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Introduction

This publication is meant to assist
green industry professionals in market-
ing and customer education efforts as
they explore marketing their products
and services to improve green infrastruc-
ture. Consumers are placing increasing
value on and acknowledging the critical
role that landscape plants play in the ur-
ban environment, from reducing urban
heat islands to improving the aesthetic
experience (i.e. curb appeal) we derive
from the landscape of an individual
home. Further, there is a growing body of
scientific literature evaluating the critical
role of trees in landscaping within urban
and suburban environments such as
residential neighborhoods, commercial/
industrial areas, and associated green
infrastructure such as park systems and
green belts.

An ecosystemis a community of living
organisms in combination with the non-
living components (air, water, mineral
soil) interacting as a system. One useful
tool for articulating the functions land-
scape plants do for us is the concept of
ecosystem services. “Ecosystem services
are the conditions and processes through
which natural ecosystems and the spe-
cies that make them up, sustain and fulfill
human life.” (Daily 1997).

As green industry professionals, we
know that landscape plants do a lot for
us. Though this s easily stated, it may not
be easy to precisely describe or quantity
the contributions of landscape plants to
ecosystem services. There is no definitive
list of ecosystem services nor a single
definition for the concept, but for the
sake of this publication we will be using
the working definition of the Millennium
Ecosystem Assessment, an inter-govern-
mental report involving the work of over
1,360 experts worldwide to assess the
consequences of ecosystem change for
human well-being: “Ecosystem services
are all benefits to humankind provided
by ecosystems.”

The focus of this publication is to
describe the contributions of woody
landscape plants to urban ecosystems
with the goal of aiding green industry
professionals in their work with custom-
ers who may have ecologically minded
demands. Customers may include private
businesses capitalizing on sustainability
initiatives, community associations pro-
moting open spaces, public firms engaged
in climate change mitigation, and private
homeowners hoping to increase the value
of their property.

Theresource list at the end of this doc-
ument provides readers more detailed
information. The free, peer-reviewed
software suite i-Tree from the U.S. For-
est Service is particularly valuable to
individuals, firms, and communities who
want to quantify the environmental ser-
vices provided by existing and potential
trees in their communities. The software
was particularly valuable in compiling a
list for comparing site suitability and eco-
system service benefit potential among
alist of landscape trees. For this list, see
the Species Reference Table located in the
Appendix.

Shade on Paved
Surfaces and Parked Cars
Reduces Evaporative Hydrocarbon
Emissions and Ozone Formation

Types of Ecosystem Services

Woody landscape plants provide
us with numerous valuable ecosystem
services, including improvement of air
quality, increased cultural and aesthetic
value, biodiversity potential, carbon
sequestration, energy conservation and
microclimate regulation, improvement
of human health, noise attenuation/
reduction, and stormwater manage-
ment. Green industry professionals must
express to their customers the ability of
landscape plants to improve green infra-
structure.

Air Quality

Back in the 1800s, parks, habitats for
trees and other landscape plants, were
referred to as the “lungs of cities” by
Frederick Law Olmsted, considered the
“Father of American Parks.” Air pollution
is a significant risk factor for a number
of health conditions, including respira-
tory infections, heart disease, stroke, and
lung cancer. The human health effects
of poor air quality are far reaching. The
most common sources of air pollutants
include particulate matter, ozone, nitro-
gen dioxide, and sulfur dioxide. Indoor
air pollution and urban air quality are
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Figure 1. The interaction between trees and air pollutants. Mike Thomas, International
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Table 1. Landscape plants with high tolerance to and potential for removal of carbon monoxide.

Common Name
Horse chesnut
Yellow birch
European hornbeam

Latin name

Aesculus hippocastanum
Betula alleghaniesis
Carpinus betulus

Carya glabra Pignut hickory
Catalpa speciosa Northern Catalpa
Celtis occidentalis Common hackberry
Chamaecyparis thyoides Atlantic white cedar

Latin name Common Name
Fagus grandifolia American beech
Liriodendron tulipifera Tulip tree

Prunus serotine Black cherry
Sassafras albidum Sassafras

Thuja plicata Western red cedar
Tilia americana American basswood
Ulmus americana American elm

Table 2. Landscape plants with high tolerance to and potential for removal of ground level ozone.

Latin name Common Name
Acer rubrum Red maple
Aesculus hippocastanum Horse chesnut
Betula alleghaniesis Yellow birch

Carpinus betulus
Caryal laciniosa

European hornbeam
Shellbark hickory

Carya ovata Shagback hickory
Celtis occidentalis Common hackberry
Corylus colurna Turkish hazelnut

American beech
White ash

Fagus grandifolia
Fraxinus americana

Latin name Common Name
Juglans nigra Black walnut
Liriodendron tulipifera Tulip tree
Magnolia acuminate Cucumber tree
Metasequoia glyptostroboides |Dawn redwood
Sassafras albidum Sassafras
Sequoia sempervirens Coast redwood
Prunus serotine Black cherry

Tilia americana American basswood
Ulmus americana American elm
Zelkova serrata Japanese zelkova

Table 3. Landscape plants with high tolerance to and potential for removal of sulfur and nitrogen.

Latin name Common Name
Acer rubrum Red Maple
Aesculus hippocastanum Horse Chesnut
Betula alleghaniesis Yellow birch
Cedrus deodara Deodar Cedar

Celtis occidentalis
Fagus grandifolia

Common hackberry
American beech

Fraxinus americana White ash

Ginkgo biloba Ginkgo
Gymnocladus dioicus Kentucky coffeetree
Juglans negra Black walnut

Latin name Common Name
Liriodendron tulipifera Tulip tree
Magnolia acuminate Cucumber tree

Picea abies Norway spruce
Pinus strobus eastern white pine
Platanus hybrid London planetree
Populus deltoids Eastern cottonwood
Tilia americana American basswood
Ulmus americana American elm
Zelkova serrata Japanese Zelkova

Table 4. Landscape plants with high tolerance to and potential for removal of particulate matter.

Latin name Common Name

Abies concolor White fir

Calocedrus decurrens Incense cedar

Cedrus libani stenocoma Hardy Cedar of Lebanon
Chamaecyparis thyoides Atlantic white cedar
Cryptomeria japonica Japanese red cedar
Magnolia grandiflora Southern magnolia
Picea abies Norway spruce

Picea pungens Blue spruce

listed as two of the world’s worst toxic pollution problems in
the 2008 Blacksmith Institute World’s Worst Polluted Places
report. Leaves contribute to the removal of pollutants from the
air,and itisimportant to develop landscapes with leaf growth at
multiple layers using shrubs, herbaceous perennials, and dwarf
and standard trees.
A few ways that plants reduce air pollution:
+ Absorptionofgaseous pollutants (e.g. ozone, nitrogen oxides,
and sulfur dioxide) through their leaves
+ Reductionofozoneconcentrationsatgroundlevelbyreducing
temperatures via evapotranspiration and shading
o Fuzzyleavesare much moreeffectivein capturing particulate
matter than smooth/hairless leaves
+ Collection of dust, ash, pollen, and other particulate matter
on their leaves, reducing its presence in the air breathed

Latin name Common Name
Pinus strobus Eastern white pine
Pinus taeda Loblolly pine

Taxus cuspidate Japanese yew

Thuja plicata Western redcedar
Tilia americana American basswood
Ulmus americana American elm
Zelkova serrata Japanese zelkova

In 2006 the city of Los Angeles started an initiative to plant
one million new trees. A comprehensive study of this initiative
estimates that, depending on the rate of tree mortality, these
trees will save the citizens of Los Angeles between 53 and 78
million dollars in healthcare costs alone over the next 35 years.

A research series in 2010 by the Virginia-based National
Recreation and Park Association published a list of trees asso-
ciated with improving air quality based on their tolerance for
specific air pollutants and their potential for removal of those
air pollutants. Plants from that list with a high tolerance of pol-
lutants and the potential for removal of various air pollutants
are provided in Tables 1, 2, 3 and 4.

Carbon monoxide is a colorless, odorless, and tasteless gas. It
is toxic to humans above concentrations of 35 ppm. A product
of exhaust from internal combustion engines, it is common in
urban areas.



Though not emitted directly by car engines or industrial
operations, 0zone is formed by the reaction of sunlight on air
containing the products of fuel combustion. Ground-level ozone
has the following health effects at concentrations common
in urban air: reduced lung function, aggravation of asthma,
increased susceptibility to respiratory infections, and damage
tolung lining. A study in 2004 estimated that decreasing urban
ozone concentrations by 33 percent would save roughly 4,000
lives per year in the U.S. (Bell et al. 2004).

Particulate matter is the term for solid or liquid particles
suspended in the air. Some are large enough to be seen, such
as soot or smoke. Others can only be detected with an electron
microscope. Particulate matter can be emitted directly from
combustion or formed in the atmosphere when sulfur and nitro-
gen oxides react to form fine particles. The PM-10 government
standard set by the EPA for inhalable particles with diameters
generally includes particles with a diameter of 10 micrometers
and smaller. Major concerns from exposure include effects
on breathing and respiratory systems, damage to lung tissue,
cancer, and premature death.

Both sulfur and nitrogen oxides are products of fossil fuel
combustion. Sulfur is linked to power plants and industrial
facilities, while nitrogen oxides are more commonly a product
of transportation and off-road equipment. Within 50 meters
of a roadway, concentrations have been measured to be ap-
proximately 30 to 100 percent higher than concentrations away
from roadways. As with other air pollutants, the primary health
impact is reduced respiratory function with risk for asthma in
children and the elderly (EPA).

A more complex relationship exists between trees and
ground-level ozone air pollution. Some tree species emit bio-
genic volatile organic compounds (BVOCs), which are precur-
sors to ground-level ozone. BVOCs (and other VOCs) react with
nitrogen oxides in the presence of sunlight to form ground-
level ozone. The formation of BVOCs by trees is temperature
dependent, with higher emission rates at higher temperatures,
though the amount they produce is minuscule compared to the
quantities of VOCs and other pollutants they absorb. In 2004, a
model simulation of a 20 percent loss of forest around Atlanta
led toa 14 percent increase in ground level ozone concentrations
for a modeled day (Cardelino and Chameides 1990). Analysis
of the model indicates “although there were fewer trees to emit

Figure 2. Comparative economic value of pollutant removal.
Nowak and Heisler, National Recreation and Park Association
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Source: NRPA.org - Air Quality Effects of Urban Trees and Parks (2010)

VOCs,anincrease in Atlanta’s air temperatures due to the urban
heat island [due to simulated tree loss] increased VOC emis-
sions” from remaining trees and human sources, an increase
in ground-level ozone concentrations. Similar modeling of the
New York City metropolitan area revealed that increasing tree
cover by 10 percent in urban areas reduced maximum ozone
levels by about 4 parts per billion (Luley and Bond 2002).

Cultural and Aesthetic Value

Adding plants to a landscape increases property values.
Good tree cover can raise the total sale price by 6 to 9 percent
(Morales, Boyce and Favretti 1976), and the mere presence of
trees may add a 3 to 5 percent premium to the sale price of a
property (Anderson and Cordell 1985). Hedges or landscaped
walls raises the sales price 4 percent (Des Rosiers et al. 2002).
In 2003 interviews with realtor associations advised that
“spending 5% of the value of your home on the installation of
a quality, low-maintenance landscape increased resale values
by 15%, which translates into a 150% return on the landscape
investment” (Taylor 2003). A low-maintenance landscape is an
uncrowded, simple landscape design that is not labor intensive.
General characteristics include fewer grassy areas, often offset
by hardscaping, mulched beds, and locally adapted, hardy
perennial plant material. A recent study in Toronto found that
“having 10 more trees in a city block, on average, improves
health perception in ways comparable to an increase in personal
income of $10,000 or being 7 years younger” (Kardan 2015).

Biodiversity Potential

Biodiversity is the variety of life on earth. Biodiversity al-
lows ecosystems to adjust to disturbances. Ecosystems that
can withstand disturbance are said to be resilient. Genetic
diversity prevents and/or limits the impact of diseases and helps
species adjust to changes in their environment. Most medical
discoveries to cure diseases and lengthen life spans have been
made because of research into plant biology, animal biology, and
genetics. Healthy, native landscape plants when used intention-
ally to develop ecosystems will protect the biodiversity of local
communities and provide habitat for local wildlife.

This wildlife can include butterflies and songbirds. Native
insects attracted to native plants support the dietary require-
ment of native song birds. Butterflies are attracted to species
of flowering plants based on the seasonality of flowering, while
songbirds are attracted to trees based on height and other
growth characteristics, emphasizing the importance of plant
variety when creating ecosystems. A study in 2009 across
several pairs of suburban properties in southeast Pennsylvania
showed that bird species of regional conservation concern were
eight times more abundant and significantly more diverse on
properties with native landscaping in the built environment
(Burghardt 2009).

Urbanization can contribute to loss of biodiversity through
habitat destruction and the homogenization of ecosystems (Al-
vey 2006). Landscaping with a diversity of plant material helps
offset the negative impacts of urbanization on biodiversity by
providing for habitat for many species that would otherwise be
displaced (Dearborn 2010).



Carbon Sequestration

Increased concentrations of atmospheric carbon dioxide
contribute to the increase in average global temperature and
disruption of climates around the world (Working Group 1
and Richard Alley 2007). Carbon dioxide concentrations in the
atmosphere have been increasing rapidly since the industrial
revolution, primarily from the use of fossil fuels but also from
changing land uses. Each person, product, and activity emits
carbon dioxide and other greenhouse gases such as methane
and nitrous oxide, into the atmosphere. The potential impact
of those emissions on global warming is called the carbon
footprint of that product or activity. We each have a carbon
footprint that has a negative impact on the atmosphere. Such
human activity can be offset by carbon sequestration by woody
plants and soil carbon storage.

Carbon sequestration is the process of capture and long-
term storage of atmospheric carbon dioxide. In the context of
woody landscape plants, carbon sequestration is a function of
photosynthesis: the plant builds itself by taking the carbon from
carbon dioxide in the atmosphere. At maturity, approximately
50 percent of an individual tree or shrub’s dry biomass is carbon,
depending upon the density of the wood. When a landscape
plant dies and is replaced, burial of the old tree represents the
easiest method to ensure long-term storage in soil of most car-
bon captured by the tree. Green spaces are planned and large
trees are planted in public rights of way, parks, and other open
spaces to increase the availability of “carbon sinks,” which are
resources that serve to reduce the amount of carbon dioxide in
the atmosphere (McPherson 2005).

The Intergovernmental Panel on Climate Change, an inter-
national body for assessing science related to climate change,
established a 100-year assessment period as a standard for de-
termining the carbon footprint of products and processes. We
can express carbon sequestration by a woody plant in terms of
the amount of carbon held from the atmosphere each year of
the 100-year assessment period. When weighted for a portion
of a 100-year assessment period, it has been estimated that a
deciduous shade tree (Acer rubrum) in the suburban landscape
can reduce the potential global warming impact from carbon
dioxide by 670 kg CO», after accounting for emissions during
production and take-down at the end of life. Published impact
data on atmospheric carbon weighted annually for their func-
tional life estimated that red maple, flowering deciduous tree
(redbud), evergreen tree (blue spruce), evergreen shrub (Taxus),
and deciduous shrub (Viburnum) in the lower Midwest reduce
CO, in the atmosphere by an estimated 666, 430, 63, 9, and 11

Table 5. Global warming impact of aboveground plant growth
weighted by life expectancy after accounting for emissions during
production and take-down at end of life.

Red maple tree — Acer rubrum 60 -666
Evergreen tree — Picea pungens 50 -430
Flowering deciduous tree — Cercis canadensis 40 -63
Deciduous shrub - Viburnum x juddi 50 -1

Evergreen shrub - Taxus x media ‘Densiformus” 50 -9

kg CO, over their lifetime, respectively (Table 5). These estima-
tions do not consider the long-term carbon storage in plant
roots, which has not been quantified at this time but could be
substantial for some plants.

After woody plants are taken out of the landscape, their
utilization has an effect on projected carbon sequestration.
Smaller plants and many trees are typically chipped for use
as mulch or soil conditioner. The carbon in this mulch will be
released into the atmosphere over a one- to three-year period.
Chipping is the most common end of life for an urban tree in
the eastern U.S., and this end was assumed when calculating
the values in the Table 5.

Denser and more valuable species may be used as firewood or
as lumber in small construction. The utilization of urban trees
for wood and paper products is still in its infancy, but the idea
is drawing “increasing attention from researchers, community
officials, arborists, tree care firms, and wood-using industries
including bio-energy producers” (Bratkovich 2008). A 1994 na-
tional inventory of urban tree residues included a survey of tree
care firms, municipal/county park and recreation departments,
municipal tree care divisions, county tree care divisions, electric
utility power line maintenance, landscape maintenance/land-
scaper/nursery firms, and excavator/land clearance firms. The
U.S. nationally produced an estimated 38 million green tons
(25 million tons on a dry basis) of urban tree residues. Only 25
percent of this residue was reported as recycled or sold/used
for a product, and 70 percent of the residue was given away,
landfilled, or left on site. A 2003 report from the USDA Forest
Service’s Forest Products Laboratory estimated that in 2002
urban wood residues in the municipal solid waste stream alone
totaled 16.2 million tons of chips, logs, stumps, tree tops, and
brush; 9.3 million tons recovered for compost and mulch, 1.9
million tons were sent to combustion facilities, 1.7 million tons
were considered unusable, and more than 3.5 million tons were
used as “good wood” for further processing into products.

Use of urban trees for bio-energy in a residential wood stove
or for large scale energy production is ultimately preferable to
the use of fossil fuel sources for similar purposes, as the carbon
sequestered is “young” and therefore closer to being a neutral im-
pact on climate change when compared to fossil carbon stores,
the impact of which can exceed 650 million years. Already cit-
ies are taking advantage of the synergy between bio-energy’s
benefits, its demands in urban areas, and the availability of
urban trees. In downtown St. Paul, Minnesota, less than a mile
from the State Capital building, District Energy St. Paul oper-
ates a combined heat and power plant serving the commercial,
industrial, and residential downtown area. A steam-powered
turbine generates 25 megawatts of electricity for the grid, and
waste energy—heat energy not converted to electricity by the
turbine—created in the process is used to heat the downtown
area. The multi-fuel plant is capable of burning coal, natural
gas, or biomass in the form of wood chips. It consumes 300,000
tons of wood chips per year, which provide 60 percent of its
fuel. Considering the estimated volume of urban tree remov-
als nationwide—17 million tons annually—the magnitude of
bio-energy potential from urban tree removals to generate
renewable energy should not be overlooked.



Energy Conservation and Microclimate Regulation

A microclimate is the climate of a small area that is differ-
ent from the area around it. Microclimates can be very small,
as in a protected courtyard near a building. Small areas may
be warmer or colder, wetter or drier, or more or less prone to
frosts. Landscape plants influence significant factors such as
sun exposure and air movement in the formation of microcli-
mates. In addition, trees evaporate substantial amounts of water
through their leaves, which can significantly reduce nearby air
temperatures.

Shading by plants can greatly increase human comfort in a
given area. Effects of shade from a plant in a microclimate var-
ies because the angle of the sun changes throughout the day
as well as throughout the season (Figure 3). Seasonality may
also influence the direction and speed of prevailing winds. For
example, winds in the lower Midwest come predominately
from the southwest during hot summer months and from the
northwest during cold winter months.

In addition to providing shade, deciduous trees and shrubs
provide a unique tool in microclimate regulation: by losing their
leaves in winter—though the remaining trunk and branches
block 30 to 40 percent of sunlight—sunlight will penetrate and
warm the air and ground beneath (Figure 4). In the summer
months, their leaves provide shade and reduce the temperature
of objects and the air below the canopy (Figure 5). In contrast,
evergreens will consistently provide shade (blocking 80-90% of
sunlight) and function as windbreaks throughout the year, and
small evergreen shrubs placed a few feet from the home provide
a gap of insulating air, protecting the home from heat loss due
to wind.

Because landscape plants impact the air temperature and
flow around them, the placement of landscape plants in relation
to climate controlled buildings can have a profound impact on
energy savings. Evergreens used for winter windbreaks reduce
infiltration of cold air into buildings by up to 50 percent (Spar-
ling 2007). A study in 2003 showed that over a summer, suburbs

WINTER

Figure 3. Shade patterns of a 20-foot tree during July and Septem-
ber. Joshua Knight, Horticulture, University of Kentucky
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with trees were, on average, 4 to 6 degrees cooler than suburbs
without trees and that tree groves were 9 degrees cooler than
open terrain, on average. (McPherson 2011).

Schoolyards, typical built environments, are hot places.
They are often covered by the three hottest materials found
in the urban environment: asphalt pavement, steel or tar and
chip roofs, and mowed turf. They tend to retain heat and act as
heat islands. A case study in Waterloo, Ontario, revealed that
the surface temperature of schoolyards was reduced by more
than 40 degrees and air temperature was reduced by almost
20 degrees when properly placed trees shaded the surfaces and
cooled the space through evapotranspiration (Moogk-Soulis
2011). A single, properly watered tree can evaporate-transpire
40 gallons of water in a day, offsetting the heat equivalent to that
produced by one hundred 100-watt lamps burning eight hours
a day (Rosenfeld 1997).

2-5X HEIGHT OF MATURE TREE

Figure 4. In winter, evergreen trees provide wind
and noise reduction; bare deciduous trees allow
afternoon sun to warm house, reducing heating
costs. Joshua Knight, Horticulture, University of
Kentucky
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SUMMER

2-5X HEIGHT OF MATURE TREE

More than making the outdoor environment comfortable,
regulating the microclimate around buildings can result in
energy savings from climate control within those buildings
(Figure 6). The Los Angeles Million Trees Initiative is expected
to save more than $117 million in electricity costs over 35 years
(McPherson 2011). In 2002, it was calculated that 57.8 cents was
saved per square meter of tree canopy cover in urban environ-
ments per year (Brack 2002).

Energy Savings Reduce
Power Plant Emissions

Shading Paved Surfaces
Reduces Urban Heat Island
Effect and Ozone Formation

Figure 5. In summer, evergreen trees provide wind and noise
reduction; deciduous trees provide shade from afternoon sun,
reducing cooling costs. Joshua Knight, Horticulture, University of
Kentucky

Human Health

Research in health and social sciences over the last few de-
cades has investigated the many connections between urban
nature and human health. The presence of plants in hospital
recovery rooms and/or views of aesthetically pleasing gardens
helps patients to heal faster. Going outside or being under the
influence of plants can increase memory retention up to 20
percent, a University of Michigan study showed in 2008 (Ber-
man, Jonides, and Kaplan 2008). Repeated studies have shown
that people who spent more time around plants are much more
likely to help others and often have more advanced social rela-
tionships. Children who spend time around plants absorb and
retain information better.

While these individual studies result in an ever increasing
pool of facts, the repeated analysis of these facts has yielded a
more comprehensive understanding of how plants—as com-
ponents of green infrastructure—contribute to human health
and well-being. Evidence suggests three principal ways green
infrastructure can contribute to people’s health and quality
of life: through support for physical activity such as walking,
through support for mental health by offering restorative ex-
periences and engagement with the natural environment, and
through opportunities for positive social interaction (de Vries
2010). These three areas of support—physical, psychological, and
social—encompass the range of ecosystem services (Figure 7).

Wind Speed Reduction
Reduces Air Infiltration

Transpiration by Trees
in the Aggregate
Cools the Air

Figure 6. Urban vegetation
saves energy in a variety of
ways, many of which reduce
power plant emissions. Mike
Thomas, International Society of
Arboriculture



Noise Attenuation/Reduction

Screens and hedges provide noise reduction, especially in
urban areas where noise is easily reverberated from hard sur-
faces such as pavements or buildings. Plants are more effective
at absorbing high-frequency sounds, which are bothersome to
human ears, than they are at absorbing low-frequency sounds
(Fare and Clatterbuck, 1998). Plants can also reflect noise and
direct the sound waves much like objects in a stream of water
will reflect or redirect the flow of water. The nature of sound
wave absorption and reflection depends upon the density, size,
leaf surface area, and overall architecture of the plant. More
dense plants with larger leaves reflect and absorb more noise
than plants with less dense foliage.

Combinations of a mounded area covered with low-growing
plants, medium-sized plants, and larger plantslocated close to the
source of the noise can provide the most noise abatement. Any
one of these elements can reduce noise in the built environment
but are most effective when used in combination (Figure 8).

Stormwater Management

A plant’s leaves and branches create a crown. The crowns of
many plants together make up an urban forest’s canopy. Unless
astorm is particularly intense or occurring in a location without
significant canopy cover, most of the rain hits a leaf or branch
surface and remains there, before evaporating or falling to the

Figure 7. Benefits of green infrastructure on human health and

well-being. Pitman, Daniels, and Ely 2014
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ground. Root systems provide channels for water infiltration
into urban soils. As water moves through soil layers it is filtered
for contaminants, putting less pressure on filtration systems
and improving water quality downstream. This brief storage of
rainwater by the plant is called rainfall interception, which is
primarily dependent on the type and amount of leaves (Figure 9).
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Figure 8. Cross-section and overhead image of a noise mitigation embankment used for airport
design. Joshua Knight, Horticulture, University of Kentucky
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Mature deciduous trees can intercept 500 to 700 gallons
of water per year. Mature evergreen trees can intercept more
than 4,000 gallons per year (Capiella, Schueler, and Wright
2005). Canopy cover over impervious surfaces (concrete,
asphalt) has a profound effect on runoff, as most runoff is a
product of impervious surfaces. Even tree cover over pervious
surfaces such as soil and turf reduces total runoff by as much
as 40 percent (Sanders 1986). Though some water eventually
reaches the impermeable surfaces of the streets and runs into
the stormwater infrastructure, slowing the water increases
the capacity of existing infrastructure to handle water. The
stormwater infrastructure is limited primarily by its capacity to
handle water during peak precipitation events. Trees and green
infrastructure have a leveling effect on these peaks, ultimately
augmenting the overall capacity of stormwater handling,

The costs of upgrading conventional stormwater manage-
ment infrastructure are often prohibitive for many municipali-
ties and in some cases result in diminished returns, especially
when compared to the cost and capacity for green infrastructure
to manage stormwater. When analyzing the benefits provided by
individual urban trees, drawing on data fromi-Tree, stormwater
management often represents the greatest economic return on
investment. Expanding stormwater infrastructure in developed
areas is expensive for municipalities, often requiring a bond and
interest payments. Though these are costs that would be gener-
ally be covered by government funds (whether local, regional or
federal), eventually the funds would be recovered by individual
taxpayers.

Figure 10. Before,
during (below),

and after (far right)
construction of the
Thoraton Creek water
quality channel. SVvR
Design Company
2009

Figure 9. Water movement of trees in a landscape. Mike Thomas,
International Society of Arboriculture
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Figure 11. Cumulative tree benefit fore-
cast for a properly sited red maple planted
in 2015. i-Tree Design
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Landscape plants used in combination
with depressions in the landscape can
improve the reduction in stormwater
runofl by increasing water infiltration
and evapotranspiration. Rain gardens,

bioretention basins, or bioswales are
increasingly constructed as part of
green infrastructure in urban areas. In
2009, the city of Seattle developed the
Thornton Creek water quality channel, a
2.5 acre facility of constructed landscape
and native species plantings which slows
and filters stormwater runoff from the
largest watershed in the city (Figure 10).

The facility is a public, open space
that is integrated into adjacent private
development, which is also highly func-
tional green infrastructure. The channel
removes sediments and associated pol-
lutants from 91 percent of the annual
runoff from the 680-acre drainage area
before it is released into Thornton Creek.

Summary

Landscape plants provide many
critical services to people and our built
environments, improving land value,
health, comfort and overall quality of

life. If planted in 2015, after 20 years of
age, a single, healthy red maple placed
25 feet from the southwest corner of a
climate-controlled structure will save
$143 dollars in winter heating costs and
reduce summer cooling costs by $210 in
the state of Kentucky (Figure 11).

This single tree would intercept 44,028
gallons of water and save the commu-
nity $273 in stormwater reduction costs.
Over the course of its life, it will actively
remove NOx, CO, and particulate mat-
ter from the air, valued at $18 in savings
to air quality, and reduce contributions
of atmospheric carbon by 9,766 pounds
through sequestration, decreased energy
production needs, and emissions.

Through education efforts, advertis-
ing, and promotion, green industry
professionals can help consumers un-
derstand the value of adding landscape
plants to urban environments, thereby
increasing the demand for green industry
products and services.
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