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EXECUTIVE SUMMARY

Low-impact development (LID) methods can cost less to install, have lower operations and
maintenance (O& M) costs, and provide more cost-effective stormwater management and
water-quality services than conventiona stormwater controls. LID also provides ecosystem
services and associated economic benefits that conventional stormwater controls do not.

The available economic research on some of these conclusionsis preliminary or limited in
scope. For example, most economic studies of LID describe the costs of installing LID, or
compare the costs of installing LI1D with the costs of installing conventional controls. Few
reports quantify the economic benefits that LID can provide in addition to managing
stormwater. Fewer researchers report results of studies that measure at |east some costs and at
least some benefits of LID vs. conventional controls.

The costs and benefits of LID controls can be site specific and will vary depending on the
LID technology (e.g., green roof vs. bioswale), and local biophysical conditions such as
topography, soil types, and precipitation. Including developers, engineers, architects and
landscape architects early in the design process can help minimize the LID-specific
construction costs.

Despite the fact the L1D technol ogies have been promoted and studied since the early 1990s,
for many stormwater managers and developers, LID is still anew and emerging technology.
Aswith most new technologies, installation and other costs of LID are highest during the
early phases of development and adoption. Over time, as practitioners learn more about the
technology, as the number of suppliers of inputs expands, and as regul ations adapt to the new
technology, costs will likely decline.

Combined sewer overflows (CSO), and the resulting biophysical and economic conseguences,
are mgjor concerns for municipal stormwater managers. LID can help minimize the number
of CSO events and the volume of contaminated flows by managing more stormwater on site
and keeping flows out of combined sewer pipes. Some preliminary evidence existsthat LID
can help control CSO volumes at lower cost than conventiona controls.

Many municipalities have zoning and building-inspection standards in place that were
adopted many years ago, long before L1D was an option. Municipalities with outdated
stormwater regulations typically require that builders file variances if they want to use LID
controls. This can increase a builder@ design and regul atory costs, which delays construction
and can increase a builder® financing costs. Updating building regulations to accommodate
LID can help reduce the regulatory risk and expense that builders face.

The large majority of the economic studies on L1D focus on the costs of including LID in new
construction. Replacing curbs, gutters and stormwater pipes with bioswales, pervious pavers
and other LID controls can reduce construction costs. Protecting a site@ existing drainage
patterns can reduce the need for pipe infrastructure and a developer may be able to do away
with surface stormwater ponds, which aso increases the number of developable lots. Some
researchers report that developments that emphasize LID controls and protected natural grass
and forest drainage areas cost less to develop and sell for more than traditionally-devel oped
lots with conventional stormwater controls.

Few studies considered the economic outcomes of including LI1D in urban redevel opment
projects. Some evidence exists that LID controls cost more than conventional controls under
these conditions, however, these studies excluded O&M costs of the two alternatives and the
economic benefits that the LID controls can provide.
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|. INTRODUCTION
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Convertional stormwater controls callect stormwater from impervious surfaces
including roads, parking lots and rooftops, and transport the fl ow off site through buried
pipesto treamert facilitiesor directy to receing bodiesof water. This approach
efficiertly collects and transports stormwater, but also cancreat high-velocity flows
pollutedwith urban contaminarts, including sedmert, oil, fertilizers heaw metfals, and
petwages Such flows canerode streambarks and natural chamels, and deposit
pollutarts that pose ecasystemand public heath risks (Kloss and Calarusse 2006).The
reaulting ecasystem and public heath consequencescan create signifi cart economic
costs.

A study of the biophysical and public heakth damagesand associated economic costs of
stormwater runoff in the Puget Saund egimatesthes costs at over $1 billion during the
next decade (Booth et al. 2006). These costs include flood-related property damage and
finarcial losses cagtal costs of new stormwater infragructure, clearing up stormwater-
pollutedwater resources and hahitat redoration and protecton efforts. The Natural
ResourcesDefense Council (Kloss and Calarusse 2006) describessimilarimpacis
attributedto convertional controls acress the U.S:: stormwater sewers collectand
discharge untreated stormwater to water bodies while combined sewer ard stormwater
systemsoverflow during heaw rains, dischargng both untreaed sewage and stormwater
into the nationOsiversand lakes Both contribute to impaired water quality, flooding,
habitat degradation, and streambark erosion. The U.S. Environmertal Protecion Agerncy
(EPA) edimatesthe costs of controlling combined sewer overflows (CSO) throughout the
U.S. at approximately $56 billion. Developing and implemerting stormwater-
maragemert programsand urban-runoff controls will cost anadditional $11 to $22
billion (Kloss and Calarusse 2006).

In contrag to convertional stormwater controls, low-impactdevelopment (LID)
techiquesemphaszeon-site treamert ard infiltration of stormwater. The term low-
impactdevelopmert encompassesa variety of stormwater-managemert techniques
Examplesinclude bioswales rain garders, greenstrees, ard pervious pavers (U.S. EPA
2000). The name LID cameinto use around the late 1990s, however stormwater
maragers employed L1D teciquesprior to this. Techniciarsin Prince GeargeO<ounty,
Maryland were some of the first to install what evertually becane known asLID
techniquesin the early 1990s asan alterrative to conventional stormwater controls. Soon
after, afew communitiesin the Chesapeale Bay areafollowed, experimerting with a
number of LID demonstration project. Overtime, intereg in LID asanalterrative or
complemert to convertional controls grew, and so did the number of LID demonstration
projects and case studiesacrass the United States The EPA reviewedthe early literature
on LID and described their assessmert of thisliteratre in areport releagdin 2000 (U.S.
EPA ard Low Impact Developmert Certer 2000). Their review assessed the availahility
and reliahility of dataon LID project and the effeciveness of LID at maragng
stormwater. While this report focused primarily on the potertial stormwater-maragemert
berefitsof LID, it concludedthat L1D controls canbe more cost effective and have lower
maintenance costs than convertional stormwater controls. In December of the following
year,the Certer for Watershed Praecion published one of the earlieg studiesthat
focused primarily on the ecanomic agpecss of Oletter site desgn,Owhich included mary
LID principles(Certerfor Watershed Pratection 2001).
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The amount of informaiton availale on the ecanomics of managng stormwater using
LID hasgrown sincethe publication of these first reports. Most studiesdescribe the costs
of installing LID, or comparethe costs of installing L1D with the costs of installing
convertional controls. Other reports focus on the ecanomic benefits that LID canprovide
in addition to maragng stormwater. These berefits include mitigating fl ooding,
improving water-quality, and providing amerity valuesfor propertiesadacert to LID,
such asgreenstreets. A fewN very fewN researchersreport reaults of studiesthat atempt
to charecterize atleas some costs and atleas some benefits of LID vs. convertional
controlsin asingle study. In this report we summarize our review of the literaure on the
ecaomic costs and berefits of managng stormwater by LID.

Thisliteratre review hasthreeobjectives First, to desribe briefly, and in plain
language, the methods ecanomists use when meaauring the costs and berefits of LID and
convertional stormwater controls. This information providesthe reader with a context for
the ecanomic decriptions of costs and berefits that foll ow. Secand, to summarizethe
literaure that idertifiesand measiresthe economic costs ard berefits of mamagng
stormwater using L1D, or that comparescosts or benefits, or both, betweenLID ard
convenrtional controls. Third, to organizeand present thisinformation in a way that non-
ecaomist municipal offi cials, stormwater maragers ratepayer stakeholders and others
canuse asthey consider and deliberat stormwater-managemen plars.

Thisliteratre review differs from literaure reviews thataccomparny academic studies
Typically, academic literatre reviews provide anintroduction and a context for an
aralysis of a specific ecanomic issue, e g., a new analytical techique that measures
ecaomic berefits. In this case, theliteraure review is a stand-alone documert that
summaizesinformaton on the broadissue of ecanomic costs and berefits of LID.
Academic literaure reviews also target acacemic and professional ecanomists. This
literaure review targets non-ecanomist reacers

The techmical effeciveness of LID stormwater controlsis outside the scope of our

review. Our aralysis assumesthatthe LID tecmiquesdescribedin the ecanomic studies
thatwe reviewed provide the necesary or expected stormwater controls. As we
undergand, there is a growing body of literaure on LID effeciveness, and we include
someof these referercesin the Appendix to this report. Also, the more generaltopic of
the ecanomic valuesof ecosystem services while somewhat related, wasoutside the
scope of our review. Our analysis focused on the valuesof ecosystemservicesasaffected
by LID tecmiques

We began our search for relevart literatre by developing alist of key words with which
to find reports or articlesthat containedrelevant information. After a cursory search of
LID literaure, weidertified LI1D- and ecanomics-related key words that researchersand
pracfitionersuse whendescribing LID projects and analyses Thelist includeswords
oftenused synonymously with LID (i.e., source control, natural drainage systems
sustainal e stormwater managemert), or that describe a set of conservation-desgn
strategesthatinclude LID tecmiques(i.e., greeninfrastructure and conservation
developmert). We also searchedthe literature using economics-related temrms(i.e., costs,
berefits, and savings). Tabe 1-1 liststhe LID- and economicsrelated seachtermswe
usedin our searchof the literaure.

Using thetermslistedin Tabe 1-1, we searched databasesthat containedthe wideg-
possible range of sourcesincluding academic literature, reports produced by governmert

The Economics of Low Impact Development: A Literature Review 2



agerciesand non-profit organizaions, news coverage, ard articlesin the popular press.
These databasesinclude information publishedin pee-reviewedarticles books, reports,
confererce papersand presentations, and web pages Tabe 1-2 lists the databases

includedin our seach.

Table 1-1: Search Terms

LID-Related Search Terms

Economics-Related Search Terms

Low-impact development
Source control
Green infrastructure

Natural drainage systems

Sustainable stormwater management

Conservation development

Alternative stormwater management

Better site design

Economics

Benefits, economic benefits

Costs, economic costs

Cost comparison

Savings

Benefit cost analysis, cost benefit analysis

Cost effectiveness

Low-impact urban design and development

Source: ECONorthwest

Table 1-2: Databases

Database

Description

Academic Search Premier

Article First

Econlit

Environmental Protection Agency

(EPA) website

Environmental Valuation
Reference Inventory (EVRI)

Google

Journal Storage (JSTOR)

Web of Science

WorldCat

Index of 8,000 academic journals in the social sciences,
humanities, and general science, back to 1965.

Index of 16,000 journal titles in business, humanities, popular
culture, science, social science, and technology, back to 1990.

American Economic Association!s index of economic research,
back to 1969.

Database of studies, reports, educational material, and
newsletters authored or supported by the EPA.

Database of empirical studies conducted internationally on the
economic values of ecosystem services.

Source for non-peer reviewed reports, articles, websites and
other publications.

Index of over 100 major research journals in a variety of
academic disciplines, some back to 1870.

Index of science and social science journals, back to 1975.

Index of bibliographic records of books, journals, manuscripts,
etc. archived in university, public and private library catalogs
around the world.

ECONorthwest

Source: ECONorthwest
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We reviewed potertial sourcesfor relevance. If a source contained LID-related cost or
berefit information, we indexedit in our own database, summarizedthe informaion on
costs or berefits, ard reviewedits bibliography for additional sourcesof informaion.

Thisreport of our review of theliteratreis orgarnizedas follows. The next two secions
provide background informaion to the discussion of the ecanomic costs and benefits of
marag ng stormwater. This background informaion providesa context or economic
frame-of -referercethat will help the reacder consider the de<criptions of costs and benrefits
thatfollow.

In Section |1 we list the range of benefits associated with LID, asidertifiedin the LID
literaure, along with illustrations of the valuesof thes berefits asreportedin the
ecaomic literaure. We found that mary more reports simply list these berefits rather
thanquartify them

In Section |11 we describe two of the more common methods of measring the ecanomic
costs and berefits of stormwater controls: the cost-effectiveness and benefit-cost
methods. As the namesimply, cost-effeciveness studies compare alternativeslooking
exclusively atthe alternativesOcosts. This method assumesaway berefits or holds them
constant acrcss alternatives A berefit-cost aralysis considersthe range of costs and
berefits for eachalternative. The berefit-cost method hasgreater data demards and can
be more expersive thanthe cost-effectiveness approachN primarily because it adds
berefitsinto the aralysisN but it canalso yield a more accurate economic picture of the
full range of economic consequencesof implemerting the alterratives

In Section |V we summarizethe literaure that considers the costs and berefits of LID.
The large majority of these studiesfocus exclusively on the costs of installing LID, or
compare the costs of installing L1D with the costs of installing convertional controls.
Same studieslook beyond installation costs to include operaions and maintenarnce costs.
Few studiesconsider both the costs and berefits of LID or compare costs and benefits of
LID with convertional controls.! Whenthe literaure allowed, we described the ecanomic
agects of adopting LID from the perspective of municipal decisionmalkers, ratepayer
stakeholders and private developers

In Section V we describe LID from the perspective of property developers As with other
new tecmologies adopting LID includesopportunitiesand risks. We de<cribe the risks
and challerngesthat developersfacewhentheyinclude LID controlsin their projects and
the succesesdevelopershave hadadopting LID.

In Section VI we discuss areasof future resarch that would increa® our underdanding
of the economicsof LID. For example, limitedinformation exists on the life-cycle costs
of LID, the ecanomic berefits of LID beyond stormwater control, and the economic
impacts of installing L1D in urbanredevelopmert settings.

The Bibliography lists the referenceswe cite in this report. During our search for
informaion on the ecanomic apect of LI1D, we encounterednon-economic information
that supports the use of LID. We list thisinformaton in the Appendix to this report.

1 Welist the reported dollar amounts of costs and benefits without converting to current, 2007-year, dollars
becausein most cases, the available information prevented such a conversion.
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Convertional controlsand LID tecmiquesboth marage stormwater flows. By promaoting
stormwater marnagemert on site using avariety of tecmiques LID controls canprovide a
range of ecosystemservicesbeyond stormwater maragemen. Braden and Johnston
(2004), Coff man(2002), and the Natural ResourcesDefense Council (Lehner etal. 2001)
list and describe the kinds of ecosystemservicesthat LID canprovide or erhance. Taken
together, these researchersdescribe the following ecasystemservices reducedfl ooding,
improvedwater quality, increagd groundwater recharge, reduced public expenditureson
stormwater infragructure, reducedambient air temperauresand reduced erergy demard,
improvedair quality, and erhanced aegheticsand property values We briefly describe
eachof these servicesbelow.

Reduced Flooding

Bradenard Johnston (2004) studiedthe flood-mitigation berefits of maragng
stormwater on site, including reducedfrequercy, area,and impact of flooding events. In a
follow-up study, Johnston, Braden, and Price (2006) focus on the downstream benefits
accredfrom flood reduction accanplished by greater upstreamon-site retertion of
stormwater. These berefits include reduce experditureson bridges culverts and other
water-relatedinfradructure.

Improved Water Quality

Brown and Schueler (1997), Center for Watershed Pratecion (1998), U.S. EPA ard Low
Impact Developmert Certer (2000), and Bradenand Johnston (2004) describe the water-
guality berefitsthat L1D stormwater controls canprovide. These benefits include
effectively capuring oil and sedmert, animal wade, landscagng chemicals, and other
common urban pollutarts that typicaly wash into sewers and receving water bodies
during storm everts. Plumb and Seggos (2007) report thatLID controls thatinclude
vegetation and soil infiltration, e g., bioswales canprevent more stormwater pollutans
from ertering New York CityOdharbor than convertional controls,

Increased Ground Water Recharge

On-siteinfiltration of stormwater helps recterge groundwater aquifers According to a
report by AmericanRivers the Natural ResourcesDefense Council, and Smart Growth
America (Otto etal. 2002), areasof impervious cover cansignifi cartly reduce ground
water recharge and associated water supplies The study found thatimpervious surfaces
in Atlarta reduced groundwater infiltraton by up to 132 billion gallons eachyeaN
enough water to serve the household needs of up to 3.6 million pegple peryear.

Bradenand Johnston (2004) distinguish betweentwo servicesassociated with increagd
groundwater recharge: the increa®d volume of water availabe for withdrawal and
consumption, and maintaining a higher water talble, which reducespumping costs ard
increagswell pressure.

The Economics of Low Impact Development: A Literature Review 5
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Reduced Public Expenditures on Stormwater Infrastructure

The Center for Watershed Pratection (1998), Lener etal. (2001), and U.S. EPA (2005)
report that LID techiques such asbioswales rain garders, ard pemmealbe surfaces can
help reducethe demand for convertional stormwater controls, such ascurb-and-gutter,
and pipe-and-pond infragructure. Bradenand Johnston (2004) report that retaining
stormwater runoff on site reducesthe size requiremerts for downstream pipesand
culverts, and reducesthe needto protectstream chamels against ercsion.

Two recent studiesby the Natural Resources Defense Council (Kloss and Calarusse
2006) and Riverkeeper (Plumb and Segyos 2007) report that by managng stormwater on
site, LI D techniquescanhelp reduce combined sewer overflows. Combined sewer
systemstransport both sewage and stormwater flows. Depending on the capacty of the
pipesand the amaunt of rainfall, the volume of combined sewer and stormwater fl ows
canexceedthe capacity of the pipeswhenit rains. When this happens, overfl ows of
sewage and stormwater go directy to receiving bodiesof water untreatd. L1D helpsto
keepstormwater out of the combined system, which reducesCSO everts. Thurston
(2003) found that decertralized stormwater controls, such asLID, cancontrol CSO
everts atalower cost than convertional controls.

Reduced Energy Use

LID tecmiques such asgreenroofs and shade treesincorporatedinto bioswalesand
other controls canprovide natural temperature regulation, which canhelp reduce erergy
demard and costsin urbanareas Plumb and Seggos (2007) edimate that covering a
significart amaunt of the roof areain New York City with greenroofs could lower
ambert air temperauresin summer by anegimated 1.4 degeesFahrerheit. The U.S.
EPA ard Low Impact Developmert Certer (2000) report that the insulation propertiesof
vegetatedroof covers canhelp reduce a buildingOsnrergy demard, and notesthatgreen
roofs in Europe have succesfully reducedenergy usein buildings.

Improved Air Quality

Treesand vegetation incorporatedinto LID help improve air quality by sequegering
pollutarts from the air, including nitrogendioxide, sulfur dioxide, ozone, carton
monoxide, and particulate matter (AmericanForegs 2000-2006). In a study by Trees
New York and TreesNew Jersy, Bisco Werner etal. (2001) report similar air-quality
berefits of treesand vegetation in urbanareas Plumb and Segyos (2007) cite one study
that found that a single treecanremove 0.44 pounds of air pollution peryea.

Enhanced Aesthetics and Property Values

Several studiesincluding Lacy (1990), Mohamed (2006), U.S. Departmert of Defense
(2004), and Bisco Wernrer etal. (2001) report that the natural featuresand vegetative
coverof LID canerharce anaredDseghetics, and increae adacert property values The
U.S. Department of Deferse (2004) highlights how LID canimprove the aeshetics of the
landscape and increase adacert property valuesby providing architectural interes to
otherwise openspaces On commercial sites Bisco Werner etal. (2001) found that LID
on commercial sitesprovided ameritiesfor people living and working in the areaand
complemertedthe siteQgconomic vitality, which improvedits competitive advartage
over similar egalishmerts for customersand terans.

The Economics of Low Impact Development: A Literature Review 6
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Resachers and practitionersassess the economic agects of LID using several

methodol ogies These methodol ogiesrange from rough cost evaluations, that comparea
subset of costs of LID against the same costs for conventional maragemert techniques to
berefit-cost amalyses that compare arange of costs and berefits of LID to the samefor
convertional stormwater controls. This section examinesthe diff erercesin these
methodol ogies

Most ecanomic evaluations of LID reportedin the literaure emphadze costs. The
overwhelming majority of these studiesconfinedtheir aralysesto measiring installation
costs. Evaluators preferthis metod perhaps because from a developerOgerspecive,
installation cost is one of the most importart consideraions when choosing betweenLID
or convertional controls. LID cancompare favorally with convertional controlsin a
side-by-side analysis of installation caosts (see for example Foss 2005; Conservation
Resach Institute 2005; U.S. EPA 2005; Zickler 2004), however, focusing on installation
costs missesother relevart ecanomic informaion. For examgde, such afocus excludes
operaion and mainterance (O & M) costs, diff erercesin the effectiveness of LID veraus
convertional systems and the environmertal and economic berefitsthat LID can
provide, but which convertional controls camot.

Evaluating project basedon installation costs hasadvantagesof costing less thanstudies
thatinclude other economic factors, eg., O & M costs, taking lesstimethanmore
extersive aralyses ard relying on readly availabe construction-cost data. The tradedff
for stormwater managersis anincomplete and possibly biased description of ecanomic
consequences egecially overthe long tem.

Sameresearcherslook beyond comparisons of installation costs and evaluate LID and
convertional controls using amethod know asalife-cycle cost aralysis (LCCA) (Powell
etal. 2005; Sample etal. 2003; Vesly etal. 2005). This approachconsidersa
comprehensive range of stormwater-maragemen costs including plaming and desgn
costs, installation costs, O & M costs, and end-of-life decanmissioning costs. An LCCA
method requiresmore datathana comparison of installation costs, and this data,
particularly dataon lifetime O & M costs, maynot exist or is diffi cult ard costly to
obtain. Thetradedf for policy makersis more accurate informaton on the cost
implications of alternative stormwater-maragemert options. However, LCCA, like more
limited cost comparisons, excludesmeasiresof ecanomic benefits.

Another limitation of cost comparisonsis thattheyignore diff erercesin effectiveress
betweenLID and convertional controls. For thisrea®n, rearchersrecanmerd that

L CCA should compare projects that provide the similar levels of services(Powell etal.
2005). Brewer and Fisher (2004), Horner, Lim, and Burges(2004), and Zielinski (2000)
found, however, that LID approachescan marage stormwater quartity and quality more
effectively thanthe convertional approaches either controlling more flow, or filtering
more pollutarts, or both. In these cases an LCCA study could conclude thatanLID
option costs more than the conventional control, without accaunting for the factthatthe
LID option canmarage alargervolumeof stormwater.

The Economics of Low Impact Development: A Literature Review 7



The berefit-cost approach overcomesthe limitations of simple cost comparisons or

L CCA by considering the full range of costs and berefits of altermative maragemert
options. The tradedf is that the benefit-cost approach requiresmore data than cost
comparison, whichincreagsthe timeard costs of conducting the ecanomic analysis.

The berefit-cost approach evaluatesthe net ecanomic berefits of a project, or compares
outcomesamong projects, by comparing relevant costs with relevant economic berefits
(Boardmanetal. 2005; Field and Field 2006; Gramlich 1990; Kolstad 2000). Economic
resarchersin academic, business, and public-policy sectors have for mary yeas
conducted benefit-cost analysesin awide variety of applicatons. Since atleag the
middle of the twertieth certury, economic evaluations of large-scale public projects
included sometype of berefit-cost analysis, and since 1981, the federal governmert
requiredthat new programsand regulations include a berefit cost analysis (Freerman
2003). The U.S. Offi ce of Managemert and Budget (OMB) considersthe benefit-cost
method the OreommerdedOtecmique when conducting formal economic aralysesof
govermmert programsor projects (U.S. OMB 1992). Overthe years the tecmique has
grown more sophisticated egecially with regpectto measiring and incorporating non-
market goods ard services such asthe valuesof ecasystemservices(Croote 1999).

The ecanomic literatre on berefit-cost amalysis is voluminous and growing, but the basc
process can be brokeninto four steps (Field and Field 2006).2

1. Thefirst stepdefinesthe scope of the aralysis, including the population that will
experience the berefits and costs, and the elements of the project, including
location, timing, and characteristicsof the work to be done.

2. The secand step determinesa projectOdull range of inputs and effects, from the
plaming and dedggn phase through the erd of the projectOdifespan

3. Thethird stepidentifiesand, where possible, quartifiesthe costs and berefits
resulting from the projectOsnputs ard effects. Where quartifi caion is not
possible, qualitatively describe the cost or benefit in asmuch detail aspossible,
including degeeof uncertainty and expectedtiming of impacts (long-term or
short-term).

4. The final stepcomparesthe berefits and costs of the project, eitherin terms of
net berefits (the total benefits minus the total costs) or in termsof a benefit-cost
ratio (the amount of berefits produced per unit of cost). If relevart, compare
reaults amamg alternative projects.

We found few berefit-cost evaluations of LID projects. The large majority of studies
edimat installation costs, afew consider additional costs, suchasO & M costs, and a
handful comparedsome measiresof costs against some measiresof berefits. The
reported berefit-cost studiesof LI1D include Bachand (2002) and Fine (2002),3 Devinny

2 For amore complete discussion of benefit-cost analysis, see Field and Field (2006), Gramlich (1990) and
Harberger and Jenkins (2002).

3 We reviewed summaries of Bachand (2002) and Fine (2002) because we were unable to acquire copies of
the full articles.
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etal. (2005), and Doranand Camnon (2006). Data limitations may explain part of the
rea®n for the limited number of berefit-cost analysesof LID. Thisis egecially true for
lifetime O & M costs ard the economic importance of LID berefits. Samgde et al. (2003),
Paowell etal. (2005), Johnston, Braden, and Price (2006), and Conservation Reseaich
Institute (2005), among others de<cribe the needfor more reseaich quantifying the
berefits of LID practces

Another reason may be that economic berefits or lifetime O & M costs have no relevance
to agivenecaomic study. For examgde, property developerspay installation costs of
stormwater controls, but not lifetime O & M costs. Nor do they berefit directly from the
ecaystemservicesthat LID canerharnce or provide. Economic reaults reported by
developerswill therdore likely focus exclusively on installation costs of LID or compare
installation costs for LID and convertional controls.

Using the berefit-cost approachhaschallengesthat the other aralytical metods do not.
However, berefit-cost aralysis hasadvantagesin thatit canprovide decisionmakers
ratepayersand other stakeholderswith a more complete picture of the ecanomic
consequencesof stormwater-maragemernt alternativesthan other analytical methods. This
isegecially true for costs and berefits of altermativesoverthe long term. In situationsin
whichtime,budget, or other information constraints limit quartifying ecanomic berefits
or costs, the next bed altermative isidentifying the range of costs and benefits,
guartifying what canbe measiredand de<cribing the remaining impacts qualitatively.
The federalgovernment takesthis approachin that the OMB recommerds that when
berefits and costs camot be quartified agenciesshould provide qualitative descriptions
of the berefits and costs. These qualitative decriptions should include the nature, timing,
likelihood, location, and distribution of the unquartified berefits and costs (U.S. OMB
2000).
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V. COSTS AND BENEFITS OF LOW-IMPACT DEVELOPMENT

The large majority of literaure that describe ecanomic assessmerts of LID focus on the
costs of installing the tecmology. Most studiesreport the costs of building LID
stormwater controls, or compare the costs of installing L1D to the costs of convertional
controls. The organizaion of this section reflects this emphadgsin the literaure. We begn
by summarizing studiesthatlist the costs of installing various L1D techniques Most of
these reports describe the outcomesof case studiesof LID installedasnew or developing
stormwater-maragemert techologies We thendiscuss studiesthat comparethe costs of
building L1D controls with the costs of building conventional contrals.

A number of researcherslookedbeyond installation costs and consideredthe impacts that
operatons and mainterance costs canhave on ecanomic evaluations of LID. Analysts
someimesreferto thes aslife-cycle studiesbecatse they consider the relevart costs
throughout the useful life of atecmology. We summarizethree studiesthattook this
approachwith L1D evaluations.

Combined sewer overflows, and the reaulting biophysical and economic consequences
aremajor concerrs for municipal stormwater maragers LID canhelp minimizethe
number of CSO events and the volume of contaminated fl ows by maragng more
stormwater on site and keepng flows out of combined sewer pipes We summarizefive
studiesthat evaluatedthe costs of maragng CSO evertsusing LID.

A relatively small percertage of the ecanomic evaluations of LID reportedin the
literaure include assessmerts of the ecanomic benefits of the technology. We summarize
anumber of these reports atthe end of this section.

A. Cost of Low-Impact Development

Brown and Schueler (1997) surveyed construction costs for diff erert methods of
maragng stormwater in urban areas Their survey emphaszedconvertional controls but
also included a number of LID techniques At the time of their study, LID techniques
were consideredOmext generaionObed-maragemert pracices(BMPS). The report lists
construction costs for sixty-four BMPsincluding wet and dry stormwater ponds,
bioretertion areassand filtersard infiltraion trenches The authorsOmajor conclusion is
thata BMPOsonstruction cost increaseswith the volume of stormwater the BMP stores
The reportOsonstruction costs may be out-of-date, however they provide insights into
relative cost diff erercesbetweenL|D ard other controls listedin the report.

In amore recert study, Tilley (2003) reports construction costs for LID case studies
implemertedin Puget Sound and Vancouver, B.C. The report describesarange of cae
studiesfrom small-scale projects implemerted by homeowners to large installations
completed by universties developersand municipal goverrmerts. The LID techniques
studiedinclude rain gardens, permealle pavemert and greenroofs. The amount of cost
informaion variesby case study. In some casesthe report lists per-unit coststo install an
LID, eg., apervious concrete project cost $1.50 per squarefoot for materials (excluding
labor). Other de<criptions report costs generaly, but not costs specific to the case study
de<ribed, e g., the cost for pervious concrete is typically $6 to $9 per square foot. Some
de<riptions have no cost information, and others list total construction costs without a
detailedbrealdown of cost componerts.
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The U.S. Departmert of Deferse (DoD) (2004) developeda marual of desgn guidelines
toincorporate LID into DoD facilities The manual describes13 stormwater-maragemert
techniquesand their most appropriate uses mainterance issues and cost informaton.
Thelist of LID techiguesincludesbioretertion, grassed swales and permeable pavers
The marual describescosts in somedetail but also notes the site-specifi ¢ nature of
construction costs and factors that caninfluence construction caosts for certain LIDs.

Liptanand Brown (1996) decribe one of the earies comparisons of construction costs
for LID with thatfor convertional controls.* They focus on two projects in Portlard,
Oregon, which they refer to asthe OM S| ard FlexAlloy projects, and the Village Homes
developmert in Davis, California. In all cases the LID option cost less. The LID desgn
implemeried atthe OMSI projectsavedthe developer $78,000 in construction costs by
reducing marholes piping, trenching, and catch basns. At the FlexAlloy site, the City of
Partland conducted a retrospecive study of LID vs. convertional developmert, after the
builderinstalled convertional controls. The City calculatedthat the developer could have
saved $10,000 by implemerting the LID option. The description of the FlexAlloy cae
study includesa detailed comparison of construction costs for the two options. The
Village Homesca® study concludedthat by using vegetated swales narrow strees, and a
cluster layout of building lots, the developer saved $800 per lot, or $192,000 for the
developmert. The Village Homesde<ription includesno additional details on
construction costs for the two options. The report also includesbrief de<riptions of other
LID cas studies somewith cost comparisons for LID vs. convertional controls. The
auhors conclude thatinvolving developers emginees, architeds and landscape architects
early in the dedgn of adevelopmert thatincludesLID canhelp minimizing the LID-
specifi c construction costs.

Humeand Comfort (2004) comparedthe costs of constructing convertional roads and
stormwater controls with the costs of building L1D options, such asbioretertion cels and
pervious pavemert. The reearchersadded complexity to some of their comparisons by
paring the same conventional and L1D controls, e.g., infiltration trench (convertional) vs.
bioretertion cell (LID) on adifferent soil typesand with different sourcesof stormwater
runoff (eg., driveway vs. roof top) to see how this affected construction costs. In some
comparisons the LID option cost more thanthe convertional option, in other casesthe
reaults wereopposite. These comparisons illustrate the site-specific nature of LID
construction costs. Local conditions, e g., less pervious soils, caninfluence the costs of
LID controls.

In some cases LID canhelp lower construction costs by making use of asiteOxisting
or undisturbeddrainage conditions in ways that convertional controls camot. Plamersof
a44-acre, 80-lot regdertial developmert in Floridatook advartage of the siteOsatural
drainage patters to help lower stormwater-maragemert costs (PATH 2005). The siteOs
low-lying areasconvey the large majority of stormwater runoff to forededbasns. The
developer minimizeddisturbing natural drainage pattems by clustering building sitesand
connecting siteswith narrow roads. Relying on natural infiltration and drainage patterns
help the developer save $40,000 in construction costs by avoiding the costs of
constructing stormwater ponds.

* In this Section we describe some of the developments associated with costs comparisons reported in the
LID literature. The next Section focuses on LID from the perspective of property developers and contractors.
In that Section we list results for alarger number of cost comparisons
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Comparing construction costs betweenLID and conventional options, while informative,
providesno information on the relationship betweenthe cost and effectiveress. For
exampde, in caseswherethe LID option costs more to build, it mayalso control alarger
volumeof stormwater relative to the convertional option. LID that keegs stormwater out
of pipesand treammert facilitieshelp lower operaions and mainterance (O & M) costs,
and help exterd the useful life of theinfragructure, which canreduce future construction
costs. The relative importance of construction or O & M costs depends on who pays for
them.Builderslikely focus exclusively on construction costs, however, cost and
effectiveress information would help stormwater maregersbetter evaluate control
options and planfor future demards on stormwater infragructure.

Brewer and Fisher (2004) report the reaults of four case studiesthat comparedthe cost
ard effectiveness of LID to that of convertional controls. The cas studiesmodeled
stormwater costs and conditions on four developmerts: high- and medum-dersity
reddertial, anelemertary school, and a commercial developmert. In both reddertial
developmerts LID controls cost less than convertional controls. LID cost more for the
school and commercial development. However, in all four cases the LI1D option maraged
alarger volume of stormwater thanthe convertional option. We reproduce Brewer and
FisherOsealtsin Tabe 4-1.

Table 4-1: Comparison of Runoff Controlled and Cost Savings for

Conventional and LID Design.

Site Example Runoff Storage (acre-feet) LID Net Cost or
Conventional LID Savings
Medium Density Residential 1.3 25 $476,406
Elementary School 0.6 16 $(48,478)
High Density Residential 0.25 0.45 $25,094
Commercial 0.98 2.9 $(9,772)

Source: Brewer and Fisher 2004

We calculated the ecanomic value of the additional storage providedby the LID desgns
reportedin Brewer and Fisher (2004), using data on the national average of construction
costs asreported by AmericanForegs. AmericanForegsOCITY greenaralysescalculate
the naional-average cost of storing 1 acre-foot of runoff at$87,120.> AmericanForegs
usesavalue of $2.00 per cubic foot of storage, obtained from national edimatesof
stormwater construction costs. This amount represerts the avoided costs of not building
stormwater detertion ponds. This value may vary, depending on a projeaOgocaton. In
someof its amalyses American Foreds useslocal egdimatesof construction costs, which
canbe lower or higher thanthe national average. For examgde, American Foreds uses

5 See, Jfor example, American Forests. 2003. Urban Ecosystem Analysis: San Diego, California. July.
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/realAF_SanDiego.pdf, American
Forests. 2003. Urban Ecosystem Analysis: Buffalo-Lackawanna Area, Evie County, New York. June.
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/rea/AF_Buffalo.pdf.
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$0.66 per cubic foot of storagein Houston, TX,® $5.00 per cubic foot of storagein
Washington D.C.,” and $6.00 per cubic foot of storagein Partland, OR.2 Table 4-2 shows
the reaults of our calculation.

Table 4-2: Value of the Difference in Runoff Storage Provided by LID

Designs.
Site Example Runoff Storage (acre-feet) Runoff Value of
Conventional LID Difference Storage Difference in
Difference Runoff

(cubic-feet)* Storage ($2/cf)

Medium 1.3 25 1.2 52,272 $104,544
Density

Residential

Elementary 06 1.6 1 43,560 $87,120
School

High Density 0.25 0.4 0.2 8,712 $17,424
Residential 5

Commercial 0.98 2.9 1.92 83,635 $167,270

Source: ECONorthwest
Notes: # To convert from an acre foot to cubic feet, multiply by 43,560 (the number of cubic feet in an acre-foot).

Basdon therealltsreportedin Tale 4-1, and taking the pergective of abuilder, LID is
the higher-cost alternative for the school and commercial developmert. Including the
reaults from Tabe 4-2, and taking the pergpecive of a municipal stormwater marageri\
thatis, considering construction costs and the cost savings associated with reductionsin
stormwater volumein our examge calculation aboveN the L1D option dominatesthe
conventional choicein all four cases The LID options control alarger volume of
stormwater, which helps avoid municipal expenditureson stormwater maragemert.

Doranand Camnon (2006) studiedthe relationship betweenconstruction costs of LID and
convenrtional controls and effectiveness asmeasured by improvemertsin water quality.
They studiedthe impacts of incorporating LID into a downtown redevelopmert projectin
Caldwell, Idaho. The analysis modeled construction costs and improvemerts to water
guality asmeasured by reduced concertrations of sedmert and phosphorusin stormwater
runoff. The LID tecmiquesusedin the projectincluded pemmealbe pavers, bioretertion
swales riparianwetlands, and plartings of redored native vegetation. The study
evaluatedthe LID and convertional controls using the cost of a 1-percert reductionin
sedmert and phosphorus concertrations. Convertional stormwater controls hadlower

® American Forests. 2000. Urban Ecosystem Analysis for the Houston Gulf Coast Region. December.
Retrieved August 2, 2007, from http://www.americanforests.org/downloads/rea/AF_Houston.pdf.

" American Forests. 2002. Urban Ecosystem Analysis: The District of Columbia. February. Retrieved August
2, 2007, from http://www.americanforests.org/downloads/real AF_WashingtonDC2.pdf.

8 American Forests. 2001. Regional Ecosystem Analysis for the Willamette/Lower Columbia Region of

Northwestern Oregon and Southwestern Washington State. October. Retrieved August 2, 2007, from
http://www.americanforests.org/downloads/realAF_Portland.pdf.
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installation costs, but also hadalesser impacton water quality. Convertional controls
cost $8,500 and reducedsed ment and phosphorus concertrations by 5 percert, or $1,700
per percert reduction. LID stormwater controls cost more, $20,648, but hada greater
impacton water quality, reducing sedmert by 32 percent and phosphorus by 30 percert.
The authors calculated a cost of $645 per percert reduction for the LID option. The LID
option producedabetter return on initial invegmernt, asmeasuredby improvemerts to
water quality, thandid invegmertsin convertional controls.

As the previous two studiesillustrate, comparing LI1D and convertional controls basedon
costs may biasthe assessmert against the most effective managemert option, and the
option thatyields the greatd return on invegmert. LID may cost more to build, but from
aninvegmern pergective,it may also control more stormwater and better improve water
guality. The studiesabove consideredseparately LID effectiveness asmeasred by
volumeof stormwater maragedand improvemerts in water quality of stormwater runoff.
A more complete and accuate assessmert of effectiveness and costs would consider the
impacts on both in asingle study. Thatis, compare LID and convertional controls based
on costs and effectiveness asmeasured by volume of stormwater and water quality. We
found no such studiesin the literature.

Looking beyond construction coststo O & M and other costs givesa more complete
de<ription of the ecanomic consequencesof adopting LID or convertional controls.
Sampe et al. (2003) promotesevaluating stormwater BMPs using life-cycle-cost (LCC)
aralysis. LCC amalysisincludesthe initial cagtal expendituresfor construction, plaming,
etc., ard the present value of lifetime O & M costs, ard the salvage value atthe erd of the
BMPOQOsiseful life. In addition, the authors sugged including the opportunity cost of land
in the cost analysis. BMPsthat occupy more land area have a higher opportunity cost
valuedatthe next-bed use for the lard, e.g., reddertial value.

Vesly etal. (2005) comparedthe LCC for LID controlsin the Glencourt Place
resdertial developmert in Auckland, New Zealnd with LCC reaults for convertional
controls. The LID option hadthe added berefit of reusing stormwater callected on site as
grey water for laundry, flushing toilets and irrigation. The LI1D option had LCCsthat
were 4 to 8 percent higherthanthe conventional option, deperding on the discount rate
and number of yeasin the aralysis. These reallts do not accaunt for the value of
recycled stormwater. Including the avoided cost associated with water saved by recycling
stormwater ashousehold gray water, the LCC for the LID option were0 to 6 percert
higher, again, depending on the discount rate and number of future yearsin the aralysis.
The authors conclude that accounting for the value of water saved, the LID option was
cost competitive with the convertional approach, asmeasured by the LCC method.

Data constraints on this study included diffi culty edimating currert and future
maintenance costs and future decanmissioning costs. Accounting for the opportunity
cost of land also proved challenging give the available data. Data limitations also
preventedthe authors from considering the ecanomic aspects of environmertal
exterralitiesassociated with the LID and convertional options.

L CC evaluations are animprovemert over comparisons of construction costs in thatthey
provide a more comprehensive assessmert of relevart costs. On the other hand, LCC
aralysesrequire more data and reaults aresersitive to the discount rate appliedto future
valuesand the number of yeas of the analysis. Powell etal. (2005) underscore these
advartagesand challengesassociatedwith LCC analysis. They recommerd a checHist of
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factorsto consider whenconducting a LCC for LID and convertional controls. The
checHist includesquantitative assessmerts of the componerts of LCC costs including
acquisition, construction, O & M, and salvage value. Also includedarequalitative
assesmerts of the effectiveness of maragng stormwater and the berefits attributedto
the mamagemert option. The authors note that effectively and accurately implemerting
LCC amalysesfor LID will require more researchinto the costs of LID desgn,
construction and O & M. Further reeachis also needin asessing the monetary berefits
of LID controls.

Degite the factthat L1D techologieshave beenpromoted ard studied sincethe early
1990s, in mary ways, and to mary stormwater marmagers, LID is still anew and emerging
techhology (Coff man2002). As with maost new technologies installation and other costs
for LID are highed during the early phasesof developmert and adoption. Over time, as
pracfitionerslearnmore about the tecmology, asthe number of suppliersof inputs
increaes and asregulations adapt to the new technology, costs will likely decline.

Foss (2005) describesthis relationship betweenalearring curve and construction costs
for greerstreettechnology in Seattle. The city spert $850,000 implemerting a greerstreet
pilot project known asthe CBreetEdge Alternative((SEA) street The CityOstreet
plamersexpect that based on their experience with the pilot project, building greerstrees
in the future will cost substartially less. Foss quotesthe marager of the CityOsurface
water programon this point:

“You could take $200,000 off the price just from what we didn’t know. ...
The pilot phases that we are currently in are more expensive, but as the
project becomes institutionalized, all the costs will come down. Even
still, these projects are less expensive than standard projects.” (p. 7)

B. Costs of Managing Combined Sewer Overflows By Low-
Impact Development

One of the earlied studiesof the ecanomic agpects of managng combined sewer
overflows by LID evaluated a projectthat disconnecied downspouts asa mears of
reducing the number of CSO everts and costs (Kauman and Wurtz 1997). In 1994, the
Beecher Water District (BWD) nea Flint, Michigan, providedfree downspout diversons
from home sitesto sanitary-sewer pipesfor the 6,020 residertial customersin their
sernvicearea The purpose of the program wasto reduce the volume of sewer flows from
the BWD to the City of FlintOstormwater facilityN and reduce the feesthat BWD paid
the city to manage these flowsN and reduce the number and volume of CSO evertsin the
BWD.

The program wasa success on mary levels and is anexamgde of a small-scale and
inexpensive approachthat effectively maraged CSO everts. Disconnecting downspouts
cost the BWD just over $15,000. After the diverdgons, the meanvolumeof sewer fl ows
measiredacross all precipitation events deaea®d 26 percert. The program savedthe
BWD over $8,000 per month in reducedfeesto the City of FlintOstormwater facility,
and in reduced costs of maragng CSO everts. The program paid for itself in two months.
Other benrefits included reduced CSO-related customer complaints, improvedrecherge of
groundwater and reduced pollution of the GreatLakes the receiving watersfor CSO
from the District.
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In another study looking at controlling CSO everts on asmaller scale, Thurston etal.
(2003) modeledthe costs of CSO controls for asmal watershedin Cincinnati, Ohio. The
modeling exercise waspart of astudy that evaluated the theoretical consideraions of
developing a market for tradable stormwater credts asamears of reducing CSO events
and costs. One part of the study comparedthe construction costs of controlling CSO
events by building tunnels and storage vauts with the costs of building LI1D controls on
eachof the 420 mostly-reddertial lotsin the study area

They calculated that building the tunnel and vaut option would cost between$8.93 to
$11.90 per cubic foot of storage capacity. Building LID controls on individual lots would
cost $5.40 per cubic foot of capacity. Based on these results the researcherssugges that
the costs of maragng CSOs by implemerting LI1D throughout the watershed would cost
lessthanbuilding alarge certralizedtunnel and vaut systemto store excess flows. They
also note, however that their analysis doesnot include the opportunity cost of land that
the L1D controls would occuypy, and so the cost of the LID option would be higher than
they report. Their aralysis also excludesO & M costs for both options, aswell asthe
costs of education and outreach to property owners, and marag ng the construction of a
large number of dispersed LID projecis ascomponerts of the LID option. The project
also excludesthe ecanomic berefits of the LID option.

Kloss and Calarusse (2006) developed a set of policy guidelinesfor decisionmakers
interegedin implemert LID controls asa means of reducing CSO eventsin their
jurisdictions. Regardng the costs of LID controls, the authors distinguish betweennew
and retrofit construction project. In new developmerts, they conclude, LID typicaly cost
less than convertional stormwater controls. They note, however, that retrofit
developmertsin urbanareasthatinclude LID typically cost more than convertional
controls. Thisis egecially true for individual, small-scale retrofit project. The relative
costs of LID controls canbe reduced whenthey are incorporatedinto larger-scale
redevelopmernt project. The report providesconclusions with limited details on cost
informaion. The report also describesthe experiencesof nine municipalitiesacrass the
country thatinclude LID in their policiesto control CSO everts ard related costs.

Montalto etal. (2007) described the relationship between public agenciestakedwith
controlling CSO events, and private land ownerson whose property the large majority of
LID controls would be sited The public agenciesbenefit from the reducedstormwater
flows and CSO eventsthat LID provides The land owner, however, paysthe LID
installation and O & M costs, but may seelittle berefit beyond reducedstormwater fees
or increased property valuesfrom LID such asgreerstrees. These benefits may not
outweigh the costs to the land owner, and so they may choose not to install L1D controls.
Giventhis disconnect, the authors note the berefits of public policies incertivesand
subsidiesto promote LID adoptions by private-property owners

In aneffort, in part, to measure the amount of subsidy that may be required, the authors
developeda model to assess the cost-effectiveness of mitigating CSOevertsin urban
areaausing LID. They appliedtheir model to a case study in the Gowarus Caral areaof
Brooklyn, NY. The cas study comparedthe costs of installing porous pavemert, green
roofs, wetlard developmerts and other L1D throughout the study areato the costs of
installing storage tarks to catch exces stormwater fl ows. As part of their analysis they
cdlectedand report installation and O & M costs for arange of LID techiques
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They conclude that under a range of cost and performanceassumptions, LID installed
throughout the study areacould potertially reduce the number of CSO everts and volume
ata cost that would be competitive or less thanthe costs of the convertional storage-tark
option. They note thatthey could improve the performance of their model if more data
were availabde on LID performarce,costs and public accefance.

Plumb and Seggos (2007) studiedthe impacts of diverting moniescurrently desgnatedto
building storage tarks and other convertional CSO controls for New Y ork City to
building L1D controls throughout the city. They comparedthe effeciveness of storage
tarks and LID controls based on gallons of stormwater maraged per $1,000 invesged We
reproducetheir reaultsin Talde 4-3 below. Excep for greemoofs, the L1D options control
more stormwater per $1,000 invegedthanthe convertional storage-tark option.

Table 4-3: Gallons of Stormwater Managed per $1,000 Invested.

Stormwater Control Gallons per $1,000 Invested
Conventional Storage Tanks 2,400
Greenstreet 14,800
Street Trees 13,170
Greenroof 810
Rain Barrel 9,000

Source: Plumb and Seggos 2007

They describe their aralysis asa simple and preliminary cost comparison and conclude
that their reaults demonstrate that LID controls canbe cost competitive with convertional
controls, if not more so. The authors recanmerded further detailed study of the issue.
Their analysis focused on the costs of LID vs. convertional controls and did not consider
ecaomic berefits of the LID techiques

C. Economic Benefits of Low-Impact Development

Many reports and articlesdescribe the potertial berefits that LID stormwater controls can
provideN berefits that convertional controls cannot offer.® Very few studies however,
guartify these benefits, either in biophysical measuresor in dollaramounts. A study by
CH2MHill (2001) is atypical example. The amalysis comparedthe costs and benefits of
marag ng stormwater in two resdertial developmerts using LID or convertional
controls. The cost aralysisincluded detailedinformaiton for the LI1D and conventional
controls. In this case, reaults of the cost analysis weremixed In one developmert the LID
option cost less to build and in the other developmert the convertional control cost less.
In both cagesthe LID option had higher mainterance costs but homeownerswould
berefit from lower stormwater and water fees

® We list anumber of these sources in Section |1 of this report.
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The aralysis of berefitsincluded much less detailedinformation. The study liststhe
berefits thatthe LID option would provide, berefits that the conventional approach
would not. Thes berefitsinclude reducedauo traffi c, increagd openspace, improved
downstream water quality, and increagd groundwater recharge. However, the berefits
were not quartifiedin dollaramaunts.

In another example, Bachand (2002) studiedthe costs and berefits of developing
wetlands asa stormwater maragemert option. The amalysis describedthe construction
and O & M costs associated with the wetlands option, and the berefits including adding
new recreational opportunities increagd wildlife hakitatand increa® property valuesfor
nearby homeowners. However, they did not measire the berefitsin ecanomic terms. An
accanparnying study by Fine (2002) quartified some of the recreational benefits that
derive from wildlife watching in the wetlarnds, but left unquartifi ed the berefits of other
directusesof the wetlands, aswell asthe value of hahitatimprovemerts and other non-
use benefits.'°

Whenresearcherscite the needs for furtherreseach into LID-relatedtopics, quartifying
berefits and measiring their economic importance invariably makesthe list. For
examde, Sample et al. (2003) citesthe needfor more researchinto measiring the
techical and ecanomic benefits of L1D, including berefits to downstream receiving
waters Powell etal. (2005) note the needfor more researchinto monetary measiresof
the berefits of LID, e.g., theimpactthat a greerstreet canhave on adacert property
values Vesly etal. (2005) state that future studiesshould include not only the ecanomic
berefits of LID but also the negative ecanomic impacts of convertional controls. Failing
to do so will continue biagng maragemert decisionsin favor of convertional controls:

“Exclusive reliance on profitability and market value will favour [sic]
the conventional approach to stormwater management by disregarding
both the negative environmental externalities associated with this
approach, and the positive environmental externalities associated with
the low impact approach.” (page 12)

A number of studiesdo measire some of the economic berefits of on-site stormwater
controls. For example, Braden and Johnson (2004) studiedthe economic berefits that on-
site stormwater maragemert could have on propertiesdownstream. The researchersfirst
egimatedthe impacts that on-site stormwater controls could have on the frequency and
extent of downstream flooding. Using information reportedin the literaure on the extert
to which property markets discount the value of propertiesin afloodplain, they
approximated the economic value of reducedfl ooding attributedto on-site maragement
of stormwater. They then calculated the value of avoided fl ood damage asa percertage of
property values They edimate that a marginal reduction in flooding would increa®
property valuesO to 5 percert for propertiesin a fl oodplain, depending on the extert to
which the on-site controls reduce stormwater runoff.

They thentook a similar approachto valuing improvemerts in water quality. Basedon
valuesreportedin the literatre, they edimate that the berefits of improvedwater quality
could reach 15 percert of market value for propertiesthat border the water body atissue

1% \We were unable to obtain a copy of the full report. We base our description on a summary of the analysis.
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if water quality improvessignificartly. Theincrea® is much less for smaller
improvemertsin water quality, for undeveloped properties ard for propertiesnot
adacert to the water body.

They conclude with a beg-guess edimate of a2 to 5 percert increa® in property values
for propertiesin a floodplain from on-site maragemert of stormwater. Other berefits that
could not be quartifiedor valuedgivenavailad e informafton include reduced
infragtructure expendituresfor culverts, bridgesand other drainage infragructure.

In afollow-up case study, Johnston, Braden, and Price (2006) appliedthe aralytical
method developedin the previous study to propertiesin the one-hundred-yea fl oodplain
portion of awatershedin the Chicagp area. They edimate the ecanomic berefit of
avoidedfl ooding two ways and extend the aralysis to approximat reducedmunicipal
experditureson culverts.

Applying the 0 to 5 percert impacton property valuescalculatedin the previous study to
propertiesin the ca® study, the resachersegimatied an ecanomic berefit of $0 to
$7,800 per acre of increased property value atrributedto reducedfl ooding. They also
calculated the ecanomic benefit of reducedfl ooding based on the avoided fl ood damage
to structuresard conterts for propertiesin the fl oodplain. This analytical method
included data compiledby the U.S. Army Corps of Engineerson the relationship between
flooding and damagesto propertiesin floodplains. This approachyields anecamomic
berefit of avoidedfl ooding of $6,700 to $9,700 per acre for propertiesin the fl oodplain.

The resarchersapproximate that for the case-study portion of the watershed,
conservation-desgn practicessuch asLID techiquesthat retain more stormwater on site
and reduce flooding could generae $3.3 million in avoided costs for road culverts.

The egimated ecanomic berefit of increased on-site management of stormwater for
propertiesin the case study for both avoided fl ooding and reducedmunicipal
expenditureson culvertsis $380 to $590 per aae.

A seriesof analysesby American Foregs (2000-2006) report the ecanomic benefits of
stormwater servicesprovided by treesin various citiesand regons throughout the United
States These reports describe reaults from American ForegsOCITY greenmodel, which
calculatesthe volume of stormwater absorbed by existing treecaropiesand edimatesthe
avoided costs in stormwater maragemen thatthe treesprovide. The model includescity-
specifi ¢ per-unit stormwater-maragemert costs when availalbe. The model substitutes
national per-unit costs when city-specffic dataare not available. In Takbe 4-4 below we
report the reaults for some of AmericanForegsCrity and regonal analyses The dollar
amaunts repre<ert the costs of expanding stormwater infragtructure to manage the
stormwater that existing treesotherwise absorb and transpire.
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Table 4-4: Avoided stormwater-construction costs attributed to trees, as

measured by the American Forests! CITYgreen model.

Urban Area Amount that trees save in one-time
stormwater-construction costs

Houston, Texas $1.33 hillion
Atlanta, Georgia $2.36 billion
Vancouver, Washington/ $20.2 billion
Portland-Eugene, Oregon

Washington D.C. $4.74 billion
New Orleans, Louisiana $0.74 billion
San Antonio, Texas $1.35 hillion
San Diego, California $0.16 billion
Puget Sound Metro Area, Washington $5.90 billion
Detroit, Michigan $0.38 billion
Chesapeake Bay Region $1.08 billion

Source: American Forests 2000-2006

The Bisco Wernrer etal. (2001) aralysis of the ecanomic berefits of treesattributedto
stormwater managemert also emgdoyedthe CITYgreenmodel. Reseachersappliedthe
CITYgreenmodel to a case study thatincluded the commercial corridor along a major
highway through certral New Jersey. The aralysis modeledthe charge in treecaropy
between 1975 and 1995, ard calculatedthe value of lost stormwater services During this
time, the value of servicesdeclinedfrom $1.1 million to $896,000, a 19-percert
reduction. If existing trends continue, the expectedvalue in 2015 will be $715,000, a 35-
perceri reduction relative to the value of servicesavailablein 1975. As servicessupplied
by streettreesdeclines demard on municipal stormwater controls, and associated costs,
increas.

The resarchersextendedtheir study to include the economic berefits of treecover
attributedto remaoving air pollutants. This portion of their aralysis studiedthe tree cover
atanumber of commercial propertiesin the New York and New Jersey area.In this case
the CITY greenmodel calculated avoi ded stormwater-construction costs associated with
stormwater servicesprovided by treeson site and, using valuesreportedin the literatre,
the amaunts of air pollutarnts albsorbed by trees and the per-unit value for each pollutart.

In one case study of a shopping mall, the aralysis egdimatedthat the treescurrerntly on the
site marage approximately 53,000 cubic feetof stormwater. The CITY greenmodel
edimatdthe value of the associated avoidedinfragructure costs at just over $33,000.
The value of air-pollutart removedis egimatedat $1,441 peryear. The report lists reaults
for fifteensuch case studies

Wetlards that alsorb stormwater runoff canhelp minimize stormwater-related
maragemert and infragructure costs. Depending on their location and makeup, wetlands
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may provide other berefits, such aswildlife hakitatand reaeaional opportunities Fine
(2002)* studiedthe recreational berefits provided by wetlands proposedaspart of the
Treasre Island redevelopmert in SanFrarcisco Bay. The amalysis assumesthatthe
wetlands will attractvisitors yearround, with the winter months providing the beg
opportunity to view migratory birds. Basedon reaeaional expendituresfor similar sites
in the SanFrarcisco Bay area,Fine calculatesthat areavisitors will spend $4 to $8
million amually. Other berefits that Fine wasunab e to quartify and value include
fisherieserhancement and water-quality services

Devinny etal. (2005) developed afirst-approximaton of a berefit-cost amalysis of
complying with water-quality requiremerts throughout Los AngelesCounty using LI1D
and other stormwater BMPs They pre<ert their aralysis asan alternative to the approach
described by Gordon etal. (2002), which relieson collecting and treatng the countyOs
stormwater using convertional controls. The Devinny et al. approachassumes
widegreadadoption of LID and other on-site stormwater BMPs

The Devinny et al. analysis accounts for the fact that the dersity of existing developmert
will limit the extert to which LID and other BMPs canbe retrofittedinto developmerts.
As analternative they propose a combination of LID and BMPsalong with directing
stormwater to regonal wetlands and other infiltration systems As the dersity of
developmert increa®s so doesthe size and costs of developing regonal wetlands.

This study differs from other berefit-cost analysesof stormwater-managemert optionsin
thatthe researchersquartify arange of potertial berefits asociated with the approach
thatemphadzeson-site treatmert of stormwater. They egimate the cost of their approach
at$2.8 hillion if disbursed LID and other on-site BM Pssuffi ciertly control stormwater
quality. Costsincreag to $5.7 to $7.4 billion if regonal wetlands and other infiltration
systemsare needed This approach costs less thanthe estimated cost of $44 billion to
implemert the option thatemphaszesconvertional controls (California Departmert of
Transportation 2005).

The egimated value of the ecanomic berefits of implemerting LID, other on-site BMPs
and regonal wetlands range from $5.6 to $18 billion. Berefits include the ecanomic
agects of reducedfl ood control, increased property valuesadacert to new greerspaces
and wetlands, additional groundwater supplies improvedbeach tourism, and reduced
sedmertation of areaharbors. The conventional approach would provide none of these
ecaomic berefits.

1 We were unable to obtain a copy of the full report. We base our description on a summary of the analysis.
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V. DEVELOPERS! EXPERIENCES WITH LOW-IMPACT DEVELOPMENT

Baring requlations that mardate LID controls, developers adopt LID because they help
reduce construction costs, increa® sales boost profits, or some combination of the three.
Thes deliberaions focus primarily on the extent to which local property markets accaunt
for the directcosts and berefits that LID canprovide. Typically thes deliberaions do not
include indirectcosts and berefits ard the potertial non-marketimpact of LID that may
be importart to others such asmunicipal stormwater managersard arearesderts. These
non-market impacts may include reduced downstream flooding, improved water quality
and hahitat of water bodiesthat receive stormwater, reduced CSO everts, or impacis on
the costs of operating municipal-stormwater infragructure.

In this section we summarize developersOexperiercesinstalling LI1D. As with other new
techhologies adopting L1D includesopportunitiesand risks. We begn by describing the
risks and challengesthat developersfaceby including LID in their projects. These risks
include uncertain construction delays asthe developer appliesfor variancesto local
zoning codesbecause the codesdo not explicitly recagnize LID asanacceped
stormwater control.

Next, we describe some of the efforts by municipal goverrmertsto reduce the
developerrequlatory risk and uncertainty of using LI1D. Finally, we list someof the
succesesdevelopershave had adopting LID and the resulting impacts on construction
costs, sales and profits.

A. Challenges Developers Face Using LID

Much of the gereral public is still unawareof LID attributes the berefits they can
provide, or their O & M costs. As such, they may not underdand or appreciate why a
developerincludedLID in aproject. This may give devel operspause because they supply
products that they believe their customersN homeluyersN wart and will purchase.
Paertial buyersmay shy away from homesthatinclude an unfamiliartecmology.

A gereral lack of understanding of LID may concerndevelopersin part because
including on-site treatmert of stormwater will also require on-site maragemert of
stormwater facilities the LID tecologies Homeaowners unfamiliar with L1D likely will
have no understanding of their maintenance requiremerts (Lewis 2006; England 2002;
Foss 2005). For example, a bioswale clogged with sedmert maynot control stormwater
volumeor quality, which could negatively reflecton the builder. Another concernhasto
do with the lack of underganding asto the life-expectancy of L1D controls (Lewis 2006).
A builder may be concernedthat anuntimely failure of stormwater controls could
negatively affecttheir reputation.

Similarto the publicOgenerallack of underganding of LID, mary buildersare also
unfamiliar with the tecmology. A builder may not be able to idertify the most effective
and leag-cost LID tecmology for a givendevelopmert from the wide variety of possible
LID controls (Foss 2005; Lewis 2006). A related point is that construction costs for LID
techhologiesaresite spedfic. For examge, not all soils cansupport LID technologies
that emphadze stormwater infiltration. Assessing asite and dedgning LID tecmologies
thatwill function on the site may also increa® a builderOslesgn costs (Coff man2002;
Strasleretal. 1999).
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A much-mertionedimpedmert to buildergadoption of LID is building codesthat do not
accaunt for LI1D asstormwater controls. Many municipalitieshave zoning and building-
inspecton standards in placethat were adopted mary yearsag, long before LID wasan
option (Coff man2002; NAHB ResarchCenter Inc. 2003; Foss 2005; Lewis 2006).
These stardards emphasze convertional stormwater controls that collect stormwater and
transport it off siteto areceiving body of water or to atreamnert facility. Municipalities
with outdated stormwater requlations typically require that buildersfile variancesif they
wart to use LID controls. Filing variancesfor LID increagsdedgn ard requlatory costs,
which delays construction and canincrease a builderOsi narcing costs (Clar 2004;

Coff man2002; Lewis 2006; NAHB Resach Certer Inc. 2003).

A related constraint in some jurisdictions with outdated requlationsis alack of tecmical
expertise or underganding by regulators regarding LID stormwater controls. In some
cases regulators unfamiliar with L1D technology must be convincedof their
effectiveness, which also increasesa builderOsleggn and regulatory costs (Coff man
2002; NAHB 2003; Lewis 2006).

B. Municipal Actions To Increase LID Adoption On Private
Developments

Samejurisdictions help promote L1D adoption on private lands and take steps that reduce
the requlatory uncertainty and risk that buildersfacewhenincluding LID in private
developmerts. These jurisdictions may have CSO problems or aretrying to extend the
useful life of their stormwater infragtructure in the face of increasng population and
ecaomic activity. In any cas, they recagnize the importance of maragng asmuch
stormwater on site aspossible and keepng it out of the jurisdictionOstormwater pipes

One way that jurisdictions promote LID adoption on private lands is by updating their
zoning codesand building-inspection standards to explicitly address LID stormwater
controls (Coff man2002; NAHB Resach Certer Inc. 2003; Foss 2005; Lewis 2006).
This helps reduce a builderOsegulatory risk becawse it eliminatesthe needto file
variances Rather than sperding time convincing requlators asto the desral e stormwater
attributesor effectiveness of LID controls, builderscaninsteadproceed with their
developmert.

Grarting density bonusesfor developmertsthatinstall LID stormwater controlsis
another way jurisdictions encourage the proliferation of LID techniques In this cas, the
jurisdiction grarts the developer a greatr number of individual building lots thanwould
have beenallowedif the developmert reliedon conventional stormwater controls
(Coffman2002; NAHB Resarch Certer Inc. 2003). This type of incertive not only
reducesabuil derf)segjl atory risk, and associated costs, but also increagsthe number of
lots that canbe sold, which canincreas the builderOseverue and profits. Jurisdictions
also promote LID installation on private lands by reducing developmert-relatedfees
such asinspecton fees(Coff man2002; NAHB Resach Certer Inc. 2003).

C. Benefits To Developers of Including LID Controls in
Their Projects

Developerswho accep the regulatory uncertainty and other challengesof adopting LI1D
do so with the expectation that controlling stormwater on site canhave ecanomic
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advartages Thes advantagesinclude increasng the number of developable lots and
reducing expendituresassociated with stormwater infrastructure. Manag ng stormwater
on siteusing L1D controls can meandoing away with stormwater ponds, thus increasng
asiteOslevelopable area(Coff man2002; NAHB Research Certer Inc. 2003). Selling
additional lots canincrea® a builderOseveruesard profits. Refacing curbs, guttersard
stormwater pipeswith bioswales pervious paversand other LID controls reduces
construction costs for some developers(Coff man2002; NAHB Resarch Certer Inc.
2003; Certer for Watershed Pratection 2001).

An aralysis of adevelopmert in Prince GeargeO€ounty, Maryland, documertedthe
impacts that controlling stormwater on site with LID can have on the siteO$uildable area
and construction costs. The Somerset Community developmert installedrain garders,
grass swalesalong strees, and other LID controls. Substituting LID for convertional
controls saved the developer approximately $900,000. Doing away with the siteOs
stormwater ponds gave the developer six additional lots (Foss 2005).

A study of the Pembroke Woods Subdivision in Frederick County, Maryland found
similar reaults (Clar 2004). The developer substituted LID for convertional contrals,
doing away with curbs, gutters sidewalks, and eliminatedtwo stormwater ponds.
Eliminating the curbs and gutterssaved the developer $60,000. Installing narrower streets
eliminatedimpervious area and reducedpaving costs by 17 percert. Excluding the
stormwater ponds saved $200,000 in construction costs and addedtwo developahe lots,
valued at $45,000 each. Other ecanomic berefits to the developerinclude reduced costs
of cleaing land for developmert of $160,000, and adding 2.5 additional acresof open
space,which reducedthe developerOsvet and-mitigation requiremerts.

Conservation subdivisions take a comprehensive approachto stormwater managemert by
combining LID controls with asite desgn thattakesadvartage of existing drainage
patterrs. Narrow strees and clusteredbuilding lots make maximum use of natural
stormwater controls, thus reducing construction costs (Certer for Watershed Protection
2001). A study of tensubdivisions found that conservation subdivisions thatemphaszed
LID and protected natural drainage patterrs cost, on averagg, thirty-six percert less than
subdivisions that relied on convertional stormwater controls (Conservation Resach
Institute 2005).

Resachers note that some conservation subdivisions have an additional berefit in that
thereOgreaer demard for lots in these subdivisions comparedwith the demard for lots
in conventional subdivisions. Greater demard for lots mears the developer cancharge
more for the lot and lots may sell fagter (Certer for Waterdhed Pratecion 2001).

A case study of conservation and conventional subdivisions in Sauth Kingstown, Rhode
Island quartifi edthe market benefits of conservation developmerts. The study compared
the costs of developing the lots and the market value of the lots (Mohamed 2006). Reaults
show that conservation lots cost less to develop and sell for ahigher price. On averacg,
conservation lots cost $7,400 less to producethanlotsin convertional subdivisions, and
sold for 12 to 16 percent more, per aare, than convertional lots. Lotsin the conservation
subdivision also sold in approximatly half the time aslotsin convertional subdivisions.

Another study of cluster developmentsin New England found that housesin these types

of developments appreciate fager thanhousesin conventional developmerts (Lacy
1990). Lacyidertified developmertsin Concord and Amherd, Massachusetts that were
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charecterizedby smallerindividual lots surrounded by natural open space, limitedlot
clearng, ard narrower strees. He comparedthese with nearty convertional
developmerts. The Concord cluster developmert appreciated 26 percert more than
convertional developmerts over an eight-yearstudy period. The Amherst cluster
developmert also yielded a higherrate of return on invegmert overa 21-yea study
period, comparedto nearby convertional developmert.

In Tabes5-1 ard 5-2 below we summarize the reaults of studiesthat compared
construction costs using L1D vs. convertional stormwater controls for regdertial and
commercil developmerts (repectively). We included information in the tabesif a study
de<cribedthe source of the cost difference, eg., substituting a bioswale for curbs and
gutterssaved $Z. We excluded studiesthat reported a cost difference, but did not describe
the details of the cost comparison. We found mary studiesin theliteraure that did not
provide defails of cost comparisons.

We distinguish betweenstudy reaults for built developmerts from reaults for proposed or
modeleddevelopmerts. In some cagsthe studiesreport total cost savings for a
developmert but not savings per lot in the developmert. In thes caseswe calculatedthe
per-lot cost savings. We recagnize that the cost savings valuesreported below arein
dollarsfrom different years and so comparisons of cost savings betweenexamplesmay
not be appropriate. We found insuffi cient datain most case studiesto convertall values
to the same-year dollars

The large majority of studieslistedin Tabes5-1 and 5-2 describe LID installed or
proposedto beinstalledin new developmerts. We found very few studiesthat measured
the ecanomic outcomesof including LID stormwater controlsin urban, redevelopmert
projects. We idertifi ed these studiesasQetrofitsOin the tables
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Table 5-1: Cost savings attributed to installing LID stormwater controls in residential

developments.

Location Description LID Cost Savings?

LID cost 9% less
than conventional

Meadow on the Hylebos
Residential Subdivision

9-acre development reduced street width, added swale
drainage system, rain gardens, and a sloped bio-terrace

Pierce County, WA

Somerset Community
Residential Subdivision
Prince George!s Co., MD

Pembroke Woods
Residential Subdivision
Frederick County, MD

Madera Community
Residential Subdivision
Gainesville, FL

Prairie Crossing
Residential Subdivision
Grayslake, IL

SEA Street Retrofit
Residential street retrofit
Seattle, WA

Gap Creek
Residential Subdivision
Sherwood, AK

Poplar Street Apartments
Residential complex
Aberdeen, NC

Kensington Estates*
Residential Subdivision
Pierce County, WA

Garden Valley*
Residential Subdivision
Pierce County, WA

Circle C Ranch
Residential Subdivision
Austin, TX

ECONorthwest

to slowly release stormwater to a creek. Stormwater pond
reduced by 2/3, compared to conventional plan. (Zickler
2004)

80-acre development included rain gardens on each lot

and a swale drainage system. Eliminated a stormwater

pond and gained six extra lots. (NAHB Research Center
Inc. 2003)

43-acre, 70-lot development reduced street width,
eliminated sidewalks, curb and gutter, and 2 stormwater
ponds, and added swale drainage system, natural buffers,
and filter strips. (Clar 2004; Lehner et al. 2001)

44-acre, 80-lot development used natural drainage
depressions in forested areas for infiltration instead of
new stormwater ponds. (PATH 2005)

667-acre, 362-lot development clustered houses reducing
infrastructure needs, and eliminated the need for a
conventional stormwater system by building a natural
drainage system using swales, constructed wetlands, and
a central lake. (Lehner et al. 2001; Conservation
Research Institute 2005)

1-block retrofit narrowed street width, installed swales and
rain gardens. (Tilley 2003)

130-acre, 72-lot development reduced street width, and
preserved natural topography and drainage networks.
(U.S. EPA 2005; Lehner et al. 2001; NAHB Research
Center Inc. 2003)

270-unit apartment complex eliminated curb and gutter
stormwater system, replacing it with bioretention areas
and swales. (U.S. EPA 2005)

24-acre, 103-lot hypothetical development reduced street
width, used porous pavement, vegetated depressions on
each lot, reduced stormwater pond size. (CH2MHill 2001;
U.S. EPA 2005)

10-acre, 34-lot hypothetical development reduced street
width, used porous paving techniques, added swales
between lots, and a central infiltration depression.
(CH2MHill 2001)

Development employed filter strips and bioretention strips
to slow and filter runoff before it reached a natural stream.
(EPA 2005)
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$916,382
$4,604 per lot

$420,000
$6,000 per lot”

$40,000
$500 per lot”

$1,375,000-
$2,700,000
$3,798-$7,458
per lot®

$40,000

$200,021
$4,819 per lot

$175,000

$86,800
$843 per lot”

$60,000
$1,765 per lot”

$185,000
$1,250 per lot
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Location

Description

LID Cost Savings?

Woodland Reserve*
Residential Development
Lexana, KS

The Trails*
Multi-Family Residential
Lexana, KS

Medium Density
Residential*
Stafford County, VA

Low Density Residential*
Wicomico County, MD

Reduced land clearing, reduced impervious
surfaces, and added native plantings. (Beezhold
2006)

Reduced land clearing, reduced impervious
surfaces, and added native plantings. (Beezhold
2006)

45-acre, 108-lot clustered development, reduced
curb and gutter, storm sewer, paving, and
stormwater pond size. (Center for Watershed
Protection 1998b)

24-acre, 8-lot development eliminated curb and
gutter, reduced paving, storm drain, and
reforestation needs. Eliminated stormwater pond
and replaced with bioretention and bioswales.
(Center for Watershed Protection 1998b)

$118,420

$89,043

$300,547
$2,783 per lot®

$17,123
$2,140 per lot®

Source: ECONorthwest, with data from listed sources.

Notes:  *indicates hypothetical or modeled project, not actually constructed.
2Dollar amounts as reported at the time of study.
® Per-lot cost savings calculated by ECONorthwest.
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Table 5-2: Cost savings attributed to installing LID stormwater controls in commercial

developments.

Location

Description

LID Cost Savings?

Parking Lot Retrofit
Largo, MD

Old Farm Shopping Center*
Frederick, MD

270 Corporate Office Park*
Germantown, MD

OMSI Parking Lot
Portland, OR

Light Industrial Parking Lot*
Portland, OR

Point West Shopping Center*
Lexana, KS

Office Warehouse*

Lexana, KS

Retail Shopping Center*

Commercial Office Park*

Tellabs Corporate Campus
Naperville, IL

One-half acre of impervious surface. Stormwater directed
to central bioretention island. (U.S. EPA 2005)

9.3-acre site redesigned to reduce impervious surfaces,
added bioretention islands, filter strips, and infiltration
trenches. (Zielinski 2000)

12.8-acre site redesigned to eliminate pipe and pond
stormwater system, reduce impervious surface, added
bioretention islands, swales, and grid pavers. (Zielinski
2000)

6-acre parking lot incorporated bioswales into the design,
and reduced piping and catch basin infrastructure.
(Liptan and Brown 1996)

2-acre site incorporated bioswales into the design, and
reduced piping and catch basin infrastructure. (Liptan
and Brown 1996)

Reduced curb and gutter, reduced storm sewer and
inlets, reduced grading, and reduced land cost used
porous pavers, added bioretention cells, and native
plantings. (Beezhold 2006)

Reduced impervious surfaces, reduced storm sewer and
catch basins, reduced land cost, added bioswales and
native plantings. (Beezhold 2006)

9-acre shopping development reduced parking lot area,
added porous pavers, clustered retail spaces, added
infiltration trench, bioretention and a sand filter, reduced
curb and gutter and stormwater system, and eliminated
infiltration basin. (Center for Watershed Protection
1998b)

13-acre development reduced impervious surfaces,
reduced stormwater ponds and added bioretention and
swales. (Center for Watershed Protection 1998b)

55-acre site developed into office space minimized site
grading and preserved natural topography, eliminated
storm sewer pipe and added bioswales. (Conservation
Research Institute 2005)

$10,500-$15,000

$36,230
$3,986 per acre”

$27,900
$2,180 per acre”

$78,000
$13,000 per acre®

$11,247
$5,623 per acre”

$168,898

$317,483

$36,182
$4,020 per acre”

$160,468
$12,344 per acre®

$564,473
$10,263 per acre”

Vancouver Island Constructed wetlands, grassy swales and open $530,000
Technology Park channels, rather than piping to control stormwater. Also
Redevelopment used amended soils, native plantings, shallow
Saanich, British Columbia stormwater ponds within forested areas, and permeable
surfaces on parking lots. (Tilley 2003)

Source: ECONorthwest, with data from listed sources.
Notes:  *indicates hypothetical or modeled project, not actually constructed.

2 Dollar amounts as reported at the time of study.

® Per-acre cost savings calculated by ECONorthwest.
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VI. DIRECTIONS FOR FUTURE RESEARCH
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Degiite theincreasng use of LID stormwater controls, and the growing number of
ecaomic studiesof thistechique, our literaure review found areasfor further resarch
These areasinclude:

Additional resarchthat quartifi esthe costs and benefits of stormwater
maragemert. Thisincludeseconomic researchon the lifetime O & M costs
for LID and convertional controls, aswell as studiesthat quartify the
ecaomic berefits of LID methods.

More detailedinformafon on costs associatedwith LID. Specifically,
informaion on the factors that contribute to cost savings or cost increags of
LID relative to convertional controls.

Economic studiesof LID and convertional methods that control for the
effectiveress of the techiquesregardng maragng stormwater volumesand
improving water quality. Comparing LID techniquesthat cost more to install
than conventional methods, but control larger amaunts of stormwater, is an
applesto-orangescomparison.

The large majority of economic studiesof LID methods apply to new
construction. Moreresach is neecedon the ecanomic outcomesof
including LID methods in urbanredevelopment projects.

Same preliminary evidence exists thatLID canhelp control CSO volumesat
alower cost than convertional controls. Stormwater managersard public-
policy decisionmakerswould berefit from additional economic resaich on
thistopic.

Economic studiesthat model thearetical LID and conventional controls,
whileinformatve, maybe less convincing to some stormwater maragers,
decisionmakersand ratepayer stakeholdersthanretrospecive studiesof
installed controls.
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