including redugiegk flows and reducing the
intensity of flood events in urban areas. In 19K8,Army Corps of Engineers began
purchasing land and acquiring development easen@pteserve wetlands in the
Charles River Basin near Boston, Massachusetts1988, 75% of wetlands in the basin,
about 8,000 acres had achieved protected statrsexttimated cost of $100 million
($618 million in today’s dollars). Without protémt, the Corps estimated that 40% of all
existing wetlands at the time would have beentlsievelopment by 1990. The wetlands
have protected downstream communities on numeroceess®ns in recent decades and
they prevent an estimated $40 million in flood dgesevery year.

Contaminants In contrast, communities in
et neighboring basins without
Provides intact wetland systems have
i continued to suffer flood
damages. In May of 2006,
the community of Lawrence,
Massachusetts received 8.7
inches of rain over several
days, resulting in an
estimated $19 million in
flood damages. At the same
time, communities along the
Charles River, including
Boston and Cambridge,
received 9 inches and
suffered almost no flood

Figure 8: Wetlands naturally store and slowly releae stormwater into streams damage. The _prOteCt_ed
(Source: Greener Loudon) wetlands provide a wide

range of other water quality, recreational and eauin benefits as well. Tourists
contribute over $4.5 million to the local econorRyoperties adjacent to the protected
wetlands have shown direct benefits to local redleéhrough increased property values.
In all, the Charles River wetland protection projeas been a great benefit to the
watershed.

. Cleaner waler

The wetland system is more cost effective than entignal alternatives in buffering
communities against flooding. Building a wastewateatment system using constructed
wetlands costs about $5.00 per gallon of capacitypared to roughly $10.00 per gallon
of capacity for a conventional advanced treatmaaitify, however, it should be noted
that such treatment systems can be used in onitetinsircumstances usually associated
with small communities with limited wastewater flow
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Wetlands in the US overall are estlmat
to provide $23.2 billion in storm
protection services.96 In Pensacola Ba
FL between 2001 and 2003, 15 acres i
coastal wetland created a cumulative
value for hurricane and storm protectio
of $1.3 million through avoided damage
to roads. In 2008, 30 acres at another
location achieved $1.9 million in saving$
from similar protections.97 In the
Charles River example, wetland -
purchases and easements cost less tha
$10 million and contribute over $95
million to the regional economy every Flgure 9: Wetlands also provde habitat for WI|d|Ife and
year, compared to a flood control dam can act as moderate carbon sinks

which would have cost over $100 million and proddew, if any additional benefits.98
The use of a wetland system also helps commundibsffer against drought because
wetlands store and release water gradually, dejatyia effects of dry periods.99

Managerial, Institutional and Market-based Approaches
to Climate Resilience

Besides implementing green infrastructure practicegithstand and accommodate
climate impacts and weather extremes, local govermsncan wield managerial,
institutional, and market incentives to lower climaisks and encourage adaptive
behavior, or at a minimum, to avoid maladaptationkese practices provide either
positive incentives (carrots) or sanctions (sticksicouraging adaptation by rewarding
behavior change or punishing the lack thereof.sW@wn earlier, cities and counties can
reap higher net-benefits from implementing lowestaygreen infrastructure alternatives
with multiple co-benefits (green vs. grey infrastire). They can pay property owners
to change behavior, for example, by providing dgveng disconnection payments as was
done in Portland, or waiving storm-water fees farager site permeability as was the
case in Washington, DC. In doing so, cities mawp gadirect benefits from lower

%Robert Costanza et al, “The Value of Coastal Weldior Hurricane Protection,” Ambio, Vol. 37, No(3une 2008)
< http://www.uvm.edu/giee/publications/Costanza%?2®a&b.%20Ambio%20hurricane%202008.pdf>

9’Amy Baldwin, Submerged Resources in the Face of a Changing @lifniaing Shorelines as an Adaptation
Strategy, Submerged Lands Seminar Series, FlorER (3eptember 23, 2010)<
http://www.submergedlandsconference.com/sessiopstitp://www.submergedlandsconference.com/presemistio
0923/Baldwin.pdf><http://www.dep.state.fl.us/norést/Ecosys/section/greenshores.htm>

%Natural Security website: Charles River, Massacttsis®etlands as Flood Protection, American Rivers
(2009)<http://www.americanrivers.org/our-work/glbwearming-and-rivers/infrastructure/natural-secgsiharles-
river.htmb

%Natural Security website: Clayton County, Geordjiithstanding Drought with Wetlands and Water Reuse,
American Rivers (2009)<http://www.americanriverg/our-work/global-warming-and-rivers/infrastructiiratural-
security-clayton-county.htrml
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insurance premiums and increased tax revenue fierhigher property values that green
infrastructure can produce. They may also enjeybtnefits of greater competiveness
due to the adaptation jobs that may be createdilbgitng green infrastructure. Savings
from avoided public health or disaster impacts,aaneliable water supply, faster
economic recovery after disasters, energy savarygs$ carbon storage are other benefits
that cities can expect when implementing greerastfucture measures.

Managerial Approaches

Green management practices may include planningnudiesign, and smart growth
approaches that incorporate green infrastructuecetive urban landscape. Examples are
higher density housing that accommodates green sypaces, large-scale urban forestry
projects in neighborhoods or in green-belts aratitiels, or coastal wetlands buffering
against hurricane storm surges or river floodirgccommodating climate impacts is
another adaptation strategy that may be implemeémteatecision makers, with the goal of
intentionally absorbing impacts by designing comities in ways that aim to minimize
damage rather than preventing it.100 Examplesideclocal building codes in flood
zones that mandate raising buildings or bridges@locarrent and future flood-levels or
requiring that first floors are “floodable”. 101

Some municipalities are intentionally designingd®as flood canals to channel water
away from downtowns to increase their flood restie, or establishing park and
recreation land in town-centers as “green” floodsveyr when local rivers overtop their
banks (for example: Grand Forks, South Dakota). Diieh are beginning to designate
parts of urban and rural areas of the Netherlamaisare floodable in anticipation of
future climate change, including building houses ttan float in floods or flood canals
through downtown Rotterdam.102 Retreating frorodiglains that are frequently
inundated or coastal areas threatened by searlsgslis another strategy.

Timing of expenditures is another management gjyateat can be used because
adaptation practices can be implemented as nedetmdexample, building or raising
dykes can be staged until sea-level actually risesever, planning, preparation,
permitting, land acquisition, and appropriatingding can be done in advance of the
need to construct. The key element of this kindtadtegy is to plan and prepare in the
present so that actions can be taken in the fatsireeeded faster and at a lower cost than
reactionary measures. Decision-makers can alldgatks in unconventional ways to
ensure better climate adaptation. For instancegrazing the water management
benefits of green roofs, the Toronto City Counttd@ated $200,000 from Toronto’s

0% ccommodation strategies—in comparison to retrgdiiom a floodplain, or building a flood-barrier poevent any

damages

1915yccessful adaptation to climate change acrosessidl Neil Adger, Nigel W. Arnella, Emma L. Tomp&jrGlobal
Environmental Change 15 (2005) 77-86<
http://research.fit.edu/sealevelriselibrary/docuteioc_mgr/422/UK_Successful_Adaptation_to_CC_-
_Adger_et_al_2005.pdf>

192(adger et al (2005)):(also: “Floating houses btglsurvive Netherlands floods: Anticipating morireite change,
architects see another way to go” (November 09528 Peter Edidin, New York Times
<shttp://articles.sfgate.com/2005-11-09/home-andig@17399121_1 flood-zones-dutch-floating>)
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water budget to encourage green roof constructid®909. Subsidies were made
available to property owners of $10 per square maeteto a maximum of $20,000, for
new and retrofit green roofs.

Finally, there also is a critical need for locatd&n makers to be provided with climate
change information relating to temperature chargjafall frequency and intensity
changes, floodplain adjustments, sea level risg¢ séorm surge changes to use to support
decisions on green infrastructure implementatiath @her adaptive actions.

King County: A Prime Example of Managerial Adaptation

King County Flood Control District was reformednteerge multiple flood management
zones into a single county entity for funding amtiqy oversight for projects and
programs—in part in anticipation of increased stwater flows from climate change.
King County floodplains have been declared feditoald disaster areas 10 times since
1990 with floods in 2006 costing $33 million in dages. The primary goal of
redistricting was to ensure $345 million of fundings available for maintenance,
repairs, and upgrades of flood protection infragtite such as levees. The district’'s key
strategies and objectives related to climate atiaptand green infrastructural include:

* Reducing risk by permanently removing flood, eras@nd landslide prone
residential structures

* Reducing risk exposure by elevating structuresstrghgthening flood facilities

* Improving floodwater conveyance and capacity bypneecting rivers to their
floodplain

* Providing safe access to homes and businesse®taciing key transportation
routes

* Natural resource protecti@ctions include sediment and erosion control, sirea
corridor restoration, watershed management, fenedtvegetation management,
and wetland restoration and preservafion

Institutional Approaches

| nsurance, finance, laws, and regulations are iistital mechanisms that can be used to
incentivize adaptive behavior. Some of usefuliingonal mechanisms include:

» Local zoning of land-use ( such as density requar@sfor smart growth or
rolling easements to address sea-level rise),

1%%ing County Flood Control District- FAQ (Novembed@3)<
http://www.kingcountyfloodcontrol.org/pdfs/kcfloothgs.pdf>; King County Flood Control District AnrlltReport
2008<http://lyour.kingcounty.gov/dnrp/library/watend-land/flooding/kcfzcd/crs-recertification/floadntrol-district-
2008-annual-report.pdKing County Flood Control District, Hazard Mitigan Plan (March 2010)<
http://your.kingcounty.gov/dnrp/library/water-anahtd/flooding/local-hazard-mitigation-plan-
update/KCFCD_HazardPlan_Mar2010.pdf>
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» Building codes, green infrastructure design stasiglar
» Landscape ordinances, or
* Federal, state, and local environmental statutes.

For example, Chicago uses a regulatory disincemtiecourage developers to include
more trees in their site designs. If a constructiesign stipulates that a tree will be
removed, the tree is assessed and assigned avddllarwhich the developer must pay to
the City. This measure has been encouraging deselddo re-visit their designs and
preserve existing trees.

Insurance also helps to hedge against climate. rifksdefine communities eligible for
insurance against flooding, the National Flood tasae Program under the Federal
Emergency Management Agency (FEMA) maps flood eiema for 1 in 100 year flood
frequencies. However, the program does not cuyrastommodate climate change
projections for increased flood frequency and isiigrin determining insurability. The
current mapping program may even be providing iticea for property owners to build
in risky areas through the use of obsolete mapgsrantblerance of repeated claims in
frequently flooded locations.104 Additionally, altlgh FEMA provides Pre-Disaster
Mitigation funding to eligible communities for asseng, planning, and preparing in
advance for disasters, climate change is not etzard criteria.

Making the appropriate changes to include climateacts in how insurance programs
assess risks could have a large effect on addpélavior. A study in Saskatchewan,
Canada in 2008 showed that using zoning approdolegdress climate change impacts
can be more cost-effective than conventional gnénastructure methods. This climate
and economic modeling study compared zoning mettwtard infrastructure
approaches in their ability to avoid cost impactsf climate change-induced flooding
over the next 25 years. Building more flood infrasture was found to save an
estimated $10 million in avoided flood damages,l@t@zoning alone would save $155
million, over 15 times more.105 What this sect@so highlights is that federal funding
of actions in local areas should be tied to pati@dad measures that account for climate
change risks and federal measures should be adapaedount for these risks.

Market Mechanisms

Market mechanisms shift the cost of implementingegrinfrastructure in positive
directions, increasing the feasibility of implemaidn. As discussed throughout this
paper, local governments can reap financial ben&bim green infrastructure by using
cheaper green alternatives or avoiding costs aféutlimate damage. They can also
provide funding directly to property owners for site implementation. For example,

194 egally, the program defines flood zones usingohistclimate data applied to current conditions
1%Christensen, Paul N., Gordon A. Sparks, and HaHi#y2008) “ Adapting to Climate Extreme Events Risks
across Canada’s Agricultural Economic Landscapetrdggrated Pilot Study of Watershed Infrastructure
System Adaptation.” Climate Change Impact and Aaléqrt Program. Natural Resources Canada Project No.
A1473.Prepared for Natural Resources Canada by Deparwh&ivil and Geological Engineering, University of
Saskatchewan, Saskatoon, SK; Prairie Farm Retlalatit Administration; Agriculture and Agri-Food Gata <
http://www.policyresearch.gc.ca/page.asp?pagenn-p041_09>
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California initiated the Cool Savings Program whpebvided rebates to building owners
for installing roofing materials with high solafflectivity and low thermal absorption.
The California Energy Commission paid incentived5to 25 cents per square foot of
eligible roofing area. The program was so succédisa California revised its Title 24 to
make cool roofs on certain new or renovated bugslimandatory starting in 2005.

In the future, new mortgage products imitating PAG&nhs may incorporate the costs of
adaptation into private property transactidi&Noted above, tax credits for green
infrastructure implementation, reduced storm-wédes rewarding greater site
permeability, or rebates for downspout disconnectie just a few examples of how to
change price incentives by making some behavicgamér or more expensive. For
example, starting in 2007, New York City aimed tpgort the installation of extensive
green roofs by enacting a property tax abatemeoifset 35% of the installation cost of
a green roofKeeping discount rates low also makes investingr@en infrastructure that
has longer-term benefits more valuable. As notgtieg, demonstrated increases in
property values from green-infrastructure raisirgevenue, or lowering insurance
premiums from greater site resilience also crea@ket incentives.

Conclusions: Implications for Policy, Research and
Technical Assistance

Asking the Resilience Question

Green infrastructure is a means for simultaneousiyaacing environmental
sustainability, smart growth, and now climate adaph goals in urban settings with a
goal of creating more resilient metropolitan comitias. Although definitions of these
concepts are at times vague and not entirely camgtéary they do overlap to a
significant extent’” Sustainable development seeks goals of envirotaherotection,
economic viability, and long-term resource contipalong with equity and social justice
particularly for vulnerable populations. Smartwgtio uses the tools of planning and
urban design to achieve resource efficienciesdmgldensity, mixed land-uses, open
space, public transit oriented development, anduecdd quality of life. More recently,
climate adaptation policies and practices have tsotagbuild the capacity of local
communities and decision makers to better assesmanage risks, impacts, and
opportunities from irreversible climate change artteme weather (floods, droughts,
wildfire, sea-level rise, and public health threats.). Adaptation to climate change also
is seen as having ecological, economic, and sdiiansions®

198 ACE: Property Assessed Clean Energy allows a matrnment to provide loans to homeowners forwedée
energy and efficiency retrofits paying back via ldlls. However, PACE currently has been defingdhe Federal
government as an illegal lien on houses so theduifithis mechanism is in question.

" ntergovernmental Panel on Climate Change (IPC&Askessment Report (2007): WG Il Adaptation
1% |pCC, AR4 (2007)
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At the intersection of these three concepts issareléor more resilient communities that
are less vulnerable to natural and human inducedrtia and disasters (See Figure 10).
Generally, resilience means that they can bettdrstand, cope with, manage, and
rapidly recover their stability after a varietyafses. However, there is considerable
debate about what it means to achieve a resil@minaunity in practice (operationally).
For example, stability may not be a truly resiligmit if vulnerabilities are perpetuated in
recovery to an original state (e.g., post-floodadisr rebuilding in a frequently inundated
floodplain).

Sustainability ation
~Equity = A e e
--Environment inabitl
--Economy
--Social Justice &
Capital
--Long-term
Resource
Continuity
--Green
Infrastructure

Old Framing
Smart Growth

&

Adaptation

Figure 10: The Intersection of Sustainability, Smar Growth and Adaptation

Diversity, flexibility, sustainability, adaptabiit self-organization, and the ability to
evolve and learn are seen as key system attribfitssmmunity resilience as long as
they do not lead to mal-adaptation in the pro¢&ssdowever, resilience generally is
thought of in more reactive terms—akin to “autonoadaptation” that responds as
conditions change. In the face of climate chaageptive capacity is seen as
encompassing resilience as it more comprehensioelises on planning, preparing, and
implementing adaptive solutions drawing on a widgety of technological, managerial,
institutional (social), and market capabilit’é8. “Asking the resilience question"—
means that local planning and building decisioredrte incorporate how to prepare for
and manage impacts from climate change and weatti@mes—essentially
“mainstreaming” resilience by enhancing adaptiveacity.

1% ein, Resilience (2003)
1% ein, Resilience (2003)
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Delivering Adaptive Solutions through Climate Extension Services

Although local governments and communities are ugiegn infrastructure to achieve a
variety of environmental and economic goals, ingligdesilience to climate change,
application of green infrastructure solutions awéyet widespread as adaptation best
practices. Many communities either are unawatbebenefits of green infrastructure to
begin with or believe it's more expensive or difficto implement than traditional grey
approaches. Meanwhile, communities that have ereldrgreen infrastructure may not
have connected it with adapting to climate chaogé,they have, they may not possess
the necessary capacity, know-how, or resourcefatognd implement solutions. One
solution to these barriers of awareness, willingnasd capacity is climate extension.

Climate extension would be a means to customizedafider adaptation information and
to provide technical assistance and capacity ta speific local adaptation needs.
Practical advice connecting green infrastructur wiimate adaptation could be brought
to bear from university, non-profit, or federal astdte government “climate extension
specialists” embedded in local communities. Thestmportant information that
climate extension specialist could provide wouldibeely and up to date forecasts and
information on likely climate change impacts in tbeal urban area. They also could
provide technical assistance to both local govenimand property owners on green
infrastructure practices highlighted in this regadiuding: installing green roofs to
mitigate urban heat island effects and manage steattar, changes to building codes
encouraging green infrastructure practices, magagiban forestry operations, and
establishing green alley, downspout disconnectiod, water conservation incentive
programs.

Extension specialists could help city managers nilagease to elected officials and
citizens about the value and multiple benefitsreeg infrastructure in the context of
climate change adaptation. Organizations, sucGasey Trees, the Center for
Watershed Protection, the Center for Neighborhoechmology, American Rivers, and
ICLEI Local Governments for Sustainability are begng to fulfill climate extension
roles. Universities in Arizona, Florida, Massadtits; and Oregon have hired climate
extension specialists to work with farmers, land eesource managers, and urban
decision makers. NOAA'’s National Sea Grant Progimamiorking with states on
piloting climate extension in coastal communiti&s Several CCAP Urban Leaders
partners have made clear connections between grigastructure and climate adaptation
in their city management and outreach programsigiie Chicago, Miami-Dade
County, New York City and Toronto providing extemsito their own citizens

1INOAA Sea Grant Initiates $1.2 Million Community @late Change Adaptation Initiative:
http://www.noaanews.noaa.gov/stories2010/20100328yrant.html
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Closing Thoughts on Green Infrastructure and Resilience

T his report provides evidence of the value of giieémastructure for local climate
adaptation based on significant net benefits andessful local action. In providing
comparable cost, performance, and benefits datsser selection of green infrastructure
practices the report avoids equating each praasaesolution to a single climate related
problem but rather shows that a mix of approaché®st. For example, white roofs are
often promoted as a panacea to reducing urbarndieatl effects while ignoring the

value of vegetated roofs to both lower temperasumet to manage storm runoff at
comparable net benefit (even at higher initial stweent). Instead, this report encourages
consideration of the multiple benefits of singleem infrastructure solutions, the trade-
off among solutions to achieve multiple benefits] dow a combination of solutions

may lead to the highest net climate adaptationfiisrdepending on local needs,
capacities, and resources. For example, a buildititga combination vegetated, white,
and blue roof, surrounded by green alleys incergnyiunder a downspout disconnect
program, and encouraged by a permeable pavemanaoog, shaded by street trees, and
buffered from floods by local wetlands, not onlges/es multiple net-benefits from

green infrastructure but de facto is more adapiexht! mitigates climate change. If all
public and private property owners in a neighbothaity, or county simultaneously
implement these practices the result is greaterath@imate resilience across a region.

Interest in green infrastructure continues to gvati recognition from federal, state, and
local governments that practices can be used W@ soultiple environmental problems--
complimenting more traditional infrastructure salas. The connection to climate
adaptation is emerging—in some cases explicitlybad Leaders partners Chicago, New
York City, Toronto, Miami-Dade and King Countiegall implementing green
infrastructure as an adaptation strategy. AmerRiaers and New York City have made
clear linkages between storm-water, river basinagament, climate adaptation, and
community resilience in local urban planning. Aé ttederal level, Dr. Steven Chu, the
Secretary of Energy, promotes white roofs as a siealower global and urban
temperatures as well as energy used for cooling-r-#\ee does not frame it as climate
adaptation.

National policies on green infrastructure and cteradaptation are beginning to emerge.
In July 2009, Senators Tom Udall and Sheldon Whisk introduced S 3561 ‘The
Green Infrastructure for Clean Water Act of 201iting that green infrastructure can
ameliorate the impacts of climate change on wasources. In October 2010, the White
House Climate Change Adaptation Task Force mademmendations to President
Obama for how Federal Agency policies and progreamsbetter prepare the United
States to respond to the impacts of climate chatfgin the report, Joyce Coffee, Urban
Leader partner from Chicago is quot&the Federal Government should use the
precautionary principle to encourage cities to fgtargreater uncertainty and variability
when building green and grey infrastructure by agkespondents to describe how their
planned projects adapt to climate chandeater in the report, The Nature Conservancy

13white House Climate Change Adaptation Task Force
www.whitehouse.gov/administration/eop/ceg/initia8ladaptationFinal Report:
www.whitehouse.gov/sites/default/files/micrositesfiinteragency-Climate-Change-Adaptation-ProgresseR. pdf
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notes: “While certain hard infrastructure resportsedimate change will be needed, it is
clear that effective long term adaptation to clienelhange will depend on reducing the
vulnerability and increasing the resilience of gmbems and their essential services.”
Although these references are encouraging, comgegteen infrastructure and climate
adaptation in national policies in support of loeilience will be an on-going policy
challenge.

Asking the Resilience Question is another way gpleasizing the continuing importance
of mainstreaming resilience into the decisionsletted leaders, local managers,
businesses, and citizens. Evidence from this teghmws that a combination of green
infrastructure practices at the intersection ofaunability, smart growth, and climate
adaptation create strategies producing the higregdbenefits to individuals and society
as a whole. Ultimately, the net-value of enharsmmgal, environmental, and economic
resilience from green-infrastructure will be at tioge of resilient communities in a
climate changed future.

=*==Center for
K Clean Air Policy

Dialogue. Insight. Solutions.
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APPENDIX: EXAMPLES OF COMPREHENSIVE GREEN
INFRASTRUCTURE STRATEGIES

Depending on circumstances and motivations, CCAfabLeaders partners and other
pioneering communities have embraced the applicatigreen infrastructure and
technologies as a means to prepare for and adapintate impacts and as a path to
environmental sustainability. Often green appreadre combined with modifications
to other traditional “hard” infrastructures (e.fyxing, expanding, or redesigning storm-
sewers and streets, building storm-water storageels, etc.). As discussed throughout
this report, cities have incentivized green ininasture projects by:

1) Showing evidence of upfront or life-cycle ceavings when compared to alternatives
for both public and private projects,

2) Providing direct financial incentives to progyeowners for green infrastructure
installation,

3) Instituting laws, regulations, and local ordinas requiring implementation of green
infrastructure on private property, or

4) Mandating that public projects incorporate gradrastructure to demonstrate
viability and value (e.g., street tree plantinggegr modifications to roads, green-roofs on
public buildings).

The following are some comprehensive examplesedmyinfrastructure investments in
urban regions of the United States to illustrate kommunities are combining the
practices discussed above to achieve the greatasbmic and environmental benefits.

CHICAGO

Chicago’s Green Urban Design (GUD) Plan was laud@sea partnership among City
agencies, nonprofits, and the private sector tp teebetter manage flooding (and also heat
impacts. Rainfall filtration and capture is a lgoal using permeable pavements, rooftop
and surface rain gardens, and green alleys. Iid,ZDgreen alleys with permeable
pavement and high-reflectivity concrete had bestaifed, along with over 200 catch-
basins across the city. Green alley design alsoweaged homeowner involvement in
disconnecting of rain-gutter downspouts from th@esesystem, addition of rain-barrels to
capture rooftop runoff, and backup power supplesump pumps to prevent basement
flooding. The goal is to slow the rate of stormt@vaunoff onsite to prevent localized
flooding and to support the capacity of aging isfracture to handle extreme precipitation
events.

Additionally, over 775 miles of combined storm as®ver pipes were modeled to evaluate
surface and basement flooding problem spots anectimmend cost effective solutions—
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including green infrastructure. In the area ofevabnservation, a five-year, $620 million
capital improvement project is saving an estimd#@@ million gallons of water a day by
reducing leaks. Because energy is used to puftgy, filistribute, and treat water for
discharge, water conservation will help to decreheel 90,266 MWh of electricity the city
consumes annually to pump and treat its waterebyereducing GHG emissions?

A before and after view of a Chicago alley. The lfere picture shows how impermeable traditional
pavements excacerbate flooding. The green ally impzements, shown on the left, eliminate standing
water problems after rain events.

PORTLAND **

In Portland, storm-water runoff conveys a variegtg@ntaminants from properties and
roadways into local sewers where it combines vath sewage producing sewer
overflows into local streams and rivers. In 19®1solve its storm-water and sewage
problems, Portland developed a $1.4 billion plabudd new sewer lines and large pipes
that can store sewage during storms. Portlanddarfdces are about 50% impermeable
with 25% attributed to streets and 40% to rooftojps2004, Portland experienced 50
overflow events discharging 2.8 million gallonspailluted water into area waterways.
Consequently, the city more recently has providemhemic incentives for homeowners
to install green roofs and disconnect downspolitey have also redesigned streets with
rain gardens and other landscaping features thmtamatural systems to reduce the
amount of storm-water that enters sewers limitiogptial sewer overflows. In 2004,
the city invested $3 million in green infrastruaprojects.

113Chicago Green Urban Design website and documents:
http://www.cityofchicago.org/content/dam/city/defatap/Sustainable_Development/Publications/Greebablr Desig
n/GUD_booklet.pdfhttp://greeningthecity.wordpress.com/chicagosgreenaissance/
http://www.cityofchicago.org/city/en/depts/zlup/supnfo/green_urban_design.html

iNatural Security website: Portland, Oregon: IntéggeGray and Green Infrastructure. American Rivers
<http://www.americanrivers.org/our-work/global-wamgtand-rivers/infrastructure/natural-security-pamtl. htm$
(Rooftops to Rivers (2006) NRDC, Portland Case)
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Buildings owners also were given zoning incentifgesnstalling green roofs as well as
requiring on-site storm-water management. In 2@@&city instituted storm-water
management fee discounts of up to 35% for greeastriicture installation. In 2008, the
city expanded it's Grey to Green initiative witlplan to invest $50 million in green
infrastructure over five years. The goal was to@ase the number of green streets,
ecological roofs, and trees while protecting undigved open spaces and restoring native
vegetation. A Downspout Disconnection Progranhattime paid 45,000 households
$53 for each downspout disconnected, a total di@x),removing 1.5 billion gallons of

sto rm-water per yeat® Green Street -
projects retain and infiltrate about 43
million gallons per year and have the il =

: e I di
potential to manage nearly 8 billion sconnected m

'downspouts to profect

gallons, or 40% of Portland’s runoff _' i Bm Portland's rivers!
: : s!

annually. A single green infrastructurges I SR
sewer rehabilitation project saved $6 888 |- \/5dl, 823-5858
million not counting other benefits | s

associated with green practices (e.g. s e
clean air, groundwater recharge, etc) S :

Overall, Portland invested $8 million
in green infrastructure to save $250
million in hard infrastructure costs  Among its incentives, Portland provides up to

including reducing the size of sewer 100% discount on stormwater management fees

pipes needed to capture the projecte(households that disconnect their downspouts

combined wastewater and stormwater

flows from 33 to 26 inche¥? Valuation of green infrastructure is calculated vi
comparison to “hard” alternatives, value of avoidednages, or market preferences that
enhance value (e.g. property valti€).Portland is implementing these green practices in
anticipation of more frequent and extreme predpitafrom climate change. In their
view, green infrastructure practices can be reaphgad across property owners or
integrated into existing city projects as needeith¢oease storm-water management
capacity in a manner that is cost-effective, fléxiland scalable as climate conditions
vary or change in the future—an example of incréassilience.

MILWAUKEE

Despite substantial investments in gray infrastmecto control CSOs (e.g., $2.4B for a
stormwater storage tunnel), Milwaukee also hasgtecin green-infrastructure to
enhance effective storage capacity. From 2003 &g 28lilwaukee spent about $900,000
on green infrastructure. The city spent $170,00@@vnspout disconnections, rain
barrels, and 60 rain-gardens to control runoffindtalled a $380,000, twenty thousand
square foot green roof on a local housing projeat will retain 85% of runoff with the

1%aan Fawn Chau, Green Infrastructure for Los Arsy&eril 2009)
11%40use Committee on Transportation and InfrastregtHearing, February 2009
CNT Multiple Benefits (April 2010)
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remaining 15% redirected to rain-gardens and reteftasins for onsite irrigation. An
additional $300,000 was spent on four other greefprojects.

Modeling estimated that the neighborhoods inst@glijreen infrastructure could
experience a 31 to 37% reduction in storm-watex flo waste-water plants with a 5 to
36% reduction in peak flows and a 14 to 38% redudi CSO volume. Green
infrastructure practices implemented in commerarahs was anticipated to reduce CSO
volume by 22 to 36%. Milwaukee plans to spenddditeonal $11 million on green
infrastructure through 20143

In May 2010, the Milwaukee Metropolitan Seweragsti)it awarded $3.7 million in
green infrastructure grants to 14 groups, includingerican Rivers. The grants will
support a range of green roof projects, from a kpraject in Mequon to a massive
remake of the roof of the Golda Meir Library at UWwaukee to an education center
focused on best management practices in greersinfcaure. The latter facility will
feature over 7,500 square feet of permeable pavedh®00 square feet of green roof,
1,100 square feet of bio-swales and rain gardetdisvem 1,000 gallon rain harvesters and
rain barrels*®

PHILADELPHIA

Since 2006, Philadelphia has been using policidsd@monstration projects throughout
the city to help promote green infrastructure ianpling and development drastically
reducing CSOs, improving compliance with federalewaegulations, and saving
approximately $170 million. Covering more than egeiare mile of the city green
infrastructure includegreen roofs, rain gardens, vegetated swales & tapiisg, porous
pavement, downspout disconnection, rain barrelsis€erns. To manage stormwater
runoff more efficiently, the Philadelphia is instibnalizing green infrastructure through
demonstration and restoration projects, a new stater fee system, and stringent
stormwater regulations for all new construction agdkvelopment.

A study for the Philadelphia compared a “green” lawact development option with a
traditional “gray” sewer approach for the same I@feunoff control performance. The
goal was to reduce combined sewer overflows whdgimizing the net present value of
benefits. The green infrastructure option compé#agdrably in terms of net present
value, resulting in $2.8 billion in benefits comgarto only $120 million for the gray
infrastructure option—more than a twenty-fold diéece’?*

118200ftops to Rivers (2006) NRDC, Milwaukee Case

1%American Rivers and 13 Milwaukee Groups Receiv@ $4llion in Green Infrastructure Grants (May 10,
2010)<http://www.americanrivers.org/newsroom/pnesdeases/2010/american-rivers-and-13-milwaukeeqgou
receive-grants.html>

12lobert S. Raucher, “A Triple Bottom Line Assessnwritraditional and Green Infrastructure Options fo
Controlling CSO Events in Philadelphia's WatersHeidal Report,” Stratus Consulting, August 24, 2008ble S.2.
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In addition, Philadelphia has used a number ofnantices to accelerate green
infrastructure investments. The city is revisitggstormwater billing system to create a
more equitable fee structure that more closelyeotdl the costs of managing stormwater
from each property. Rather than charge a singledta for all metered customers, new
fees will be determined by calculating the amounipervious cover on a given
property. In this way, stormwater fees will reacistomers accounting for significant
impervious surfaces. This reallocation of stormwaterges to large non-residential
customers will be implemented over a four-yearqeehieginning in fiscal year 2009.
The new ordinance will also provide a financialantive for customers to retrofit
properties with green infrastructure installmehist reduce impervious cover.

In 2006, Philadelphia revised and streamlinedntge development review process so
that all developments resulting in more than 15 8f\@are feet of earth disturbance must
submit stormwater plans early in the permittinggess. The ordinance also exempts
projects from the standard Channel Protection dodd=Control Requirements if they
can reduce directly connected impervious area (D®iAat least 20% encouraging in-
fill development and application of green infrasture practice$?

NEW YORK CITY
In September 2010, New York City released it's “N@@een Infrastructure Plan: A
Sustainable Strategy for Clean Waterways” (DepantroéEnvironmental Protectiorj?
Toward advancing PlaNYC, the Green Infrastructuas Beeks to achieve multiple
benefits including climate adaptation via a: “mydtonged sustainability effort that will
reduce the urban heat island effect, enhance
recreational opportunities, improve quality-of-Jife
restore ecosystems, improve air quality, save gnerg
and mitigate and adapt to climate change. Thesks,go
as well as improved water quality, are substamtiall
advanced by green infrastructure in ways that
traditional grey infrastructure cannot match.

NYC GREEN INFRASTRUCTURE PLAN
EPA has stated that the use of green infrastrucdlae | TS
“effective response to a variety of environmental
challenges that is cost-effective, sustainable, and
provides multiple desirable environmental outcomes’
The Green Infrastructure Plan aims to reduce tingsCi
sewer management costs by $2.4 billion over 20sye
One of the main goals of the Plan is to cost &ffebt
reduce CSOs from 10% of the impervious surfaces
the City. It is estimated that CSO volumes by 2080

Michael & Bloomberg, Mayor
Cas Holloway, Commissioner

122£p A Managing Wet Weather with Green Infrastructuebsite: Philadelphia Case
<http://cfpub.epa.gov/npdes/greeninfrastructuraeiggstudies_specific.cfm?case_id=62>
IZNYC Green Infrastructure Plan (2010)
http://www.nyc.gov/html/dep/html/stormwater/nyc_ere infrastructure plan.shtml
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be 2 billion gallons less using green practices thalding grey infrastructure.

The cost to implement the overall Plan is $1.5dnlless then grey, with green storm-
water capture alone saving $1billion at a costgadion of about $.15 less. Sustainability
benefits over the 20 year life of the project rafrgen $139 - $418 million depending on
measures implemented. The plan estimates thaty éwiy vegetated acre of green
infrastructure would provide total annual benedit$8,522 in reduced energy demand,
$166 in reduced CO2 emissions, $1,044 in improveguality, and $4,725 in increased
property value.”
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