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Key Findings

his tree guide quantifies benefits and costs for typical large-, medium-,
Tsma]l—stature, dectduous trees, as well as a comifer. The analysis

assumed that trees were planted in a residential yard site or a public
(street/park) site, under a 40-year time frame, and having a 60% survival rate.
Tree care costs were based on findings from a survey of municipal and com-
mercial arborists. Benefits were calculated using wee growth curves and
numerical models that considered regional climate, building characteristics,
air pollutant concentrations, and prices.

The results provide a general accounting that can be easily adapted and
adjusted for local planting projects. Two examples illustrate how to adjust
benefits and costs to reflect different aspects of hypothetical tree planting pro-
jects.

Average annual benefits increased with mature tree size:

> $14 to $18 for a small tree
> $25 to $30 for a conifer and medium shade tree
> $37 to $43 for a large tree

Average annual costs for tree planting and care increased with mature tree
size:

> $4 to $14 for a small tree
> $5 to $14 for a medium shade tree and conifer
> $7 to $17 for a large tree

Average annual net benefits per computer grown tree for the 40-year period
mcreased with mature tree size. Detailed results are shown in Appendix A:

> $0 to $9 for a small tree
> $8 to $19 for a medium shade tree and large conifer
> $21 to $32 for a large shade tree
Environmental benefits, such as stormwater runoff reduction, air pollutant

uptake, and energy savings, were two to four times greater than tree care
costs for medium and large trees.

Net benefits for the residential yard tree opposite a west wall and public street/
-park tree mcreased with size when summed over the entire 40-year period:

> $1,280 (yard) and $840 (public) for a large tree
> $720 (yard) and $440 (public) for a conifer

> $760 (yard) and $320 (public) for a medium tree
> $360 (yard) and $0 (public) for a small tree

Yard trees produced higher net benefits than public trees, primarily because
of lower maintenance costs,

Key Findings

Guide quantifies
benefits and costs

Examples
are provided

Average annual
benefits

Average annual

costs

Average annual
net benefits

Net benefits
summed
for 40 years
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Key Findings

-Benefits associated with property value increase accounted for the largest pro-.

BER| rrecuias

portion of total benefits. Rainfall interception, which reduces stormwater
runoff, was the second most important benefit, followed by improved air
quality and building energy conservation. Energy conservation benefits var-
ied with tree location as well as stze. Trees located to shade south-facing walls
increased winter heating costs, while trees located opposite west-facing walls
provided the greatest net heating and cooling energy savings.

Averaged over the 40-year period, tree pruning was the single greatest cost
for public trees ($7-$9/tree/year), while annualized planting and removal costs
were greatest for yard trees.




Introduction

rom small, rural towns to large, booming cities, there are thousands of
Fcommunities in the Northern Mountain and Prairie region. With

tourism, recreation, and high tech industry joining the economies of
agriculture, mining, and ranching, the
region is experiencing rapid change. In
mountainous areas, forests at the inter-
face of development continue to be an
important component of the region’s eco-
nomic, physical, and social fabric.
However, with reliance on traditional for-
est products waning, urban and commu-
nity forests bring opportunity for eco-
nomic renewal, combating development
woes, and increasing the quality of life for
community residents. In prairie regions
the urban forest canopy remains a dis-
tinctive feature of the landscape that pro-
vides residents protection from the ele-
ments and forms a living connection to
earlier generations that planted and tend-
ed these trees.

- This region extends from Alaska, North-
ern California, and Western Washington

and Oregon on the west to the Dakotas and Nebraska on the east (Figure 1). 1. The Northern Mountain
In the north, it is bounded by Alaska and states along the Canadian border. and Prairie region (shaded
The region extends south to mountainous areas in New Mexico, Arizona, - area) extends from Alaska
and California. The region contains all of Alaska, Montana, Wyoming, and to Arivona and eastern
the Dakotas, as well as many small communities in Nevada, Utah, Idaho, Washingion and Oregon
Colorado, Kansas, and Nebraska. Boundaries correspond with Sunset 4o the Dakotas.

Climate Zones 4, 5 and 6 (Brenzel 1997) and USDA Hardiness Zones 1-6.
The climate of this regton is cold and snowy mn the winter, limiting the num-
ber of tree species that will grow. These guidelines are specific to this region,
where cold winters with relatively warm, dry summers predominate.

As many Northern Mountain and Prairie communities continue to grow dur-

ing the next decade, sustaining healthy community forests becomes integral Quality of life
to the quality of life residents experience. The role of urban forests to improves with trees

enhance the environment, increase community attractiveness and livability,
and foster civic pride is taking on greater significance as communities strive
to balance economic growth with environmental quality and social well-
being. The simple act of planting trees provides opportunities to connect res-
idents with nature and with each other. Neighborhood tree plantings and
stewardship projects stimulate investment by local citizens, business, and gov-
ernment in the betterment of their communities (Figure 2).
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Trees provide
environmental benefits

Scope defined

2. Tree planting and
stewardship programs
provide opportumities
Jor local residents to
work together to build
belter commanities.

R rreciie

Northern Mountam and Prairie commumnities can promote energy efficiency
through tree planting and stewardship programs that strategically locate trees
to save energy and minimize conflicts with urban infrastructure. These same
trees can provide additional benefits by reducing stormwater runoff, improv-
ing local air, soil, and water quality, reducing atmospheric carbon dioxide
(COy), providing wildlife habitat, increasing property values, calming traffic,
enhancing community attractiveness and investment, and promoting human
health and well-being,

This guide builds upon previous studies by American Forests (2001a) of
urban forest benefits in the Northern Mountain and Prairie region to extend
existing knowledge in several ways:

> Quantify benefits for open-grown trees on a per tree basis
rather than on a canopy cover basis (it should not be used to
estimate benefits and costs for trees growing in forest stands).

22 Describe managements costs, as well as benefits,

25> Detail benefits and costs for trees in residential yards as
well as street/park trees.

23 MMustrate how to use this information to estimate benefits
and costs for local tree planting projects.

Street, park, and shade trees are components of all
Northern Mountain and Prairie communities, and
they impact every resident. The benefits they afford
commumities are myriad. However, with municipal
tree programs dependent on taxpayer-supported
general funds, communities are forced to ask
whether trees are worth the price to plant and care
for over the long term, thus requiring urban forestry
programs to demonstrate their cost-effectiveness
(McPherson 1995). If tree plantings are proven to
benefit communities, then monetary commitment to
. tree programs will be justified. Therefore, the objec-
tive of this tree guxde is to identify and describe the benefits and costs of plant-
ing trees m Northern Mountain and Prairie communities — providing a tool
for municipal tree managers, arborists, and tree enthusiasts to increase pub-
lic awareness and support for trees (Dwyer and Miller 1999).

This tree guide addresses a number of questions about the environmental
and aesthetic benefits of community tree plantings in Northern Mountain and
Prairie communitzes:

&> What 1s the potential of tree planting programs to mprove
environmental quality, conserve energy, and add value to
commumities?

&> Where should residential yard and public trees be placed
to maximize their cost-effectiveness?
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£ Which tree species will minimize conflicts with powerlines,
sidewalks, and buildings?

Answers to these questions can assist urban forest managers, non-profit orga-
nizations, design and planning professionals, utility personnel, and concerned
citizens who are planting and managing trees to improve their local environ-
ments and build better communities.
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1. Identifying Benefits and Costs of
Urban and Community Forests

his chapter describes benefits and costs of public and privately managed
trees. The functional benefits and associated economic value of commu-
nity forests are described. Expenditures related to tree care and management
are assessed — a procedure prerequisite to creating cost-cffective programs

(Hudson 1983).

Benefits

&» Saving Energy .
tees modify climate and conserve building energy use in three principal How trees
ways: save energy

> Shading — reduces the amount of radiant energy absorbed
and stored by built surfaces.

> Transpiration — converts liquid water to water vapor and
thus cools by using solar energy that would otherwise result
m heating of the air.

> Wind speed reduction — reduces the mfiltration of outside air
. into interior spaces and conductive heat loss, especally where
thermal conductivity 1s relatively high (e.g., glass windows)
{(Simpson 1998).

Trees and other greenspace within individual building sites may lower air Trees moderate
temperatures 5°F (3°C) compared to outside the greenspace. At temperatures
the larger scale of urban climate (6 miles {10 km] square), tem-
perature differences of more than 9°F (5°C) have been

observed between city centers and more vegetated subur- C‘E
ban areas (Akbari et al. 1992). These “hot spots” in
cities are called urban heat islands.

For individual buildings, strategically placed trees
can increase energy efficiency in the summer
and winter. Solar angles are important when

the summer sun is low in the east and

west for several hours each day. Tiee

shade to protect east — and especially NORTH
west — walls help keep buildings cool. In

the winter, solar access on the southern .
side of buildings can warm interior spaces Summer WEST ‘;‘;‘:ii’r
(Figure 3). Even deciduous trees that shade south- sunset : '
and east-facing walls during winter can increase heat-
ng costs,

S0UILE

3. Fuths of the sun at winter
and summer solstices
(from Sand 1991).
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‘Windbreaks

reduce heat loss

Trees can save
substantial $§

Retrofit for

more savings

"Trees reduce COg

Activities that
release COy
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Rates at which outside air infiltrates into a building can ncrease substantiaily
with wind speed. In cold windy weather, the entire volume of air in a poorly
sealed home may change two to three times per hour. Even in newer or tightly
sealed homes, the entire volume of atr may change every two to three hours.
Windbreaks reduce wind speed and resulting air infiltration by up to 50%,
translating into potenttal annual heating savings of 10-12% (Heisler 1986).
Reductions in wind speed reduce heat transfer through conductrve materals
as well. Cool winter winds, blowing against windows, can contribute signifi-
cantly to the heating load of homes and buildings by increasing the tempera-
ture gradient between inside and outside temperatures. Windbreaks reduce
air infiltration and conductive heat loss from buildings.

Trees provide greater energy savings in the Northern Mountain and Prairie
region than in milder climate regions because of the cold winters and hot
summers. A computer simulation of annual cooling savings for an energy effi-
cient home in Denver indicated that the typical household with air condi-
tioning spent about $400 cach year for heating and $125 for cooling. Wind
protection from two 25-ft tall (7.5 m) trees — on the west side of the house —
was estimated to save $15 each year for heating, a 4% reduction (3.5 MBtu)
(McPherson et al. 1993). Shade and lower air temperatures from the same
two trees during summer reduced annual cooling costs by about $30 (24%).
The total $45 savings represented a 9% reduction in annual heating and cool-
ing costs.

In the Northern Mountain and Prairje region, there is ample opportunity to
“retrofit” communities with more sustainable landscapes through strategic
tree planting and stewardship of existing trees. Strategically located tree plant-
mgs could reduce annual heating and cooling costs by 20-25% for typical
households. .

£ Reducing Atmospheric Carbon Dioxide
"rban forests can reduce atmospheric COyg in two ways:

> Trees directly sequester COg as woody and foliar biomass
while they grow.

> Trees near buildings can reduce the demand for heating
and air conditioning, thereby reducing emissions associated
with electric power production.

On the other hand, vehicles, chain saws, chippers, and other equipment
release COqg during the process of planting and maintaining trees. And even-
tually, all trees die and most of the COyq that has accumulated in their woody
biomass is released into the atmosphere through decomposition.

Typically, CO9 released due to tree planting, maintenance, and other pro-
gram-related activities is about 2-8% of annual COg reductions obtained
through sequestration and avoided power plant emissions (McPherson and
Simpson 1999). To provide a complete picture of atmospheric CO9 reduc-
tions from tree planting it is important to consider COg released into the
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atmosphere through tree planting and care activities, as well as decomposition
of wood from pruned or dead trees.

Regional variations in climate and the mix of fuels that produce energy to
heat and cool buildings influence potential COg emission reductions. The
average emission rate for the Northern Mountain and Prairie region is
approximately 2.0 Ibs (0.9 kg) CO9/kWh. Due to the large amount of coal in
the mix of fuels used to generate the power, this emisston rate 1s higher than
in some other regions. For example, the two-state average for Oregon and
Washington is much lower, 0.27 lbs {0.12 kg) CO9/kWh because hydroelec-
tric power predominates. The Northern Mountain and Prairie region’s rela-
tively high COg emission rate accentuates COq benefits from reduced ener-
gy demand relative to other regions with lower emission rates.

One of the most comprehensive studies of atmospheric CO9 reduction by an
urban forest found that Sacramento, California’s six million trees removed
approximately 335 thousand tons (304,000 metric tonnes) of atmospheric
COy annually, with an implied value of $3.3 million (McPherson 1998).
Avoided power plant emissions (83,300 tons [75,600 tonnes]) accounted for
32% of the amount reduced (262,300 tons [238,000 tonnes]). The amount of
COg reduction by Sacramento’s urban forest offset 1.8% of total COq emit-
ted annually as a byproduct of human consumption. This savings could have
been substantally increased through strategic planting and long-term stew-
ardship that maximized future energy savings from new tree plantings.

Since 1990, Trees Forever, an Iowa-based nonprofit, has planted trees for
energy savings and atmospheric carbon dioxide reduction with utility spon-
sorships. Over one-million landscape-sized trees have been planted in 400
communities with the help of 120,000 volunteers. These trees are estimated
to offset GOy emissions by 50,000 tons (45,359 metric tonnes) annually.
Based on an Iowa State University study, survival rates are an amazing 91%,
indicating a highly trained and committed volunteer force (Ramsay 2002).

2> Tmproving Air Quality
"rban trees provide air quality benefits in four main ways:

> Absorbing gaseous pollutants (e.g., ozone, nitrogen oxides,
and sulfur dioxide) through leaf surfaces.

> Intercepting particulate matter (c.g., dust, ash, pollen, smoke).
> Releasing oxygen through photosynthesis.

. > Transpirmg water and shadmg surfaces, which lowers
local air temperatures, thereby reducing ozone levels.

In the absence of the cooling effects of trees, higher air temperatures con-
tribute to ozone formation. Most trees emit various biogenic volatile organic
compounds (BVOGs) such as 1soprenes and monoterpenes that can con-
tribute to ozone formation. The ozoneforming potential of different tree
species varies considerably. A computer simulation study for the Los Angeles

Avoided
COg emissions

Financial value of
COg reduction

COg reduction
through
community forestry

Trees improve

air quality

Trees affect

ozone formation
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Areas with poor
air quality

Trees effectively reduce
ozone and particulate
maiter concentrations

What about
hydrocarbons?

Trees protect water
and soil resources
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basin found that increased tree planting of low BVOC emitting tree species
would reduce ozone concentrations and exposure to ozone, while planting of
medium- and high-emitters would increase overall ozone concentrations
(Taha 1996). The contribution of BVOC emissions from trees to ozone for-
mation in Northern Mountain and Prairie communities has not been studied.

Although many communities in the Northern Mountain and Prairie region
do not experience poor air quality, several areas have exceeded U.S.
Environmental Protection Agency (EPA) standards and continue to experi-
ence periods of poor air quality. These include metro Fairbanks and
Anchorage, Alaska; California’s Owens Valley; the western metro Denver
area and several mountain communities in Colorado; Northern Idaho;
Northwest Montana as well as the Butte and Billings areas; Nevada’s central
Steptoe Valley; south-central Oregon; Yakima county in Washington; and the
Sheridan, Wyoming area. Tree planting is one practical strategy for commu-
nities in these areas to meet and sustain mandated air quality standards.

American Forest’s (2001a) study of the Colorado Front Range area found that
the existing 6% tree canopy cover removed 1,080 tons (380 metric tonnes) of
air pollutants valued at $5.3 million. A similar analysis for the Willamette/
Lower Columbia Region reported that existing tree cover (24%) removed
89,000 tons (80,740 tonnes) of pollutants annually with a value of $419
million {American Forests 2001b). Trees were most effecive m removing
ozone (Og), nitrogen dioxide (NOy), and particulate matter (PM1g).

Other studies highlight recent research aimed at quantifying air quality ben-
efits of urban trees. The annual value of pollutant uptake by a typical medi-
um-sized tree in coastal southern California was estimated at approximately
$20, and $12 in the San Joaquin Valley (McPherson et al. 1999a, 2000).

Trees n a Davis, CA parking lot were found to benefit air quality by reduc-
ing air temperatures 1-3°F (0.5-1.5°C) (Scott et al. 1999). By shading asphalt
surfaces and parked vehicles, the trees reduced hydrocarbon emissions from
gasoline that evaporates out of leaky fuel tanks and worn hoses. These evap-
orative emissions are a principal component of smog, and parked vehicles are
a primary source. In Chicago, the U.S. EPA adapted these research findings
to the local climate and developed a method for easily estimating evaporative
emission reductions from parking lot tree plantings. EPA grant applicants can
use this approach to quantify pollutant reductions from parking lot tree plant-
mg projects.

&> Reducing Stormwater Runoff and Hydrology

rban stormwater runoff is a major source of pollution entering riparian
Uareas. With increased recognition of the importance of non-point source
runoff, stormwater management requirements have become increasmgly
stringent and costly. A healthy urban forest can reduce the amount of runoff
and pollutant loading in receiving waters in four ways:




> Leaves and branch surfaces intercept and store rainfall, thereby
reducing runoff volumes and delayimng the onset of peak flows,

> Root growth and decomposition increase the capacity and rate
of soil infiltration by rainfall and reduce overland flow,

> "Tree canopies reduce soil erosion by diminishing the impact
of raindrops on barren surfaces.

>> Transpiration through tree leaves reduces soil moisture,
ncreasing the soil’s capacity to store rainfall.

Studies that have simulated urban forest effects on stormwater report annual
runoff reductions of 2-7%. Annual interception of rainfall by Sacramento’s
urban forest for the urbanized area was only about
2% due to the winter rainfall pattern and predomi-
nance of non-evergreen species (Xiao et al. 1998).

However, average interception on land with tree
canopy cover ranged from 6-13% (150 gal {20 m' ]
per tree), close to values reported for rural forests.

A typical medium-sized tree in coastal southern
Cahfonna was estimated to intercept 2,380 gal
(¢ m ) ($5) annually (McPherson et al. 2000).

Broadleaf evergreens and conifers intercept more
rainfall than deciduous species where winter rain-
fall patterns prevail.

In the Colorado Front Range, existing tree cover was estimated to reduce
runoff by 52.9 million i3 (1.5 million m3), valued at $3.2 million annually
{American Forests 2001a).

In the Willamette/ Lower Columbia region, existing canopy (24%}) reduced
runoff by 8.5 billion 3 (240.7 million m>). The annualized value of this
benefit was $140 million (American Forests 2001b).

Urban forests can provide other hydrologic benefits, too. For example, irri-
gated tree plantations or nurseries can be a safe and productive means of
wastewater treatment. Reused wastewater can recharge aquifers, reduce
stormwater treatment loads, and create income through sales of nursery or
wood products. Recycling urban wastewater into greenspace areas can be an
economical means of treatment and disposal, while at the same time providing
other environmental benefits. '

Power plants consume water in the process of producing electricity. For exam-
ple, coal-fired plants use about 0.6 gal (2.3 L) per kWh of electricity provid-
ed. Trees that reduce the demand for electricity, therefore, also reduce water
consumed at the power plant (McPherson et al. 1993). Precious surface water
resources are preserved and thermal pollution of rivers reduced.

Trees reduce runoff

Urban forests can
dispose of waste water

Shade yields less water
use at power plants
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Beautification

Retail settings

Public safety

Property values

Social and
psychological benefits
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2> Aesthetics and Other Benefits

'l'rccs provide a host of aesthetic, social, economic, and health benefits that
should be included in any benefit-cost analysis. One of the most fre-
quently cited reasons that people plant trees is for beautification. Trees add
color, texture, line, and form to the landscape. In this way, trees soften the
hard geometry that dominates built environments. Research on the aesthetic
quality of residential streets has shown that street trees are the single strongest
positive influence on scenic quality (Schroeder and Cannon 1983).

Consumer surveys have found that preference ratings ncrease with the presence
of trees in the commercial streetscape. In contrast to areas without trees, shop-
pers indicated that they shop more often and longer in well-landscaped busi-
ness districts, and were willing to pay more for goods and services (Wolf 1999).

Research in public housing complexes found that outdoor spaces with trees
were used significantly more often than spaces without trees. By facilitating
interactions among residents, trees can contribute to reduced levels of domes-
tic violence, as well as foster safer and more sociable neighborhood environ-
ments (Sullivan and Kuo 1996).

Well-maintained trees increase the “curb appeal” of properties. Research com-
paring sales prices of residential properties with different tree resources sug-
gests that people are willing to pay 3-7% more for properties with ample tree
resources versus few or no trees. One of the most
comprehensive studies of the influence of trees on
residential property values was based on actual sales
prices and found that each large front-yard tree was
associated with about a 1% increase in sales price
{Anderson and Cordell 1988). A much greater value
of 9% ($15,000) was determined in a U.S. Tax
Court case for the loss of a large black oak on a
property valued at $164,500 (Neely 1988).
Depending on average home sales prices, the value
of this benefit can contribute significantly to ates’
property tax revenues.

Scientific studies confirm our intuition that trees in cities provide social and
psychological benefits. Humans derive substantial pleasure from trees,
whether 1t is inspiration from their beauty, a spiritual connection, or a sense
of meaning (Dwyer et al. 1992; Lewis 1996). Following natural disasters peo-
ple often report a sense of loss if the urban forest in their community has been
damaged (FIull 1992). Views of trees and nature from homes and offices pro-
vide restorative experiences that ease mental fatigue and help people to con-
centrate (Kaplan & Kaplan 1989). Desk-workers with a view of nature report
lower rates of sickness and greater satisfaction with their jobs compared to
those having no visual connection to nature (Kaplan 1992). Trees provide
important settings for recreation and relaxation in and near cities. The act of
planting trees can have social value, as bonds between people and local
groups often result.
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The presence of trees in cities provides public health benefits and improves
well-being of those who live, work and recreate in cities. Physical and emo-
ttonal stress has both short-term and long-term effects. Prolonged stress can
compromise the human immune system. A series of studies on human stress
caused by general urban conditions and city driving show that views of
nature reduce stress response of both body and mind (Parsons et al. 1998).
Urban green also appears to have an "mmmunization effect," in that people
show less stress response if they have had a recent view of trees and vegeta-
tion. Hospitalized patients with views of nature and time spent outdoors need
less medication, sleep better, and have a better outlook than patients without
connections to nature (Ulrich 1985). Tices reduce exposure to ultraviolet
Light, thereby lowering the risk of harmful effects from skin cancer and
cataracts (Iretheway and Manthe 1999).

Certain environmental benefits from trees are more difficult to quantify than
those previously described, but can be just as important. Noise can reach
unhealthy levels in cities. Tiucks, trams, and planes can produce noise that
exceeds 100 deabels, twice the level at which noise becomes a health risk.
Thick strips of vegetation in comjunction with landforms or solid barriers can
reduce highway noise by 6-15 decibels. Plants absorb more high frequency
noise than low frequency, which is advantageous to humans since higher fre-
quencies are most distressing to people (Miller 1997).

Numerous types of wildlife inhabit cities and are generally highly valued by
restdents. For example, older parks, cemeteries, and botanical gardens often
contain a rich assemblage of wildhife. Remmant woodlands and riparian habitats
within cittes can connect a city to its surrounding bioregion. Wetlands, green-
ways (linear parks), and other greenspace resources can provide habitats that
conserve biodiversity (Platt et al. 1994).

Urban forestry can provide jobs for both skilled and unskilled labor. Public
service programs and grassroots-led urban and community forestry pro-
grams provide horticultural traimng to volunteers across the U.S. Also, urban
and community forestry provides educational opportunities for residents who
want to learn about nature through first-hand experience (McPherson and
Mathis 1999). Local nonprofit tree groups, along with municipal volunteer
programs, often provide educational material, work with area schools, and
hands-on training in the care of tees.

Tree shade on streets can help offset pavement management costs by pro-
tecting paving from weathering. The asphalt paving on streets contams stone
aggregate m an oil binder. Tree shade lowers the street surface temperature
and reduces the heating and volatilization of the oil. As a result, the aggregate
remains protected for a longer period by the oil binder. When unprotected,
vehicles loosen the aggregate and much like sandpaper, the loose aggregate
grinds down the pavement (Brusca 1998). Because most weathering of
asphalt-concrete pavement occurs during the first 5-10 years, when new street
tree plantings provide little shade, this benefit mainly applies when older
streets are resurfaced (Figure 4 on page 15).

Human health
benefits

Noise reduction

Wildlife

Jobs and
environmental
education

Shade can defer
street maintenance
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Cities spend about
$6.40 per tree

More trees
are removed
than planted

Residential costs
vary widely

Irrigation costs

Tree roots and
sidewalks can
conflict
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Costs

£ Planting and Maintaining Trees

he environmental, social, and econormic benefits of urban and community

forests come with a price. A national survey reported that communities in
the Northern Mountain and Prairie region spent an average of about $6.40
per tree, annually, for street and park tree management (ITschantz and
Sacamano 1994). This amount was relatively high, with three regions spend-
ing more than this and six regions spending less. Generally, the single largest
expenditure was for tree pruning, followed by tree removal/disposal, and tree
planting.

Frequently, trees in new residential subdivisions are planted by developers,
while cities/counties-and volunteer groups plant trees on existing streets and
parklands. In many cittes, tree planting has not kept pace with removals.
Moreover, limited growing space in cities is responsible for increased planti-
ng of smaller, shorter-lived trees that provide fewer benefits compared to larg-
er trees.

Annual expenditures for tree management on private property have not been
well-documented. Costs vary considerably, ranging from some commer-
cial/residential properties that receive regular professional landscape service
to others that are virtually “wild” and without maintenance. An analysis of
data for Sacramento suggested that households typically spent about $5-$10
annually per tree for pruning and pest and disease control (McPherson et al.
1993, Summmit and McPherson 1998).

Due to the region’s warm and arid summmer climate, newly planted trees
require irrigation for three to five years. Installation of drip or bubbler irri-
gation can increase planting costs by $100 or more per tree. Once planted,
trees typically require 200-400 gal (0.8-1.6 m3) per year during the establish-
ment period. Assuming a water price of $1.40/Ccf in Fort Collins, annual irri-
gation water costs are initially less than $1/trec. However, as trees mature
their water use can increase with an associated increase in annual costs. Trees
planted in lawn areas with existing irrigation may require supplemental irri-
gation. Trees that are native to the Northern Mountain and Prairie region
may not require supplemental irrigation after an establishment period.

£Z» Conflicts with Urban Infrastructure

Like other cties across the U.S., communities in the Northern Mountain
and Prairie region are spending millions of dollars each year to manage
conilicts between trees and powerlines, sidewalks, sewers, and other elements
of the urban infrastructure. In California, for example, a 1998 survey showed
that cities spent an average of $2.36 per capita on sidewalk, curb and gutter
repair, tree removal and replacement, prevention methods, and legal/liability
costs (McPherson 2000). Some cities spent as little as $0.75 while others spent
$6.98 per resident. These figures were for street trees only and did not
include repair costs for damaged sewer lines, building foundations, parking




lots, and various other hardscape elements. When these additional expendi-
tures were included, the total cost of root-sidewalk conflicts was well over
$100 million per year in California alone.

In the Northern Mountain and Prairte region, dwindling budgets are increasing
the sidewalk repair backlog and forcing cities to shift the costs of sidewalk
repair to residents. This shift especially impacts residents in older areas, where
large trees have outgrown small sites and infrastructure has deteriorated.

The consequences of efforts to control these costs are having alarming effects
on urban forests (Bernhardt and Swiecki 1993, Thompson and Ahern 2000):

> Cities are contimuing to “downsize” their urban forests by
planting smaller-stature trees. Although small trees are
appropriate under powerlines and in small planting sites,
they are less effective than large trees at providing shade,
absorbing air pollutants, and intercepting rainfall.

> Sidewalk damage was the second most common reason
that street and park trees were removed. Thousands of
healthy urban trees are lost each year and their benefits
forgone because of this problem.

> 25% of aties surveyed were removing more trees than
they were planting. Residents forced to pay for sidewalk
repairs may not want replacement trees.

Collectively, this is a lose-lose situatton. Cost-cffective strategies to
retain benefits from large street trees while reducing costs associ-
ated with infrastructure conflicts are described in Strategies fo
Reduce ifrastructure Damage by Tree Roots (Costello et al. 2000). Matching the
growth characteristics of trees to conditions at the planting site is one strate-
gy. The recommended tree selection list in Chapter 5 contains information on
tree root habit.

"Tree roots can damage old sewer lines that are cracked or otherwise suscep-
tible to invasion. Sewer repair companies estimate that sewer damage is
minor unti trees and sewers are over 30 years old, and roots from trees in
yards are usually more of a problem than roots from trees in planter strips
along streets. The latter assertion may be due to the fact that sewers are clos-
er to the root zone as they enter houses than at the street. Repair costs typi-
cally range from $100 for rodding to $1,000 or more for excavation and
replacement.

Most communities sweep their streets regularly to reduce surface-runoff pol-
lution entering local waterways. Strect trees drop leaves, flowers, fruit, and
branches year round that constitute a significant portion of debris collected
from city streets. When leaves fall and winter rains begin, leaf litter from trees
can clog sewers, dry wells, and other elements of flood control systems. Costs
include additional labor needed to remove leaves, and property damage
caused by localized flooding. Clean-up costs also occur after windstorms.

Cost of conflicts

4. Although large trees can
increase clean-up costs and
repair costs to sidewalks
compared to small trees,
thewr shade can extend the
life of street surfaces and

defer costs for re-paving.

Cleaning up
after trees
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Large trees under
powerlines are costly

Hauling and
recycling

waste wood are
primary costs

Greenwaste recycling

can save $

Although these natural crises are infrequent, they can result in large expen-
ditures.

Conllicts between trees and powerlines are reflected in electric rates. Large
trees under powerlines require more frequent pruning than better-suited trees.
Frequent crown reduction reduces the benefits these trees could otherwise
provide. Moreover, mcreased costs for pruning are passed on to ratepayers.

£ Wood Salvage, Recycling and Disposal

ln our survey, most Northern Mountain and Prairie cities are recycling
green waste from urban trees as mulch, compost, and firewood. In some
cases, the net costs of waste wood disposal are less than 1% of total tree care
costs as cittes and contractors strive to break-even (hauling and recycling
costs are nearly offset by revenues from purchases of mulch, milled lumber,
and firewood). Hauling waste wood and grinding are the primary costs.
However, in many cities recycling waste wood is not economical. The costs
of grinding wood into mulch can exceed the costs of hauling and burning.

The city of Colorado Springs trades firewood from its removed trees to a
local nursery for new trees (McGannon 2002). Each year about 30 cords of
wood are traded for 20-30 shade trees (2-3” caliper), each worth $200. The
nursery sells the firewood during winter and the city plants leftover trees the
following spring. Both partners benefit from this arrangement.

R oo Guide




2. Quantifying Benefits and Costs
of Community Forests in Northern
Mountain and Prairie Communities

n this chapter we present estimated benefits and costs for trees planted in

typical residential yard and public sites. Because benefits and costs vary

with tree size, we report results for typical large-, medium-, and small-
stature deciduous trees, as well as for a conifer.

Estimates of benefits and costs are initial approximations — as some benefits
and costs are intangible or difficult to quantify (c.g,, impacts on psychologi-
cal health, crime, and violence). Limited knowledge about the physical
processes at work and their interactions make estimates imprecise (e.g., fate
of air pollutants trapped by trees and then washed to the ground by rainfall).
Irce growth and mortality rates are highly variable throughout the region.
Benefits and costs also vary, depending on differences in climate, air polhutant
concentrations, tree maintenance practices, and other factors. Given the
region’s large geographical area with many different climates, soils, and types
of community forestry programs, this approach cannot accurately account for
each penny. Rather, it provides a general accounting of the benefits produced
by urban trees; an accounting that provides a basis for decisions that set pri-
orities and influence management direction (Maco and McPherson 2003).

Overview of Procedures |
(For more details about this study’s procedures, sec Appendix B.)

%> Approach

'n this study, annual benefits and costs were estimated for newly planted
trees in three residential yard locations (east, south, and west of the
dwelling unit) and a public streetside/park location over a 40-year planning
horizon. Henceforth, we refer to a tree in these hypothetical locations as a
“yard” tree and “public” tree. Prices were assigned to each cost (e.g., plant-
ng, pruning, removal, irrigation, infrastructure repair, Hability) and benefit
(e-g., heating/cooling energy savings, air pollution mitigation, stormwater
runoff reduction) through direct estimation and implied valuation of benefits
as environmental externalities. This approach made it possible to estimate the
net benefits of plantings in “typical” locations and with “typical” tree species.

To account for differences in the mature size and growth rates of different tree
species, we report results for large (Fraxinus pennsylvanica, green ash), medium,
(deer platanoides, Norway maple), small (Malus species, crabapple) deciduous
trees, as well as a coniferous (Picea pungens, Colorado spruce) tree. Growth
curves were developed from street trees sampled in Fort Collins, CO,
Cheyenne, WY, and Bismarck, ND (Figure 5).

Estimates are initial
approximations

Benefit and cost
estimation

Large, medium,
small and
conifer trees
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5. Tree dimensions are based on data from street
and park trees in Fort Collins, CO, Cheyenne,
WY, and Bismarck, ND. Data for typical”
large, medtum, small and congferous irees are
JSrom the green ash, Norway maple, crabapple,
and Colorado spruce, respectively. Dyfferences in
leaf surface area among speces are most impor-
tant for this analysis because functional benefits
such as rainfall inferception, pollutant uptake,
and shading are related to leaf surface area.

R rreeuice

Frequency and costs of tree management were esti-
mated based on surveys with municipal foresters
(Cheyenne, Bismarck, Lewiston ID, Fargo, Fort
Collins, Denver, and Colorado Springs). In addition,
commercial arborists were contacted for information
on tree management costs on residential properties
(Victor, ID; Fort Collins; Colorado Springs; and

Denver). ‘

Benefits were calculated with nurmerical models and
input data from both regional {c.g., pollutant emis-
ston factors for avoided emissions due to energy sav-
ings) and local sources (e.g., Denver climate data for
energy effects). Regional electricity and natural gas
prices were used in this study to quantify energy sav-
ings. Control costs were used to estimate society’s
willingness to pay for air quality and stormwater
runoff improvements. If a developer is willing to pay
an average of 1¢ per gallon of stormwater — treated
and controlled — to meet minimumn standards, then
the stormwater mitigation value of a tree that inter-
cepts one gallon of stormwater, eliminating the need
for treatment and control, should be 1¢. Appendix B
contains a detailed description of modeling assump-
tions, procedures, and limitations.

22> Reporting Results

Tree mortality included. Results are reported in
terms of annual values per tree planted. However, to
make these calculations realistic, mortality rates are
included. Based on our survey of regional municipal
foresters and commercial arborists, annual mortality
rates were 3% for the first five years and 1% for the
remaming 35 years. Hence, this accounting approach
“grows” trees n different locattons and uses computer
simulation to directly calculate the annual flow of
benefits and costs as trees mature and die
(McPherson 1992). In Appendix A, results are
reported at five-year intervals for 40 years.

Findings of this study
&> Average Annual Net Benefits

verage annual net benefits per tree increased
with mature tree size (see Appendix A for

' detailed results):
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> $0 to $9 for a small tree
> $8 to $19 for a medium shade tree and large conifer
> $21 to $32 for a large shade trec

This finding suggests that average annual net benefits from large-growing
trees, like the green ash, can be substantially greater than those from small
trees like crabapple. Average annual net benefits for the small, medium,
coniferous, and large public (street/park} trees were $0, $8, $11, and $21,
respectively. The largest average annual net benefits, however, stemmed from
residential yard trees opposite the west-facing wall of a house: $9, $19, $18,
and $32 for the small, medium, coniferous, and large trees, respectively.
Residential yard trees produced higher net benefits than public trees primarily
because of lower maintenance costs.

The large residential tree opposite a west house wall produced a net annual
benefit of $54 at year 40. Planting the green ash in a public site produced a
reduced annual net benefit — $40 at year 40. Forty years after planting medi-
um, coniferous, and small trees, they produced annual net benefits of $33,
$35, and $24 for west-side residential trees, respectively. The small crabapple
in a typical public space netted §13 at year 40, while a2 medium maple and
spruce in the same locations produced $19 and $25 in annual net benefits,
respectively.

Net benefits for the residential tree opposite a west house wall and public street/
park tree increased with size when summed over the entire 40-year period:

> $1,280 (yard) and $840 (public) for large trees
> $720 (yard) and $440 (public) for conifers
> $760 (yard) and $320 (public) for medium trees
> $360 (yard) and $0 (public) for small trees

Average annual net
benefits increase
with size of tree

Large trees provide
the most benefits

Net annual benefits
at year 40

Net benefits
summed for
40 years
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Environmental
benefits exceed
tree care costs

Net annual benefits

at year 20 for
street/park trees

Costs increase
with size of tree

Tiventy years after planting, annual net benefits for a residential yard tree
located west of a home were $39 for a large tree, $26 for a medium tree, $23
for a conifer, and $14 for a small tree (Table 1). For a large green ash at 20
years after planting, the total value of environmental benefits alone ($29), was
four times greater than annual costs ($7). Similarly, environmental benefits
totaled $22 and $19 for the Norway maple and spruce, while tree care costs
totaled substantally less ($4 and $6). Annual environmental benefits were
$12 for a 20-year old crabapple yard tree, while management costs were $4.

Twenty years after planting, the annual net benefit from a large public tree
was $26 (Table 2). At that time, net annual benefits from the medium, conifer,
and small public trees were $14, $17, and $2, respectively.

> Average Annual Costs

A verage annual costs for tree planting and care increased with mature tree
size (see Appendix A for detailed results):
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> $4 to $14 for a small tree
> $5 to $14 for a medium shade tree and conifer
> $7 to $17 for a large tree

Given our assumptions and the dimensions of these trees, it is 25% more
expensive to maintain a large tree than a small trec (Table 3 on page 23).

Average annual maintenance costs for private trees are $9-11 per tree, con- Public trees require

siderably less than estimated costs for a public tree ($18-21). In general, pub- more intensive
lic trees are more intensively maintained than yard trees because of their maintenance
prominence and for public safety.
Tree pruning was the single greatest cost for private and public trees, averag- Greatest costs for
ing approximately $7-9/year/tree. Annualized expenditures for tree planting pruning, planting
are the most important cost whether planted in private yards ($5/treefyr). The and removal
second greatest annual cost for yard trees was for removal and disposal

($3/treefyr).
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Average annual
net benefits increase
with size of tree

Benefits greatest for
property values

6. Although park. trees
seldom provide energy
bengfits from direct shading
of bildings, they provide
settings for recreation and
relaxation as well as

modify chimate, sequester
carbon dioxide, reduce
stormwater runoff; and
improve air quality.
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For public trees in Northern Mountain and Prairie communities, average
annual expenditures for program administration were significant (about
$3/tree). Strategies to reduce these costs may help municipalities use their lim-
ited funds to plant and care for more trees.

Table 3 shows annual management costs 20 years after planting yard trees to
the west of a house and public trees. Annual costs for yard trees ranged from
$4-6, while public tree care costs were $14-17,

%> Average Annual Benefits

verage annual benefits (40-year total / 40 years) also increase with mature
tree size (see Appendix A for detailed results):

> $14 to $18 for a small tree
> $25 to $33 for a medium shade tree and conifer
> $37 to $43 for a large tree

Aesthetic and Qther

Benefits associated with property value accounted for the largest proportion
of total benefits. Average annual values ranged from $6-7, $8-10, and $14-17
for the small, medium/conifer, and large tree, respectively These values
reflected average region-wide residential real estate sales prices and the poten-
7 tial beneficial impact of urban forests on property values and
the municipal tax base. Effects of trees on property values and
aesthetics will vary locally based on different conditions.

Aesthetic and other benefits were shightly greater for the public
street/park tree than the residential yard tree because of the
assumption that most of these trees have backyard placements,
where they have less impact on home value than front yard
trees {Figure 6). This assumption has not been tested so there is
a high level of uncertainty associated with this result.

Stormwater Runoff

After aesthetics, values were largest for benefits associated with rainfall inter-
ception. Annual averages Werc substantial for all four trees. The green ash
intercepted 1,209 gal/yr (4.6 m3/yr) on average with an implied value of $13.
A large, green ash at 40 years after planting had an interception rate of over
2,143 galfyr (8.1 mS/yr) — valued at $23.

Bark and foliage of the Colorado spruce and Norway maple intercepted
1,114 galfyr (4.2 m3/yr) and 948 galfyr (3.6 m /y'r on average, w:{th a value
of $12 and $10, respectively. By intercepting 549 gallons (2.1 m 3/y1) of rain-
fall annually, a typical crabapple provided over $6 in stormwater manage-
ment savings.

These results suggest that water quality benefits associated with rainfall inter-
ception exceed hrrigation costs. Given our assumptions, stormwater runoff
reduction benefits were eight or more times greater than tree irrigation costs.




Carbon Diocxide

Net atmospheric COq reductions accrued for all four tree-types. Average
annual net reductions ranged from 161-279 Ibs (73-127 kg) ($1-2) for the large
tree to 16-108 Ibs (7-49 kg) ($1) for the small tree. Trees opposite west-facing
house walls produced the greatest COqg reduction due to avoided power plant
emissions associated with energy savings. Releases of COg associated with
tree care activities nearly offset COg sequestration by the small trees.

Energy

Mature tree size matters when considering energy benefits. A large tree pro-
duced three to eight times more energy savings than a small tree due to the
greater effects on wind, building shade, and cooling by transpiration.
However, energy savings increased as trees matured and their leaf surface
area increased, regardless of their mature size (Figures 7 and 8).

Average annual net energy benefits for residential trees were greatest for a
tree located west of a building because the detrimental effects on heating costs
associated with winter shade was minimized; a yard tree located south of a
building produced the least net energy benefit. Trees located east of a building
provided intermediate net benefits. Winter shade, however, was a function of
size, branch pattern and density, and foliation period, resulting in better per-

COg reduction
accrues for large
and medium itrees

Larger trees produce
more energy savings

‘West is best
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7. Residential trees. Estimated
annual benefits and costs for a
large (green ash), medium
(Norway maple), conifer
(Colorado spruce), and small
(crabapple) residential yard tree
located west of the building.
Costs are greatest during the
wttial establishment period while
bengfils mcrease with tree size.

TR e Guide

formance by “solar-friendly” tree species that minimized winter shade. The
small crabapple — opposite south-facing walls — increased heating costs more
than shading and climate benefits reduced cooling and heating costs. Thus,
this small tree was a net energy cost at this location.

The medium-sized Norway maple, Colorado spruce, and large green ash
provided net energy benefits at all locations. Their annual average cooling
savings during the summer months ($1-8) more than offset heating costs
associated with winter shade ($1-2). Average annual cooling ($3) and heating
($5) savings from a conifer windbreak tree located north or northwest of a
home was $5/treefyr.
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Air Quality

Air quality benefits were defined as the sum of pollutant uptake by trees and
avoided power plant emissions due to energy savings, minus biogenic volatile
organic compounds (BVOGs) released by trees. The total average annual air
quality benefits were a relatively low $2 for the conifer because it is a mod-
erate emitter of BVOGs. Larger benefits were estimated for the small ($4),
medium ($5) and large tree ($7) in Northern Mountain and Prairie commu-
nities, largely because they emitted fewer BVOCs than the Colorado spruce.
Benefit values were greatest for 5Og and Os, followed by NOg and PM;.
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Large trees remove
more air pollutants

Figure 7 continued.
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8. Public street/park trees.
Estimated annual bengfits
and cosis for a large (green
ash), medium (Norway
maple), conifer (Colorado
spruce), and small
(crabapple) public tree.

| rrecice

Though positive, trees had minimal effect on VOCs avoided at the power
plant.

The cost of BVOGs released by the low-emitting ash and crabapple was neg-
ligible. Pollutant uptake benefits far exceeded the benefits of avoided pollu-
tant emissions. However, the single Norway maple and Colorado spruce
emitted about 0.12 Ib (0.05 kg) and 0.44 1b (0.2 kg) of BVOCs per year,
respectively. These releases offset benefits due to pollutant uptake by $0.57
and $2.11 per tree, respectively.

Largs deciduous public trea
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Benefit Summary

Average annual benefits for all trees, except the small public tree, exceeded
costs of tree planting and management. Surprisingly, in many situations,
annual environmental benefits, alone, exceeded total costs. Trees that met this
standard included all large trees (public or yard) and all other tree-types on
residential property. Adding the value of aesthetics and other benefits to these
environmental benefits resulted in substantial net benefits except for the small
public tree.
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Figure 8 continued.
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A mature green ash, used i this free
guide as representative of a large tree.

A mature Colorado spruce, representative
of comiferous trees for this tree guide.

A mature Norway maple, representative : A mature crabapple, representative
of medium trees for this tree guide. of small trees for this tree guide.




Chapter 3

3. How to Estimate Benefits and Costs
for Trees in Your Community

n this chapter we show two ways that benefit-cost information presented in
' this tree guide can be used. The first example demonstrates how to adjust
values from the guide for local conditions when the goal is to estimate bene-
fits and costs for a proposed tree planting project. The second example
explains how to compare net benefits derived from planting different types of
trees. The example compares large- and small-stature trees. The last section
discusses actions communities can take to increase the cost-cffectiveness of
their tree program.

Applying Benefit-Cost Data: Grove Park Example

he hypothetical city of Grove Park is located in the Northern Mountain

and Prairie region and has a population of 24,000. Most of the street trees
were planted in the 1930s, with Siberian elm (Ulmus pumila) and green ash
(Fraxinus pennsyloanica) the dominant species. Currently, street tree canopy
cover is sparse because most of the trees have died and not been replaced.
Many of the remaining street trees are in declining health. The city hired an
urban forester two years ago and an active citizen group, the Green Team,
has formed.

Initial discussions among the Green Team, local utlities, the urban forester,
and other partners progressed to formulate a proposed urban forestry pro-
gram, 'The program intends to plant 1,000 trees in Grove Park over a five-
year period. It is anticipated that trained volunteers will plant 1-inch caliper
trees and the total cost for planting will be $100/tree. Trees will be planted
along Main Street, other downtown streets, and in parks. Because shading of
streets is a primary objective, most of these public trees will be medium- and
large-sized dectduous species. However, 10% (100) will be evergreens plant-
ed in parks. Therefore, mature tree sizes are assumed to be 65% large, 20%
medium, 5% small, and 10% conifer.

The Grove Park Gity Council has agreed to maintam the current funding
level for management of existing trees. Also, they will advocate formation of
a municipal tree district to raise funds for the proposed tree planting project.
A municipal tree district would extend the concept of landscape assessment
districts by receiving funding from air quality districts, stormwater manage-
ment agencies, electric utilities, businesses, and residents in proportion to the
value of future benefits of trees related to air quality, hydrology, energy, COq,
and property value. Such a district would require voter approval of a special
assessment that taxes recipients of the tangible benefits produced by the new
trees. The Council needs to know the amount of funding required for tree
planting and maintenance, as well as how the benefits will be distributed over
the 40-year life of the project.

Grove Park
example
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The first step: As a first step, the Grove Park city forester and Green Team decide to use
determine tree tables in Appendix A to quantify total cumulative benefits and costs over 40
planting numbers years for the proposed planting of 1,000 public trees. Based on the anticipated

percentages of trees by mature size, this includes 650 large trees, 200 medium
trees, 50 small trees, and 100 conifers. Before setting up a spreadsheet to cal-
culate benefits and costs they consider aspects of Grove Park’s urban and
community forestry project that may differ from the region-wide values used
in this guide (values assumed for Appendix A are described in Appendix B):

> The price of electricity and natural gas are $0.06/kWh
and $0.0085/kBtu, not $0.078/kWh and $0.0072/kBtu
assumed in this tree guide. It is assumed that nearby
buildings have air conditioning and natural gas heating.

> Administration and other costs are estimated to average
$2.50/tree planted each year, or $2,500 annually for the
life of the trees. Values in this gutde assume an average
annual cost of $5/tree for public trees. Thus, an adjustment
15 HCCESS&TY.

> Planting will total $100/tree due to labor provided by trained
volunteers, The guide assumes planting costs total $200/tree.

> All public and yard trees will be watered by hand during the
first five years at an average cost of $7.50/tree per year. After
this time there will be no additional irrigation expenses because
trees will be established in irrigated landscapes. The guide
assumed that 50% of all public and yard trees were irrigated
by hand for the first five years after planting at a cost of
$10/tree per year.

> Normally, tree mortality is greatest during the first years of
establishment. However, in this case a contractor has guaranteed
replacement of all dead or dying trees after the first growing
season. The replacement guarantee should result in relatively
high survival rates for the establishment period. However, to
be conservative they agree to apply the survival rate assumed
for calculations shown in Appendix A of this guide (1.c., 60%

after 40 years).
The second step: 1o calculate the dollar value of total benefits and costs for the 40-year peri-
adjust for local od, the forester creates a spreadsheet table (Table 4). Each benefit and cost
prices of benefits category is listed in the first column. Prices that have to be changed are

entered mto the second column. Values for the 40-year average from
Appendix A (next to last column) are copied for each tree-type. The 40-year
total values for each category in the next column are calculated by multiply-
ing these resource unit (RU) values by tree numbers, prices, and 40 years.
For example, to adjust for higher electricity prices, the forester multiplied elec-
tricity saved for a large public tree in the RU column by the Grove Park price.
This value was then multiplied by the number of trees planted and 40 years
(36 kWh x $0.06 x 650 trecs x 40 years = $56,160) to obtain cumulative air
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conditioning savings for the large, public trees (Table 4). The same steps were
followed to adjust the natural gas prices for all tree-types (large, medium,
small, and conifer trees). To find the price for net air pollutant uptake ($4.54
for large, public tree}, the 40-year average value of pollutant uptake was
divided by the 40-year average amount of pollutant uptake ($6.63/1.46 Ib).

- This adjusted price accounts for differences in uptake amounts and values
among the different pollutants in Grove Park.

To adjust cost figures, the city forester changed the planting cost from $200 The third step:
to $100 (Table 4). This planting cost was annualized by dividing the cost/tree adjust for local costs
by 40 years ($100/40 = $2.50/treefyr). Total planting costs were calculated by

multiplying this value by 650 large trees and 40 years ($65,000).

The irrigation cost is $7.50/tree per year for the first 5 years, or $37.50/tree
total for the project. Therefore, this amount was annualized by dividing the
40-year project life to derive a cost/tree of $0.94/tree. Total irrigation cost for
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The fourth step:
calculate net benefits
and benefit-cost ratios
for public trees

'Fhe final step:
determine how
benefits are distributed
and link these to

sources of revenue

Distributing costs of
tree management to
multiple parties
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the large, public tree was calculated by multiplying this value by 650 large
trees and 40 years ($24,375). Similarly, administration, inspection, and out-
reach costs are expected to average $2.50/tree per year, or a total of $100/tree
for the project’s life. Consequently, the total administration costs for large,
public trees is $2.50/tree times 650 large trees and 40 vears ($65,000). The
same procedure was followed to calculate costs for the other tree types.

Net benefits for the planting project were calculated by subtracting total costs
from total benefits for the large ($610,095, $23.47/treefyr), medium ($81,708,
$10.21/treefyr), small ($4,076, $2.04/tree/yr), and coniferous ($49,765,
$12.44/treefyr) trees. Benefits total $1.45 million ($36/treefyr) and costs total
$707,080 ($18/treefyear). The total net benefit for all 1,000 trees over the 40-
year period is $745,644, or $19%/treefyr. To calculate the average annual net
benefit per tree, the forester divided the total net benefit by the number of
trees planted (1,000) and 40 years ($745,644/1,000 trees/40 yrs. = $18.64).
Dividing total benefits by total costs yielded the benefit-cost rados (BCRs)
that ranged from 1.13 for small rees—where benefits slightly exceed costs—to
2.29 for large, public trees. The BCR for all public trees is 2.05, indicating
that $2.05 will be returned for every $1 invested.

It is important to remember that this analysis assumes 40% of the planted
trees die and does not account for the time value of money from a municipal
capital investment perspective. Use the municipal discount rate to compare
this investment in tree planting and management with alternative municipal
investments.

The city forester and Green Team now know that the project will cost
$707,080, and the average annual cost will be $17,677 ($707,080 / 40 years}.
However, more funds will be needed initially for planting and irrigation. The
fifth and last step is to identify the distribution of functional benefits that the
trees will provide. The last column in Table 4 shows the distribution of ben-
efits as a percentage of the total:

> Energy savings = 10% (cooling = 5%, heating = 5%)
> Carbon dioxide reduction = 3%

> Arr pollution reduction = 15.6%

> Stormwater runoff reduction = 33.1%

> Aesthetics/property value increase = 38.3%

With this information the planning team can determine how to distribute the
costs for tree planting and management based on who bencfits from the ser-
vices the trees will provide. For example, assuming the goal is to generate
enough annual revenue to cover the costs of managing the trees ($707,080),
fees could be distributed in the following manner:

> $70,720 from electric and natural gas utilities for
energy savings (10%)

> $21,164 from local business and industry for
atmospheric carbon dioxide reductions (3%)
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> $110,160 from the air quality management district
for net reduction of air pollutants (15.6%)

> $234,289 from the stormwater management district for water
quality improvement associated with reduced runoff (33.1%)

> $270,747 from property owners for increased property
values (38.3%).

Whether project funds are sought from partners, the general fund, or other
sources, this information can assist managers in developing policy, setting pri-
orities, and making decisions. The Center for Urban Forest Research has
developed a computer program called STRATUM that simplifies these cal-
culations for analyses of existing street tree populations (Maco and
McPherson, 2003).

Applying Benefit-Cost Data: Evergreen Example

A s a municipal cost-cutting measure, the hypothetical city of Evergreen is ; Evergreen
planning to no longer plant street trees with new development. Instead, example
developers will be required to plant front yard trees, thereby reducing costs to

the city. The community forester and concerned citizens believe that, although

this policy will result in lower planting costs, developers may plant more small-

stature trees than the city. Currently, Evergreen’s policy is to plant as large a

tree as possible given each site’s available growing space. Planting more small-

stature trees could result in benefits “forgone” that will exceed cost savings. To

evaluate this possible outcome the community forester and concerned citizens

decided to compare costs and benefits of planting large, medium, and small

trees for a hypothetical street tree planting project in Evergreen.

As a first step, the city forester and concerned citizens decide to quantify the Determine tree
total cumulative benefits and costs over 40 years for a typical street tree plant- planting numbers
ing of 1,500 trees in Evergreen. For comparison purposes, the planting

includes 500 large trees, 500 medium trees, and 500 small trees. Data in

Appendix A were obtained for the calculations. However, three aspects of

Evergreen’s urban and community forestry program are different than

assumed in this tree guide:

> The price of electricity is $0.09/kWh, not the
$0.078kWh assumed in the guide.

> No funds are spent on pest and disease control.

> Planting costs are $160/tree for city trees instead of the
$200/tree municipal average presented in the guide.

To calculate the dollar value of total benefits and costs for the 40-year period, Adjust for local
the last column in Appendix A (40 Year Average) was multiplied by 40 years. prices of benefits
Since this value is for one tree it must be multiplied by the total number of
trees planted in the respective large, medium, or small tree size classes. To
adjust for higher electricity prices we multiplied electricity saved for a large
public tree in the resource unit column by the Evergreen price (36 kWh x
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Adjust for local costs

Calculate cost savings
and benefits forgone

Net benefit per tree

‘What if the costs
are too high?

Work to increase
survival raies

] rreoGiice

$0.09 = $3.24). This value was multiplied by 40 years and 500 trees ($3.24 x
40 x 500 = $64,800) to obtain cumulative air conditioning savings for the
project (Table 5). The same steps were followed for medium and small trees.

1o adjust the cost figures, we did not use a row for pest and disease control
costs in Table 5. We multiplied 500 large trees by the unit planting cost ($160)
to obtain the adjusted cost for Evergreen (500 x $160 = $80,000). The average
annual 40-year costs for other items were multiplied by 40 years and the
appropriate number of trees to compute total costs. These 40-year cost values
were entered into Table 5.

Net benefits were calculated by subtracting total costs from total benefits for
the large ($597,000), medium ($279,600), and small ($81,000) trees. The total
net benefit for the 40-year period was $957,600 (total benefits — total costs),
or $638/tree ($957,600/1500 trees) on average (Table 5).

By not investing in street tree planting, the city would save $240,000 in initial
planting costs. If the developer planted 1,500 small-stature trees, benefits total
$1.1 million (3 x $364,200 for 500 small trees). If 1,500 large-stature trees
were planted, benefits total $2.8 million. Planting of small-stature trees causes
the city to forego benefits valued at $1.7 million. This amount exceeds the
savings of $240,000 obtained by requiring developers to plant new street
trees, and suggests that the City review developer’s planting plans to main-
tain its policy of planting large-stature trees where feasible.

The net benefit per public tree planted was:

> $1,194 for a large tree
> $559 for a medium tree
> $162 for a small tree

This analysis assumed 40% of the planted trees died. It did not account for
the time value of money from a municipal capital investment perspective, but
this could be done using the municipal discount rate.

Increasing Program Cost-Effectiveness

what if the program you have designed is promising i terms of stormwa-
ter runoff reduction, energy savings, volunteer participation, and ancil-
lary benefits, but the costs are too high? This section describes some steps to
consider that may increase benefits and reduce costs, thereby increasing cost-
effectiveness.

223 Increase Benefits

'mproved stewardship to increase the health and survival of recently plant- -
ed trees is one strategy for mereasing cost-effectiveness. An evaluation of
the Sacramento Shade program found that tree survival rates had a substan-
tal impact on projected benefits (Hildebrandt et al. 1996). Higher survival
rates increased energy savings and reduced tree removal costs.
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Conifers and broadleaf evergreens intercept rainfall and particulates year- Target tree plantings
round as well as reduce wind speeds, which lowers winter heating costs. with highest pay back
Locating these types of trees in yards, parks, school grounds, and other open

space areas can increase benefits.

You can further increase energy benefits by targeting a higher percentage of Customize planting
trees for locations that produce the greatest energy savings, such as opposite locations
west-facing walls and close to buildings with air conditioning. By customizing

tree locations to increase numbers in high-yield sites, energy savings can be

boosted.

> Reduce Program Costs

. COst-eﬂ'ectiveness is influenced by program costs as well as benefits: Reduce up-front and

establishment costs

Cost-effectiveness = Total Net Benefit / Total Program Cost
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Use less expensive
stock where
appropriate

Train volunteers to
monitor tree health

Prune early

Matich tree to site

Cutting costs is one strategy to increase cost-effectiveness. A substanttal per-
centage of total program costs occur during the first five years and are asso-
ciated with tree planting and establishment (McPherson 1993). Some strate-
gies to reduce these costs include:

> Plant bare root or smaller tree stock.
> Use trained volunteers for planting and pruning of young trees.

> Provide follow-up care to increase tree survival and
reduce replacement costs.

> Select and locate trees to avoid conflicts.

Where growing conditions are likely to be favorable, such as yard or garden
settings, it may be cost-effective to use smaller, less expensive stock or bare
root trees that reduce purchase and planting costs. However, in highly urban-
ized settings and sites subject to vandalism, large stock may survive the ini-
tial establishment period better than small stock.

Investing in the resources needed to promote tree establishment during the
first five years after planting is usually worthwhile, because once trees are
established they have a high probability of continued survival. If your pro-
gram has targeted trees on private property, then encourage residents to
attend tree care workshops. Develop standards of “establishment success” for
different types of tree species. Perform periodic inspections to alert residents
to tree health problems, and reward those whose trees meet your program’s
establishment standards. Replace dead trees as soon as possible, and identify
ways to Improve survivability.

Although orgamzing and training volunteers requires labor and resources, it
is usually less costly than contracting the work. A cadre of trained volunteers
can easily maintain trees until they reach a height of about 20 ft (6 m) and
limbs are too high to prune from the ground with pole pruners. By the time
trees reach this size they are well-established. Pruning during this establish-
ment period should result in a safer tree that will require less care in the long-
term. Training young trees can provide a strong branching structure that
requires less frequent thinning and shaping (Costello 2000). Ideally, young
trees are inspected and pruned every other year for the first five years after
planting.

As trees grow larger, contracted pruning costs may increase on a per-tree
basis. The frequency of pruning will influence these costs, since it takes
longer to prune a tree that has not been pruned in 10 years than one that was
pruned a few years ago. Although pruning frequency vares by species and
location, a return frequency of about five to cight years is usually sufficient
for older trees (Miller 1997).

Carefully select and locate trees to avoid conflicts with overhead powerlines,
sidewalks, and underground utilities. Time spent planning the planting will
result in longterm savings. Also consider soil type and irrigation, micro-
climate, and the type of activities occurring around the tree that will influence
its growth and management.
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When evaluating the bottom line — whether trees pay — do not forget to con-
sider benefits other than the stormwater runoff reductions, energy savings,
atmospheric COg reductions, and other tangible benefits described in this
report. The magnitude of benefits related to employment opportunities, job
~ training, community building, reduced violence, and enhanced human health
and well-being can be substantial. Moreover, these benefits extend beyond
the site where trees are planted, furthering collaborative efforts to build better
communities.

Additional information regarding urban and community forestry program
design and implementation can be obtained from the following references:

> Urban and Communtly Forestry: A Guude for the Interior Western
United States. U.S. Forest Service, Intermountain Region,
Ogden, UT. 1990.

> An Introductory Guide to Community and Urban Forestry in
Washington, Oregon, and California. World Forestry Center,
Portland, OR. Undated.

> A Technical Guide to Urban and Community Forestry. World
Forestry Center, Portland, OR. 1993.

Copies are available from your state’s urban and community forestry program
coordinator.
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4. General Guidelines for
Selecting and Siting Trees

'n this chapter, general guidelines for selecting and locating trees are pre-
sented. Both residential trees and trees in public places are considered.

Residential Yard Trees g
s 29 L
" . 4 ot e, &
£ Maximizing Energy Savings from Shading 2, S e - T fi. “\,%

Where should shade trees be planted? The right
tree in the right place can save energy and reduce tree -
are costs. In midsummer, the sun shines on the east side of ™

a building in the morning, passes over the roof near mid-
day, and then shines on the west side in the afternoon (Figure 3
on page 7). Electricity use 1s highest during the afternoon when

temperatures are warmest and mcomung sunshine is greatest. 1,

Therefore, the west side of a home is the most important side to

shade. Evergreens on the west side can provide both summer shade and 9. Locate trees to shade
winter wind protection. west.and east windows
Depending on building orientation and window placement, sun shining (from Sand 1993).

through windows can heat a2 home quickly during the morning hours. The
east side is the second most important side to shade when considering the net

impact of tree shade on cooling and heating costs (Figure 9). Deciduous trees High
on the east side provide summer shade and more winter solar heat gain than /@ summer
. sun
evergreens. ‘ }? 77

Use solar friendly trees. Trees located to shade south walls can block win-
ter sunshine and increase heating costs, because during winter the sun

is lower in the sky and shines on the south side of homes (Figure ] e, e ow
10). The warmth the sun provides 1s an asset, so do not plant / ) ¥ winter
evergreen trees that will block southern exposures and solar . PR -

collectors. Use solar friendly trees to the south because the
bare branches of these deciduous trees allow most sunlight to
strike the building (some solar unfriendly deciduous trees can

reduce sunlight striking the south side of buildings by 50%).
Examples of solar friendly trees include most species and culti-

vars of maple (dcer spp.) and ash (Fraxinus spp.). 10. Select solar friendly
To maximize summer shade and mimmize winter shade, locate trees about frees for south exposures
10-20 ft (3-6 m) south of the home. As trees grow taller, prune lower branch- and locate lase enough
es to allow more sun to reach the building if this will not weaken the tree’s bo frovide winter solar
structure (Figure 11). access and summer shade

(from Sand 1991).
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11. Trees south of home
before and affer pruning.
Lower branches are pruned
up to increase heat gain

from winter sun (from
Sand 1993).

home.

N,

o
N
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Roots, branches and buildings don’t mix.
Although the closer a tree is to the home the more
shade it provides, the roots of trees that are too
close can damage the foundation. Branches that
impinge on the building can make it difficult to
maintain exterior walls and windows. Keep trees
at least 5-10 ft (1.5-3 m) from the home to avoid
these conflicts, but within 30-50 ft (9-15 m) to
effectively shade windows and walls.

Patios, driveways and air conditioners need
shade. Paved patios and driveways can become
heat sinks that warm the home during the day.
Shade trees can make them cooler and more com-
fortable spaces. If 2 home is equipped with an air
conditioner, shading can reduce its energy use —
but do not plant vegetation so close that it will
obstruct the flow of air around the unit.

Avoid power, sewer, and water lines. Plant only
suitable trees under overhead powerlines and do
not plant directly above underground water and
sewer lnes. Contact your local utlity company
before planting to determine where underground
lines are located and which tree species should not

be planted under powerlnes. ‘

2 Planting Windbreaks for Heating Savings

ith the long winter heating season m the

Northern Mountain and Prairie region,
additional energy savings can be obtained in situ-
ations where lot sizes are large enough to plant
evergreen windbreaks. A tree’s size and porosity
can make it ideal at blocking wind, thereby reduc-
g the impacts of cold winter weather and drying
effects of summer winds. '

Locating windbreaks. Locate rows of trees per-

pendicular to the prevailing wind (Figure 12), usually the north and west side
of homes in this region. Remember that snow collects behind a windbreak.
This can be a problem if the driveway is located between the trees and the

Design the windbreak row to be longer than the building being sheltered
because the wind speed increases at the edge of the windbreak. Ideally, the
windbreak is planted upwind about 25-50 ft (715 m) from the building and

consists of dense evergreens that will grow to twice the height of the building
they shelter (Heisler 1986; Sand 1991). Avoid locating windbreaks that will
block sunlight to south and east walls (Figure 13). Trees should be spaced
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close enough to form a dense screen, but not so close that they will block sun-
light to each other, causing lower branches to self-prune. Most conifers can’
be spaced about 6 ft (2 m) on center. If there is room for two or more

rows, then space rows 10-12 ft (3-4 m) apart.

Plant dense evergreens. Evergreens are preferred
over deciduous trees for windbreaks because they
provide better wind protection. The ideal windbreak
tree is fast growing, visually dense, has strong
branch attachments, and has stiff branches that

do not self-prune. Large windbreak trees for
commumities in the Northern Mountain and Prairie
region include Colorado and Black Hills spruce (P. pungens and P. glauca var.

densata), and Austrian and ponderosa pine (Pinus migra and P. ponderosa). Good 12. Evergreens guide
windbreak species for smaller sites include Eastern red cedar (Fumiperus wind over the building
virgimana) and Rocky Mountain juniper (7. scopulorum). (from Sand, 1993).

In urban settings where vegetation is not a fire hazard, evergreens planted
close to the home create dead airspaces that reduce air infiltration and heat
loss. Allow shrubs to form thick hedges, especially along north, west, and east
walls.

Consider using shrubs, trees, and fences to create sun -~
pockets on the south side of the home. A south-
facing patio that is protected from the wind
can be used during sunny, cool but com-
fortable winter days.

> Selecting Yard Trees to -
Maximize Benefits

he ideal shade tree has a fairly

dense, round crown with limbs
broad enough to partially shade ‘ \
the roof. Given the same placement, \ N
a large tree will provide more building \ \\
shade than a small tree. Deciduous trees . A

allow sun to shine through leafless branches in
wimnter. Plant small trees where nearby buildings or

powerlines Jimit aboveground space. Colummar or 13. Mid-winter shadows
upright trees are appropriate in narrow side yards. Because the best location from a well-located wind-
for shade trees is relatively close to the west and east sides of buildings, the break and shade trees do
most suitable trees will be strong and capable of resisting storm damage, dis- ot Block solar radiation
case, and pests (Sand 1994). Examples of trees not to select for placement the southdfacing wall
near buildings mclude cottonwoods (Pypulus spp.) because of their invasive o the soutivjaang w
roots, weak wood, and large size, and ginkgos (Ginkgo biloba) because of their (from Sand. 1993).
sparse shade and slow growth.

Picking the right tree. When selecting trees, match the tree’s water require- 4

ments with those of surrounding plants. For instance, select low water-use
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Large trees
shade more

For GOy reduction,
select trees well-
suited to the site,

How to maximize

trees as COg sinks
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species for planting in areas that receive little frrigation. Also, match the tree’s
maintenance requirements with the amount of care and the type of use dif-
ferent areas in the landscape receive. For instance, tree species that drop fruit
that can be a slip-and-fall problem should not be planted near paved areas
that are frequently used by pedestrians. Check with your local landscape pro-
fessional before selecting trees to make sure that they are well suited to the
site’s soil and climatic conditions.

Trees in Public Places

sz Locating and Selecting Trees to Maximize Climate Benefits

1 common areas, along streets, m parking lots, and commercial areas locate

trees to maximize shade on paving and parked vehicles. Shade trees reduce
heat that is stored or reflected by paved surfaces. By cooling streets and park-
ing areas, they reduce emissions of evaporative hydrocarbons from parked
cars that are involved in smog formation (Scott et al. 1998). Large trees can
shade more area than smaller trees, but should be used only where space per-
mits. Remember that a tree needs space for both branches and roots.

Because trees in common areas and other public places may not shelter build-
ings from sun and wind, COy reductions are primarily duc to sequestration.
Fast-growing trees sequester more COq initially than slow-growing trees, but
this advantage can be lost if the fast-growing trees die at younger ages. Large
growmg trees have the capacity to store more COg than smaller growing
trees. To maximize COq sequestration, select tree species that are well-suited
to the site where they will be planted. Use information in the Tree Selection
List (see Chapter 5), and consult with your local landscape professional or
arborist to select the right tree for your site. Trees that are not well-adapted
will grow slowly, show symptoms of stress, or die at an early age. Unhealthy
trees do little to reduce atmospheric COqg, and can be unsightly liabilities in
the landscape.

Parks and other public landscapes serve multiple purposes. Some of the guide-
lines listed below may help you maximize their ability to serve as COg sinks:

> Provide as much pervious surface as possible (including
use of porous concrete near trees) so that trees grow
vigorously and store more COq.

> Maximize use of woody plants, especially trees, since they
store more GOy than do herbaceous plants and grass.

> Increase tree-stocking levels where feasible, and immediately
replace dead trees to compensate for COg lost through tree
and stump removal.

> Create a diversity of habitats, with trees of different ages and
species, to promote a CONtinuOUus CANOPy COVer.

> Select species that are adapted to local climate, soils, and other
growmng conditions. Adapted plants should thrive in the long




run and will avoid CO9 emissions stemming from high
maintenance needs.

> Group species with similar landscape maintenance requirements
together and consider how irrigation, pruning, fertilization,
weed, pest, and disease control can be done most cfficiently.

> Where feasible, reduce COy released through landscape
management by using push mowers (not gas or electric), hand
saws (not chain saws), pruners (not gas/electric shears), brooms,
and rakes (not leaf blowers), and employing local landscape
professionals who do not have to travel far to work sites,

> Consider the project’s life-span when making species selection.
Fast-growing species will sequester more COyg initially than
slow-growing species, but may not live as long.

> Provide a suitable soil environment for the trees in plazas,
parking lots, and other difficult sites to maximize initial COq

sequestration and longevity. Encourage use of structural soils
where appropriate.

¢> Locating and Selecting Trees to Maximize
Stormwater Runoff Reduction Benefits

Strategies to control stormwater runoff through urban forestry include:

> Match trees to rainfall patterns so that they are in-leaf
when precipitation is greatest.

> Select species with architectural features that maximize
interception, such as large leaf surface area and rough
surfaces that store water. Conifers intercept more rainfall
than similar sized deciduous trees.

> Plant low-water use species and natives that, once
established, require little supplemental irrigation.

> Plant more trees in appropriate areas.
> Improve the maintenance of existing trees.

> Plant species with rapid growth rates wherc appropriate.

Before planting contact your local utility company to locate underground
water, sewer, gas, and telecommunication lines. Note the location of power-
lines, streetlights, and traffic signs, and select tree species that will not conflict
with these aspects of the city’s infrastructure. Keep trees at least 30 ft (10 m)
away from street intersections to ensure visibility. Avoid planting shallow
rooting species near sidewalks, curbs, and paving. Tree roots can heave pave-
ment if planted too close to sidewalks and patios. Generally, avoid planting
within 3 ft (I m) of pavement, and remember that trunk flare at the base of
large trees can displace soil and paving for a considerable distance.

Pay attention to
infrastructare
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MEDIUM ZONE

40 (12M)

e 50 (15M) — 200 (6M)
OR LSS

14. @, ®) Know where Select only small-growing trees (<25 ft tall [8 m]) for locations under over-
Power limes and other utility head powerlines, and do not plant directly above underground water and
lines are before planting. sewer lines (Figure 14). Avoid locating trees where they will block illumina-
© Under power bines use tion from streetlights or views of street signs in parking lots, commercial
only small-growing trees arcas, and along streets.

(“Low Zone”), and avoid Match tree to site on case-by-case basis. Maintenance requirements and
planting directly above public safety issues influence the type of trees sclected for public places. The
underground utilities. ideal public tree is not susceptible to wind damage and branch drop, does not
Larger trees may be planted require frequent pruning, produces negligible litter, is deep-rooted, has few
where space permits serious pest and disease problems, and tolerates a wide range of soil condi-
(“Medium” and “Tall” tions, irrigation regimes, and air pollutants. Because relatively few trees have
20mes) (fom IS4 1992) all these traits, it is important to match the tree species to the planting site by

determming what issues are most important on a case-by-case basis. For exam-
ple, parking lot trees should be tolerant of hot, dry conditions, have strong
branch attachments, and be resistant to attacks by pests that leave vehicles cov-
ered with sticky exudates. Consult the Tree Selection List in Chapter 5 and
your local landscape professional for horticultural information on tree traits.
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General Guidelines to Maximize Long-Term Benefits

electing a tree from the nursery that has a high probability of becoming a

healthy, trouble-free mature tree is critical to a successful outcome.
Therefore, select the very best stock at your nursery and, when necessary,
reject nursery stock that does not meet industry standards.

Root ball critical to survival. The health of the tree’s root ball is crit-
1cal to its ultimate survival. If the tree is in a container, check for
matted roots by sliding off the container. Roots should penetrate

to the edge of the root ball, but not densely circle the inside of the
container or grow through drain holes. If the tree has many

roots circling around the outside of the root ball or the root

ball is very hard it is said to be pot-bound. The mass of

circling roots can act as a physical barrier to root pene-

Top of reothall ot
tration into the surrounding soil after planting. Dense it sing necessary bbic i
surface roots that circle the trunk may girdle the tree. WY:&M /
Do not purchase pot-bound trees. e e

i
Backfill with original
soit and ne ather soi
amengments

f

A good tree is well-anchored. Another way to evaluate
the quality of the tree before planting is to gently move the
trunk back and forth. A good tree trunk bends and does not

move in the soil, while a poor quality trunk bends little and Wkt of ol 4 edst 21
. o 1 - T 1 . P uch as S to 10k In
pivots at or below the soil line — a telltale sign indicating a ? compacted 209

-poorly anchored tree.

Plant the tree in a quality hole. Dig the planting hole one inch shallower

than the depth of the root ball to allow for some settling after it is watered in. I?‘ Prepare a broad
The crown of the root ball should be slightly above ground level. Make the P kmtmg ared, plant tree
hole two to three times as wide as the root ball and roughen the sides of the with rootball atgrt.mnd
hole to make it easier for roots to penetrate. Backfill with the native soil unless level, and provide a
it is very sandy, in which case you may want to add composted organic mat- watering ring to
ter such as peat moss or shredded bark (Figure 15). retam water {from

Mulch and water, Use the extra backfill to build a berm outside the root ball Head ¢t al. 2001).

that is 6 inches (15 an) high and 3 ft (I m) in diameter. Soak the tree, and
gently rock it to settle it in. Cover the basin with a 4-inch (10 cm) thick layer
of mulch, but avoid placing mulch against the tree trunk. Water the new tree
twice a week for the first month and weekly thereafter for the following two
growing seasons.

~ Inspect your tree several times a year, and contact a local tree or landscape Don’t forget
professional if problems develop. If your tree needed staking to keep it : about the tree
upright, remove the stake and ties as soon as the tree can hold itself up.

Reapply mulch and irrigate the tree as needed. Prune the young tree to main- -
tain a central leader and equally spaced scaffold branches. As the tree
matures, have it pruned on a regular basis by a certified arborist or experi-
enced professional. By keeping your tree healthy, you maximize its ability to
intercept rainfall, reduce atmospheric COg, and provide other benefits.
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Chapter 4

For more information For additional information on tree planting, establishment, and care see the

Tree City USA Bulletin sexies (Fazio undated), Principles and Practice of Planting
Trees and Shrubs (Watson and Himelick 1997), Arboriculture (Harris et al. 1999),

and the video Training Young Trees for Structure and Form (Costello 2000).
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5. Tree selection List for Northern
Mountain and Prairie Communities

help select the right tree for specific planting situadons throughout the

' n this chapter, recommended trees and their attributes are presented to
Northern Mountain and Prairie region,

'The Northern Mountam and Prairie Region is extensive and diverse. It covers
much of the northern interior western states. Parts of 13 states make up this
region. (Alaska was not included in this tree list, even though most of it is
considered cold and snowy.) Elevations range from 1,000 feet (305 m) to over
14,000 feet (4,267 m). One of the highest communities is in Colorado at
10,000 feet (3,048 m). There is also a 900 mile (1,448 km) latitude change
extending from approximately the 37th parallel in the south to the 49th
parallel in the north.

Chapter s

What is the
geographic scope?

Soil characteristics within this region vary
greatly. Most soils will be alkaline. Semi-arid
and arid regions found further west will be
more alkaline than conditions found in the
eastern half of the plains states. Selecting trees
that can tolerate soils with high alkalinity is
especially important in these areas.

Average rainfall ranges from seven inches (180
mm) in the western arid regions to 30 inches
(762 mm) in the mountains and eastern end of
the Great Plains. However, supplemental irri-
gation often occurs in landscapes to provide
the necessary moisture for tree survival.
-Mulching and other moisture saving practices
are encouraged to save water,

USDA Hardiness Zones found in this region
range from 3 to 7 (Figure 16). Of course, the
higher elevations of the Rockies get into Zones
1 and 2.

USDA Zones
1 il Below -50 F
288 S0t A0F
3EgH 4010 -30F
488 -30to-20F
-20to-10F
-10tc OF
Otc10F
10t020F
2010 30F
101577 30to 40 F
11; 1 Aboved40F

O 00~ MW

A characteristic common to this area, and detrimental to many trees, is the
great fluctuation of temperature. This can occur between night and day, but
even more devastating are the rapid fluctuations associated with winter con-
ditions. Balmy conditions can occur during winter, but a cold front can cause
temperatures to drop as much as 70-80°F (40-45°C} in less than 24 hours.

‘What are the selection criteria? A large number of tree species can grow in
this region with proper irrigation and cultivation. The trees in this list were
selected by urban and community forestry professionals in the 13-state area.

16. Recommended trees
Jor the Northern
Mountamn and Praire
region grow well in
USDA Hardiness Zones
1-6 and are acceptable

Jor use by a number of
muniapalities in the regon.
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‘What information
is included?

| e ide

These are trees that are commonly found on arborist certification exams
given by the International Society of Arboriculture. It is a broad selection of
trees but does not include every possible selection. Microclimates exist, or are
created, to support trees that normally grow in USDA Hardiness Zones
greater than 7.

Tree and stte characteristics provided in this list have to be
used cautiously because of the wide geographic and climatic
range involved. A tree noted with a slow growth rate may
actually grow fast in another hardiness zone or protected
site,

Shade for cooling is usually an important consideration
when selecting a tree and one that is emphasized in many
articles. However, in the Northern Mountain and Prairie
Region, shade can be detrimental in the winter. Shade
reduces the amount of solar penetration that can warm
homes and melt snow. Be sure to analyze a tree’s winter
characteristics and select the appropriate one for the site.

£ How to Match the Tree to the Site

Findjng the best tree for a specific site takes time and study. Collecting
information on conditions at the site is the first step. Consider the amount
of below- and above-ground space, soil type and pH, irrigation availability,
microclimate, and the type of activities occurring around the tree that will
influence its growth and management (e.g., mowing, parking, social events).
In most cases, it is too expensive to alter site conditions by making them more
suitable for a specific tree species. Instead, it is more practical to identify trees
with characteristics that best match the existing site conditions, particularly
those conditions that will be most limiting to growth. For example, shade tol-
erance can effect growth, flowering, and disease susceptibility of some genera
(e.g., Prunus and Malus) should be carefully considered when matching a tree
to a site. Information in this chapter will assist in finding the best match pos-
sible.

Phystcal characteristics and definitions used for this matrix are listed below.
Tree Form: These are the basic shapes of the trees at maturity.
- > Pyrimidal - triangular in cross-section

>> Oval - elliptical in a vertical fashion
Round - self explanatory
Vase — wider at top than at the base
Irregular - no fundamental shape
Columnar - very upright in its growth
Shrub Like — small tree, often multi-stemmed.
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Chapters
| Hardiness Zone: The U.S. Department of Agriculture’s hardiness zone map

was used. Range of zones in the Northern Mountain and Prairie Region is 3
to 7 (with higher elevations reaching zones 1 and 2).

Growth rate: Height growth was judged based on the ranges set below.
Growth rates are markedly lower than in most other areas of the United
States.

> Fast — more than 2 feet > 0.6 m) per year

> Medium - 1 foot to 2 feet (0.3-0.6 m) per year

5> Slow - less than 1 foot (< 0.3 m) per year.

Relative size: This is the size of the tree at maturity.

> Small - less than 25 feet (7.6 m) tall and wide. Trunk diameters
are less than 20 inches (51 cm). Small trees fit nicely in 4- or
5-foot (1.2-1.5 m) tree lawns or landscape strips.

> Medium - 25-40 feet (7.6-12.2 m) tall and wide. Trunk
diameters can be 20-30 inches (51-76 cm).

> Large — greater than 40 feet (12.2 m) tall and wide. Trunk
diameters are commonly over 30 inches (> 76 cm). Large trces
need at least an 8-foot (2.4 m) tree lawn or landscape strip.

Shade Tolerance: Indicates the ability of the tee to grow well in shaded
areas.

> High
> Moderate
> Low

Longevity: Indicates how long the tree will live if properly planted and main-
tained.

> Short - 50 years or less

> Medm - 50 to 200 years
> Long — 200 years or more.

Root Habit: Indicates whether roots tend to grow deeply in the soil or near-
er the surface. This is a very difficult to determine for some species because
it depends greatly on the soil characteristics at the planting site.

> Shallow
> Deep

I
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For more information References used to dcvelop the tree list include:

Drrr, M. A. 1998. Manual of woody landscape plants. 5th ed. Stipes
Publishing, L.L.C., Champaign, Illinois.

Johnson, C.W.; Baker, F.A.; Johnson, W.S. 1990. Urban and
Community Forestry: A Guide for the Interior Western United
States. USDA Forest Service, Intermountain Region, Ogden, UT.

Kuhns, M. 1998. A Guide to the Trees of Utah and the
Intermountain West. Utah State University, Logan, UT.

Little, E. 1995. Field Guide to Trees (Eastern and Western Editions).
National Audubon Society, Knopf Publishing.
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7. Glossary of Terms

AFUE (Annual Fuel Utilization Efficiency): A measure of space heating
equipment cfficiency defined as the fraction of energy output/cnergy input.

Anthropogenic: Produced by humans.

Avoided Power Plant Emissions: Reduced emissions of COg or other pol-
lutants that result from. reductions in building energy use due to the moder-
ating cffect of trees on climate. Reduced energy usc for heating and cooling
result in reduced demand for electrical energy, which translates into fewer
emissions by power plants,

Biodiversity: The variety of life forms in a given area. Diversity can be cat-
egorized in terms of the number of species, the varicty in the area's plant and
animal communities, the genetic variability of the animals, or a combination
of these elements.

Biogenic: Produced by living organisms,

BVOCs (Biogenic Volatile Organic Compounds): Hydrocarbon com-
- pounds from vegetation (e.g. isoprene, monoterpene) that exist in the ambi-
ent air and contribute to the formation of smog and/or may themselves be
toxic. Emission rates (ug/g/hr) used for this gnide follow Winer et al.1998:

> Faxinus pennsylvanica - 0.04 (Isoprene); 0.04 (Monoterprene);
0.12 (Other)

> Acer platanoides - 0.04 (Isoprene); 1.05 (Monoterprene); 0.32 (Other)
> Malus spp. - 0.04 (Isoprene); 0.04 (Monoterprene); 0.04 (Other)
> Picea pungens - 1.28 (Isoprene}; 0.41 (Monoterprene); 0.12 (Other)

Canopy: A layer or multiple layers of branches and foliage at the top or
crown of a forest’s trees.

Cities for Climate Protection TM Campaign: Cities for Climate Protection
Campaign (CGCP), begun in 1993, is a global campaign to reduce the emis-
sions that cause global warming and air pollution. By 1999, the campaign had
engaged in this effort more than 350 local governments, who jointly account-
ed for approximately 7% of global greenhouse gas emissions.

Climate: The average weather (usually taken over a 30-year time period) for
a particular region and time period. Climate is not the same as weather, but
rather, it is the average pattern of weather for a particular region. Weather
describes the short-term state of the atmosphere. Climatic elements include
precipitation, temperature, humidity, sunshine, wind velocity, phenomena
such as fog, frost, and hail storms, and other measures of the weather.
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Climate Effects: Impact on residential space heating and cooling (kg
COy/treefyear) from trees located greater than 15 m (50 ft) from a building
due to associated reductions in wind speeds and summer air temperatures.

Contract Rate: The percentage of residential trees cared for by commercial
arborists; the proportion of trees contracted out for a specific service (e.g.,
pruning or pest management).

Control Costs: The marginal cost of reducing air pollutants using best avail-
able control technologies.

Crown: The branches and foltage at the top of a tree.

Cultivar (derived from “cultivated variety”): Denotes certain culttvated
plants that are clearly distinguishable from others by any characteristic and
that when reproduced (sexually or asexually) retain their distinguishing
characters. In the United States, variety is often considered synonymous with
cultrvar.

Deciduous: Trees or shrubs that lose their leaves every fall.

Diameter at Breast Height (DBH): Tree DBH is outside bark diameter at
breast height. Breast height is defined as 4.5 feet (1.37m) above ground-line
on the uphill side (where applicable) of the tree.

Emission Factor: A rate of (302, NOQ, SO9 and PMy; output resulting
from the consumption of electricity, natural gas or any other fuel source.

Evapotranspiration (ET): The total loss of water by evaporation from the
soil surface and by transpiration from plants, from a given area, and during
a specifted period of time.

Evergreen: Trees or shrubs. that are never entirely leafless. Evergreen trees
may be broadleaved or coniferous (cone-bearing with needle-like leaves).

Greenspace: Urban trees, forests, and associated vegetation in and around

. human settlements, ranging from small communities in rural settings to met-

| e

ropolitan regions.

Heat Sinks: Paving, buildings, and other built surfaces that store heat ener-
gy from the sun.

Hourly Pollutant Dry Deposition: Removal of gases from the atmosphere
by direct transfer to and absorption of gases and particles by natural surfaces
such as vegetation, soil, water or snow.

Interception: Amount of rainfall held on tree leaves and stem surfaces.

kBtu: A unit of work or energy, measured as 1,000 British thermal units.
One kBtu is equivalent to 0.293 kWh.
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kWh (Kilowatt-hour): A unit of work or energy, measured as one kilowatt
(1,000 watts) of power expended for one hour. One kWh is equivalent to
3.412 kBtu.

Leaf Surface Area (LSA): Measurement of area of one side of leaf or leaves.
Leaf Area Index (LAI): Total leaf area per unit crown projection area.

- Mature Tree: A tree that has reached a desired size or age for its intended
use. Size, age, or economic maturity varies depending on the species, loca-
tion, growing conditions, and intended use.

Mature Tree Size: The approximate tree size 40 years after planting.

MBtu: A unit of work or energy, measured as 1,000,000 British thermal
umnits. One MBtu is equivalent to 0.293 MWh.

Metric Tonne: A measure of weight (abbreviate “tonne”) equal to 1,000,000
grams (1,000 kilograms) or 2,205 pounds.

Municipal Forester: A person who manages public street and/or park trees
(municipal forestry programs) for the benefit of the community.

MWh (Megawatt-hour): A unit of work or energy, measured as one
Megawatt (1,000,000 watts) of power expended for one hour. One MWh is
equivalent to 3.412 Mbtu.

AN

Nitrogen Oxides (Oxides of Nitrogen, NOx): A general term pertaining to
compounds of nitric acid (NO), nitrogen dioxide {NOy), and other oxides of
nitrogen. Nitrogen oxides are typically created during combustion processes,
and are major contributors to smog formation and acid deposition. NOg may
result in numerous adverse health effects.

Ozone: A strong-smelling, pale blue, reactive toxic chemical gas consisting of
three oxygen atoms. It is a product of the photochemical process involving
the sun’s energy. Ozone exists in the upper atmosphere ozone layer as well as
at the earth’s surface. Ozone at the earth’s surface can cause numerous
adverse human health effects. It is a major component of smog.

Peak Cooling Demand: The single greatest amount of electricity required
at any one time during the course of a year to meet space cooling require-
ments.

Peak Flow (or Peak Runoff): The maximum rate of runoff at a given point
or from a given area, during a specific period.

Photosynthesis: The process in green plants of converting water and carbon
dioxide into sugar with light energy; accompanied by the production of
OXygen.
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PM; g (Particulate Matter): Major class of air pollutants conszsung of tiny
solid or liquid partlcles of soot, dust, smoke, fumes, and mists. The size of the
particles {10 microns or smaller, about 0.0004 inches or less) allows them to
enter the air sacs (gas exchange region) deep in the lungs where they may get
deposited and result in adverse health effects. PMy) also causes visibility
reduction.

Resource Unit (Res Unit): The value used to determine and calculate ben-
efits and costs of individual trees. For example, the amount of air condition-
ing energy saved in kWh/yr/tree, air pollutant uptake in pounds/yr/tree, or
rainfall mtercepted in gallons/yr/tree.

Riparian Habitats: Narrow strips of land bordering creeks, rivers, lakes, or
other bodies of water.

SEER (Secasonal Energy Efficiency Ratio): Ratio of cooling output to
power consumption; kBtu-output/kWh-input as a fraction. It is the Betu of
cooling output during its normal annual usage divided by the total electric
energy input im watt-hours during the same period.

Sequestration: Annual net rate that a tree removes COg from the atmos-
phere through the processes of photosynthesis and respiration (kg COg/
treefyear).

Shade Coeflicient: The percentage of light striking a tree crown that is trans-
mitted through gaps in the crown.

Shade Effects: Impact on residential space heating and cooling (kg CGOq/
treefyear) from trees located within 15 m (50 &) of a building so as to directly
shade the building.

Solar Friendly Trees: Trees that have characteristics that reduce blocking of
winter sunlight. According to one numerical ranking system, these traits
include open crowns during the winter heating season, early to drop leaves
and late to leaf out, relatively small size, and a slow growth rate (Ames 1987).

SO (Sulfur Dioxide): A strong smelling, colorless gas that is formed by the
combustion of fossil fuels. Power plants, which may use coal or oil high in
sulfur content, can be major sources of SOg_Sulfur oxides contribute to the
problem of acid deposition.

Stem Flow: Amount of rainfall that travels down the tree trunk and onto the
ground.

Throughfall: Amount of rainfall that falls directly to the surface below the
tree crown or drips onto the surface from branches and leaves.

Transpiration: The loss of water vapor through the stomata of leaves.
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Tree or Canopy Cover: The percent of a fixed area covered by the crown of
an individual tree or delimited by the vertical projection of its outermost
pertmeter; small openings in the crown are included. Used to express the rel-
ative importance of individual species within a vegetation community or to
express the coverage of woody species.

Tree Litter: Fruit, leaves, twigs, and other debris shed by trees.

Tree-Related Emissions: Carbon dioxide releases that result from activities
involved with growing, planting, and caring for program trees.

Tree Height: Total height of tree from base (at groundline) to tree top.

Tree Surface Saturation Storage (or Tree Surface Detention Storage):
The volume of water required to fill the tree surface to its overflow level. This
part of rainfall stored on the canopy surface does not contribute to surface
runoff during and after a rainfall event.

Urban Heat Island: An “urban heat island” is an area in a city where
sumimertime air temperatures are 3° to 8° F warmer than temperatures in the
surrounding countryside. Urban areas are warmer for two reasons: (1) they
use dark construction materials which absorb solar energy, (2) they have few
trees, shrubs or other vegetation to provide shade and cool the air.

VOCGCs (Volatile Organic Compounds): Hydrocarbon compounds that exist
in the ambient air. VOCs contribute to the formation of smog and/or are
toxic. VOGs often have an odor. Some examples of VOCs are gasoline, alco-
hol, and the solvents used in paints.

Willingness to Pay: The maximum amount of money an individual would
be willing to pay, rather than do without, for non-market, public goods such
as an environmental amenity.
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Appendix A.
Benefit-Cost Information Tables

'nformation in this Appendix can be used to estimate benefits and costs
associated with proposed tree plantings. The four tables contain data for
the small (crabapple), medium (Norway maple), large (green ash), and
conifer (Colorado spruce) trees. Data are presented as annual values for each
five-year interval after planting.

There are two columns for each five-year interval. In the
first column values describe Resource Units (RUs): the
amount of air conditioning energy saved in kWh/yr/tree,
ar pollutant uptake in pounds/yr/tree, and rainfall inter-
cepted in gallons/yr/tree. These values reflect the assump-
tion that 40% of all trees planted will die over 40 years.
Energy and COq benefits for residential yard trees are bro-
ken out by tree location to show how shading impacts vary
among trees opposite west-, south-, and east-facing building
walls. In the row for Aesthetics and Other Benefits, the dol-
lar value for Yard trees replaces values m RUs because
there is no RU for this type of benefit. For the remaining
rows the first column contains dollar values for Yard trees.

The second column, for each five-year interval, contains dollar values
obtained by multiplying RUs by local prices (c.g., kWh saved [RU] x
$/kWh). In the Aesthetics and Other Benefits row, and all subsequent rows,
the dollar values are for a Public tree,

Costs for the Yard and Public tree do not vary by location. Although tree and
planting costs are assumed to occur initially at year one, we divided this value
by five years to dertve an average annual cost for the first five-year period.
All other costs, as well as benefits, are the estimated values for each year and
not values averaged over five years.

Total Net Benefits are calculated by subtracting Total Costs from Total
Benefits. Data are presented for a Yard tree opposite west-, south-, and east-
facing walls, as well as the Public tree.

The last two columns in each table present 40-year average annual values.
"These numbers were calculated by dividing the total stream of annual costs
and benefits by 40 years.

v o || I




Appendix A

[FZ] (=] 63 JI=3 zes 923 [ 018 oS- aland
628 evs il v 161 o i 118 £8- 1sE3 uep
oz$ ivs o 23 ees zes 5Z§ 518 ges- uinog jpuej
zed 55 £6f 058 ors 8ed LES 6ls 9e$- is0M UBA

siyouce JON JeioL
caozs [z01ig evais (1028 llaeers [#bis flovas |ozes [esiis)oees det/1g (2508 loecis [ozvs | eoels |ssed [ooess | 18'ivs 805 oL |
6Le8 |svo% i [ 80O g0y | 800 8Le | .loo ece | 200 g6z | 600 e 500 £8'1 00 VL [200 IO F upIpY
g008 |[Lo08 [[600 | LOO 60°0 100 800 100 80C | 100 800 100 80°0 100 00 o 00 |100 1eBe 2 Aygqen
sros {zoo$ [ezo |[voO Zo | €00 §z0 |€00 20 | E00 &0 |zoo 010 | 20D 4% z0'0 00 |00 dn-uesid

208 |08 [0 fevo 80 g0 2ee  |zeo 920 | 920 ozo  |oeo EL0  {EL0 80°C 20°0 ey ey vonetiy

er0o3 |9008 [oL0 60O LL0 800 99'c | 800 090 |00 50 | 900 0 |s00 ZE0 vo'0 0z0  |200 ainpnnzeyu|

6zo¢ |Zo0d ot | E0°0 ezg  |t00 Z0 |00 ¥20 | 200 iz0 {200 o jzoo ELO 100 800 100 03209|Q 7 150d
61zs leses [joze |SEP Z0°€E oLy 6Lz o8¢ 29T | ere 81’z 88T el vz 97 =4 8 8s2 |ere asods|q P GAcwey
vres {e0es o0 | ese g58  |zlT zoor |98z ¥s50l | o0 0L |9ve LA 4 aLe €5t 996 | 900 Bujunig
oos$ |oogs 00D | 000 000|000 000|000 000 | 000 000|000 000 | 000 00'0 000 ooy foooy Bupuejd g oau|
aand | pes | onand | pseA ff onand | PBA | ognd | RuBA jomand | pieA § omand | pies | ofang | omea | oikng | pres § oland | peeA (eanjiA1g) mvon
abeeae Jaok o 0OF JBO)\ GE JEAA 0g oA ALY 02 Jea) gl JBOA [ELCY G JBOA 3L 3OUVT

8118 r58st €188 Zegss £E0SS 5EYS LI VES EFETs ¥ AT agnd
T50e8 80°Z58 [3:350 ogzss LS Z0' 18 60'se$ 82028 LroLs 153 pe,
Yz Le8 £ ves 68258 91098 L0°6v% ve'ees Fl:3: 4 6'618 ¥es YOG pUBA
GEErS 18108 ¥106% 957158 ¥5'268 ¥o'sis oLpes €822 Yo 1M BA

and | peear |l onand | piea J onand | peA § oland  peeA [oand| pmA joonand | opieA | onand  pied f o oignd [ piea f| olang | piea fyeusg KoL

cg'91s joowis Fievis | vaels lIvsans [ 2vis Jocels | evsis Jlozeis| ezt Bieels Jreols lviais fseais Neesis [ eszis dsrois [omes Nysusy M0

OIdNd | PEA jonang | pies b ooygng | pues F omand  piBp Homang | peA J dland | peA ] oianed  pieA | onand | pues | dugnd | peeA pue sInS\saY

aoels je0z't |[viez |evi'z Jev'tz | vee'y foeal [SsL’L fiSS |emr't [eoei [ewt fesr  [ies F{x7 I8 A ED uondedsslu] (lejuren

{1e8} ABojoipiy
£988 |orl gl |eegz Hezol |26 (ses  |en0c [lBoe  lzes) Heao  |eee’s Hive |vEe0  ((ze2 ze8v'0 Jiego {Zii0 axerdn 18U + POPIOAY

008 [0 el |os00- fZie- [ eZoc |ove |o2oe- [fl000- | G100 S0 | L0 [fE0°0- {0000~ [[ze'0- [ e00'0- [iooo- | LOOO- pB3eeiR) $,00Nd

Z00% |00 €o'c | o000 {200 [go00 ||Zo0  {soo00 ffZzoe [Po0'0 [epe |e000 [fLo0  {zZooo [ooo cooo  fooo- | oooo paplose S.30A

6L0s 940 orL  |ezo {ezl 2o [z jeweo [[ve0 lveio frro |Ssvio | is0 8800 | ez'0 ge0'0c oo | ozon pepoaBayesdn gLNd

w<es [ove s jeose [y |ees0 [lzsy  |veo0 [Zov | LsD [ere  |osko (282 [ese0 | 1el Lo ffzgo  |elo0 peploss+eyesdn ZOS

ZE'lS EVD 0zz |owo [lsoz  [ie00 [esy  |eioe |[vory |ses0 [|ee  jeske [|eed | 820 [svo orLg |[vi'o | 2900 peploae+axEidn ZON

ZE'LS EVO 192 |esep [loge e&kzro {oet |sie0 fevt |zaro [leoh  |oke0 [|2o0  Jogze [|+e0 oLLe [joto | ZeoD exeydn £0

(@) vonnitod 4y |

FATIED 181 We Se'l FIz4 8L | 282 8g'L | 1IE oL |eal 980 vLL €50 i85 oe el Jmand

Zvis | 88l aLz |82 ¥z o8z T ez 8L o082 gl |02 1k sel o¥0 19 200 |8 iseg piEA

SOl | 681 Ly {eee (YN} 17 e | nez erL |18t (TN S90 |48 0z'o i 800~ Zi- tinog :prey,

80T | 6L 68 j66E €62 182 08z |9se ez | e 9T |[git 594 0zz 080 8LL 0£0 W 159 pIuA

(q1) Z0o 19N
]

s 3268 zor | 900" |[erd 086 ¥&'8 | ¥08 £96 | L2 wr | ces €LT 19 S1') [ET8 g0 g2 sand

Wps | 558 org |ov0'lL gesi [¥1.} ooy | €6 886G | 49 rsv | g0 ez [Zee seQ - | ¥e tg0- | se 1583 pep

0528 |e08 98 | i 6eg | zes vLy | vES 89T | 95% ez |62 8o |oe g0t~ | B5i- LA yInes e

098 | 898 oLl |ers't  [fze'lr | ssp'r [Jesoir |eees [less [es2 foee  [Zoo'L fees | a9 b 22 (i1, 50 |63 159 pIBA

(mepi) AB1euz Jon

691 | 6e2 68T | S6e are  |see g5z |5t ez |=og S9L  jee z0'h zrt £F0 8g 00 |8 aand

00’19~ | BEL- oo S Lo |41 o | 2o 9gc | 021 - | 98- 8Ll | avE- ag'l- | vz 8 | ez 1se3 uep

69°18- | se2- 090 |e8 80 |0z - | 69k co'L- | 8z Lz | g6z oz | ive 09°2- 098 00g- | LL2- Wnog (pIBA
sg'0s | 8- 50 |er 9e'0 o s00 |8 80 | 6 e |4 - {28l BYL- 2Lz ogt- | 18t- 1S8M PIBA
(may) Bueoy

S ey |le var |09 8Ty |85 soe | LT jGE 751 f3 2o 8 1o ! MNand

wse |69 oo'g | €0k wi |ee sp: |98 9g9 |e8 U T kv  |e8 €€ o 90 |2l 183 pueA

eLys | vs e |8 9zg |08 98's |92 ve's | 6o Wy |29 88z |8t 151 og 950 |4 HINoS pueA

s1es | #0L o AN 90l |orL 1oL | BEL oL | LEl st | Atk 899 |98 PO¥ 2g @& | e 1S90 piBA
{um) Bupoos

$ no 3 no $ Ny § [iC] $ Ny [3 nx $ nd 8 Ny $ n seuy/sjyauey

abelese jeeh o D Jeas GE 188 0g JBBA GZ 1BBA 0F JesA gl Jenjh 0l Jeas G JEBA ML DUV

{use usaib) esly ebie| 10} a|ge] BJEQ

Tree Guide




Appendix A

84 6% 1% ais 118 4% (% o3 ges- oliand
L8 az$ gzs 3 9z$ forid ] eLs 4L ] <68~ seg ples
1253 z% 9z8 T8 £z8 (%4 1L § Zi$ 2 LANOS pIeA
6L% ged LES oes 8e3 ozs 1Z$ SIS bes- 1S9M e
sjyouag 19N ITeL
29'815 {6€018 [lorZis (048 8b'218 |£6'98 Zr2Ls |LLos LOvIS |98'v8 gLpis  |sris 0oels |2ops 982ty |oves £v'2gs |sgirs 81300 19101
8528 |so0s i) 800 (734 L0°0 e |00 e 800 wZ s0°0 2T 00 (¥ N €00 80’} 200 9410 § Dy
008 |L0'0% 200 W0 800 Loe 800 oo 200 oo 00 100 L00 100 800 100 500 oo |eBa % Appgen)
1108 |zZoos 920 £00 S20 eg'o €20 |E00 120 £0°0 810 200 S0 00 Lo Lo 200 10’0 dryues|d
zLo$ |2L0% 9z'0 9z'0  |[rea LA 120 (KA} BL'D 8L'0 [:151] oL'o €10 £1'0 60°0 600 44 [t vonetiy
S¥'0§ 9008 690 800 590 800 190 |800 S50 100 8r0 80’0 or'o 500 [1]41] ¥0'0 [:1%1) Zoo 2INORASRYN|
21’08 (2008 820 £0°0 92’0 €00 20 1200 [-rA) 0’0 810 <00 910 00 444 ' oo L0Q eseas|(] ¢ 180d
£02s 2228 %74 86 LT e Fi AL 44 LL'E Yo' LT 69'L 0Ee 12 L'} We 8zt asods|(q 17 eAcwey
oFes [eL1s 908 89T £5°6 eL'e 2001 {99¢ 06°L e %5} ge’l vl'e : 816 €9’} .74 4 gua Bupunig
00'g3 |o0'gs 000 00’0 000 000 00'0__ 1000 00°0 00'0 000 000 000 000 000 000 00°0b | 00°0F Bugue|d 20J1 |
g | peA || oand | pBA § Dliand § piBA || ddnd§  puBA Aqnd | peA onarg es I suand | peeA olland § PIBA | Jland | RIBA (eanuAg) ms0D
abesens 1eek op O 4884 GE JBdA QF JeDA Gz JeoA DZ JBBA Gl JBeA Qi Jee) G Jeop FIHL NNIKAIN
05428 80'88% ¥1°6eS EY'EES 0z 1e$ z20'ezs 95'e28 reels SLPLS Aand
06'928 Figo 90'6e% zeees Z0'IES sLi28 SrZzs o'oLe aFZis 1893 Pl
89vES 9e'ees 05'ZES 29°0E$ 19174 4 elgzs 0£'02$ 80'S1% 8g'LLS 0T [RIBA
£9'82% 99'g8$ % 05°9es Y2 ¥eS 8g0es 26'vZ8 __|eenig SPELS 1588 B
qang | B | gngd | pep || KNG | RRA || OHInd  pIBA diand | MBA diand pEA I ouand  pieA Hiand | pBA And | pIBA syeusy [MoL
288 |eces 18 |e0LS ga'ed  [6¥i$ AT | 2e'2% l9'68  |oL'gs 00'0ls | op'as st'ols |el'es 0801 [ ¥1°6% LS [Lies KYsueq g0
igng | pes § digng | pea N dlang | pJeA | oiand  pieA Hang | pBA 2fqng es B oouangd  pueA ignd | mes [ ang | pues pue SIIeey
AR ] 825Gl [evv' Gipt fese't el |ske'L 82l (el v 0} 198 [T%:] 1S4, av's e8P veT j: 134 uondeasequ) [ajuny
{reB) ABopospAy
19v8 |e0) ¥l Vel h'k’] 9951 £28  j02P) 198 SE2°) Ly 510} 62’ 100 - goel 16€0 08'0 ] X ajedn Jou + pepIoAY
1508 |20 §0'k-  [420- (oo (ol [OL0- |LSE0r 200 |62 |[epO- 2010 [LE0-  [9L00 {¥20 oS00 {20 |5200- pesesial 3,.00A9
+008 |000 900 £000 900 €000 §00 {£000 900 2000 $0°0 2000 00 L1000 000 0000 W | 0000 PEDIOAR 3.00A
590 |ElO oL’k rizo 6860 £61°0 880 |TLL0 S0 L0 19'0 ozLe o 980°0 120 £50'0 gL Q200 poploaz+ayedn 0L
iv'es [tE0 95'¢ e6t'0 9e'e Ziv'0 vZ'e |¥sPo 88Z [+r4 4] F4: 4 S6E°0 el g0 {3 2540 150 1200 pepraesoedn 20G
18'0% |20 i gt oLs'o -1 Lit'o YL {LEFO ;18 6820 oot Fra) 690 KT 820 ¥ZL'o 51 8 8F00 peposesaeldn ZON
LIS |oe'o .14 o -1 gLo0 9L |eise -4 % 2010 260 00E0 F4: 1] 1020 580 ELL0 1o SO0 axeydn g0
()} uonnjiod Jiv
08 |58 80 2L 880 24 sg'0 |82l »30 L 190 69 SF0 o9 220 ot 500 L oland
9608 |BZ1 o 28} or'l i) ge’ | v8l 4% oLl 501 ari eLo 96 €20 14 20’0 1] 1seq ‘plej
0908 o8 0ol el 560 el ¥80 |62 €80 111 99°0 8 180 14 800 Ll 800 35 pneg Jpies
Zrie jeel [1]014 94z 6L 892 8 |852 8’ 774 o'l [:1¥4 -1 8 ¥at o0 e €20 e ISOM IBA
{1} 202 19N
ozT'ZS |e6e 18°€ £05 e ost er'e  |esh [<:¥4 4154 iZT [3:74 €L (241 90 8 600 k43 oiand
9728 |25 00’ 629 FAR 4 BL9 08y | 9ES BLE 14 e LiE 85 18 220 ] o {0l IsET uep
L6808 |¥8 za'e e L4 44 £6Z 60T |ivZ 99’ 2Ll 80 ¥8 o |95 60~  |99L- [ 348 S 745 {Nog JpIBA
8PS |029 £9'2 116 e 208 €B'9 |Ll8 59 e ] L0 oo'e st 2891 881 680 Fi 1S90, (PIBA
: (myepy) ABsoug JoN
a8'08 |ZLE F4 ) 8L Be’1 261 74 S F ¥ 1 80°L 113 EgQ il 180 73 ¥ 4] ot €00 g AMqGnd
6918 | 122 9’k jibl 24 | 2L vrl- | 002~ i~ |18 68'L- 192 £0Z- | 182 16 |ele o't~ [2oe- 1583 pIRA
BL'2¢ | pOE- F2: OB B% A g~ | 192 LVZ-  |e6e- yeg-  |gee- §5'2- £5¢e- 69'C | 998 052 [lie 8’ |29z yihag Jpues ).
£ZT'18 | Li- 89'0- |96 580 |9 L N > S 7 o 'l 80z 89’y |eze- 'L~ |9E2- 2 il SO0 UEA
{mg) Bunes
Wwis |8t aez 2 2eT oe e |£2 F4: R 4 feL 13 590 LE ge0 g 500 ] ddnd
sErS |95 50’8 -7 18’ /) vis  jvL Byg oL 124 €9 [5: 2 d 1% 4 74 £0'b €l 1583 pRL
oLes or ev'y 85 ZEY S5 ey ] I8¢ 05 re L4 vz e 3% et 190 8 Wineg plep
i1°98 |62 ze'g ol 98’2 2ot 8L [2Zod oL’z 68 F4 YA 18 0E's 80 44 [> 4 £g'L ¥4 ISBM, RIRA
: (ymy) Bujoon
$ ny 3 ny $ Ny $ [g1=] $ nyd $ n $ -] $ ny $ nd sjjeussy
abasoan 1804 ot O sesa GE JBBA 0f 1884 [+ T 02 Jes) G JEDA 01 Jee gleap 3341 WNIGIN

(a|dew AemuoN) eol) winipaul 104 9|ge) ejeq

Tree Guide




Appendix A

{se)oeds e|ddeqeso

} @213 j|ewWS 10} alqe] elRQg

0% €1$ 118 8% 9% Z3 i$ 1$ ors- ol Sl
% 12$ 174 FAt 3 18 ) 114 i 5% £be 1583 pBA

o 61$ 218 gl$ z18 6% o$ 5] s yInag pueA

6% ¥z$ bitit 5 azs$ L% 18 &% i Zvy- 1SOM pIBA
sj|jeusy JoN |£10),

eo218 | wwes loawis (szes |lzovis (ZLes fzstis [eset |ezvis {oovs |loesss loevs |lsesig Pooes Bogsg Lio18 lhlozss | eesvs 880D [RjOL
oyes [soos [ eoE 200 Yo' 1200 e 200 g0t | 900 k4 §0'0 02z P00 T G660 200 JBUI0 g Lpupy
y008 | toos  [fS00 Lo 90'0 100 500 wo 800 | 100 S0°0 10'0 0’0 100 00 | oo0 €00 [000 1efien g Mipger)
ot0d 12008 [vzo €00 £2'0 £00 Z20 £0°0 ozo |zoo gl'o z0'0 FLo z0'0 o | o0 80’0 | 100 dn-uesio
go08 [S008 |20 810 810 g1o ZLo AN oo |OkD 100 00 500 SO0 €00 | €00 62t [6ZP uopetip)
gpos |coos |[g00 800 zo'0 900 850 00 €50 |00 o 80°0 680 500 8z'0 | +oo o |zoo sampnsely)
o8 |zoos [l ee0 €00 g2'0 200 £2°0 zo'o tzo  |200 aL'o Z00 810 Z00 zio | tea 00 |Loo eseos|(] ¢ ised
e'is 9023 (FL2 eLe 897 85t e gee ezz |20 06'L 80 g9t e e {set [ 74 esods|(] g eAcway
a8 | i808 |oee £l :]W] 64} (1) ST’k 05l |zel e 86 (7%’ oL 80+ [ 600 ey {900 Bupunig
00'gs | oogs | oo o0'o 00'0 000 00'0 000 oo0 | ooo 000 000 0Q0 000 B0'c | 000 000y | ooor Buguerd 1 seit
ognd | mes || onand | pies || owand | peen | ouand | piea | ouand | PeA || ouand | piea || ooand | piea {omnd | pisA i oiand | peea (eanpAr) 53800
ofSeioae JeBA Ot ov Jes) GE JE9 0F JEBA GZ JBBA 0T 180N Gl JeB ) 01 J88A 3T UL ._._S.-iml
98 ST iz% ezs vZ'ezs 80'028 9z'0ls 61213 0SS 95'9$ aland
£2918 av'ozs oO'+Zs rLzes g0°618 SEoLs Y6013 20'2% I ] 1883 preA

grvLs WS £oZLS 0028 o8l 8TEIS SZ'68 [£: 41 6r'es pneg prep

Pt 12628 LTI R A ] 8L 1z Zo'me 20218 198 £0'58 | 190p0 prep

oigned | pes Qoomand | oA | onand | pea fFoopang  puea [ otand | piea || omang | pies || oiing  pasA [ ouand | BA |l dmnd [ pJeA Njeued oL
ogros {1ocs JzLos |owos Hsves 2178 Howes [11i$ |loszg {esss |lvoss [e6cs |[vesy  [coss [eavs |Livs [vies |oses | TPOUSH IO
Spangd | poes | omang | pea Jonang | mea Fooand  peaA [lomgnd | piea f omgnd | e || owand  pes B omgnd | pies |l opand | pieA pu sdpeyisey
€658 {evs o'kt [sio't focol |oe s 00/ 509 |99 80t ey 808 08 [ Y 890 |9 uondecuslu} jiejtiey
{ie8) ABGi0JpAH

15e8 | o0 £8'S gae’s [[vZ's vzl [vit soLL ety  [#b8'0 Jave L0 |lave 2pa'0 Heb)L  jzee'o [{eoo  |abi'o || ewednjeu « pepioay
zo03- [oo0- |[vo'c- [8000- |[e0'- [eooo- [fzo'e- [secoor (|20 [eo00- LoD |Zooo- || OO 2000~ Jo0'o- | Looer [[oo'o- {o00'0- pesesiel .00A8
1008 | 000 20'0 woe | zoo oo [j2o0 woe [[Loo  |soo0 || Lo ocoo [ooo oo0a j§r09- jocoo- || k00- | OOOTD- pepioAe S.00A
05’08 | 040 080 sero |20 ost0 [|s90 zevo fege |Zivo [zvo 600 [0 sooc jjzeo jeroo [frto |ZEoO peproae+axEdn OLNd
s | 020 602 gez0 g5} vizo {ese cozo (|t |evzo [est zzo [ovi eoro [lzzo {010 [[see  |ero0 papisg+eNeidn ZOS
co'os | 810 860 1Ze0 | eso 08z0 |zg0 gozo [2ro0 |oezo | 1o0 esro || Z¥'o eei'a [|[¥2o0 |s200 [oio |zeoo peploas+ayEdn ZON
808 | 2Ze0 16k zzoo [se €S0 fi81 rro [|e0r  |[Zsg0 |loso o [vso o0 e |20t0 [rie |00 exedn g0
{ai) vopnjiod i1y

ezos |Le 8e'0 iy 8E°0 25 oro 3 seo {18 zeo - |2v 220 [ D Z00 |€ amand
Zr'os | o 09'0 o8 090 6l 190 4} 850 8L z50 89 zE0 £ Zie |9t zoo |z 1883 CRUBA
zLos |9 620 ee sZ'0 e 0z 147 g20 e 210 x4 ¥0°0 9 ao'ee | M- I S T UINog (PIBA
1308 | 804 80'L PoL S0'L oFL 60°L Sl o e 850 el 890 78 £0 |08 zZio |9 199M UBA
{on} 202 18N
T

6L'0% | vOL get all og'L [y Iy o5l 20'L foet 200 ZoL ero £9 oz |92 £00 |¥ oqnd
l90s | &g pi-at eal Tl ¥rl L 6zl 860 |0 zL0 oL ¥0'0 L- ¥5'0- | 88 oo | se- ye3 PIB
6804 | 851~ a0 | et Wwo ol 50 |ee L0 | 921 oy | 9a- ®)- z0z- 95’ {szz sz~ |z WNog pueA
ZvTy | €62 it: 3 viv e ey ore ay y2e |88 €672 95¢ - zLe oro |ae £00 |& 158M PIBA
(me) Afseuz 10N

oS | ¥ 050 60 a0 29 G0 z0 880 [€9 6z0 or gL0 [ w00 |o g 2 anand
Zo'ie | ee2- 9l | vre 08k~ | yoE- g0e- | 182 s1z- | eee- gLz |2oe- gLz s62- 1g'- | gez-  Jlve- [ o8t 1583 prep
s | L2e- e | ooe e | e2e Wz- [ eve gz | a6t z0'z-  |soe- 55T £56- 2z | pie- goL- | aL2- tnes MeA
ot [sZzz- ey | 202 86'l- | 8L2- 80'l- |se2- 6LV | gbE- e’ | oge- - z5Z- yo'l- |22 fei- |osk- 1S0M preA

(mgy) Bunesy
6ros [ 9 £8°0 Ll 180 oL sL°0 04 90 (8 gro 9 (3] ¥ gl 2 wo |o apqng
erzs [ze e > e W 0z'e It tve  {or 062 i 2 82 &€ j8 ge0 |8 1523 piBA
> T Loz oz £6°1 4 08'L ¥z 08 g2 rd ) 1z el gl bL0 |6 geo (¥ yinog ‘piEp,
yo0¥g |25 Fra-] g9 208 9 org s9 g0 | vo Ly 19 z9'¢ o ez |oe 6L'L |51 1S9M IpIBA
{4} Butoon

$ it] $ Ny $ ny $ my $ o $ Ny $ mny % e § ny syeusg
afiesene 1264 op D JBOA SE JEBA 0g Jesp SZ JEBA 0Z s80A Gy JBBA oL JeBA g oA IATUL TIVIS

Tree Guide

74



Appendix A

s oz sZ$ ¥z$ 523 13 [ 08 94~ 21qnd
oLs ces se$ £e$ 828 £z$ 1% gt A 1983 plep

513 ges sc$ £e8 ezs ees 08 o8 zvg- {inog ;pies

813 se$ o£g £251 aes 4] 18 - {es A 199M puBA

: siyousg JoN [Ba),

eegls [asolg fieels (1o [iems [62u8 [ viers 2128 |lvroig Jvaes §iveis [ecss |[eveis|eoes lsoss leoes |[ozoss |ares $3809 1oL
652$ |so0s H¥eTr [so0 [e0t | 800 8LE oo |[see 200 98T 80°¢ 1zz |00 W (00 [[p¥D Wo 10UK0 § Ujwpy
soos ftoes feoo |00 fso0 100 00 oo |[zo0 00 900 wo  {soo o |eoo |ocoo z00 |ooo 1eBat % Aungen
o8 lzoos [lezo w00 |lz20 [e00 [ezo  ig00 €20 €00 60 |zoo Jsio [zoo ¢ | Loo £00 | ooo dn-uesd
0% |se0s [szo |szo [zoe jzzo 610 LINVI £-Th ] GL'o 110 o jeoo |eoo to'¢c | eo0 ezr |6z¥ uvonediu|
sros |s00s [ezo |ovo  [szo |soo s 800 190 800 igo0  [e00 Joro |soo gze |{eoo 80°0 100 ey
eLos |zoos [teo |e00 ezo |eoo  fjzzo 00 frzo |zoo iZ0  |zoo oo |zo0 ote |00 €00 |oo0 85898101 2 158d
8078|1928 [[s2e |y Joie 12y 82T 06e §O5Z T oz leez  frr 2T - A 20+ |eet esodsig 3 erowey
s |eres [[eos  |gsz gs8  ferz Jeoer |eez fose oo (£ S TR -2 7RI - BOP {E51 ez |900 Bujunug
ooss |ooos flooo |ooo flowe fooo 0o 000 oo 000 000 0070 ovo_ | ooo ooe_ {000 oo'or | ooor Bunue|d ' e
and | pies || iang | pes || ougnd | poea || owand | meex | ouang | peed [ omang | pea | opang | prea || ondg | pees | onang [ peA (sanufg} 80D
abaiore jead OF ¥ 1894 9¢ JedN 0g Jesp S2 JBOA 0Z JesA Gl Jed) 0l d80A g Jea), HIINOD
£oeTs 89'Ers 90'ErS ceTrd vZees 0o’ LS yzes 1928 08¢es aand
[E:o4 Lz 80'zye S50VS 1E9cs 99'62% ¥i0c$ grLis 62°E$ 1883 PR

18028 &ZTvs 80'TYS STOvs ieoes 89'628 PL0E$ ariLg 6eEs UINOS (pJBA

Le'gzs ETrs BO'ZYS qg0rs 1oes 99'62% PL 028 LS 6e'es 18BM (pMEA

ougnd | pues fooand | pes || oand | mes H o oland pma Fowang | pex [ omand | pues f omand  pep | omand | mEA || onang | e sjousg |goL
poes  |ecos floges |:248 jlezois |ooes lzois |raes Uvozis [Loos ficozis jriows vsis|zies (2008 {eeis iiees [sees s|jaued 9RO
ogand | pey § ojand | pea |l oignd | peea || opgnd  piex I omgnd | piea | oiuend | pBA [ otland  prep || oidnd | pBA |f olond | pJBA pUE SIpsIIseY
gozis |PLL'L flesze |eecz [te02 |9e8'L [foselL | twLl ||826L | GMP'E N 280k | 500 [ee's | aes 0 vk ZED 1 uondeasyu| jejuey
(re8) ABooapAy

2028 [1eo  Jogz [soro [[oez  Joseo Jioe 1620 [feaz ceo0 ltvee  [sss'o J19h  tese0 [iero 2810 fozo | 2400 axeydn Jeu » peploay
Lzs- (o [vey |ess'e- (2o | ieso [lzie (vemor [ieze  [ero- [ferl- | 0£0- [[sLo- [elec feee | Zseo [zoo | vooor posesie 8,018
z00s |coo  [feoo |oooo [too  feocoo [feoo g000 |zoo co0'0 fzoo |ecoo [s00 [2000 fooo |wwo [ooo | oooo peploat 890N
soos |ero  fferr  |szzo o0 [sozo Hsec  jsaro [ero si'0 Jloso  |eiio [eee [i00 §6L0 |Zeoo [ soo L1070 PepOAB+@YEIdN QLN
s vz [[esz  |swo fvez  [seco [lesz  fzeeo [z 0L 0 [[¥0°1 eczo [tot feevo fsro josoo (200 oo peplone+axEldn ZOS
o0 | 820 5 |vsvo gL |esro [[ez 12ro  ffeot Zes0 [|weo  |eseo Joso |eovo {izo |sso0 ||¥00 o0 papragseErin ZON
oacs | ezD v fgego dsar |eogo [zen 1o oot weo |loso  |ekz0 fir0 |ssbo ||1zo {esoo |lsoo | itoo oyeidn €0
- (e} vonnjiod ary

I ED 191 [e0e st 2oz zv') 88} W zot R ED g0 |+ o |oe €00 | ¥ I

608 |ezt 168|202 oL Jeoe v el 22 F2]8 zZ60 22 50 | we o foe £00e ¥ {apeys ou) pIBA

(a1} ZOD 19N

S zes [0’ five a0’ [eve 266 829 058 T ED rAED sZ’L |40 810 |9 agng

vy | 6co zee okt [[Lie 1801 Eevs 268 6e'9 058 zay £r9 662 |86e L |2 Ly | oz (opeys ou) pue,,

{nig) ABseuz JoN
zres  [eee 0y | oS 88 [ 0SS 90 208 ZVE ey Jjoee | &e ¥l |20T 190 |s@ 600 |€tt jigngd
zres | ese 07 | vos e |ooe 09'e 206 zIe zer oez | lze av1  |zoe 190 |8 600 |8 (apeys cu) pep

(nE} Bugesy
ggzs |ze sgr | g8 g1’y |8 z9% (T4 e zr oz Ze %1 |o2 90 |8 T L nand
£9zs [zg sz¢  |s8 sty jes zee o oTe  |zp ¥z ze  llest o2 oo |8 oL t (epeys ou) pie)
(umy) Bujoon
3 no [ Ny $ Ny $ ny $ ns $ ny $ A $ N § n saqymeusy
ofielose ieed op LI GE 128 0f Jeaj 5T JEBA 0F JB9A G4 JBBA 0l JeaA G 1Ba) YIIINOD

{eonids ope1oj6H

I8§iU02 10} 9|qE)} ejeq

Tree Guide






Appendix B. Procedures for
Estimating Benefits and Costs

Methods and Assumptions
Approach

n this study, annual benefits and costs were estimated for newly planted

trees in three residential yard locations (east, south, and west of the
dwelling unit) and a public streetside/park location over a 40-year planning
horizon. Trees in these hypothetical locations are called “yard” and “public”
trees, respectively. Prices were assigned to each cost (e.g., planting, pruning,
removal, irrigation, infrastructure repair, liability) and benefit (e.g.,
heating/cooling energy savings, air pollution reduction, stormwater runoff
reduction) through direct estimation and implied valuation of benefits as
environmental externalities. This approach made it possible to estimate the
net benefits of plantings in “typical” locations and with “typical” tree species.

To account for differences in the mature size and growth rates of different tree
species, we report results for large (Fraxinus pennsylvanica, green ash), medium,

- (Acer platanoides, Norway maple), and small (Malus species, crabapple) decidu-

ous trees, and a coniferous (Picea pungens, Colorado spruce) tree. Results are
reported at five-year mtervals for 40 years.

Mature tree height is frequently used to distinguish between large, medium,
* and small species because matching tree height to available overhead space is
an important design consideration. However, in this analysis, leaf surface area
(LSA) and crown diameter were also used to differentiate mature tree size.
These additional measurements are useful indicators for many functional
benefits of trees in relation to leaf-atmosphere processes (e.g., interception,
transpiration, photosynthesis). Tree growth rates, dimensions, and LSA esti-
mates are based on measurements taken for 35-70 street and park trees of
-each species in Fort Collins, CO, Cheyenne, WY, and Bismarck, ND.

£ Reporting Results

esults are reported in terms of annual values per tree planted. However,
R to make these calculations realistic, mortality rates are included. Based on
our survey of regional municipal foresters and commercial arborists, this
analysis assumed that 40% of the hypothetical planted trees died over the 40-
year period. Annual mortality rates were 3% for the first five years and 1%
for the remaining 35 years. Hence, this accounting approach “grows” trees in
different locations and uses computer simulation to directly calculate the
annual flow of benefits and costs as trees mature and die (McPherson 1992).

Pricing benefits
and costs

Leaf surface area and
crown volume are
useful indicators

Tree mortality included

o Guido | |NEZER




—

Appendix B

Benefits and costs are
connected with tree size

Annual vs,
periodic costs

Municipal foresters
and private arborists
were source of costs
estimates

Pricing benefits

Using a typical single-
family residence for
energy simulations

(7o | I

Benefits and costs are directly connected with tree size variables such as trunk
diameter at breast height (DBH), tree canopy cover, and LSA. For instance,
pruning and removal costs usually increase with tree size expressed as diam-
eter at breast height (DBH). For some parameters, such as sidewalk repair,
costs are negligible for young trees but increase relatively rapidly as tree roots
grow large enough to heave pavement. For other parameters, such as air
pollutant uptake and rainfall interception, benefits are related to tree canopy
cover and leaf area,

Most benefits occur on an annual basis, but some costs are periodic. For
nstance, street trees may be pruned on regular cycles but are removed in a
less regular fashion (e.g., when they pose a hazard or soon after they die). In
this analysis most costs and benefits are reported for the year that they occur.
However, periodic costs such as pruning, pest and disease control, and infra-
structure repair are presented on an average annual basis. Although spread-
ing one-time costs over each year of a maintcnance cycle does not alter the
40-year nominal expenditure, it can lead to inaccuracies if future costs are dis-
counted to the present.

£ Benefit and Cost Valuation

Frequcncy and costs of tree management were estimated based on surveys
with municpal foresters (Cheyenne, WY; Bismarck, ND; Lewiston, ID;
Fargo, ND; Fort Collins, CO; Denver, CO; and Colorado Springs, CO). In
addition, commercial arborists were contacted for information on tree man-
agement costs on residential properties (Victor, ID; Fort Collins, CO;
Colorado Springs, CO; and Denver, CO).

Regional electricity and natural gas prices were used in this study to quantify
energy savings (EIA 2001a, b). Control costs were used to estimate society’s
willingness to pay for air quality and stormwater runoff improvements. For
example, the price of stormwater benefits was estimated using marginal con-
trol costs, which represent the opportunity cost that can be avoided by imple-
menting alternative control measures (e.g., trees) other than measures tradi-
tionally used to meet standards — that is, if other control measures are imple-
mented, the most costly control measure can be avoided (Wang and Santini
1995). If a developer is willing to pay an average of 1¢ per gallon of storm-
water — treated and controlled — to meet minimum standards, then the
stormwater mitigation value of a tree that intercepts one gallon of storm-
water, eliminating the need for treatment and control, should be 1¢.

Calculating Benefits

2 Air Conditioning and Heating Energy Savings

'l'hc prototype building used as a basis for the simulations was typical of -
post-1980 construction practices, and represents 60-80% of the total sin-

gle-family residential housing stock in the Northern Mountain and Prairie

Region when older units that have been thermally improved are included.




"This house was a two story, wood frame building with basement and a con-
ditioned floor area of 2,070 fi2 (192 m2), window area (double-glazing) of 252
2 (24 mQ), and wall, ceiling and floor insulation of R13, R31, and R11,
respectively. The central cooling system had a seasonal energy efficiency rado
(SEER) of 10, and the natural gas furnace had an annual fuel utilization effi-
ciency (AFUE) of 780. Building footprints were square, reflective of average
impacts for a large building populaton (McPherson and Simpson 1999).
Buildings were simulated with 1.5-ft (0.45-m) overhangs. Blinds had a visual
density of 37%, and were assumed closed when the air conditioner was oper-
ating. Summer thermostat settings were 78°F (25°C); winter settings were
68°F (20°C)) during the day and 60°F (16°C) at night. Because the prototype
building was larger and more energy efficient than most other construction
types, our projected energy savings are similar to those for older, less ther-
mally efficient, construction. The energy simulations relied on typical year
meteorological data from Denver (Marion and Urban 1995).

"The dollar value of energy savings was based on average residential electric-
ity and natural gas prices of $0.078 per kWh (EIA 2001a) and $0.0072 per
kBtu (EIA 2001b), respectively. Electricity and natural gas prices were year
2000 baseline averages for West North Central, Mountain, and Pacific cen-
sus divisions. Homes were assumed to have central air conditioning and nat-
ural gas heating.

Residential yard trecs were within 60 ft {18 m) of homes so as to directly shade
walls and windows. Shading effects of these trees on building energy use were
simulated for large, medium, and small trees at three tree-to-building distances,
following methods oudined by McPherson and Simpson (1999). The conifer
{Colorado spruce) was assumed to be a windbreak tree that did not directly
shade the home. The large tree {green ash) had a visual density of 78% dur-
ing summer and 50% during winter. The medium tree (Norway maple} had
a density of 88% during summer and 31% during winter. The small tree’s
(crabapple species) leaf-on visual density was 55% and 15% in winter. Small
and medium trees were leafless October 20-Mayt, large trees from Octobér
15-May 1. Results for each tree were averaged over distance and weighted by
occurrence within each of three distance classes: 28% 10-20 ft (3-6 m), 68%
20-40 ft (6-12 m), and 4% 40-60 ft (12-18 m) (McPherson and Simpson 1999).
Results are reported for trees shading east-, south-, and west-facing surfaces.
Our results for public trees are conservative in that we assumed that they do
not provide shading benefits. In Modesto, CA, 15% of total annual dollar
energy savings from street trees were due to shade and 85% due to climate
eftects (McPherson et al. 1999a). In Fort Collins, over 65% of street trees sam-
pled were within 60 ft (18 m) of condidoned structures.

In addition to localized shade effects, which were assumed to accrue only to
residennal yard trees, lowered air temperatures and wind speeds from
increased neighborhood tree cover (referred to as climate effects) produce a
significant net decrease in demand for winter heating and summer cooling
{reduced wind speeds by themselves may increase or decrease cooling
demand, depending on the circumstances). Climate effects on energy use, air

Calculating

energy savings

Calculating
shade effects

Calculating

climate effects
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temperature and wind speed reductions, as a function of neighborhood
canopy cover, were estimated from published values (McPherson and
Simpson 1999). Existing tree canopy plus building cover was estimated to be
32% (American Forests 2001a). Canopy cover was calculated to increase by
6%, 3%, 1%, and 5% for mature large, medium, small, and coniferous trees
at maturity, respectively, based on an effective lot size (actual lot size plus a
portion of adjacent streets and other rights-of-way) of 20,000 fi2 (1,858 mg),
and assumed one tree per lot on average. Climate effects were estimated by
simulating effects of wind and air temperature reductions on energy use.
Climate effects accrued for both public and yard trees.

"Irees sheltering nearby buildings act as windbreaks, produc-
ing additional wind speed reductions over and above that from
the aggregate effect of trees throughout the neighborhood.
"This leads to a small additional reduction in annual heating
energy use of about (.6% per tree for the Northern Mountain
and Prairie region (McPherson and Simpson 1999). Yard and
public conifer trees were assumed to be windbreaks, and there-
fore located where they did not increase heating loads by
obstructing winter sun. Windbreak effects were not attributed
to deciduous trees, since crowns are leafless and raised above
the ground, therefore not conducive to blocking winds near ground level.

“=> Atmospheric Carbon Dioxide Reduction

COnserving energy in buildings can reduce GOy emissions from power
plants. These avoided emissions were calculated as the product of energy
savings for heating and cooling based on the respective COg emission factors
for cooling and heating (Table B1). Pollutant emission factors were based on
average data for the states of Colorado, Wyoming, Montana, North Dakota
and South Dakota, and were weighted based on average fuel mixes: 16%
hydro, 5% natural gas, 78% coal, and 1% other (U.S. EPA 2001) (Table B1).

The value of $15/ton GOg reduction (Table B1) was based on the average of
high and low estimates by CO2e.com (2002).

Sequestration, the net rate of COyq storage in above- and below-ground bio-
mass over the course of one growing season, was calculated using tree height
and DBH data with biomass equations (Pillsbury et al. 1998). Volume esti-
mates were converted to green and dry weight estimates (Markwardt 1930}
and divided by 78% to incorporate root biomass. Dry weight biomass was
converted to carbon (50%) and these values were converted to COqy. The
amount of GOg sequestered each year is the anmal increment of CGOq stored
as trees add biomass cach year.

In a national survey of 13 municipal forestry programs it was found that the
use of vehicles, chain saws, chippers, and other equipment powered by gaso-
line or diesel resulted in the average annual release of 0.78 Ib of COyfinch
trunk diameter at breast height or DBH (0.14 kg COg/cmn DBH)
(McPherson and Simpson 1999). This value for tree-related emissions was




utilized for yard and public trees, recognizing that it may overestimate GOy
release associated with less intensively maintained residential yard trees.

1o calculate GOg released through decomposition of dead woody biomass,
we conservatively estimated that dead trees were removed and mulched in
the year that death occurred, and that 80% of their stored carbon was
rcleased to the atmosphere as COy in the same year (McPherson and
Simpson 1999).

Decomposition
releases COq

£ Air Quality Improvement

Reductions in building-energy use also result in
reduced emissions of air pollutants from power

plants and space heating equipment. Volatile organic
hydrocarbons (VOGs) and nitrogen dioxide (NOo)

— both precursors of ozone formation — as well as
sulfur dioxide (SOg9) and particulate matter of <10
micron diameter (PMyq) were considered. Changes
In average annual emissions and their offset values
were calculated in the same way as for COy, using
uulity-specific emission factors for electricity and
heating fuels (Ottinger et al. 1990; US EPA 1998).
The price of emissions savings was derived from
models that calculate the marginal cost of controlling
different pollutants to meet air quality standards
(Wang and Santini 1995). Emissions concentrations

were obtained from U.S. EPA (2002}, and population
estimates from the U.S. Census Bureau (2002) (Table B1).

Trees also remove pollutants from the atmosphere. The modeling method we
applied was developed by Scott et al. (1998). It calculates hourly pollutant dry
deposition per trec expressed as the product of a deposition velocity (V, d
=R, +Rp+R]), 2 pollutant concentration {C), a canopy projection arca
(CP), and a time step. Hourly deposition velocities for each pollutant were
calculated during the growing season using estimates for the resistances Ry
Ry, R) for each hour throughout the year. Hourly concentrations for NOv,
SOq, Og, and PM; and hourly meteorological data (ie., air temperature,
wind speed, solar radiaton) for 1999 were obtained from the Colorado
Department of Public Health and Environment. We used implied values
based on the work of Wang and Santini (1995) to price pollutant uptake by
trees (Table B1). The implied value of NOg was used for ozone.

Annual emissions of biogenic volatile organic compounds BVOCs) were
estimated for the four tree species (Colorado spruce, green ash, Norway
maple, and crabapple) using the algorithms of Guenther et al. (1991; 1993).
Annual emissions were simulated during the growing season over 40 years.
"The emission of carbon as isoprene was expressed as a product of a base
emission rate (pg-C g’l dry foliar biomass hr‘l), adjusted for sunlight and
temperature and the amount of dry, foliar biomass present in the tree.
Monoterpene emissions were estimated using a base emission rate adjusted

Calculating pollutant
uptake by trees

Estimating BVOC
emissions from trees
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for temperature. The base emission rates for the three species were based on
values reported in the literature (Benjamin and Winer 1998). Hourly emis-
sions were summed to get monthly and annnal emissions.

Annual dry foliar biomass was derived from field data collected in Fort
Collins, CO during summer 2002. The amount of foliar biomass present for
each year of the simulated tree’s life was unique for cach species. Year 1999
hourly air temperature and solar radiation data from the Denver area were
used as model input. This year was chosen because data were available and
it closely approximated long-term, regional climate records.

Net air quality benefits were calculated by subtracting the costs associated
with BVOG emissions from benefits due to pollutant uptake and avoided
power plant emissions. These calculations did not take into account the ozone
reduction benefit from lowering summertime air temperatures, thereby reduc-
ing hydrocarbon emissions from anthropogenic and biogenic sources.
Simulation results from Los Angeles indicate that ozone reduction benefits of
tree plantmg with “low-emitting” species exceeded costs assoctated with their
BVOC emissions (Taha 1996). ’

&3 Stormwater Runoff Reduction

i numerical simulation model was used to estimate annual rainfall inter-
A ception (Xiao ct al. 2000). The interception model accounted for water
mtercepted by the tree, as well as throughfall and stem flow. Intercepted water
is stored temporarily on canopy leaf and bark surfaces. Once the leaf is satu-
rated, it drips from the leaf surface and flows down the stem surface to the
ground or evaporates. Tree canopy parameters included species, leaf area,
shade coefficient (visual density of the crown), and tree height. Tree height
data were used to estimate wind speed at different heights above the ground
and resulting rates of evaporation.

"The volume of water stored in the tree crown was calculated from crown pro-
Jection area (area under tree dripline), leaf area indices (LAI, the ratio of leaf
surface area to crown projection area), and the depth of water captured by the
canopy surface. Species-specific shade coefficients and tree surface saturation
{0.04 1 for all four trees) values influence the amount of projected through-
fall. Hourly meteorological and rainfall data for 1998 from Colorado
Agricultural Meteorological network (station ID: FTCO01. Station name: Fort
Collins AERC) were used for this simulation. Annual precipitation during
1998 was 18.0 inches (452 mum), close to the recent 10-year average annual
precipitation of 17.8 inches (452 mm). Storm events less than one-tenth (2.54
mm) mnch were assumed to not produce runoff and dropped from the analy-
sis. More complete descriptions of the interception model can be found in
Xiao et al. (1998, 2000).

10 estamate the value of rainfall intercepted by urban trees, stormwater man-
agement control costs were based on construction and operation costs for a
recently built detention/retention basin in Fort Collins, CO. The drainage
area was 660 acres (267 ha). The basin was designed to hold 17.2 acre feet




(21,216 m3} of runoff and cost $1.04 million to construct (McBride 2002).
With operating and maintenance costs of $700/month for 20 years, the total
project costs were $1.21 million. Assuming that the basin filled once annually
for 20 years, the control cost was $0.0108/gal ($0.000041/m3).

25 Aesthetics and Other Benefits

any benefits attributed to urban trees are difficult to translate into eco-
M nomic terms, Beautification, privacy, wildlife habitat, shade that increas-
es human comfort, sense of place and well-being are services that are difficult
to price. However, the value of some of these benefits may be captured in the
property values for the land on which trees stand. To estimate the value of
~ these “other” benefits we applied results of research that compared differ-
ences in sales prices of houses to statistically quantify the amount of differ-
ence associated with trees.

All else being equal, the amount of difference in sales price reflects the will-
ingness of buyers to pay for the benefits and costs associated with the trees.
'This approach has the virtue of capturing in the sales price both the benefits
and costs of trees as perceived by the buyers. Limitations to this approach
include the difficulty associated with determining the value of individual trees
on a property, the need to extrapolate results from studies done years ago in
the east and south to the Northern Mountain and Prairie region, and the
need to extrapolate results from front yard trees on residential properties to
trees in other locations {e.g., back yards, streets, parks, and non-residential
land uses).

Anderson and Cordell (1988) surveyed 844 single-family residences in
Athens, Georgia and found that each large front-yard tree was associated
with 2 0.88% increase in the average home sales price. This percentage of
sales price was utilized as an indicator of the additional value a resident in the
Northern Mountain and Prairie region would gain from selling a home with
a large tree.

"The sales price of residential properties varied widely by location within the
region. For example, year 2001 average home prices ranged from $106,000
in Lewiston, ID to $246,000 in Denver, CO. We assumed an average home
price for Northern Mountain and Prairic communities of $115,000.
Therefore, the value of 2 large tree that added 0.88% to the sales price of such
a home was $1,014. Based on growth data for a 40-year old green ash, such
a tree was 58+t tall (17.8 m), had a 45-ft (13.7 m) crown diameter, a 21-inch
DBH (53 cm), and 7,930 fi2 (737 m2) of leaf surface area.

'I6 calculate the base value for a large tree on private residential property we
assumed that a 40-year old green ash in the front yard increased the proper-
ty’s sales price by $1,014. Approximately 75% of all yard trees, however, are
in backyards (Richards et al. 1984). Lacking specific research findings, it was
assumed that backyard trees had 75% of the impact on “curb appeal” and
sales price compared to front yard trees. The average annual aesthetic bene-
fit for a tree on private property was, therefore, $0.10/62 ($1 .12/m2) LSA. To

A large tree adds $1,014
to sale price of a home

Calculating aesthetic
value of residential
yard trees
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estimate annual benefits, this value was multiplied by the amount of leaf sur-
face area added to the tree during one year of growth.

Street trees were treated similar to front yard trees in calculating their base
value. However, because street trees may be adjacent to land with little value
or resale potential, an adjusted value was calculated. An analysis of street
trees in Modesto, CA, sampled from aerial photographs (8% of population),
found that 15% were located adjacent to non-residential or commerdal land
uses (McPherson et al. 1999b). We assumed that 33% of these trees — or 5%
of the entire street tree population — produced no benefits associated with
property value increases.

Although the impact of parks on real estate values has been reported
(Hammer et al. 1974; Schroeder 1982; Tyrvainen 1999), to our knowledge
the on-site and external benefits of park trees alone have not been isolated
(More et al. 1988). After reviewing the literature and recognizing an absence
of data, we assumed that park trees had the same impact on property sales
prices as street trees. Given these assumptions, the typical large street and
park trees were estimated to increase property values by $0.12 and $0.13/f2
($1.31 and $1.38/m2) LSA, respectively. Assuming that 80% of all municipal
trees were on streets and 20% in parks, a weighted average benefit of
$0.123/42 ($1.32/m2) LSA was calculated for each tree, dependent on annu-
al change in leaf area.

Calculating Costs

22> Planting Costs

planting costs are two-fold, the cost for purchasing the tree and the cost for
planting, staking, and mulching the tree. Based on our survey of
Northern Mountain and Prairic municipal and commercial arborists, plant-
ng costs depend on tree size. Costs ranged from $300-$1,000 for a large tree
(2- to 5-inch caliper). In this analysis we assumed that a 2-2.5 inch caliper tree
was planted. The tree cost was $150, while planting, staking, and mulching
the public and residential yard tree cost $50 assuming some volunteer and
resident participation in public and yard tree planting, respectively.

%> Pruning Costs

A fter studying data from municipal forestry programs and their contractors
we assumed that young public trees were pruned once during the first
four years after planting, at a cost of $15/tree. Thereafter, pruning occurred
once every six years for small rees (< 20 ft tall), every eight years for medium
trees (20-40-ft tall), and every 10 years for large trees (>40-ft tall). Pruning of
small public trees cost $30/tree. More expensive equipment and more time was
required to prune medium-sized ($90/tree) and large trees ($150/tree). After
factoring in pruning frequency, annualized costs were $3.75 $5.00, $11.95,
and $15.00 for public young, small, medium, and large trees, respectively.

Based on findings from our survey of commercial arborists in the Northern
Mountain and Prairie region, only 15% of residential trees were profession-




ally pruned. Using this contract rate, along with average pruning prices ($15,
$37, $125, and $285 for young, small, medium, and large trees, respectively),
the average annual cost for pruning a residential yard tree was $0.07, $0.11,
$1.88, and $4.28 for young, small, medium, and large trees.

&> 'Tree and Stump Removal

'l"he costs for removing public and yard trees were $20 and $30 per inch
($7.87 and $11.81/cm) DBH, respectively. Stump removal costs were $5/in
($1.97/cm) and $4/in ($1.57/cm) DBH for public and yard trecs, respectively.
"The total cost for public and yard trees was $26/in and $34/in ($10.24/cm and
$13.39/cm) DBH.

&2 Pest and Disease Control

public trees receive treatments to control pests and disease on an as needed
basis. The most frequently reported treatments were to control aphids
and mites, mountain pine beetle, Zimmerman pine moth, Ips beete, and ash
sawfly. In Northern Mountain and Prairie communities, this expenditure aver-
aged about $0.36/tree/yr, or approximately $0.024 per inch ($0.009/cm) DBH.,

Results of our survey indicated that only 10% of all trees were treated for
pests or disease. Based on these figures the average annual cost for pest and
disease control was calculated at $0.04 per residential yard tree per year; this
averages $0.002 per inch ($0.001/cm) DBH.

%> Irrigation Costs

Tany street and park trees are planted in areas where supplemental irriga-
ton during the establishment period can increase survival rates. We
assumed that 50% of public street or park trees were irrigated for the first five
years after planting at a cost of $10/tree per year. This price was the average
price of labor and equipment to irrigate young trees with a water truck during
the arid summer weeks. We apply the same assumptions to newly planted
yard trees because many will require hand watering during the establishment
period.

Based on survey results the evapotranspiration (ET) demand for a large res-
idential yard tree can reach 1,000 gallons per year. Many trees in Northern
Mountain and Prairie landscape situations require relatively little supplemental
irrigation after establishment because they are planted in irrigated arcas or
can use existing soil moisture. Therefore, after establishment it was assumed
that 50% of all public and yard trees were irrigated regularly for the remainder
of the 40-year period. Assuming that water was purchased at a price of $1.04
Cef (2002 price for City of Fort Collins), and the mature tree had 7,930 £
(737 m?) of LSA, the annual price of water for an irrigated large tree was
$1.39 or $0.0002/t2 LSA. Hence, annual irrigation water costs were assumed
to increase with tree leaf area after the five-year establishment period.

Appendix B
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25 (Other Costs for Public and Private Trees

0 ther costs associated with the management of trees include expenditures
for infrastructure repair/root pruning, leaf hitter clean-up, Litigaton/liabil-
ity, and inspection/administration.

"Iree roots can cause damage to sidewalks, curbs, paving, and sewer lines,
Though sidewalk repair is typically the single largest expense for public trees
(McPherson and Peper 1995), many Northern Mountain and Prairie munic-
ipalities reported that these costs were relatively low. As a result, infrastruc-
ture related expenditures for public trees were less than in other regions, aver-
aging approximately $1.12/tree ($0.06/in [$0.02/cm] DBH) on an annual
basis. Roots from most trees in residential yards do not damage sidewalks
and sewers. Therefore, the cost for yard trees was assumed to be 10% of the
cost for public trees.

Urban trees can, and do, incur costly payments and legal fees due to trip and
fall claims. A survey of Western U.S. cities showed that an average of 8.8%
of total treerelated expenditures were spent on tree-related liahality
(McPherson 2000). Our survey found that Northern Mountain and Prairie
communities spend only $0.05/tree per year on average ($0.003/in
($0.001/cm] DBH). Because street trees are in closer proximity to sidewalks
and sewer lines than most trees on yard property, we assumed that legal costs
for yard trees were 10% of those for public trees (McPherson et al. 1993).

The average annual per tree cost for litter clean-up (ie., street sweeping,
storm damage clean-up) was $0.42 ($0.02/in [$0.008/cm] DBII). This value
was based on average annual litter clean-up costs and storm clean-up, assum-
ing a large storm results in extraordinary costs about once a decade. Because
most xesidential yard trees are not littering the street with leaves, it was

assumed that clean-up costs for yard trees were 10% of those for public trees.
I
Green waste disposal and recycling costs were relatively small in our survey

of Northern Mountain and Prairiec communities. The average annual munic-
ipal expenditure was $0.10/tree ($0.007/in [$0.003/cm] DBH). Although most
residents do not pay tipping fees directly for disposal of green waste, these
costs are included in the taxes paid for solid waste management. ‘Therefore,
this expenditure was applied to residential yard trees, as well as street and
park trees.

Municipal tree programs have administrative costs for salaries of supervisors
and clerical staff, operating costs, and overhead. Our survey found that the
average annual cost for inspection and administration associated with strect
and park tree management was $5/tree ($0.33/in DBH). Trees on private
property do not accrue this expense.




Calculating Nef Benefits

hen calculating net benefits, it is important to recognize that trees pro- Benefits accrue at
Wduce benefits that accrue both on- and off-site. Benefits are realized at different scales
four different scales: parcel, neighborhood, community, and global. For
example, property owners with on-site trees not only benefit from increased
property values, but they may also directly benefit from improved human
health (e.g., reduced exposure to cancer-causing UV radiation) and greater
psychological well-being through visual and direct contact with plants.
However, on the cost side, increased health care may be mncurred because of
nearby trees, as with allergies and respiratory ailments related to pollen. We
assumed that these intangible benefits and costs were reflected in what we
term “aesthetics and other benefits”

'The property owner can obtain additional economic benefits from on-site Calculating net benefits
trecs depending on their location and condition. For example, judiciousty

located on-site trees can provide air conditioning savings by shading windows

and walls and cooling building microctimates. This benefit can extend to the

neighborhood because trees provide off-site benefits. Adjacent neighbors can

benefit from shade and air temperature reductions that lower their cooling

COsts.

Neighborhood attractiveness and property values can be influenced by the
extent of trec canopy cover on individual properties. On the community
scale, benefits are realized through cleaner air and water, as well as soctal,
educanonal, and employment and job training benefits that can reduce costs
for health care, welfare, crime prevention, and other social service programs.
Reductions in atmospheric COy concentrations due to trees are an example
of benefits that are realized at the global scale.

The sum of all benefits (B) was: The sum of all benefits
B=E+AQ+COy+H+A

where
E =value of net annual energy savings (cooling and heating)

AQ, = value of annual air quality improvement (pollutant uptake,
avolded power plant emissions, and BVOC emissions)

COg = value of anmual carbon dioxide reductions (sequestration,
avoided emissions, release due to tree care and decomposition)

H  =wvalue of annual stormwater runoff reductions

A =walue of annual aesthetics and other benefits

. . i The sum of all costs
On the other side of the benefit-cost equation are costs for tree planting and

management. Expenditures are borne by property owners (irrigation, prun-
ing, and removal) and the community (pollen and other health care costs).
Annual costs for residential yard trees {Cy) and public trees {Cp) were
-summed:

I |+ |




Appendix B

Net benefits are

More research needed

Future benefits are
not discounted to
present value

R o Guide

Cy=P+T+R+D+I+S+C+L

_ Cp=P+T+R+D+I+S+C+L+A
where

P = cost of tree and planting

T = average annual tree trimming cost

R == annual tree and stump removal and disposal cost

D = average annual pest and disease control cost

I = annual irrigation cost

S = average aonual cost to repair/mitigate infrastructure damage
C = annual litter and storm clean-up cost

L = average annual cost for litigation and settlernents
due to tree-related claims

A = annual program administration, inspection, and other costs.

Net benefits are calculated as the difference between total benefits and costs

B-C).
Limitations of this Study

his analysis does not account for the wide variety of trees planted in
TNorthem Mountain and Prairie communities or their diverse placement,
It does not incorporate the full range of climatic differences within the region
that influence potential energy, air quality, and hydrology benefits. There is
much uncertainty associated with estimates of aesthetics and other benefits
because the science in this area is not well developed. We considered only res-
idential and municipal tree cost scenarios, but realize that the costs associat-
ed with planting and managing trees can vary widely depending on program
characteristics. For example, our analysis does not incorporate costs incurred
by utility companies and passed on to ratepayers for maintenance of trees
under powerlines. However, as described by example in Chapter 3, local cost
data can be substituted for the data in this report to evaluate the benefits and
costs of alternative programs.

In this analysis, results are presented in terms of future values of benefits and
costs, not present values. Thus, findings do not incorporate the time value of
money or inflation. We assume that the user intends to invest in community
forests and our objective is to identify the relative magnitudes of future costs
and benefits. If the user is interested in comparing an mvestment in urban
forestry with other investment opportunities, it is important to discount all
future benefits and costs to the beginning of the investment period. For cxam-
ple, trees with a future value of $100,000 in 10 years, have a present value of
$55,840, assuming a 6% annual interest rate.




