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executive summary

G

reen infrastructure—water quality management techniques like green roofs,
tree plantings, rain gardens, and permeable pavement—has been proven to help
solve major urban stormwater problems and improve the health and livability of
neighborhoods. Cities and others have promoted these practices to commercial property
owners as a way to improve stormwater management and, in some communities, to
reduce stormwater utility bills. But relatively little information has been publicized about
the range of benefits that these practices, when used on private property, can provide to
commercial property owners and their tenants—until now.

This issue brief explores how the multitude of green
infrastructure practices can help advance the bottom line
for the commercial real estate sector. It provides illustrative
examples for specific building types, based on published
research, as well as a summary of key findings from that
research.
Commercial properties with well-designed green
infrastructure can reap the rewards of higher rents and
property values, increased retail sales, energy savings,
local financial incentives (such as tax credits, rebates, and
stormwater fee credits), reduced life-cycle and maintenance
costs, reduced flood damage, reduced water bills, reduced
crime, and improved health and job satisfaction for office
employees. In fact, green infrastructure and other green
building practices are increasingly becoming a quality
benchmark for the private sector, because they illustrate
a developer’s commitment to healthier, sustainable
communities and place-making, while creating measurable
value added for property owners and tenants alike.
As illustrated below, the cumulative value of these benefits
can total in the millions of dollars over a long-term (40-year)
planning horizon—far exceeding the potential stormwater
utility fee savings and dramatically accelerating the expected
payback of green infrastructure investments on commercial
properties.

Building Examples: Office
Building, Multi-Family Residential,
and Retail Center
The following examples show the potential value of a set of
hypothetical green infrastructure retrofits to owners (and
tenants) of medium-sized office buildings, midrise apartment
buildings and retail centers. In both the office building and
apartment building examples, the total present value of
benefits approaches $2 million; for the retail center, benefits
exceed $24 million, including nearly $23 million of increased
retail sales for tenants. These examples clearly illustrate that
considering the full range of green infrastructure benefits is
essential for making wise investment decisions.
Benefits of green infrastructure for private,
commercial property owners
n Increased


rents and property values

n Increased


retail sales

n Energy


savings

n Stormwater


fee credits and other financial incentives

n Reduced


infrastructure costs

n Reduced


costs associated with flooding

n Reduced


water bills

n Increased


mental health and worker productivity
for office employees

n Reduced


crime

A note on methodology: The following examples are based on findings from published research and some basic assumptions. For building and
property characteristics, we relied on data from the Department of Energy’s commercial building benchmark specifications and other online data
sources, or made reasonable assumptions. To estimate the potential benefits of green infrastructure for each building type, we applied findings from the
literature and/or relied on existing models.
Where the value of a certain benefit is known to be contingent on factors that vary from one city to another—such as electricity rates or the value of
local tax credits—we have used data from Philadelphia for illustrative purposes. However, the analysis is intended to be relatively generic in terms of
location, such that the basic lessons to be drawn from these examples are broadly applicable nationwide. Further detail on sources and methods is set
forth in our full report.
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The Many Benefits of Green Infrastructure
The sections below describe the types—and the potential magnitude—of benefits
that commercial property owners can reap from green infrastructure. This discussion
is drawn from a wide range of published studies, which our full report documents
in detail.
Higher Rental Rates, Retail Sales,
and Property Values

Lower Energy Costs

The landscaping that is a hallmark of green infrastructure
can add tremendous value to a property, all while serving
the purpose of keeping rainwater on site. Researchers have
found that landscaping adds approximately 7 percent to the
average rental rate for office buildings. Considering average
rental rates in Philadelphia, a medium-sized office rental
property could see an additional $72,150 in rental income
each year.
Similarly, research on urban business districts and strip
malls has found that consumers are willing to spend more
on products, visit more frequently, or travel farther to shop
in areas with attractive landscaping, good tree cover, or
green streets. In areas with a mature tree canopy, customers
indicate that they are willing to pay 8 to 12 percent more.
For a mid-size retail center, this could generate over $1
million of increased sales annually. Further, this increased
revenue for retail tenants suggests that retail building
owners should be able to earn rental premiums for providing
green infrastructure amenities. These greening efforts can
be especially effective when multiple landowners, as in a
Business Improvement District, work together to improve a
retail corridor.
A wide range of studies have found that landscaping and
trees increase residential property values by 2 to 5 percent. In
one study, green roofs have been found to add 16 percent to
the average rental rate for multifamily units.
Green infrastructure can also help commercial buildings
attain certification under LEED and similar eco-labeling
programs. LEED certification has been shown to increase
occupancy rates in office buildings and rental rates in
residential buildings. A new eco-labeling progam focused on
green infrastructure, the Sustainable Sites Initiative (SITES),
is scheduled to come online in 2014.

|

Both green roofs and tree plantings can generate valuable
savings on heating and cooling costs. Green roofs provide
better insulation than conventional roofs, reduce the amount
of solar radiation reaching the roof surface, reduce roof
surface temperatures, and improve the operational efficiency
of rooftop air conditioning units. Empirical research
demonstrates energy savings across climates. The Chicago
City Hall-County Building’s 20,300-square-foot green roof
yields $3,600 in annual energy savings. The Target Center
Arena’s green roof in Minneapolis decreased annual energy
costs by $300,000. A recent NRDC study showed that during
the summer in Southern California, a green roof can reduce
daily energy demand for cooling in a one-story building
by more than 75 percent. A Green Roof Energy Calculator
developed by the Green Building Research Laboratory at
Portland State University allows any building owner to
estimate potential energy savings.
Extensive research by the U.S. Forest Service demonstrates
that something as simple as trees can reduce building energy
consumption for cooling in the summer and, depending on
factors such as climatic region, size, tree type and the location
of the tree, can also reduce heating costs in the winter. For
example, based on Forest Service models for the Midwest
region, a single large tree can generate nearly $45 in energy
savings annually; multiplied by numerous tree plantings
on a commercial property, annual savings can easily total
hundreds of dollars per year.

Cash Back: Tax credits, stormwater
fee credits, rebates, and development
incentives
In many cities, a substantial portion green infrastructure
costs can be recouped directly through tax credits,
stormwater fee credits, rebates, and development incentives.
For example, in New York City, recently-passed legislation
renews and expands upon a property tax credit for green
roofs, allowing property owners to earn a one-year credit up
to $200,000 for the inclusion of a green roof on at least 50
percent of a structure. In Philadelphia, businesses are eligible
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for a credit of 25 percent (at a maximum of $100,000) of green
roof installation costs. For example, a midrise apartment
building in Philadelphia with an 8,400-square-foot green
roof could receive a one-time tax credit of over $50,000.
Philadelphia also provides up to an 80 percent reduction in
stormwater utility fees for property owners who install green
infrastructure. (Many other cities provide similar credits,
in varying amounts.) A medium-sized office building in
Philadelphia, with retrofits to manage an inch of runoff from
the entire property, could save over $100,000 (present value)
in stormwater fees over a 40-year timeframe.
Other municipalities offer rebates and cost-sharing
programs for green infrastructure development. For example,
Milwaukee’s Regional Green Roof Initiative provides up to
$10 per square-foot for green roof projects. King County,
Washington pays builders for 50 percent of the costs of green
infrastructure retrofits, up to $20,000. Portland, Oregon
has a green roof bonus in its zoning code, which provides
an additional three square-feet of floor area for every one
square-foot of green roof installed, provided the green roof
covers at least 60 percent of the roof area. Austin, Chicago,
and Santa Monica provide discounts for builders who employ
green infrastructure practices.
Finally, direct funding may be given to property owners
and/or community groups to implement a range of green
infrastructure programs. New York City’s Green Infrastructure
Grant Program has committed more than $11 million to
29 green retrofit projects on private property since 2011.
Onondaga County, New York provides grants to commercial
properties that install green infrastructure retrofits in specific
sewer districts and has distributed about $3.8 million.
Philadelphia has awarded $7.9 million in competitive grants
for green infrastructure retrofits on commercial properties.

Reduced Infrastructure Costs
Green infrastructure can also reduce life-cycle costs
associated with private property improvements. Green roofs
do not need to be replaced as frequently as conventional
roofs—they are typically considered to have a life
expectancy of at least 40 years, as compared to 20 years for a
conventional roof. For example, in a midsize retail building
(with a 40,000-square-foot roof), a green roof could avoid a
net present value of over $600,000 in roof-replacement costs
over 40 years; a medium-size office building, with a roof half
that size, could save over $270,000. In some instances, green
roofs can also reduce air conditioning system capital costs by
allowing for use of a smaller HVAC system.
Parking lots constructed with permeable pavement,
though they carry higher initial capital costs, can have
significantly lower maintenance costs compared with

|

asphalt, resulting in lower overall life-cycle costs. For
example, in designing a green street project, West Union,
Iowa compared the life cycle costs of using a permeable
paver system instead of traditional concrete pavement.
Despite higher up-front costs, analysis showed that the city
would begin to realize savings by year 15 of the project, with
cumulative savings over the 57-year analysis period of close
to $2.5 million.
Additionally, for development projects, integrating green
infrastructure into the site design can result in net cost
savings by decreasing the amount of required below-ground
drainage infrastructure and other stormwater managementrelated facilities.

Other Hard-to-Quantify Benefits:
Reduced flood damage, water bills,
and crime; improved health and job
satisfaction for office employees
Green infrastructure can also provide many other valuable
benefits, which are difficult to quantify, in a generalized way,
at the scale of individual properties. Nonetheless, these are
important benefits for property owners to consider.
Reducing the volume of stormwater runoff can provide
a cost-effective way to manage the frequency and severity
of localized urban flooding. Large floods with catastrophic
damage and costs are relatively infrequent, but small events
(which can be mitigated by green infrastructure) are generally
more frequent and widespread; though they cause less
damage per event, their repetitive nature can create a greater
overall economic burden. Mitigating flooding risks reduces
these flood damage costs, and can increase property values
(by 2 to 8 percent, according to some studies).
Green infrastructure practices that capture rainwater for
reuse—like rain barrels and cisterns—can help save on water
costs for landscape irrigation and other non-potable water
uses. Opportunities to achieve these savings will vary widely
depending upon such factors as the non-potable water needs
of a given property, local water rates, and the number and
intensity of storms throughout the year. For example, the EPA
reports that one large building in Seattle and another in New
York City use large-capacity cisterns to meet 60 percent and
50 percent of their toilet flushing needs, respectively.
Recent research indicates that green infrastructure even
has the potential to reduce crime on private properties,
especially in urban areas. Crime reduction is associated with
specific types of vegetation, such as open space covered with
grass and tall trees. Shrubs and bushes, if situated in places
that provide places for criminals to hide, have been found to
increase crime; however, they can be designed and arranged
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to minimize impacts on sight lines, providing pleasant places
for people to gather and thus improving safety and security.
Overall, numerous studies have found significantly lower
rates of property crime, violent crime, graffiti, vandalism, and
littering in urban areas with high levels of vegetation, when
controlling for other factors. Deterring such crimes can result
in significant avoided costs for commercial property owners.
Researchers have also found that office workers have a
clear preference for nature near the workplace, leading to
improved health and job satisfaction, and reduced levels of
stress. Importantly, green space does not need to be extensive
or pristine to provide these benefits; trees, landscaping, and
other vegetation situated among buildings and parking lots
have been found to be effective. These benefits accrue most
directly to the companies that rent commercial space and
their employees, rather than the property owner, although
they may also be reflected in the increased rents tenants
are willing to pay for offices and shops that have nice
landscaping and shading.

|
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The Green Edge: How Commercial Property Investment
in Green Infrastructure Creates Value
This report explores the range of economic benefits that accrue to commercial
property owners (including owners of multifamily residential buildings) when they
install green infrastructure on their property to improve stormwater management.
Green infrastructure practices include green roofs, rain gardens, bioswales, trees,
parks, roadside plantings, rain barrels, permeable pavement, and other mechanisms
that mimic natural hydrologic functions or otherwise capture runoff on-site for
productive use.
In many cities, private property owners can receive a stormwater fee credit for
installing green infrastructure. However, even in cities with relatively high stormwater
fees and available credits, the value of the credit alone often will not provide a
sufficient economic incentive to motivate investment in these environmentally
beneficial practices. In order to encourage additional implementation of green
infrastructure, this report identifies and quantifies (to the extent feasible) the range
of additional economic benefits that green infrastructure can bring to commercial
property owners. The goal of this paper is to show that, when accounting for these
benefits, commercial property owners receive a much greater return on investment—
and have a much stronger business case for green infrastructure investments—than
when considering stormwater fee savings alone.
Sections 1 through 3 provide a background on green infrastructure in general and
the need for private property owners to be involved for effective implementation.
Section 4 describes the benefits of green infrastructure for private commercial
property owners, based on a review of relevant literature. Finally, Section 5
demonstrates the potential value of these benefits by applying the findings from
the literature review to three representative property types.

|
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1. Shifting to a More Sustainable Approach to
Stormwater Management
Recognizing the need for a different approach, many
cities have begun to incorporate green infrastructure into
their existing stormwater management systems. While
traditional gray infrastructure solutions rely on physical
infrastructure to convey rainwater away from where it falls,
green infrastructure relies on more natural approaches to
infiltrate, evapotranspire, or capture and reuse rainwater
on or near the site where it falls. These practices can also
yield many important co-benefits to communities, such as
beautifying neighborhoods, cooling and cleansing the air,
reducing asthma and heat-related illnesses, lowering heating
and cooling energy costs, and creating “green-collar” jobs
(Garrison and Hobbs 2011).

© City of Toronto

Traditionally, many cities in the country have managed
stormwater runoff through “gray” infrastructure systems,
which rely primarily on underground networks of pipes
and pumps to carry rainwater away from where it falls and
dispose of it as a waste. This traditional approach is costly
and frequently directs large amounts of pollution into urban
waterways.1 As population and development increase and
new challenges arise—including climate change, increasing
energy costs, and aging water infrastructure—issues of water
quantity and quality are intensified. Traditional infrastructure
has not met the challenge of these changing conditions.

Toronto’s City Council adopted construction standards in May 2009 that
require all new buildings and retrofits with more than 2,000 square meters
(approximately 21,528 square feet) of floor area to include a green roof;
since the bylaw went into effect, approximately 1 million square feet of
additional green roofs have entered the planning phase.
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2. Widespread Implementation Will Require Participation
of Private Property Owners
These cities are making major investments in green
infrastructure in the public right-of-way (i.e., roadways and
sidewalks) and on other public property. However, in order
to implement green infrastructure at the scale necessary to
fully protect urban waterways, cities like Philadelphia will
need private property owners to implement projects on their
land as well. Regulatory requirements for new development
and redevelopment projects to retain runoff on-site are
one critical tool that cities are using to reduce runoff from
private property. But cities are also seeking additional means
to promote green infrastructure retrofits at existing private
development. Cities can facilitate private investment in such
projects by providing financial incentives and by educating
private property owners about the full range of benefits that
green infrastructure can provide them.

© Regency Centers

Green infrastructure approaches are increasingly being
implemented in dense urban areas to help reduce combined
sewer overflows (CSOs) and meet requirements of the Clean
Water Act. Philadelphia, for example, plans to invest at least
$1.67 billion in green infrastructure over the next 25 years
as part of its Green City, Clean Waters Program, which was
designed to meet the Clean Water Act’s requirements for
CSO control. Under Philadelphia’s plan, the city will retrofit
nearly 10,000 impervious acres of public and private property
to manage runoff generated by up to one inch of rainfall.
Many other cities, such as New York City, Seattle, Portland
(Oregon), and Kansas City, have also adopted ambitious
green infrastructure programs to manage stormwater runoff
and improve local water quality (Garrison and Hobbs 2011;
Chen & Hobbs 2013).

This cistern at a Whole Foods Market in Raleigh, NC,
collects rainwater for interior restroom use.
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3. What’s the Incentive?

A green roof on the offices of YouTube
in San Bruno, California.

Looking onto the green roof at the YouTube
offices in San Bruno, California.

© www.luthringer.com

sole measure of project payback, a retrofit project on a given
parcel in Philadelphia would need to cost less than $36,000
per impervious acre managed ($0.82 per square foot) in order
to achieve full payback within 10 years (Valderrama et al.
2012). Based on general cost estimates (scaled to Philadelphia
construction costs) for a variety of green infrastructure
management practices that can be used at commercial sites,
installing low-cost vegetated swales is the only practice that
meets this criterion; however, swales are suitable for only
a limited percentage of all commercial sites. In the current
market environment, management practices that are suitable
for a wider range of sites, such as the use of porous pavement,
rain gardens, green roofs, and flow-through planters, have
higher retrofit costs that would not achieve a 10-year payback
based solely on avoided stormwater fees (Valderrama et al.
2012).
Accordingly, the purpose of this report is to demonstrate
the additional potential monetary benefits that can accrue
directly to commercial property owners who install green
stormwater infrastructure. As illustrated in this study,
comprehensive project benefit accounting—an approach
that factors in the wider range of benefits produced by green
infrastructure—can dramatically accelerate the expected
payback of such projects.
While this report focuses on benefits for commercial
property owners, many of these benefits also apply to
residential properties. This is often noted in the discussion
of particular studies in Section 4 following.

© William McDonough + Partners

Currently, more than 1,400 local jurisdictions have
stormwater utilities that charge property owners stormwater
fees, which are applied toward the capital and operating
expenses associated with publicly owned stormwater
infrastructure. A majority of these base the level of the fee,
in whole or in part, on the amount of impervious area on a
property or some other surrogate for the amount of runoff
generated by the property (Western Kentucky University
2013). Many of these stormwater utilities provide property
owners the opportunity to obtain a credit or discount on their
stormwater fees by installing green stormwater management
retrofits, which reduce the volume of runoff. Philadelphia,
for example, recently established a parcel-based stormwater
billing structure that provides a credit of up to 80 percent
for commercial property owners (including owners of
multifamily residential buildings) who can demonstrate
on-site management of the first inch of rainfall over their
entire parcel. As a result, a Philadelphia commercial property
owner’s investment in green infrastructure retrofits provides
ongoing savings in the form of reduced stormwater bills
(Valderrama, et al. 2012).
Although Philadelphia’s incentive program serves as
a key step toward public engagement and the broader
implementation of green infrastructure on private land, it
does not in itself provide sufficient economic motivation,
in the form of an acceptable payback period on green
infrastructure investment, for most commercial property
owners. For example, using avoided stormwater fees as the

|
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4. Potential Benefits for Private, Commercial
Property Owners
When implemented on a broad scale, green infrastructure
can improve community livability, beautify neighborhoods,
provide recreational opportunities, cool and cleanse the
air (helping to reduce asthma and heat-related illnesses),
reduce the need for expensive gray infrastructure solutions,
reduce costs associated with flooding, and create green-collar
jobs. Several studies have quantified or valued these public
benefits at the community level (e.g., Stratus Consulting 2009,
American Rivers et al. 2012, Garmestani et al. 2012).
The benefits that accrue to individual property owners as
a result of small, distributed green infrastructure projects
have not been comprehensively studied. As noted above,
the purpose of this report is to identify (and quantify to the
extent feasible) these benefits in order to provide commercial
property owners with a fuller picture of the economic rewards
for implementing green infrastructure on their own land.

Increased rents and property values

n

Increased retail sales

n

Energy savings

n

Stormwater fee credits and other financial incentives

n

Reduced infrastructure costs

n

Reduced costs associated with flooding

n

Reduced water bills

n I ncreased

mental health and worker productivity
for office employees
Reduced crime

Commercial
office building at
1050 K Street,
Washington, D.C.

© TIMMONS GROUP, Richmond, VA

n

4.1 Increased Rents/Property Values
Trees and plants improve urban aesthetics and community
livability. The property value benefits of green infrastructure,
such as landscaping, trees, or vegetation additions, for singlefamily homes is well documented in empirical studies (e.g.,
Braden and Johnston 2003; Wachter and Wong 2008; Been
and Voicu 2007; Ward, MacMullan, and Reich 2008; Stratus
Consulting 2009; Donovan and Butry 2010). Depending on
the improvement, residential property values have been
found to increase by as much as 7 percent (Been and Voicu,
2007). However, most estimates of residential property value
increases range from 2 percent to 5 percent.
Less work has been completed to document the property
value benefits of green infrastructure to nonresidential
property owners. Nevertheless, closely related benefits
have been documented for many types of properties,
including multifamily buildings (which are often classified
as commercial properties), office buildings, retail stores, and
some other commercial buildings. These benefits include
higher occupancy rates and rents, as discussed following.

Benefits of green infrastructure for private,
commercial property owners
n

Based on a review of relevant literature, the following
sections describe the potential benefits of green
infrastructure for private, commercial property owners.
An important caveat: This discussion assumes that green
infrastructure would be designed and implemented in a way
that maximizes, the co-benefits described. For example,
studies show that user preferences (as demonstrated through
such indicators as increased rents and property values) are
positively influenced by both the presence of vegetation and
the configuration of natural elements (Kaplan and Kaplan
1989, 1998). Thus, the collaboration of resource planners,
private property owners, and designers is necessary to
optimize potential benefits (such as higher rents) beyond the
stormwater management functions of green infrastructure.

|
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4.1.1 Benefits from landscaping and tree cover
Access to green space and views of nature are considered
desirable in both residential and commercial settings. Just
as with single-family residences, the value of a commercial
property in urban areas is determined by various factors,
including characteristics of the land (e.g., lot size) and the
structure (e.g., square footage), the closeness to natural
amenities (e.g., parks, trails, waterways, open space), and
other attributes (e.g., crime rate, population, location relative
to business and transportation centers). Making green
infrastructure improvements to commercial sites can make
them more appealing to potential customers, tenants, or
buyers and improve a site’s economic vitality (Bisco Werner
et al. 2001).
Various studies of the value of natural spaces in urban and
suburban environments have found that commercial office
space, retail locations, and multifamily housing may fetch
higher rents as a result of on-site landscaping decisions. For
instance, Laverne and Winson-Geideman (2003) find that
well-designed landscaping added approximately 7 percent
to the average rental rate for office buildings. Shade also
increased rental rates for office buildings by about 7 percent.
Conversely, excessive tree cover that created a visual screen
decreased rental rates 7.5 percent (Laverne and WinsonGeideman, 2003). Tyrväinen and Miettinen (2000) found that
units in multifamily buildings with views of trees or forest
cover can increase rents by as much as 4.9 percent (Wolf
2007).2 Very little quantitative research has been conducted
in relation to the impact of vegetation and trees on retail
rents. However, there is evidence that retail rents increase
with urban quality improvements. For example, Whitehead
et al. (2004) report that creating pedestrian-only zones and
related improvements in retail areas increase rents by about

22 percent, on average (based on Hass-Klau, 1993; Colliers
Erdman Lewis, 1995; Hass-Klau and Crampton, 2002).
The construction of wetlands can benefit commercial
office property owners as well. In the Washington, D.C.,
metropolitan area, several studies identify rent premiums for
office spaces with views of constructed wetlands or ponds.
Benefits of these desirable views range from a 5.7 percent to
7.5 percent increase in rents (U.S. EPA 1995). Additionally,
these properties may be easier to rent, with higher occupancy
rates and shorter periods between leases (U.S. EPA 1995).
However, construction of retention ponds that lack attractive
vegetation or recreation opportunities, for instance, may
decrease property values, as is the case in the residential
sector (Lee and Li 2009).

4.1.2 Benefits of green roofs
Much like ground-level landscape improvements, the
installation of green roofs can provide economic benefits
for private property owners. A recent hedonic regression
analysis of 44 apartment units assessed the benefits of green
roofs to apartment buildings in the Battery Park area of New
York City (Ichihara and Cohen 2011). In this study, 27 percent
of the apartment units were located in buildings that had
green roofs. The authors found rental premium of 16 percent
for buildings with green roofs compared with those lacking
them, after controlling for other factors such as apartment
size (number of bedrooms and bathrooms) and distance
to parks and transit. In general this study demonstrates
the attractiveness of green infrastructure improvements;
however, these results represent just one study. Additional
analysis of the economic benefits of green roofs, particularly
in other markets, would improve the confidence of these
findings.

© GreenWorks, Portland, OR

Apartment
complex at
Headwaters at
Tyron Creek, in
Portland, Oregon.
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© Hawkins Partners, Landscape Architects, www.hawkinspartners.com

Mixed-use development at Hill Center Green Hills, Nashville, Tennessee.

4.1.3 Benefits of green infrastructure
“eco-labels” or certifications
In addition to green infrastructure itself, there may be
benefits associated with recognition or eco-labeling,
through certification or award programs, for properties
that implement green infrastructure practices on their
land. The U.S. Environmental Protection Agency (U.S. EPA
2009) acknowledges recognition and labeling programs as
effective incentives for implementation. In addition, Fuerst
and McAllister (2009) report that “the rapid increase in
allocation of corporate resources to environmental, social,
and governance issues . . . .has created potential marketing
and image benefits for occupying and investing in buildings
labeled as environmentally responsible.”
Studies of eco-labeling programs, including Leadership
in Energy and Environmental Design (LEED) or EnergyStar
certifications, have found that they can increase property
values, rents, and occupancy rates in commercial office
buildings (Fuerst and McAllister 2008, 2009, 2011; Miller,

|

Spivey, and Florance 2008; Eichholtz, Kok, and Quigley 2009,
2011; Wiley, Benefield, and Johnson 2010). For example,
controlling for differences in building age, height, class,
and quality, Fuerst and McAllister (2009) found office
building occupancy rates to be 8 percent higher in LEEDlabeled buildings and 3 percent higher in EnergyStarlabeled buildings. Kok, Miller, and Morris (2011) found that
occupancy rates in LEED-certified buildings are roughly 2
percent higher than in noncertified buildings and command
higher rents. Further, several research surveys have found
that tenants are willing to pay higher rents to live in ecolabeled buildings (McGraw Hill Construction 2006, GVA
Grimley 2007, and National Real Estate Investor, 2007, as
cited in Fuerst and McAllister 2009).
An eco-labeling program geared specifically toward
green infrastructure, such as the Sustainable Sites Initiative
(SITES, which is scheduled to come online in 2014), has
the potential to impart similar benefits. Given the limited
implementation of such programs, these benefits have not
yet been studied or quantified.3
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4.2 Increased Retail Sales

4.3.1 Tree-related energy savings

Retailers can benefit from green infrastructure
improvements, particularly the addition or maintenance of
trees and landscaping on their properties. An ongoing body
of work focusing on urban business districts and strip malls
has found that consumers are willing to spend more (or pay a
premium) on products, visit more frequently, or travel farther
to shop in areas with attractive landscaping, good tree cover,
or green streets (Wolf 2013). These findings are supported
by Bisco Werner et al. (2001), who find that consumers are
willing to travel farther to shop in greener areas. Newell et al.
(2012) also mention green alleys as an option to create green
infrastructure and develop “a new walkable, public space that
will help attract more visitors.” Customers indicated that they
are willing to pay 8 percent to 12 percent more in areas with a
mature tree canopy (Wolf 2005, 2007, 2009).
It is important to note that these local greening efforts
have been found to be most effective when retailers work
together, as they would in a formalized business district, to
create a larger-scale shopping environment for customers
(Wolf 2004). Moreover, design and execution matter. Green
infrastructure improvements should not interfere with a
customer’s ability to see store signage and must be properly
maintained in order to produce an appealing environment
(Wolf, 2004).

4.3 Energy Savings
Trees and green roofs can decrease the amount of energy
needed for heating and cooling individual buildings, which
leads to direct cost savings for owners. On average, heating
accounts for 26.6 percent of total energy use in commercial
buildings, and cooling accounts for about 10.1 percent (U.S.
Department of Energy 2011).

Trees can reduce building energy demand for heating and
cooling by providing shade and evaporative cooling and
blocking winter winds. Extensive research conducted by the
U.S. Forest Service demonstrates that trees tend to reduce
building energy consumption for cooling in the summer, and
can either increase or decrease energy use for heating in the
winter, depending on the climatic region, size and type of
tree, and location of the tree relative to the building (Nowak
et al.2012, McPherson et al. 2006, Center for Neighborhood
Technology and American Rivers 2010). For example, studies
have found that in colder areas, shading can actually increase
energy demand for heating. At the same time trees that
serve as wind breaks in warm areas generally do little to
reduce building energy demand (Center for Neighborhood
Technology and American Rivers 2010). Several studies have
estimated the per-unit energy savings imparted by trees for
individual buildings, based on these factors.4 For example,
McPherson et al. (2006) estimated that in the Midwest region,
annual electricity savings due to reduced demand for cooling
range from 54 kWh for a small tree in a residential yard
opposite a south-facing wall to 268 kWh for a large tree in a
residential yard opposite a west-facing wall. Tables 1 and 2
present the estimated energy savings from the McPherson
study for different types of trees, as well as annual dollar
savings based on average electricity and natural gas prices for
the commercial sector as of March 2013.5
The Energy Information Administration (EIA) reports that
average annual residential electricity use in the Midwest is
about 10,764 kWh. Average annual residential natural gas
use in the region amounts to about 93,942 kBtu (EIA 2010).6
Thus, the findings of McPherson et al. suggest that a large
tree planted opposite a west-facing wall in a residential yard
would reduce annual electricity and natural gas demand by
about 2.5 percent and 3.3 percent, respectively.

Table 1. Annual electricity savings due to trees strategically planted in residential yards, averaged across 40-year life of tree
Opposite west-facing wall

Opposite south-facing wall

Opposite east-facing wall

Energy savings
(kWh/yr)

$ savings

Energy savings
(KWh/yr)

$ savings

Energy savings
(kWh/yr)

$ savings

Small tree: Crab apple
(22 ft. tall, 21-ft. spread)

96

$9.59

54

$5.39

68

$6.79

Medium tree: Red oak
(40 ft. tall, 27-ft. spread)

191

$19.08

99

$9.89

131

$13.09

Large tree: Hackberry
(47 ft. tall, 37-ft. spread)

268

$26.77

189

$18.88

206

$20.58

Sources: McPherson et al. 2006, EIA 2013a, b.
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Table 2. Annual natural gas savings due to trees strategically planted in residential yards, averaged across 40-year life of tree
Opposite west-facing wall

Opposite south-facing wall

Opposite east-facing wall

Energy savings
(kBtu/yr)

$ savings

Energy savings
(kBtu/yr)

$ savings

Energy savings
(kBtu/yr)

$ savings

Small tree: Crab apple
(22 ft. tall, 21-ft. spread)

1,334

$10.23

519

$ 3.98

1,243

$9.53

Medium tree: Red oak
(40 ft. tall, 27-ft. spread)

1,685

$12.92

–316

$(2.42)

1,587

$12.17

Large tree: Hackberry
(47 ft. tall, 37-ft. spread)

3,146

$24.12

2,119

$ 16.25

3,085

$ 23.65

Sources: McPherson et al. 2006, EIA 2013a, b.

In a study of five American cities—Berkeley, California;
Fort Collins, Colorado; Bismarck, North Dakota; Cheyenne,
Wyoming; and Glendale, Arizona—McPherson et al. (2005)
used computer simulations to examine changes in building
energy use caused by shade from street trees. For this study,
the location and distribution of street trees with respect to
buildings was based on a field sample for each city. Results
indicated that

n C
 haracteristics

of the roof itself, including soil depth,
extent of foliage, moisture content of the growing media,
and materials used for areas not covered in plantings
(Theodosiou 2003, Gaffin et al. 2005, as cited in Wise et al.,
2010; Clark, Adriaens, and Talbot 2008, Garrison, Horowitz,
and Lunghino 2012).

e nergy savings were particularly important in Berkeley
($553,061 per year, $15/tree)7 and Cheyenne ($186,967 per
year, $11/tree). The close proximity of street trees to buildings
in Berkeley resulted in substantial shading benefit during
the summer (95 kWh/tree). In Glendale, where summer
cooling loads were much greater, trees provided virtually
no shade to buildings because of their location along wide
boulevards. Their cooling benefit (44 kWh/tree) largely
was due to air-temperature reductions associated with
evapotranspiration. Winter heating savings were substantial
in Cheyenne ($88,276, $5/tree), where low temperatures and
strong winds accentuated tree windbreak effects.

4.3.2 Energy savings from green roofs
Green roofs can also provide energy savings for building
owners. Green roofs provide better insulation than
conventional roofs, reduce the amount of solar radiation
reaching the roof surface, and lower roof surface
temperatures through evaporative cooling (Wise et al., 2010).
The energy savings provided by green roofs depend on:
n L
 ocal

climate factors, such as temperature, relative
humidity, and wind speed

n B
 uilding

characteristics, including number of stories and
the portion of the building’s heating and cooling load that
is caused by heat flow through the roof;
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Empirical research demonstrates the energy saving
benefits of green roofs across climate ranges (American
Rivers et al. 2012). For example, Chicago’s 20,300-square-foot
green roof located on half of its City Hall–County Building
is estimated to yield $3,600 in annual building-level energy
savings (American Rivers et al. 2012). The green roof on the
Target Center Arena in Minneapolis, which encompasses
113,000 square feet, has reportedly decreased annual
building energy costs by $300,000 (American Rivers et al.
2012). As further evidence of green roof energy savings in
cooler climates, a Canadian model of a 32,000-square-foot
green roof on a one-story commercial building in Toronto
found reductions in total cooling and heating energy demand
of 6 and 10 percent , respectively (American Rivers et al.
2012, U.S. EPA 2008). When applied to the warmer climate
of Santa Barbara, California, the same model estimated a
10 percent savings in cooling costs (American Rivers et al.
2012, U.S. EPA 2008). The sources consulted for this report
do not differentiate between energy savings associated with
extensive green roofs (generally defined as having a depth of
3 to 6 inches) versus intensive green roofs (having a depth of
more than 6 inches to accommodate larger plants).8
In a report prepared for the city of Portland, Oregon, David
Evans and Associates (2008) reviewed a number of studies
that quantified the energy savings associated with green
roofs (e.g., Dawson 2002, Acks 2006). Results of this review
suggest that total energy savings from reduced heating and
cooling generally range between 5 percent and 15 percent
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compared with buildings with conventional roofs. Moreover,
two Portland-based studies found that extensive roofs
were effective in reducing annual cooling and heating by
12 percent for a single-story, 17,500-square-foot building.
Savings ranged between 0.17 kWh and 0.63 kWh per square
foot due to reduced cooling demand, and 0.02 therm per
square foot due to reduced heating demands (David Evans
and Associates 2008, Lee et al. 2007).
In a recent NRDC study on the benefits of green roofs
in Southern California, Garrison, Horowitz, and Lunghino
(2012) report that during the summer, a green roof can
reduce the average daily energy demand for cooling in a onestory building by more than 75 percent. However, modeling
results have generally indicated overall energy savings of up
to 25 percent annually, depending on building and green roof
characteristics and the site’s climate (Garrison, Horowitz, and
Lunghino 2012).
The NRDC study also notes that a green roof’s impact on
electricity use for cooling “is greatest on the top floor of a
building, immediately below the roof surface, and declines
with each additional story below the roof” (Garrison,
Horowitz, and Lunghino 2012). For example, results from
a recent study of green roof energy savings for a two-story
office building in Athens, Greece show that from May to
September, the green roof reduced energy demand for
cooling on the building’s top story by 27 percent to 58
percent per month. Energy demand for cooling the entire
building was reduced by 15 percent to 39 percent per month
(Garrison, Horowitz, and Lunghino 2012).
Another finding of the NRDC report is that green roofs
can provide additional energy savings for buildings that have
rooftop air-conditioning systems. Air-conditioning systems
typically begin to decrease in operational efficiency at about
95°F. Because green roofs reduce the ambient air temperature
on-site, they can help to avoid efficiency losses that occur on
hot summer days, thereby reducing costs and energy used for
cooling (Garrison, Horowitz, and Lunghino 2012).
In sum, although results vary depending on local climate,
and building and roof characteristics, studies consistently
show that green roofs can provide considerable energy
savings. This economic benefit, combined with reduced life
cycle costs (discussed below), have helped to make green
roofs “an increasingly favorable option for new construction
and the retrofit of existing structures” (American Rivers et al.
2012).
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4.4 Reduced Costs Associated
with Flood Damage
By reducing the volume of stormwater runoff, green
infrastructure practices provide a cost effective way
to manage the frequency and severity of localized
urban flooding (i.e., flooding caused by too much rain
overwhelming drainage systems and waterways during
relatively small rain events (Center for Neighborhood
Technology 2013)). When implemented at the watershed
scale, green infrastructure can also provide measurable flood
control benefits for larger, less frequent events (American
Rivers 2012). However,
 lthough large flood events impacting river systems may
A
lead to catastrophic damages and costs, these events occur
relatively infrequently. Smaller events are generally more
frequent and widespread, so although the damages tend to
be smaller in scale, the higher number of events can create a
greater overall economic burden on communities (American
Rivers et al. 2012).
For the private property owner, green infrastructure
implementation on-site can decrease the costs associated
with localized flooding by reducing property damage,
lessening stress and illness, and cutting the time lost to the
cleanup process. In addition, hedonic studies show that a
reduced risk of flooding can result in a 2 percent to 8 percent
increase in property values (Center for Neighborhood
Technology (CNT) and American Rivers 2010, Stratus
Consulting 2009).
In a recent survey of flood damage claims in Cook
County, Illinois (which encompasses Chicago), the Center
for Neighborhood Technology (CNT) found that urban
flooding “is chronic and systemic, resulting in damage that
is widespread, repetitive and costly” (CNT, 2013). The CNT
identified 176,980 damage claims made by households and
businesses in 96 percent of all Cook County zip codes over
five years (this is equivalent to one in six properties in the
county making a claim). Payouts averaged $3,733 each across
all types of claims, with total payouts amounting to $660
million. In an online survey of Cook County property owners
that had suffered from flooding within the last five years,
seventy percent of respondents estimated that their property
had flooded three or more times in the past five years, and
20 percent indicated they had undergone floods 10 or more
times. In addition, the survey found no correlation between
flood damage payouts and location in floodplains, indicating
that the majority of flooding was caused by impervious area
cover.
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4.5 Reduced Water Bills from Use
of Cisterns/Rain Barrels

In addition to damages found through claims, CNT’s
online survey findings indicate that there are widespread
social and economic costs that are not covered by claims.
Specifically:
n 8
 4

percent of respondents suffered stress;

n 1
 3

percent suffered from ill health;

n 4
 1

percent lost the use of part of their property;

n

63 percent lost valuables; and

n 7
 4

percent lost hours of work due to cleanup.

Source: PWD 2013b.

Although green infrastructure has the potential to reduce
on-site flooding, the effectiveness of improvements at the
individual property level is not clear (and to our knowledge
has not been thoroughly studied). In CNT’s analysis, the
majority of respondents (76 percent) had invested in
measures to prevent future flooding, such as downspout
disconnection, rain gardens, structural modifications,
and pumps, with downspout disconnection and pumps
being the most common investments. Only 6 percent of
respondents believed that these investments had solved
their flooding problem. Fifty-four percent said it had not
solved their problem, and 40 percent indicated that they
did not know (CNT, 2013). The flood reduction benefits of
green infrastructure may be more applicable at slightly larger
scales (e.g., housing developments, business improvement
districts).

Rain barrels and cisterns can be a relatively low-cost option
for reducing stormwater runoff. During storm events, water
runs from roofs into downspouts and then into rain barrels
and cisterns, captured for later use. This water can be used to
water lawns, gardens, or plants; flush toilets; or clean outdoor
furniture and equipment (PWD 2008). However, rain barrels
and cisterns must be disconnected in wintry or freezing
conditions to prevent damage to downspouts and barrels
or cisterns. Additionally, certain roofing materials, such as
treated wood shingles, among others, have the potential
to affect water quality (PWD 2008). The benefit to property
owners from stormwater capture is a reduction in metered
water use.
The benefits to property owners from rain barrels and
cisterns vary, in part due to:
n t he

number and intensity of storm events throughout the
year;

n t he

number of months the barrels are disconnected (to
prevent damage from freezing);

n r
 oof

dimensions;

n c
 istern

or barrel capacity;

n c
 urrent

usage of metered water for non-potable
applications (or future possible uses of non-potable water);
and

n l ocal

water rates.

In addition, stormwater management goals and
water reuse goals are not always in complete alignment.
Stormwater management may require faster dewatering to
get ready for the next storm than the pace of water reuse
required by the building.
With these considerations in mind, researchers have
attempted to measure the effectiveness of rain barrels for
homeowners. A study of Cleveland Heights, Ohio, found that
500 square feet of roof can produce up to 6,750 gallons of
runoff from mid-April to the beginning of November during
an average year (Jennings et al. 2013). However, only the
first 0.17 inch of runoff can be managed by a 50-gallon rain
barrel, assuming it is empty for each storm event (Jennings
et al. 2013). Therefore, the maximum capacity of the rain
barrel over the course of an average year is 4,313 gallons.
In a Washington, D.C., case study, researchers found that
over eight months (January–August), a 900-square-foot
roof and 75-gallon rain barrel captured approximately
2,752 gallons of water (Metropolitan Washington Council
of Governments 2001). The Philadelphia Water Department
A 55--gallon household rain barrel in Philadelphia.
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(PWD) estimates that with average local rainfall (from about
64 storms a year), a 54-gallon residential rain barrel captures
a total of 3,456 gallons of water annually (PWD 2012). A
similar evaluation homes with 1,200-square foot rooftops in
Milwaukee found that the use of two 90-gallon rain barrels
per home would annually capture more than 6,000 gallons
per residence, taking into account seasonal disconnection
and overflow during large storm events (Sands and Chapman
2003). These studies demonstrate that the variability of rainbarrel effectiveness depends heavily on roof size and barrel
capacity.
Nonresidential properties with large roofs can
accommodate large-capacity cisterns. The EPA reports
that one large building in Seattle and another in New York
City use large-capacity cisterns to meet 60 percent and 50
percent of their toilet flushing needs, respectively (U.S. EPA
2008, as cited in Foster, Lowe, and Winkelman 2011). In
rainy Seattle, one commercial office building plans to
install a 56,000-gallon cistern to meet the entire building’s
water needs after filtration and disinfection (Nelson 2013).
Projects like this can greatly reduce—or eliminate—a
building’s metered water expenses. However, they can also
have large up-front capital costs and ongoing maintenance
requirements.
For further information, the EPA provides guidance and a
calculator on how much rain an individual roof will produce
(U.S. EPA 2013). Information on historical rainfall is available
from the National Weather Service (water.weather.gov/
precip/index.php).

4.6 Stormwater Fee Credits and
Other Financial Incentives
Private property owners can benefit from stormwater fee
credits (i.e., discounts) and other local incentives associated
with green infrastructure implementation, such as grants, tax
credits, rebates and cost-share programs, and development
incentives. Examples of each of these incentive programs are
discussed below.

4.6.1 Stormwater fee credits
Stormwater fee discounts are the most common type of green
infrastructure incentive program (WEF 2013). As described
above, many municipalities and clean water agencies are
adopting fee structures that account for the impact of
stormwater from private properties. There are currently more
than 1,400 local stormwater utilities across the nation, and
the majority bill property owners, in whole or in part, on the
basis of the amount of impervious surface on their properties
or some other surrogate for the amount of runoff generated
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Primary types of financial incentives for green
infrastructure
n S
 tormwater

fee discounts: These require a
stormwater fee that is based on impervious area. If
a property owner lessens his need for service by
reducing the impervious area and volume of runoff
from the property, the municipality reduces the fee.

n G
 rants:

Direct funding may be given to property
owners and/or community groups to implement a
range of green infrastructure projects.

n R
 ebates

and installation financing: Property owners
who install approved green infrastructure practices
may receive funding, tax credits, or reimbursements.
Financing is often tied to practices needed in certain
areas or neighborhoods.

n D
 evelopment

incentives: These are offered to
developers when they apply for development permits.
Examples include zoning upgrades, expedited
permitting, reduced gray infrastructure stormwater
requirements, and increases in floor area ratio.

Source: Adapted from U.S. EPA 2009.

by their properties (Western Kentucky University 2013).
Many of these localities offer discounts based on a property’s
installation of green infrastructure or on its ability to meet a
specific performance standard, which can lead to significant
savings. In Philadelphia, for example, an 80 percent discount
on a property’s stormwater fee can be achieved if green
infrastructure is installed to manage runoff from a 1-inch
storm event (PWD 2013c, 2013d).

4.6.2 Grants
Grants to private property owners can encourage green
infrastructure implementation. The Green Improvement
Fund in Onondaga County, New York, provides grant funding
to commercial properties that install green infrastructure
retrofits in specific sewer districts. Grants are determined
by the amount of stormwater captured. As of June 2013, the
county has distributed about $3.8 million in these grants.
New York City has a Green Infrastructure Grant Program,
which has committed more than $11 million to 29 green
infrastructure retrofit projects on private property since 2011.
Philadelphia, under its Stormwater Management Incentives
Program, has awarded $7.9 million in competitive grants
for green infrastructure retrofits on commercial properties.
(Chen & Hobbs 2013.)
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4.6.3 Tax credits
Many municipalities offer tax credits to property owners who
install green infrastructure. In New York City, recently-passed
legislation renews and expands upon a property tax credit
for green roofs, allowing a property owner to earn a one-year
credit of up to $200,000 for the inclusion of a green roof on
at least 50 percent of a structure (New York State Legislature
2013). Similarly, in Philadelphia, tax credits are granted
to businesses that install green roofs on their buildings.
The credit can be claimed against an applicant’s Business
Privilege Tax for the year in which the green roof installation
is completed. The credit amounts to 25 percent of the cost
of installing the green roof, up to $100,000 (Philadelphia
Industrial Development Corporation 2013). Anne Arundel
County, Maryland, enacted a credit toward real property taxes
for the implementation of green stormwater management
techniques. The value of the credit is up to 10 percent of the
cost of materials and installation, taken annually for five
years. The maximum is $10,000 over the five years (Anne
Arundel County 2010).

floor area for every one square foot of green roof installed,
provided the green roof covers at least 60 percent of the
roof area. Meanwhile, cities like Austin, Chicago, and Santa
Monica provide discounts for builders who employ lowimpact development (LID) practices (Roseen et al. 2012).

4.7 Reduced Crime
As stated by Wolfe and Mennis (2012), there are two schools
of thought regarding the impact of vegetation on crime:
“The first is the belief that vegetation facilitates crime
because it hides perpetrators and criminal activity from
victims and bystanders. The second, and more recent,
school of thought claims that the presence of vegetation
can actually deter crime.” The concept of crime prevention
through environmental design (CPTED) recognizes that
social monitoring of public spaces—of having “eyes on the
street”—and quality landscape can encourage more public
use of city spaces.
The impact of vegetation/landscaping on crime

4.6.4 Rebates and cost-share programs
A number of municipalities around the country offer
rebate and cost-share programs for green infrastructure
development. These rebate programs help subsidize the
up-front cost of green infrastructure project implementation
in an effort to encourage greater private-parcel owner
investment in such projects. Rebate and cost-share
programs typically offer a list of eligible practices, such as
installation of cisterns, permeable pavement, or green roofs.
For example, Milwaukee’s Regional Green Roof Initiative
provides up to $10 per square foot of an approved green roof
project (Milwaukee Metropolitan Sewerage District 2013).
In Maryland, Montgomery County coordinates RainScapes
Rewards, providing rebates based on the amount of runoff
captured through green infrastructure practices. Residential
properties are capped at $2,500, and commercial, industrial,
and institutional parcels are capped at $10,000 (Montgomery
County Department of Environmental Protection 2013). King
County, Washington pays builders for 50 percent of the costs
of green infrastructure retrofits, up to $20,000(MacMullan
and ECONorthwest 2010, as cited in Roseen et al. 2012).
Seattle’s Rainwise program offers private property owners a
rebate that covers most of the cost of installing cisterns and
rain gardens (Seattle Public Utilities 2013).

n A
 mong

minor crimes, there is less graffiti, vandalism,
and littering in outdoor spaces with natural landscapes
than in comparable plant-free spaces (Brunson 1999).

n P
 ublic-housing

residents with nearby trees and natural
landscapes reported 25 percent fewer acts of domestic
aggression and violence (Kuo and Sullivan 2001).

n P
 ublic-housing

buildings with high levels of vegetation
had 52 percent fewer total crimes, 48 percent fewer
property crimes, and 56 percent fewer violent crimes
than buildings with little vegetation (Kuo and Sullivan
2001).

n S
 tudies

of residential neighborhoods found that
property crimes were less frequent when there were
trees in the right-of-way and more abundant vegetation
around a house (Lorenzo and Wims 2004, Donovan and
Prestemon 2012).

n I n

a study of community policing innovations, there was
a 20 percent overall decrease in calls to police from the
parts of town that received location-specific treatments.
Cleaning up vacant lots was one of the most effective
treatment strategies (Braga and Bond 2008).

n R
 esearch

4.6.5 Development incentives
Many municipalities offer additional incentives for including
green infrastructure in new development or redevelopment
projects. MacMullan (2010, as cited in Roseen et al. 2012)
reports that Portland, Oregon, has a green roof bonus in its
zoning code that provides an additional three square feet of
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in the Baltimore region suggests that a
10 percent increase in tree cover would be associated
with an 11.8 percent decrease in crime rate, all else
being equal (Troy, Grove, and O’Neil-Dunne 2012).

Source: Adapted from University of Washington 2013.
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Overall, recent research indicates that green infrastructure
has the potential to reduce crime on private property,
especially in urban areas. Crime reduction is associated with
specific types of vegetation, such as open space covered with
grass and tall trees. Conversely, vegetation such as shrubs
and bushes that provide places for criminals to hide has been
found to increase crime. However, shrubs and bushes can
be designed and arranged to minimize their impact on sight
lines, providing pleasant places for people to gather and thus
improving safety and security.
Despite existing research showing crime-reduction
benefits, the extent of the reduction is unknown, and “it is
possible that crimes are merely displaced to other areas of
the city” (Donovan 2009 as cited in Entrix, Inc. 2010). Based
on the literature reviewed below, crime reduction is likely
to be achieved by trees, green streets, and landscaping (in a
business district), and potentially by green roofs. A study on
the costs associated with specific types of crime in the United
States (in terms of both government resources and costs to
victims) estimates that the average cost of a property crime
(i.e., stolen property) amounts to $7,974 (2008 USD) and
the average cost of an act of vandalism is $4,860 (2008 USD)
(McCollister, French, and Fang 2010).
As cited in Entrix, Inc. (2010), the Landscape and Human
Health Laboratory at the University of Illinois at Urbana/
Champaign describes several ways in which vegetation
lowers crime:
“First, greenery helps people to relax and renew, reducing
aggression. Second, green spaces bring people together
outdoors, increasing surveillance and discouraging
criminals. Relatedly, the green and groomed appearance of
an apartment building is a cue to criminals that owners and
residents care about a property and watch over it and each
other” (University of Illinois).
Kuo and Sullivan (2001) used police crime reports to
examine the relationship between vegetation and crime in
buildings located within the same housing development in
inner-city Chicago. Controlling for building characteristics
(i.e., number of apartments per building and building
height), the authors found that buildings with high levels
of vegetation had 48 percent fewer property crimes and 56
percent fewer violent crimes than buildings with low levels
of vegetation. Buildings with medium levels of vegetation
were found to have 40 percent fewer property crimes and 44
percent fewer violent crimes. This study specifically looked at
grass and widely spaced, high-canopy trees.
Donovan and Prestemon (2012) investigated the
relationship between vegetation and crime based on
data for 2,800 single-family homes in southeast Portland.

Buckman Heights Apartments, Portland, OR.

Results of the study found that on private lots, low trees that
decreased views from first-floor windows were associated
with increased crime occurrence, while taller trees were
associated with decreased crime. Street trees were generally
associated with decreased crime, especially decreased
vandalism. The authors reason that “trees may reduce crime
by signaling to potential criminals that a house is better
cared for and, therefore, subject to more effective authority
than a comparable house with fewer trees.” (Donovan and
Prestemon 2012)
Troy, Grove, and O’Neil-Dunne (2012) found a strong
inverse association between crime rates and tree canopy
cover in the Baltimore region, after controlling for many
factors. However, the authors report geographic variability in
the relationship between crime and trees, and in a few areas
a positive relationship was found—that is, areas with high
levels of tree canopy cover had increased crime rates. The
authors suggest that results in these areas “may relate to the
fact that they contain relatively large interface zones between
residential and industrial uses, where vegetation tends to be
more unmanaged.” (Troy et al. 2012) Thus, the trees provide
potential concealment for criminals rather than acting as a
deterrent.
In a study of trees and crime in Philadelphia, Wolfe and
Mennis (2012) found that vegetation abundance is associated
with lower crime rates for assault, robbery, and burglary
(increased vegetation was not found to significantly impact
theft). This study controlled for several socioeconomic
indicators of crime, including educational attainment,
population density, and poverty rates.
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4.8 Improved Health and Job
Satisfaction for Office Employees

4.9 Reduced Infrastructure
and Life Cycle Costs

Workers have a strong and clear preference for nature near
the workplace. Satisfying this preference is not necessarily
difficult to achieve. Kaplan (2007) found that office workers
have a moderate preference for native plants and rain
gardens. However, even more than native plants or rain
gardens, workers appreciate access to areas with flowers or
color, large trees, and especially nature-lined walking paths
(Kaplan 2007, Hands and Brown 2002, Snep 2008).
The benefits of these physical improvements have been
explored to some extent. In a study in Denmark, Lottrup
(2012) found that physical access to green space improved
employee satisfaction and well-being and reduced levels of
stress. Views of nature also produced these improvements,
but to a lesser extent. Kaplan (1993) made similar findings,
demonstrating that nature improves employee satisfaction
and that workers with a view of nature reported better
health than those without a view. (However, the study
stopped short of evaluating whether employees with views
of nature reported fewer sick days.) In a study of nurses in a
hospital setting, researchers found improvement in alertness
(i.e., performance) for nurses who had views of nature (Pati,
Harvey, and Batach 2008). Plympton, Conway, and Epstein
(2000) and Kellert (2004) describe how greater exposure to
nature and natural lighting can result in improved cognitive
performance, improved overall health and development,
higher test scores, improved attendance, and greater teacher
satisfaction in schools.
It is important to note that green space does not need to be
extensive or pristine to provide a benefit. Kaplan (1993) used
a series of surveys and found that benefits may come from
as little as “a few trees, some landscaping, or some signs of
vegetation. In fact, the presence of other buildings or parking
lots does not seem to be a problem, as long as the natural
world is there too.”

Several studies and real-world applications have found that
green infrastructure can reduce gray infrastructure and life
cycle costs associated with private property improvements.
For example, green roofs do not need to be replaced as often
as conventional roofs and can reduce heating, ventilating,
and air conditioning (HVAC) needs on-site (David Evans and
Associates 2008). A parking lot constructed with permeable
pavement (such as interlocking concrete pavement blocks)
can have significantly lower maintenance costs compared
with asphalt. Although these types of benefit are maximized
in the context of development and redevelopment projects,
they can also be realized by property owners retrofitting
existing developed spaces. (Note, however, that the
category of benefits described in Section 4.9.3 is specific to
development projects and would not apply to retrofits of
existing development.)
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4.9.1 Green roof benefits
In a study of the benefits of extensive green roofs in Portland,
the Evans group reported that a typical conventional roof
has a life expectancy of 20 years, while an ecoroof has a life
expectancy of at least 40 years. The authors attribute the
longer life expectancy of green roofs to growth medium
and plantings that help to “protect the roof’s waterproof
membrane from ultraviolet radiation, extreme temperature
fluctuations, and damage from use or maintenance”(David
Evans and Associates 2008).9
Based on this assumption, a conventional roof would
need to be replaced or significantly repaired once over the
period of a green roof’s expected life. The authors estimated
that for a 40,000-square-foot roof, the avoided presentvalue cost of not having to replace a conventional roof after
20 years would amount to about $561,700 (2008 USD). In
addition, depending on the size of the building relative to the
square footage of the green roof (the fewer floors, the more
pronounced the impact), the building may be able to operate
with a smaller HVAC system, thus saving the building owner
money. For example, a California study found that green
roofs can save about $0.10 per square foot in air conditioning
system capital costs (David Evans and Associates 2008).
Applying this study to a five-story building with 40,000 square
feet per floor, Evans estimated that the use of an ecoroof in
Portland would reduce cooling equipment size per floor,
resulting in a capital (one-time) cost savings of $21,000.
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Installation of porous pavers at the Energy Exchange in Milwaukee, WI
(November 2009).

4.9.2 Permeable pavement benefits
The capital costs of permeable pavement systems range from
about $2 to $6.50 per square foot for porous concrete, $5
to $10 for interlocking pavers, and $1.50 to $5.75 for grass/
gravel pavers. By contrast, the cost of traditional asphalt
is about $0.50 to $1.00 per square foot (U.S. EPA and LID
Center, 2007). As exemplified below, despite the higher
capital costs, permeable pavement systems can have lower
annual maintenance costs, resulting in lower overall life cycle
costs compared with conventional pavement. The costeffectiveness of different types of permeable paver systems
depends on site-specific conditions.
Further, the Low Impact Development (LID) Urban Design
Tool website (a joint effort of the EPA and the LID Center)
notes that an accurate price comparison between permeable
pavement and traditional asphalt systems must include
the full installation costs of each system (U.S. EPA and LID
Center, 2007). For example, an impervious paving system
includes drains, reinforced-concrete pipes, catch basins,
outfalls, and stormwater connects. When these are taken into
account, an asphalt or conventional concrete stormwater
management paving system could cost between $9.50
and $11.50 per square foot, whereas the a full permeable
pavement system (which can include some of the same
components) can reduce costs by 50 percent or more.
In a study of capital and maintenance costs for alternative
stormwater management practices in the northeastern
United States, Houle et al. (2013) found that of all the
practices evaluated (including both conventional and green
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infrastructure), porous asphalt had the lowest maintenance
burden overall in terms of personnel hours, and the secondlowest annual maintenance costs. Annual operations and
maintenance (O&M) costs amounted to $0.06 per square
foot, which represented 4 percent of the project’s total
capital costs. The authors noted that pavement vacuuming
accounts for the majority of costs associated with asphalt
maintenance, but that this service is becoming increasingly
available in the private sector. This will serve to further
reduce overall maintenance costs. The authors did not
compare the costs of porous pavement systems with the costs
of traditional asphalt.
In a preliminary analysis of the life cycle costs associated
with porous pavement, the Lake County (Illinois) Forest
Preserves found that for a 40,000-square-foot parking lot, the
cost for installation, biannual vacuum sweeping, and other
maintenance associated with a permeable paver system
would amount to about $240,365 over 25 years.10 For an
asphalt parking lot of the same size, the cost was estimated to
be about $348,637 over 25 years, including installation, crack
sealing, seal coat application, striping, patching, and surface
replacement (Lake County Forest Preserves 2003). Although
this shows significant savings, the expected life spans of the
porous pavement and traditional pavement systems were not
reported by the authors.
In a study of the benefits of green infrastructure for private
property owners, undergraduate students of Columbia
University’s Workshop in Sustainable Development
found significant cost savings associated with the use of
interlocking concrete pavement blocks (ICPB) for parking lots
compared with asphalt and with other types of permeable
pavement systems such as porous concrete or grass/gravel
pavers (Columbia University 2011). Relying on data from the
Charles River Watershed Association (CRWA), the Interlocking
Concrete Pavement Institute, and a permeable pavement
vendor (McCormack and Son), the study found that despite
the higher capital costs, ICPB is the cheapest and most costeffective method due to its lower maintenance requirements.
For example, porous concrete requires “periodic jetting or
brushing to unclog blocked pores and to maintain system
performance” (McCormack and Son 2013), and maintenance
costs for vacuum sweeping a half-acre parking lot made of
porous concrete amount to approximately $400–$500 per
year (CRWA 2008). ICPB also requires sweeping (at least
once a year) but may have lower maintenance costs overall.
For highly clogged pavement openings, the stones can be
removed with vacuuming and replaced with clean material.
This is a distinct maintenance advantage over pervious
concrete and porous asphalt pavements (ICPI 2013).
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Savings associated with permeable pavement were also
demonstrated in West Union, Iowa. (U.S. EPA, 2013a). When
designing a green street project, the city compared the life
cycle costs (including capital and O&M costs) associated
with the use of a permeable paver system in the downtown
area versus using traditional bituminous or Portland cement
concrete pavement. Cumulative costs were analyzed over
a 57year project period. Results of the life cycle analysis
showed that although the use of porous pavement would
initially be more expensive, in the long run the lower
maintenance and repair costs would result in cost savings.
The city estimates that it will begin to realize these savings by
year 15 of the project. Estimated cumulative savings over the
57year analysis period amount to close to $2.5 million.

that were originally considered part of the development that
could be replaced or eliminated with BMP construction were
identified and a cost savings assigned to them (e.g., savings
due to reduced earthwork and/or pavement needed).
The benefits associated with the availability of additional
developable land (due to the reduced need for large
stormwater detention facilities) were also included in the
calculations.
The study found significant cost savings with the
application of BMPs for all four development types, ranging
from $89,043 in savings for the multifamily development to
$168,898 in savings for the commercial/retail development
(U.S. EPA 2013a).

4.9.3 Reduced infrastructure costs and
increased sales for development projects

4.10 Summary of potential benefits

Beyond the specific context of stormwater retrofits, the
EPA finds that, in general, implementing well-chosen
green infrastructure and/or low impact development (LID)
practices in development projects reduces total project
costs. “Specifically, utilizing LID can result in net project cost
savings by decreasing the amount of required, and expensive,
belowground drainage infrastructure and reducing or
eliminating the need for other stormwater management–
related facilities” (Roseen et al. 2012).
Additional benefits associated with LID for new
development projects include reduced site preparation costs
and an increase in the number of allowable buildable lots,
Clar (2003) demonstrates a number of cost-saving benefits
associated with redesigning a conventional subdivision in
Maryland with LID designs, including 1) the elimination of
two stormwater ponds that would have cost about $200,000),
2) an increase in the number of buildable lots, which added
approximately $90,000 in value to the project, and 3) reduced
land clearing requirements, which resulted in cost savings of
close to $160,000 (Clar 2003 as cited in Roseen et al. 2012).
The city of Lenexa, Kansas, analyzed the potential impacts
of green infrastructure–oriented development standards
within the city. Using existing site plans for single-family
residential, multifamily residential, commercial/retail, and
warehouse/office developments, the city selected green
infrastructure best management practices (BMPs) that would
meet specified water-quality goals for each development.
Next, the capital costs associated with BMP construction
were estimated. As part of this process, construction items
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As demonstrated throughout the preceding discussion,
the implementation of green infrastructure can result in
substantial benefits for commercial property owners. These
potential benefits include increased rents and property
values, increased retail sales, energy savings, reduced flood
damage, increased worker productivity, reduced water
bills, reduced crime, and lower infrastructure costs. Private
property owners can also benefit from stormwater fee credits
and other financial incentives, such as grant programs or tax
credits, in cities where such programs are available.
The magnitude of benefits realized by individual property
owners depends on a number of factors. Most important,
green infrastructure must be designed, implemented, and
maintained in a way that takes advantage of the benefits
it can provide. For example, good design is an important
component in realizing the benefits of increased rents,
occupancy rates, property values, and retail sales. In addition,
energy savings will depend on the location and types of
plantings, and avoided flood damage is dependent on proper
maintenance of the green infrastructure assets.
Community- and site-specific characteristics will also
influence the benefits realized. Factors including climate,
existing green space, remaining life of current gray
infrastructure assets (such as conventional roofs), and the
availability of financial incentives will affect the magnitude
of the benefits for any given property owner.
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5. Examples of Benefits to Private Property Owners
The following sections provide examples of potential green
infrastructure benefits for three representative building types:
a medium-size office building, a multifamily residential
building, and a set of retail stores. Assumptions and inputs
are highlighted for each analysis, and methods are briefly
discussed.

5.1 General Methods
The examples presented here are based on findings
from the literature discussed above and some very basic
assumptions. For building specifications, we relied on data
from the Department of Energy’s (DOE) commercial building
benchmark specifications (i.e., size of building and number
of stories) for a medium-size office building, a midrise
apartment, and a strip mall.11 For other parameters (e.g., lot
size, permeable area, property values, rental rates), we used
online data sources or made reasonable assumptions.
To estimate the potential benefits of green infrastructure
for each building type, we applied findings from the literature
described above and/or relied on existing models. For
example, to estimate energy savings associated with a green
roof, we input building and green roof assumptions into
the Green Roof Energy Calculator developed by the Green
Building Research Laboratory at Portland State University
(Green Building Research Laboratory, undated).
For each example, we conducted a net present value
analysis of benefits over a 40-year period. This analysis
includes a discount rate of 6 percent and assumes an annual
rate of inflation based on Congressional Budget Office (CBO)
projections for the Consumer Price Index (CPI). To project
electricity and natural gas prices into the future, we analyzed
the historic relationship between the change in price for
these commodities and the change in CPI (from 1990 through
2010). We assume these general relationships will hold in the
future.
It is important to note that the purpose of this effort is to
present the potential magnitude of benefits, as this research is
limited in scope. The actual application and associated value
of green infrastructure depends on site-specific conditions.
Further, although the costs (including both capital and O&M
costs) associated with green infrastructure improvements are
generally not included in this analysis, the benefits calculated
here are intended to demonstrate that the payback period
associated with green infrastructure is shorter than would be
anticipated if only a reduction in stormwater fees were taken
into account.12
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In addition, where the value of a certain benefit is known
to be contingent on factors that vary from one city to
another—such as local electricity rates used to determine the
value of energy savings, or the value of local rebates or other
financial incentives—we have used data from Philadelphia
for illustrative purposes. However, the analysis is intended
to be relatively generic in terms of location, such that the
basic lessons to be drawn from these examples are broadly
applicable nationwide. A more in-depth research effort would
better quantify these values for specific regions and building
types.

5.2 Medium-size Office Building
The figures below present the key office building
assumptions, the proposed green infrastructure property
improvements, and the resulting benefits. Subsequent text
describes the methods used for this analysis.
Building Assumptions
Size

53,600 sq. ft.

Stories

3

Roof size

17,900 sq. ft.

Lot area

32,000 sq. ft.

Permeable area (covered in turf)

1,000

Rent

$19.23 per sq. ft.

Green infrastructure improvements
n 1
 7,900-sq.-ft.

green roof, installed at the end of life of
the existing conventional roof, with green covering
80 percent of the surface, or 14,300 sq. ft. (Remainder
of roof is impervious area.)

n 2
 0

strategically planted trees,10 opposite a west-facing
wall and 10 opposite an east-facing wall

n 1
 0,000-sq.-ft.

permeable pavement parking lot, installed
at the end of life of the existing parking lot

n B
 ioswales

and rain gardens that manage 1 inch of
runoff from 4,700 sq. ft. of adjacent impervious area
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medium-size trees would be planted. We then applied
the energy savings associated with these trees based
on McPherson et al. (2006) and determined the value
of the energy savings based on current energy rates for
Pennsylvania.15
Results of these analyses indicate that the green roof would
reduce building energy costs by $920 annually, compared
with a conventional (dark albedo) roof. Energy savings from
the trees amount to $710 ($298 in electricity savings and $412
in natural gas savings), on average, over the assumed 40year life of the trees.16 McPherson’s model takes into account
the time it takes trees to reach full maturity (and therefore
to provide the full energy savings benefit) and assumes a 60
percent survival rate over the 40-year period.

Potential Benefits
Quantified benefitsa
Energy savings due to reduced
demand for heating and cooling

$1,630 annually

Avoided conventional roof
replacement costs

$271,970 present value over
40-year analysis period

Tax credit

$67,130 one-time credit
in year of installation

Increased rental income

$72,150 annually
(assuming no vacancies)

Stormwater fee reduction

$3,490 annually (projected
to increase 6% per year)

Non-quantified benefitsb
Increased property values

++

Reduced infrastructure costs
due to use of permeable
pavement system

+

Reduced crime

+/U

Improved health and employee
satisfaction

+ (for tenants and employees)

Reduced costs associated with
flooding

U

Total present value benefits
(over 40-year analysis period)c

$1,863,000 +

a. A
 ll annual values are presented in 2013 USD, with the exception
of the stormwater fee reductions which are presented in 2015
USD in accordance with the rates and credits available in the first
year of the project.
b.	Key: + would likely increase net benefits; + + would increase net
benefits significantly; U direction of net change is uncertain.
c.	Present value benefits over 40-year period were estimated on
the basis of a 6 percent discount rate, projected CPI, projected
increase in electricity and natural gas prices in relation to CPI
(based on historical relationship), and 6 percent annual increase
in stormwater fees. Improvements assumed to be implemented
in 2015. Avoided conventional roof replacement costs were
added to net present value of other benefits.

5.2.1 Quantified benefits
Energy savings due to reduced demand for heating and
cooling. Specific assumptions input into the Green Roof
Energy Calculator include the use of an “old” office building
located in Philadelphia with a total roof area of 17,900 square
feet.13 The green roof is assumed to cover 80 percent of the
roof, to have a soil depth of 6 inches and a leaf area index
of 2.5 (based on a scale of 0.5 to 5.0), and to not require
irrigation. Pennsylvania average commercial energy prices
for July 2013 were also entered into the model.14
To estimate the energy savings from 20 strategically
planted trees (10 trees opposite a west-facing wall and
10 trees opposite an east-facing wall), we assumed that

|

Avoided conventional roof replacement costs. To estimate
the avoided roof replacement costs due to the longer life
span of green roofs, we took the net present value avoided
costs calculated by David Evans and Associates (see Section
4.9.1) for a 40,000-square-foot roof, and scaled it to the roof
size of our hypothetical building (about 18,000 square feet).
On the basis of this simple application, we estimate that
the green roof in this example would avoid a net present
value of $271,966 in roof-replacement costs over the 40year analysis period.17 It is likely that there are economies
of scale associated with larger roof replacements (e.g., the
40,000-square-foot roof may cost less on a square-foot
basis than a much smaller roof), so this example may
underestimate total benefits
Tax credit. As described above, in many cities tax credits
are granted to businesses that install green roofs on their
buildings. In Philadelphia the credit amounts to 25 percent of
the cost of installation, up to $100,000 (City of Philadelphia
Business Services, 2013). According to the Philadelphia Water
Department (PWD 2013a), green roofs range in cost from $10
to $25 per square foot, depending on the type of roof. The
roof in this example contains 6 inches of soil and is therefore
considered an intensive green roof. We therefore use $15
per square foot as a conservative estimate for the cost of
the green roof (and therefore the tax credit). On the basis of
these assumptions, we estimate that the owners of the office
building would receive a one-time tax credit of $67,125 (25
percent of the estimated green roof capital cost of $268,500).
Increased rental income. The average rental rate for office
buildings in Philadelphia is $19.23 per square foot per year
(Loopnet.com, 2013). Applying this to the total floor space of
our hypothetical building (53,600 sq. ft.) amounts to a total
rental income of $1,030,728 per year for the property. As
discussed in Section 4.1.1, landscaping has been found to add
approximately 7 percent to the average rental rate for office
buildings. Applying this estimate to green infrastructure
improvements implemented at the office building could

PAGE 30 The Green Edge

potentially result in $72,150 of additional rental income each
year. In addition, the green infrastructure would likely reduce
vacancy rates within the building, helping to maximize rental
income. This analysis assumes that very little landscaping
design or green area existed at the site previously, the only
permeable area being 1,000 square feet of turf.
Stormwater fee reduction. All property owners in
Philadelphia pay a municipal stormwater fee to support the
capital and operational expenses of the city’s stormwater
infrastructure. The city’s stormwater fee consists of a fixed
monthly charge per parcel plus additional charges based on
the size of the property and the quantity of impervious area.
The city offers stormwater fee reductions (credits) to
property owners who install green infrastructure on their
property to reduce impervious area and/or capture runoff
on-site. For our analysis, fee reductions were calculated
using the city’s credit calculation methodology (PWD 2013c,
2013d).
For this hypothetical building, the green roof, permeable
pavement, tree plantings, bioswales, and rain gardens
installed on the property would produce a stormwater fee
reduction of $3,490 in 2015.
Stormwater fees are currently on an upward trajectory; for
purposes of this analysis, it was assumed that stormwater
fees and the corresponding credits would grow by an average
of 6 percent annually for the foreseeable future. Over the 40year analysis time frame, this building’s green infrastructure
facilities would produce a present value of $117,140 in
stormwater fee reductions.

to the property owner.) Due to the uncertainty associated
with the type of crime avoided and the number of events that
would be avoided (if any), we did not attempt to quantify this
benefit.
Improved health and employee satisfaction. Studies
have found physical access and views of green space can
improve employee satisfaction, well-being, alertness, and
cognition and reduce levels of stress. In this example, green
infrastructure would benefit the companies and employees
that rent the office space, and not necessarily to the property
owner. This benefit is partly reflected in the increased rents
companies are willing to pay for offices that have nice
landscaping or shading.
Reduced costs associated with flooding. The green
infrastructure improvements at this location may also help
to reduce costs associated with flooding (if located in an
area prone to flooding). However, benefits at the individual
property level are difficult to quantify. Reduced risk of flood
can also further increase property values.

5.3 Multifamily Building
The figures below present the key multifamily building
assumptions, the proposed green infrastructure property
improvements, and the resulting benefits. Subsequent text
describes the methods used for this analysis.
Building Assumptions

5.2.2 Non-quantified benefits

Size

33,740 sq. ft.

Increased property value. Although green infrastructure
would be likely to increase the property value at this building,
very little literature exists on this topic for commercial
properties. Thus, we did not attempt to quantify this benefit.

Stories

4

Roof size

8,435 sq. ft.

Lot area

12,435 sq. ft.

Existing permeable area (covered
in turf)

1,000 sq. ft.

Number of units

32

Rent

$1,265 per unit

Reduced infrastructure costs due to use of permeable
pavement system. Permeable pavement can have lower
life cycle costs than traditional asphalt. However, some
uncertainty surrounds the extent of these benefits. For this
reason, we did not attempt to quantify the reduced life cycle
costs.
Reduced crime. The green infrastructure improvements
at this site have the potential to reduce crime at the office
building. The average cost associated with property crimes in
the United States (in terms of both government resources and
costs to victims) is $7,974, and the average cost associated
with an act of vandalism amounts to $4,860 (2008 USD,
McCollister et. al. 2008). Thus, deterrence of even just one
instance of a property crime or act of vandalism would result
in notable savings. (In this example, savings would accrue to
the companies that rent the office space, and not necessarily
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Green infrastructure improvements
n 8
 ,435

sq. ft. green roof, installed at the end of the life
of the existing conventional roof, with green covering
90 percent of the surface, about 7,600 sq. ft.

n 1
 2

strategically planted large trees, 6 opposite a
west-facing wall and 6 opposite an east-facing wall

n B
 ioswales

and rain gardens that manage 1 inch of
runoff from 2,635 sq. ft. of adjacent impervious area
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To estimate the energy savings from the strategically
planted trees (6 trees opposite a west-facing wall and 6 trees
opposite an east-facing wall), we assumed that large trees
would be planted. We then applied findings from McPherson
et al. (2006) to determine total energy savings. On the basis
of these assumptions, the trees in this example would reduce
energy costs by $908 per year ($456 in natural gas savings
and $452 in electricity savings), on average.19 McPherson’s
model takes into account the time it takes trees to reach full
maturity (and therefore to provide the full energy savings
benefit) and assumes a 60 percent survival rate over the 40year period.

Potential Benefits
Quantified benefitsa
Energy savings due to reduced
demand for heating and cooling

$1,780 annually

Avoided conventional roof
replacement costs

$128,160 net present value
over 40-year analysis period

Tax credit

$52,720 one-time credit in
year of installation

Increased rental income

$77,720 annually
(assuming no vacancies)

Increased property value

$37,500 one-time benefit to
property owner at time of sale

Stormwater fee reductions

$1,230 annually(projected
to increase 6% per year)

Non-quantified benefitsb
Reduced crime

+/U

Reduced costs associated with
flooding

U

Total present value benefits
(over 40-year analysis period)c

1,740,000 +

a. A
 ll annual values are presented in 2013 USD, with the exception
of the stormwater fee reductions which are presented in 2015
USD in accordance with the rates and credits available in the first
year of the project.
b. Key: + would likely increase net benefits, + + would increase net
benefits significantly, U direction of net change is uncertain.
c. Present value benefits over 40-year period were estimated
on the basis of projected CPI, projected increase in electricity
and natural gas prices in relation to CPI (based on historical
relationship), and 6 percent annual increase in stormwater fees.
Improvements assumed to be implemented in 2015. Avoided
conventional roof replacement costs were added to net present
value of other benefits. (Increased property value is not included
in total present value of benefits because it is contingent on
whether [and when] the property is sold.)

5.3.1 Quantified Benefits
Energy savings due to reduced demand for heating
and cooling. Specific assumptions input into the Green
Roof Energy Savings Calculator include the use of an “old”
residential building in Philadelphia with a total roof area
of 8,435 square feet. The green roof is assumed to cover 90
percent of the roof, to have a soil depth of 8 inches (making
it an intensive green roof) and a leaf area index of 3.0, and
to not require irrigation. Results of the calculator indicate
that the green roof would reduce building energy costs by
$873 per year, based on July 2013 residential energy costs for
Philadelphia.18
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Avoided conventional roof replacement costs. To estimate
the avoided roof replacement costs due to the longer life
span of green roofs, we took the net present value avoided
costs calculated by David Evans and Associates for a
40,000-square-foot roof, and scaled it to the roof size of our
hypothetical building (about 8,435 square feet). On the basis
of this simple application, we estimate that the green roof in
this example would avoid a net present value of $128,158 in
roof replacement costs over the 40-year analysis period. It is
likely that there are economies of scale associated with larger
roof replacements (e.g., the 40,000-square-foot roof may cost
less on a square-foot basis than a much smaller roof), so this
example may underestimate total benefits.
Tax credit. Philadelphia’s green roof tax credit amounts
to 25 percent of the cost of installing a green roof, up to
$100,000 (City of Philadelphia Business Services 2013). For
this example, we use the high end of PWD’s cost range as our
cost estimate for the green roof ($25/square foot) because it
is an intensive green roof (having a soil depth of more than 6
inches, to accommodate larger plants). On the basis of these
assumptions, we estimate that the owners of the multi-family
building would receive a one-time tax credit of $52,718 (25
percent of the estimated green roof cost of $210,875).
Increased rental income. The average rental rate for
apartments in Philadelphia is $1,265 per month (RentJungle.
com 2013). With 32 apartments in our hypothetical building,
total rental income amounts to $485,760 per year (assuming
no vacancies) for this property. As discussed in Section 4.1.2,
green roofs have been found to add approximately 16 percent
to the average rental rate for multifamily units. Thus, a green
roof implemented at the multifamily building would result in
a maximum of $77,720 in additional rental income each year.
Although other improvements, such as the addition of trees
and other landscaping, could also add to the rental rate, it is
difficult to separate this effect from the effect of a green roof
in this simple analysis. Thus, we use 16 percent as an estimate
of potential rental premiums.
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Increased property value. As documented in Philadelphia’s
Triple-Bottom-Line Analysis of Alternative CSO Control
Policies (Stratus Consulting 2009), green infrastructure
improvements have been found to increase residential
property values by 2.5 percent.20 Based on a review of
multifamily buildings for sale in Philadelphia, $1.5 million
seems to be a reasonable assumption for the value of this
property. Thus, when selling the property, the owner could
expect to receive $37,500 more than he or she would have
without the green infrastructure improvements. Based on
Philadelphia’s tax rate of 1.34 percent of assessed value,
property taxes may increase by about $500 per year if the
assessed value also increased by this amount. The net benefit
(increased property value minus cost) is not factored into the
net present value analysis because the value of the benefit
depends on when (and if) the property is sold and how the
assessed value compares with the selling price (the assessed
value is often lower than the sale price, and therefore the tax
increase would likely be less than $500).
Stormwater fee reduction. All property owners in
Philadelphia pay a municipal stormwater fee to support the
capital and operational expenses of the city’s stormwater
infrastructure. The city’s stormwater fee consists of a fixed
monthly charge per parcel plus additional charges based on
the size of the property and the quantity of impervious area.
The city offers stormwater fee reductions (credits)
to property owners who install green infrastructure to
reduce impervious area and/or capture runoff on-site. Fee
reductions were calculated using the city’s credit calculation
methodology (PWD 2013c, 2013d). For this hypothetical
building, the green roof, tree plantings, bioswales, and
rain gardens installed on the property would produce a
stormwater fee reduction of $1,230 in 2015.
Stormwater fees are currently on an upward trajectory; for
the purposes of this analysis, it was assumed that stormwater
fees, and the corresponding credits, would grow by an
average of 6 percent annually for the foreseeable future.
Over the 40-year analysis time frame, this building’s green
infrastructure facilities would produce a present value of
$41,380 in stormwater fee reductions.

5.3.2 Non-quantified benefits
Reduced crime. The green infrastructure improvements at
this site have the potential to reduce crime at the multifamily
building. The average cost associated with property crimes in
the United States (in terms of both government resources and
costs to victims) is $7,974, and the average cost associated
with an act of vandalism amount to $4,860 (2008 USD,
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McCollister et. al. 2008). Thus, deterrence of even just one
instance of a property crime or act of vandalism would result
in significant savings. Due to the uncertainty associated with
the type of crime avoided and the number of events that
would be avoided (if any), we did not attempt to quantify
this benefit.
Reduced flood-related costs. The green infrastructure
improvements at this location may also help to reduce costs
associated with flooding (if located in an area prone to
flooding). However, benefits at the individual property level
are difficult to quantify. Reduced risk of flood can also further
increase property values.

5.4 Retail Center
The figures below present the key assumptions, proposed
green infrastructure property improvements, and the
resulting benefits for a midsize retail center. Subsequent text
describes the methods used for this analysis.
Building Assumptions
Size

40,000 sq. ft.

Stories

1

Roof size

40,000 sq. ft.

Lot area

128,000 sq. ft.

Existing permeable area
(covered in turf)

4,000 sq. ft.

Number of retail units

15

Rent

$17 per sq. ft.

Annual retail revenue

$2,182,000 per store

Green infrastructure improvements
n 4
 0,000-sq.-ft.

green roof, installed at the end of the life
of the existing conventional roof, with green covering
90 percent of surface, or 36,000 sq. ft.

n 5
 0

strategically planted medium-size trees, 25 opposite
west-facing walls and 25 opposite south-facing walls

n B
 ioswales

and rain gardens that manage 1 inch of
runoff from 2,000 sq. ft. of adjacent impervious area

n 7
 2,000-sq.-ft.
n C
 isterns

permeable-pavement parking lot

to capture runoff from 5,000 sq. ft. of roof area
and use for irrigation
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5.4.1 Quantified benefits

Potential Benefits

Energy savings due to reduced demand for heating and
cooling. Specific assumptions input into the Green Roof
Energy Calculator include the use of an “old” office building
in Philadelphia (retail stores are not an option in the
model). The green roof is assumed to span 90 percent of the
40,000-square-foot roof area, have a soil depth of 4 inches
and a leaf cover index of 2.5, and to not require irrigation.
Average Pennsylvania commercial energy prices for July 2013
were also entered into the model. Results indicate that the
green roof would reduce building energy costs by $2,460 per
year, on average.

Quantified benefits

a

Energy savings due to
reduced demand for heating
and cooling

$3,560 annually

Avoided conventional roof
replacement costs

$607,750 net present value over
40-year analysis period

Tax credit

$100,000 one-time credit in year
of installation

Increased rental income

~$27,000 or more per year
(assuming no vacancies)

Increased retail sales

$1.2 million per year

Stormwater fee reductions

$14,020 annually (projected
to increase 6% per year)

To estimate the energy savings from the strategically planted
trees (25 trees opposite west-facing walls and 25 trees
opposite south-facing walls), we assumed that medium-size
trees would be planted. We then applied the energy savings
associated with these trees based on McPherson et al. (2006)
to determine the value of the energy savings. Based on these
assumptions, the energy savings associated with the trees
amounts to about $1,103 per year ($671 in electricity savings
and $431 in natural gas savings).21,22

Non-quantified benefitsb
Water conservation

+

Increased property value

++

Reduced infrastructure
costs due to use of
permeable pavement
system

+/U

Reduced crime

+/U

Improved health and
employee satisfaction

+ (for tenants and their employees)

Reduced costs associated
with flooding

U

Total present value
benefits (over 40-year
analysis period)c

$24,202,000+
(including $22,963,800 in
increased retail sales, which
accrue to the tenants)

a. All annual values are presented in 2013 USD, with the exception
of the stormwater fee reductions which are presented in 2015
USD in accordance with the rates and credits available in the first
year of the project.
b. Key: + would likely increase net benefits, + + would increase net
benefits significantly, U direction of net change is uncertain.
c. Present value benefits over 40-year period were estimated
on the basis of projected CPI, projected increase in electricity
and natural gas prices in relation to CPI (based on historical
relationship), and 6 percent annual increase in stormwater fees.
Improvements are assumed to be implemented in 2015. Avoided
conventional roof replacement costs were added to net present
value of other benefits. (Increased rental income is not included
in total present value of benefits because there are no estimates
in the literature of rental increases for retail buildings, specifically;
and in order to avoid double counting of increased retail sales,
some of which would be passed on to the owners of buildings to
cover the higher rents.)

|

Avoided conventional roof replacement costs. To estimate
the avoided roof replacement costs due to the longer
life span of green roofs, we applied the net present value
avoided costs calculated by David Evans and Associates for a
40,000-square-foot roof to our hypothetical building. Based
on this simple application, we estimate that the green roof in
this example would avoid a net present value of $607,745 in
roof replacement costs over the 40-year analysis period.
Tax credit. Philadelphia’s green roof tax credit amounts to
25 percent of the cost of installation, up to $100,000 (City
of Philadelphia Business Services 2013). For this example,
we use the low end of PWD’s cost range as our cost estimate
for the green roof ($10/square foot) because the roof is an
extensive green roof, with a soil depth of less than 6 inches.
On the basis of this assumption, we estimate that the owners
of the retail center would receive a one-time tax credit of
$100,000 (25 percent of the estimated green roof cost of
$400,000, and the maximum credit provided).
Increased retail sales. As noted in Section 4.2, an ongoing
body of work has found that consumers are willing to spend
more (or pay a premium) on products, visit more frequently,
or travel farther to shop in areas with attractive landscaping,
good tree cover, or green streets (Wolf 2013). Specifically, in
areas with quality landscaping, customers indicate that they
are willing to pay 8 percent to 12 percent more (Wolf 2005,
2007, 2009).
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On the basis of Economic Census data for 2007 from the
U.S. Census Bureau, we assume that strip mall retail stores
average about $1 million in sales per year.23 With 15 midsize
retail stores in our hypothetical strip mall, this amounts to
$15 million in total sales. For analysis purposes, we assume
there are no existing trees on this retail site, and only minimal
landscaping (i.e., turf), prior to the retrofit.
If consumers were to pay 8 percent more (by buying
additional items or paying higher prices) after the addition of
vegetation, this would result in increased sales of $1.2 million
per year (or $80,000 per store). In addition, this does not
include additional profits associated with shoppers visiting
more frequently, or coming further away to visit the retail
center. Increased sales would not directly benefit the building
owner but would benefit the tenants at the strip mall.
Increased rental income. As discussed in Section 4.1.1,
major urban quality improvements have been found to add
22 percent (on average) to rental rates for retail buildings.
Similarly, the presence of quality vegetation and landscaping,
specifically, has been found to add about 7 percent to average
rental rates for office buildings. Although we were unable
to find specific estimates for the impact of vegetation and
landscaping on retail rental rates, findings from this related
literature suggest that the benefits of green infrastructure
(e.g., increased retail sales) would allow owners of retail
buildings to command higher rents. This additional rent
would offset a portion of the increased sales realized by the
retail tenants.
In the third quarter of 2009, the national average asking
price for retail rental space was about $17 per square foot
per year (Retail Tenant Source 2009).24 With 40,000 square
feet of rental space in our hypothetical strip mall, total
rental income amounts to $680,000 per year (assuming no
vacancies) for the property. As a conservative estimate, we
assume that rental rates would increase by at least half of the
amount that we would expect retail sales to increase (i.e., by
4 percent). With this assumption, the green infrastructure
at the retail center would result in an additional $27,200 in
rental income each year. Applying the same rate as found for
office buildings (7 percent), would result in an increase in
annual rents of $47,600. Given the lack of specific estimates
in the literature, and to avoid double counting of increased
retail sales (some of which would be passed on to the owners
of buildings to cover the higher rents), this benefit is not
included in the NPV calculation.
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Stormwater fee reduction. All property owners in
Philadelphia pay a municipal stormwater fee to support the
capital and operational expenses of the city’s stormwater
infrastructure. The city’s stormwater fee consists of a fixed
monthly charge per parcel plus additional charges based on
the size of the property and the quantity of impervious area.
The city offers stormwater fee reductions (credits)
to property owners who install green infrastructure to
reduce impervious area and/or capture runoff on-site. Fee
reductions were calculated using the city’s credit calculation
methodology (PWD 2013c, 2013d). For this hypothetical
building, the green roof, permeable pavement, tree plantings,
bioswales, rain gardens, and cistern installed on the property
would produce a stormwater fee reduction of $14,024 in 2015.
Stormwater fees are currently on an upward trajectory; for
purposes of this analysis, it was assumed that stormwater
fees, and the corresponding credits, would grow by an
average of 6 percent annually for the foreseeable future.
Over the 40-year analysis time frame, this building’s green
infrastructure facilities would produce a present value of
$470,990 in stormwater fee reductions.

5.4.2 Non-quantified benefits
Water conservation. The retail center will use water
collected in the cistern to irrigate the property’s green
areas. This will result in reduced water costs for the owner,
as well as an improved public image, such as described in
Section 4.1.3 in connection with eco-labels. Relative to the
benefits described above, the reduction in water costs is not
significant.
Increased property value. Although green infrastructure
would also likely increase property values at a retail center,
very little literature exists on this topic for commercial
properties. Thus, we did not attempt to quantify this benefit.
Reduced infrastructure costs due to use of permeable
pavement system. Permeable pavement can have lower life
cycle costs than traditional asphalt. However, there is still
some uncertainty surrounding the extent of these benefits.
For this reason, we did not attempt to quantify the reduced
life cycle costs.
Reduced crime. The green infrastructure improvements
at this site have the potential to reduce crime at the office
building. The average cost associated with property crimes in
the United States (in terms of both government resources and
costs to victims) is $7,974, while the average cost associated
with an act of vandalism amount to $4,860 (2008 USD,
McCollister et. al. 2008). Thus, deterrence of even just one
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instance of a property crime or act of vandalism would result
in significant savings. Due to the uncertainty associated with
the type of crime avoided and the number of events that
would be avoided (if any), we did not attempt to quantify this
benefit.
Improved health and employee satisfaction. Studies have
found physical access and views of green space can improve
employee satisfaction, well-being, alertness, cognition, and
levels of stress. In this example, green infrastructure would
benefit the companies that rent the retail space and their
employees, and not necessarily the property owner. This
benefit is partly reflected in the increased rents that tenants
are willing to pay for stores that have nice landscaping or
shading.
Reduced flood-related costs. The green infrastructure
improvements at this location may also help to reduce costs
associated with flooding (if located in an area prone to
flooding). However, benefits at the individual property level
are difficult to quantify. Reduced risk of flood can also further
increase property values.
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weather, resulting in overflows of raw human sewage mixed with polluted
runoff. These are known as “combined sewer overflows.”
2	This empirical study is based on data from the sales of terraced
houses in the district of Salo in Finland.
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SITES is an interdisciplinary effort by the American Society of
Landscape Architects, the Lady Bird Johnson Wildflower Center at the
University of Texas at Austin, and the United States Botanic Garden to
create voluntary national guidelines and performance benchmarks for
sustainable land design, construction, and maintenance practices.
4
Many of these studies have utilized the Urban Forest Effects
(UFORE) computer model (also known as iTree Eco), which was
developed by the U.S. Department of Agriculture (USDA) Forest Service
to help managers and researchers quantify urban forest structure and
its functions. The model calculates various forest functions and values
related to tree effects on air pollution, greenhouse gases and global
warming, and building energy use.

Wolf, K.L. 2005. “Business District Streetscapes, Trees, and Consumer
Response.” Journal of Forestry 103(8): 396-400.
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Wolfe, M.K., and J. Mennis. 2012. “Does Vegetation Encourage or Suppress Urban Crime? Evidence from Philadelphia, PA.” Landscape and
Urban Planning 108 (2–4): 112–122.

5	The Energy Information Association (EIA) reports that the average
cost of energy for the commercial sector in the United States is currently
$0.0999/kWh for electricity and $7.82/thousand cubic feet ($0.0077/kBtu)
for natural gas.
6
Represents annual weather-adjusted average for the Midwest
region from 2007 to 2009.
7
Dollar values are assumed to be reported in 2005 USD, the year of
publication. This was not specifically stated by the authors.
8	Extensive green roofs represent lower-maintenance green roofs
that are often installed on residential and commercial buildings. They
are typically lightweight (15−150 lbs./sq ft.) and have a soil depth of
3 to 6 inches. Extensive green roofs are limited to drought-resistant
vegetation. Intensive green roofs, by contrast, have many more plant
options, including trees and shrubs, and require fertilization, irrigation, and
maintenance.
9
In addition, the authors reported that “40 years is consistent with
international findings, where researchers expect that ecoroofs will last 50
years or more. For example, old ecoroofs in Berlin demonstrate a life span
of more than 90 years before important repairs or replacement may be
required.”
10 Costs updated from 2003 to 2013 USD using the Consumer Price
Index (CPI).
11	The commercial building benchmarks were developed for
professionals to use when analyzing whole-building energy performance
across the commercial building stock. The commercial benchmarks are
available for DOE’s EnergyPlus simulation software. The models provide
a consistent baseline of comparison and improve the value of computergenerated energy simulations. For the retail center example below
(section 5.4), we doubled the size of the DOE’s representative strip mall
building in order to be more representative of an area such as a small
business district.
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12 For some benefits, capital and O&M costs are taken into account
through the comparison of costs associated with green versus gray
infrastructure. For example, the analysis of green roof life cycle costs
demonstrates capital and O&M cost savings associated with green roofs.
A similar analysis is applied to permeable pavement.
13 New buildings are defined in the model as those built according
to the ASHRAE 90.1-2004 standard, while old buildings predate this
standard.
14 According to the Energy Information Administration (EIA), in July
2013 average commercial energy rates in Pennsylvania amounted to $
0.093/kWh for electricity (www.eia.gov/electricity/monthly/epm_table_
grapher.cfm?t=epmt_5_6_a) and $1.26/therm for natural gas (www.eia.
gov/dnav/ng/ng_pri_sum_dcu_SPA_m.htm).
15 Although McPherson’s estimate is for residential properties,
medium-size trees will reach about 40 feet high, thereby providing shade
over the entire height of the three-story building. This analysis assumes
that the mix of natural gas and electricity use in this office building is
relatively close to that of a residential building.
16 Average annual energy cost savings created by the strategically
planted trees were derived by multiplying the average energy savings
generated by the trees over the 40 year analysis period by 2013 energy
prices. The heating and cooling services provided by trees increases as
the tree grows, and thus will be lower in the years immediately following
planting.
17 In 2013 USD, David Evans and Associates estimates the avoided
replacement costs of a 40,000-square-foot green roof to be $607,745
(updated from 2008 USD cost of $561,718 using CPI).
18 According to the Bureau of Labor Statistics, in July 2013 Philadelphia
energy rates were $0.159/kWh for electricity and $1.22/therm for natural
gas. U.S. Bureau of Labor Statistics, www.bls.gov/ro3/apphl.htm.
19 Average annual energy cost savings created by the strategically
planted trees were derived by multiplying the average energy savings
generated by the trees over the 40 year analysis period by 2013 energy
prices. The heating and cooling services provided by trees increases as
the tree grows, and thus will be lower in the years immediately following
planting.
20	This represents the midpoint of most estimates from the literature.
21	This analysis assumes that the mix of natural gas and electricity use
in this retail building is relatively close to that of a residential building.
22 Average annual energy cost savings created by the strategically
planted trees were derived by multiplying the average energy savings
generated by the trees over the 40 year analysis period by 2013 energy
prices. The heating and cooling services provided by trees increases as
the tree grows, and thus will be lower in the years immediately following
planting.
23 Based on 2007 Economic Census data on total sales and
establishments for retail sales. According to the 2007 data, 45 percent of
all retail stores do less than $1 million in sales annually. An additional 20
percent earn between $1.0 million and $2.5 million, averaging about $1.5
million in annual sales. Thus, as a conservative estimate we use $1 million
as the average annual retail sales figure for this analysis.
24 2009 is the most recent year for which data were available. We did
not update the 2009 number to 2013 USD because changes in retail rental
rates do not necessarily correlate to changes in the CPI. For example, in
the third quarter of 2008, retail rental rates were 4 percent higher than in
same quarter of 2009 (Retail Tenant Source 2009).
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