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Executive Summary

ommunities in the Coastal Southern California region contain over
c 9 million people, or about 25% of the state’s population. The region’s

climate 1s influenced by the ocean 85% or more of the time and extends
from Santa Barbara south to the border with Mexico and from the coast to
inland cities such as Camarillo, Hollywood, Anaheim and El Cajon. The role
of urban forests — trees in parks, yards, public spaces, and along streets — to
improve environmental quality, increase the economic, physical and social
health of communities, and foster civic pride will be important to quality of
life as these communities continue to grow in the next decade. Urban and
community forestry has been recognized as a cost
effective means to address a variety of important com-

munity and national issues from improving air quality Who Shou' d Rﬂﬂd This Guidﬂ

to combating global warming.

Local Elected Officials
This guidebook analyzes the multitude of benefits that Public Works Employees
trees can provide to communities and residents. By City and County Planners

determining the community and home owner savings
from planting trees and subtracting the cost, this study
found that trees more than pay for themselves. Over a

Developers and Builders
Architects and Landscape Architects

40-year period, after subtracting costs, every large tree _ Energy Pro.fessmnals _
produces savings of approximately $2,600. This Air & Water Quality Professionals
amount decreases with the tree’s size with medium Healthcare Advocates

trees saving about $1,000 and small trees breaking Homeowners

cven. Neighborhood Activists and Organizers
Trees can have far reaching affects on the quality of air Arborists

and water in our communities, on the amount of Environment Advocates
money we spend to cool and heat our houses, on the Community Foresters

value of our property, and on the attractiveness of our
neighborhoods and public spaces. They affect our
moods and our health, as well as the health of our chil-

dren.

Tree Advocacy Organizations
Concerned Citizens

This guidebook addresses the benefits of urban and community forests and
how you can reap these benefits for your community, your neighborhood,
and your family including:

2 Improving environmental quality by planting trees.

> Planting trees to reduce energy consumption and save money.

£ (Choosing tree species that reduce conflicts with power lines,
sidewalks and buildings.

£ Developing and promoting tree planting and maintenance
programs in your community.

22 Finding sources of funding and technical assistance for
planting trees in your community.

Tree Guidelines | [ 1]



Executive Summary

Coastal Southern California communities can promote energy efficiency
through tree planting and stewardship programs that strategically locate trees
to shade buildings, cool urban heat islands, and minimize conflicts with
power lines and other aspects of the urban infrastructure. Also, these same
trees can provide additional benefits by reducing atmospheric carbon dioxide
(COg), improving air quality, reducing stormwater runoff, increasing proper-
ty values, enhancing community attractiveness, and promoting human health
and well-being. The simple act of planting trees provides opportunities to con-
nect residents with nature and with each other. Neighborhood tree plantings
and stewardship projects stimulate investment by local citizens, business, and
government in the betterment of their communities.

Energy Impacts

apid urbanization of cities during the past 50 years has been associated
with a steady increase in downtown temperatures of about 1° F per
decade. As temperature increases, energy demand for cooling increases as do
carbon dioxide emissions from fossil fuel

Urbﬂn forests improve G"mﬂtﬂ ﬂnd power plants, municipal water demand,

unhealthy ozone levels, and human discom-

conserve building energy use by: fort and discase.

£ Shading, which reduces the amount of radiant "Trees and other greenspace may lower air tem-

energy absorbed and stored by built surfaces, peratures 5-10° F. Because of Coastal Southern
California’s relatively mild summer weather,
potential cooling savings from trees are less
than for desert and inland wvalley regions.
Computer simulations for an energy-efficient
home in El Toro indicate that shade from two
25-foot tall trees on the west side and one on
the east side are estimated to save $46 each year or about one-third of the
home’s cooling cost. Evapotranspirational cooling from these three trees is
estimated to double these savings provided that a large enough number of
trees were planted to reduce summertime temperatures in the neighborhood.
Simulated savings for the same residence in San Diego were about 50% of
this amount due to cooler summer temperatures.

&> Evapotranspiration, which converts liquid water
in leaves to vapor, thereby cooling the air, and

£ Wind speed reduction, which reduces the
infiltration of outside air into interior spaces.

Air Quality Impacts

"rban forests can reduce atmospheric carbon dioxide (COyg) in two ways.
Trees directly store CO9 as woody and leafy biomass while they grow.
Trees around buildings can also reduce the demand for heating and air condi-
tioning, thereby reducing emissions associated with electric power production.

Urban trees provide direct air quality benefits by:

&> Absorbing gaseous pollutants (ozone, nitrogen oxides)
through leaf surfaces,

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

|I|| Tree Guidelines



£ Transpiring water and shading surfaces, which lowers local air
temperatures, thereby reducing ozone levels.

Most trees emit various biogenic volatile organic compounds that can con-
tribute to ozone formation. The ozone forming potential of different tree
species varies considerably and can be found in the tree selection chapter.

Trees that shade asphalt surfaces and parked vehicles reduce emission of
hydrocarbons that come from leaky fuel tanks and worn hoses as gasoline
evaporates. These evaporative emissions are a principal component of smog
and parked vehicles are a primary source.

Water Quality Impacts
rban stormwater runoff is a major source of pollution. Trees improve
water quality by:
&> Intercepting and storing rainfall on leaves and branch surfaces, thereby
reducing runoff volumes and delaying the onset of peak flows,

22 Increasing the capacity of soils to infiltrate rainfall and reduce
overland flow, and

£ Reducing soil erosion by diminishing the impact of raindrops

on barren surfaces.

Urban forests can provide other water benefits. Irrigated tree plantations can
be a safe and productive means of wastewater disposal. Reused wastewater
can recharge aquifers, reduce stormwater treatment loads, and create income

through sales of wood products.

Social Impacts from Trees

£ Abate noise, by absorbing high frequency noise which are most
distressing to people,

Create wildlife habitat, by providing homes for many types of wildlife,

B Y

Reduce exposure to ultraviolet light, thereby lowering the risk of
harmful health effects from skin cancer and cataracts,

B

Provide pleasure, whether it be feelings of relaxation, or connection
to nature,

Provide important settings for recreation,

Improve individual health by creating spaces that encourage walking,
Create new bonds between people involved in tree planting activities,
Provide jobs for both skilled and unskilled labor for planting and

maintaining community trees,

SRRV

3

Provide educational opportunities for residents who want to learn
about nature through first-hand experience, and

3

Increase residential property values (studies indicate people are
willing to pay 3-7% more for a house in a well-treed neighborhood
versus in an area with few or no trees).

Executive Summary
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Executive Summary

Urban Forest Costs

osts for planting and maintaining trees vary depending on the nature of
Ctree programs and their participants. Generally, the single largest expen-
diture is for tree trimming, followed by tree removal/disposal, and tree plant-
ing. An initial analysis of data for Sacramento and other cities suggests that
households typically spend about $5-10 annually per tree for pruning,
removal, pest/disease control, irrigation, and other tree care costs.

Other costs associated with urban trees include:

£ Pavement damage caused by roots,
2 Flooding caused by leaf litter clogging storm sewers,

£ Green waste disposal and recycling (can be offset by
avolding dumping fees and purchases of mulch), and

&2 Irrigation costs.
Cost effective strategies to retain benefits from large street trees while reduc-

ing costs associated with root-sidewalk conflicts are needed. The tree selec-
tion list in Chapter 6 contains information on the root-

Gen Bl’ﬂ' Tree P'ﬂ"ting ing characteristics of recommended trees.
Recommendations include: residential Tree Selection and
&> 'Trees on the west and northwest sides Location for Solar Control
of homes provide the greatest energy he ideal shade tree has a fairly dense, round crown
benefit; trees on the east side of homes with limbs broad enough to partially shade the roof.
provide the next greatest benefit, Given the same placement, a large tree will provide
£ Plant only deciduous trees on the south more building shade than a small tree. Deciduous trees
side of homes to allow winter sunlight allow sun to shine through leafless branches in winter.
and heat, When selecting trees, match the tree’s water require-
&> Plant evergreen trees as windbreaks, ments with those of surrounding plants. Also, match
2 Shade trees can make paved driveways the tree’s maintenance requirements with the amount
and patios cooler and more comfort- of care different areas in the landscape receive.
able spaces, Evergreens are preferred over deciduous trees for wind-
£ Shading your air conditioner can reduce  breaks because they provide better wind protection.
its energy use, but do not plant vegeta- The ideal windbreak tree is fast growing, visually
tion so close that it will obstruct air dense, and has stff branches that do not self-prune.
flow around the unit, Incense cedar, cajeput tree, New Zealand Christmas
£ Keep trees away from overhead power tree, and Canary Island and Torrey pines are among
lines and do not plant directly above the best windbreak trees for Coastal Southern
underground water and sewer lines. California communities.

| o Guideins |

The right tree in the right spot saves energy. In mid-
summer, the sun shines on the northeast and east sides of buildings in the
morning, passes over the roof near midday, then shines on the west and
northwest sides in the afternoon. Air conditioners work hardest during the
afternoon when temperatures are highest and incoming sunshine is greatest.



Executive Summary

Therefore, a home’s west and northwest sides are the most important sides
to shade. The east side is the second most important side to shade.

Trees located to shade south walls can block winter sunshine and increase
heating costs, because during winter the sun is lower in the sky and shines on
the south side of homes. The warmth the sun provides is an asset, so do not
plant evergreen trees that will block southern exposures and solar collectors.

Tree Location and Selection in Public Places

ocate trees in common areas, along streets, in parking lots, and commer-
lcial areas to maximize shade on paving and parked vehicles. By cooling
streets and parking areas, trees reduce emissions from parked cars that are
involved in smog formation. Large trees can shade more area than smaller
trees, but should be used only where space permits. Remember that a tree
needs space for both branches and roots.

COg reductions from trees in common areas are primarily due to sequestra-
tion (storage in biomass). Fast-growing trees sequester more COyg initially
than slow-growing trees, but this advantage can be lost if the fast-
growing trees die at younger ages. Large growing trees have the

capacity to store more COg than do smaller growing trees. To maxi- A Chﬂ‘;k' ist
mize COg sequestration, select tree species that are well-suited to the foy Designing

site where they will be planted.

Contact your local utility company before planting to locate under-
ground water, sewer, gas, and telecommunication lines. Note the loca- &>
tion of power lines, streetlights, and traffic signs, and select tree species

that will not conflict with them. Keep trees at least 30 feet away from oz
street intersections to ensure visibility. Avoid locating trees where they =
will block illumination from street lights or views of street signs in
parking lots, commercial areas, and along streets. Avoid planting shal-

low rooting species near sidewalks, curbs, and paving.

The 1ideal public tree 1s not susceptible to wind damage and branch
drop, does not require frequent pruning, produces little litter, is deep-
rooted, has few serious pest and disease problems, and tolerates a
wide range of soil conditions, irrigation regimes, and air pollutants.
Because relatively few trees have all these traits, it is important to
match the tree species to planting site by determining what issues are <>
most important on a case-by-case basis.

=D

Program Design =
A successful shade tree program is likely to be community-wide and

collaborative. Fortunately, lessons learned from urban and com- =

munity programs throughout the country can be applied to avoid pit-
falls and promote success.

Tree planting is a simple act, but planning, training, selecting species, and
mobilizing resources to provide ongoing care require considerable fore-

Your Tree Progyam

Establish the Organizing
Group

Draw a Road Map

Send Roots into the
Community

Provide Timely, Hands-
on Training and
Assistance

Nurture Your Volunteers
Obtain High-Quality
Nursery Stock

Develop a List of
Recommended Trees

Commit to Stewardship

Use Self-Evaluation to
Improve

Educate the Public
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thought. Successful shade tree programs will address all these issues before a
single tree 1s planted.

What Can Local Goveynments Do?

ocal government has a long history of preserving and expanding the urban

forest. Below are some recommended steps for further local government
involvement. Appendices B and C provide more background materials, con-
tact information and a list of funding resources.

22 Require Shade Trees in New Development

'l'rees can help to reduce energy costs, improve air and water quality, and
provide urban residents with a connection to nature.

Trees reduce cooling needs during hot summers by shading buildings and
cooling the air through evapotranspiration. Computer simulations show that
an energy-efficient home in El Toro could save $46 in annual energy costs if
two 25-foot tall trees were placed on the west side of the home and an addi-
tional tree was planted on the east side. Properly placed trees can also act as
wind barriers, keeping outside air from entering interior spaces, potentially
reducing both heating and cooling needs.

Tree selection and placement is critical to optimizing the potential benefits of
trees. See Chapter 3, “General Guidelines for Siting and Selecting Trees,” for
more information. The City of Redding requires one new tree to be planted
for every 500 sq. ft. of closed space for residential, one per 1000 sq. ft. for
commercial, and one per 2,000 sq ft. for industrial. Credits are given for the
preservation of existing trees.

The City of Escalon is requiring street trees in its new Farinelli Ranch sub-
division to shade street pavement, lower ambient temperatures and reduce
the cooling needs of neighboring homes. Narrowing streets increased shade
cover while lowering development costs. These combined actions are pro-
jected to reduce annual energy use for cooling by 18% per home.

> Require Shade Trees in Parking Lots

missions from parked cars are a significant contributor to smog. By shad-

ing asphalt surfaces and parked vehicles, trees reduce the emission of
hydrocarbons that occur when gasoline evaporates from leaky fuel tanks and
worn hoses.

The City of Davis requires that 50 percent of paved parking lot surfaces be
shaded with tree canopies within 15 years of the building permit being issued.
The City of Redding requires one tree per four parking spaces.

Proper planting procedures, including an adequate planting area and effective
irrigation techniques, along with ongoing monitoring and maintenance are
essential to the survival and vitality of parking lot trees. The City of Davis is
currently considering using a community tree group, Iree Davis, to assist in
annual inspections of parking lot trees.



Davis 1s also pursuing mnovative construction methods that would provide
parking lot trees with a larger rooting area without compromising the struc-
tural integrity of the paved surfaces. Soils underneath parking lots are usual-
ly very compact, offering parking lot trees limited root space. This can com-
promise the ability of parking lot trees to survive and thrive.

As part of a parking lot renovation and plaza construction project in down-
town Davis, the City plans to install a structural soil mix around the parking
lot and plaza trees as an alternative to standard aggregate base. The structural
soil mix, developed by Cornell University, provides the compaction needed
below parking lot paving surfaces while providing an accessible rooting envi-
ronment for the parking lot trees.

&> Adopt a Tree Preservation Ordinance

his ordinance can be used to protect and enhance your community’s
Turban forest. Many cities and counties require a permit to remove a tree
or build, excavate or construct within a given distance from a tree. At least
one tree should be planted for every tree that is removed.

22 Hire or Appoint a City Forester/Arborist

The California Energy Commission’s Energy Aware Planning Guide rec-
ommends that a single person should be responsible for urban tree programs,
including “planting and maintenance of public trees, tree planting require-
ments for new development, tree protection, street tree inventories and long-
range planning” A number of cities maintain full-time arborists who are
employed through the Public Works or Parks and Recreation Departments.

%2 Conduct a Street Tree Inventory and
Establish a Maintenance Program

A healthy urban forest requires regular maintenance. A street tree invento-
ry identifies maintenance needs. A management plan prioritizes spending
for pruning, planting, removal and protection of trees in the community.

> Adopt a Landscaping Ordinance to Encourage
Energy Efficiency and Resource Conservation

rees placed in proper locations can provide cooling relief and reduce sum-

mer air-conditioning needs. Shrubs, vines and ground covers can also be
used to lower solar heat gain and reduce cooling needs. Given the long, dry
and hot summers of the San Joaquin Valley, choosing inappropriate species
for the local climate can result in a large demand for water and chemical
nsecticides and herbicides.

The City of Irvine’s Sustainability in Landscaping Ordinance outlines guide-
lines for developing and maintaining landscapes that conserve water and
energy, optimize carbon dioxide sequestration, increase the production of
oxygen, and lower air conditioning demands. The ordinance encourages the
City to develop and promote programs and activities that educate residents

Executive Summary
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about the benefits of sustainable landscaping. The ordinance also discourages
the use of inorganic fertilizers, pesticides and herbicides.

2 Use Tree Planting to Strengthen Communities
and Increase Resident Involvement

esearch shows that residents who have participated in tree planting events
R are more satisfied with trees and their neighborhood than are residents
where trees have been planted by the city, a developer, or volunteer groups
without resident involvement.

Through the City of Long Beach’s Neighborhood Improvement Tree
Project, city staff worked with neighborhood groups, the Conservation Corps
of Long Beach, and local businesses to plant trees in physically distressed
neighborhoods during the spring of 1998. Five hundred volunteers helped to
plant over 800 trees. City staff report that the event provided local residents
with a sense of empowerment and helped to strengthen community ties.

&> Utilize Funding Opportunities to Plant
Trees and Maintain the Urban Forest

alifornia ReLeaf, the urban forestry division of the Trust for Public Land,
maintains an extensive list of funding resources for urban forestry and
education projects. See Chapter 4 and Appendix B for more information.

The Energy Aware Planning Guide proposes including street tree planting in
the capital budget for road building which may help to secure funding.

Cities with municipal utilities may want to use their public benefit funds
towards street and shade tree projects. With the assistance of the Sacramento
Tree Foundation, the Sacramento Municipal Utility District’s (SMUD)
Sacramento Shade program has planted over 250,000 trees in the Sacramento
region. SMUD began its program in 1990 and hopes to plant 10,000 trees in
1999. SMUD’s overall goal is to plant 500,000 trees.

Since October 1992, City of Anaheim Public Utilities’ TreePower Program
has provided free shade trees to residents, businesses and schools. The City’s
Neighborhood Services, Code Enforcement and Community Policing
Departments help to expand the reach of the program mto individual neigh-
borhoods. Through TreePower, the City of Anaheim has planted over 10,000

trees.

&> Local Government Contacts
Shade Trees in New Developyment
City of Redding, Planning Division
Phil Carr, Associate Planner

760 Parkview Avenue

Redding, CA 96049-6071
0(530) 225-4020



City of Escalon

J.D. Hightower, City Planner
P.O. Box 248

Escalon, CA 95320

0(209) 838-4110

Shade Trees in Parking Lots

City of Davis, Planning and Building Department
Ken Hiatt, Associate Planner

23 Russell Blvd.

Davis, CA 95616

0(530) 757-5610

e-mail: KHiatt@mail.city.davis.ca.us

(see also City of Redding)

Landscaping Ordinance to Encourage Resource Efficiency
City of Irvine

Steve Burke, Landscape Superintendent
P.O. Box 19575

Irvine, CA 92623-9575

[(949) 724-7609

Collaboration with Local Community Groups and Tree Organizations

City of Long Beach, Community Development Dept.
Craig Beck, Community Development Analyst

333 West Ocean Blvd., 3rd Floor

Long Beach, CA 90802

[(562) 570-6866

California ReLeaf

c/o Trust for Public Land

Stephanie Alting-Mees, Program Manager

116 New Montgomery, 3rd floor

San Francisco, CA 94105

e-mail: Stephanie_Alting Mees_at_tpl-sf@mail.tpl.org

City of Anaheim Public Utilities
TreePower

P.O. Box 3222

Anaheim, CA 92803

[J(714) 491-8733

Sacramento Municipal Utlity District (SMUD)
Energy Services Department

0(916) 455-2020

web: www.smud.org

Executive Summary
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Introduction

ommunities in the Coastal Southern California region contain over
9 million people comprising about 25% of the state’s total population.
The region’s inhabitants derive great benefit from an incredibly diverse
assemblage of tree species made possible by the moderating climatic influence
of the nearby Pacific Ocean. The Coastal Southern California region’s
climate is influenced by the ocean 85% or more of the time and extends from
Santa Barbara south to the border with Mexico and from the coast to inland
cities such as Camarillo, Hollywood, Anaheim, Mission Viejo, Fallbrook, and
El Cajon (Figure 1). The region’s boundaries correspond with Sunset climate
zones 22, 23, and 24 (Brenzel 1997). Occasionally, . _—
winter temperatures will drop to the low 20s° F (-4 [ e ”'“"F'
to -7° C) in the cold-winter portions of this region ——— _"rﬁﬁ.!l— s o =

(Sunset zone 22). i "i!"'"'"“ "*«a.- J-— '!':iﬁ [ ......
[ Scuth coast E’Eﬁ?—

Sustaining healthy community forests will be

- | ]
important to quality of life as many Coastal %WMI T ey
Southern California communities continue to grow [ ] ot wallays b
during the next decade. The role of urban forests ] Dasart S —
to enhance the environment, increase community L
attractiveness, and foster civic pride will take on —
greater significance as communities strive to bal- |1 = 0 152 2o
ance economic growth with environmental quality Herem
and social well-being.
Coastal Southern California communities can promote energy efficiency 1. The Coastal Southern
through tree planting and stewardship programs that strategically locate trees California Region extends
to shade buildings, cool urban heat islands, and minimize conflicts with from Santa Barbara south
power lines and other aspects of the urban infrastructure. Also, these same to the Mexican border.

trees can provide additional benefits by reducing atmospheric carbon dioxide
(COg), improving air quality, reducing stormwater runoff, increasing property
values, enhancing community attractiveness, and promoting human health
and well-being. The simple act of planting trees provides opportunities to con-
nect residents with nature and with each other. Neighborhood tree plantings
and stewardship projects stimulate investment by local citizens, business, and
government in the betterment of their communities (Figure 2).

This report addresses a number of questions about the energy conservation
potential and other benefits of urban and community forests in Coastal
Southern California:

> What is their potential to improve environmental quality and conserve
energy?

£ Where should residential and public trees be placed to maximize their
cost-effectiveness?

&> Which tree species will minimize conflicts with power lines, sidewalks,

and buildings?

Tree Guidelines | IR
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£ What are important features of successful shade tree programs?
£ What sources of funding and technical assistance are available?

Answers to these questions should assist policy makers, utility personnel,
urban forest managers, non-profit organizations, design and planning profes-
sionals, and concerned citizens who are planting and managing trees to
improve their local environments and build better communities.

What’s in the Guidebook

2 Chapter 1. Provides background information
on the energy conservation potential of trees

in Coastal Southern California, and describes
other benefits and costs associated with trees.

> Chapter 2. Quantifies annual benefits and
costs of maintaining a typical large, medium,
and small shade tree for a period of 40 years
after planting in a residential yard and a pub-
lic site (street, park, or common open space).

2. Tree planting and stew- &> Chapter 3. Presents guidelines for selecting and siting of trees in
ardship programs provide residential yards and public open space.

opportunities_for local resi- 2 Chapter 4. Describes key components of shade tree programs and
dents to work together to tips to increase their cost-effectiveness, and contains information on

build better communities sources of technical assistance.

&2 Chapter 5. Contains a tree selection list with information on tree
species recommended for shading and atmospheric COg reduction
in Coastal Southern California communities.

2 Chapter 6. Lists references cited in the guide.
22 Chapter 7. Provides definitions for technical terms used in the guide.
D

Appendix A. Contains tables that list annual benefits and costs at
five-year intervals for 40 years after planting. A case study illustrates
how these data can be adjusted for local projects and applied to
quantify costs and benefits.

&> Appendix B. Presents funding opportunities for California
communities.

%> Appendix C. Contains resources such as sample ordinances,
brochures, and information on innovative programs in Southern

California.
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1. Identifying Benefits and Costs of
Urban and Community Forests

Benefits

2> Energy Conservation Potential

uildings and paving increase the ambient temperatures within a city.

Rapid growth of California cities during the past 50 years is associated
with a steady increase in downtown temperatures of about 0.7° F (0.4 ° C)
per decade. Because electric demand of cities increases about 1 to 2% per °F
(3-4% per °C) increase in temperature, approximately 3-8% of current elec-
tric demand for cooling is used to compensate for this urban heat island
effect (Akbari et al. 1992). Warmer temperatures in cities compared to sur-
rounding rural areas has other implications, such as increases in carbon
dioxide emissions from fossil fuel power plants, municipal water demand,
unhealthy ozone levels, and human discomfort and disease. These problems
are accentuated by global climate change, which may double the rate of
urban warming.

In Coastal Southern California, there is ample opportunity to “retrofit”
communities with more energy efficient landscapes through strategic tree
planting and stewardship of existing trees. Accelerating urbanization hastens
the need for more energy-efficient landscapes in new development.

Urban forests modify climate and conserve building energy use through:

O Shading, which reduces the amount of radiant energy
absorbed and stored by built surfaces,

O Evapotranspiration, which converts liquid water in
plants to vapor, thereby cooling the air, and

00 Wind speed reduction, which reduces the mfiltration
of outside air into interior spaces (Simpson 1998).

Trees and other greenspace within individual building sites may lower air
temperatures 5° F (3° C) compared to outside the greenspace. At the larger
scale of urban climate (6 miles or 10 km square), temperature differences of
more than 9° F (5° C) have been observed between city centers and more
vegetated suburban areas.

The relative importance of these effects depends on the size and configura-
tion of vegetation and other landscape elements (McPherson 1993).
Generally, large greenspaces affect climate at farther distances (300 to 1,500
ft, or 100 to 500 m distance) than do smaller greenspaces. Tree spacing,
crown spread, and vertical distribution of leaf area influence the transport of
cool air and pollutants along streets, and out of urban canyons. For individ-
ual buildings, solar angles and infiltration are important. Because the sum-
mer sun is low in the east and west for several hours each day, shade to pro-
tect east and especially west walls helps keep buildings cool. Rates at which
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outside air infiltrates into a building can increase substantially 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 air may change every two to three hours.

Because the summer and winter weather of Coastal Southern California
communities is relatively mild, potential energy savings from trees are less
than for desert and inland valley regions. Computer simulation of annual
cooling savings for an energy efficient home in El Toro indicated that the
typical household spends about $136 each year for air conditioning (1,047
kWh, 2.5 kW peak). Shade from two 25-ft tall (7.5 m) trees on the west and
o one on the east was estimated to save $46 each
year, a 34% reduction (355 kWh) (Simpson
and McPherson 1996). Evapotranspirational
cooling from these three trees was estimated to
double these savings provided that a large
enough number of trees were planted to reduce
summertime temperatures in the neighbor-
hood. Simulated savings for the same residence
in San Diego were about 50% of this amount
because of cooler summer temperatures.

> Atmospheric Carbon Dioxide Reductions

Urban forests can reduce atmospheric COg in two ways: [ trees directly
sequester GOgy as woody and foliar biomass while they grow, and [ trees
near buildings can reduce the demand for heating and air conditioning, there-
by reducing emissions associated with electric power production.

On the other hand, COy is released by vehicles, chain saws, chippers, and
other equipment during the process of planting and maintaining trees.
Eventually, all trees die and most of the COg that has accumulated in their
woody biomass is released into the atmosphere through decomposition.

Regional variations in climate and the mix of fuels that produce energy to
heat and cool buildings influence potential COg emission reductions.
Southern California Edison, Los Angeles Department of Water and Power,
and San Diego Gas and Electric provide electricity to Coastal Southern
California communities. Carbon dioxide emissions from plants operated by
these utilities varies depending on the mix of fuels used to generate the
power. The COg emissions factor for Coastal Southern California is approx-
imately 0.84 Ib COg / kWh - 11% greater than the California state average.

To provide a complete picture of atmospheric COg reductions from tree
planting it is important to consider COg released into the atmosphere
through tree planting and care activities, as well as decomposition of wood
from pruned or dead trees. The combustion of gasoline and diesel fuels by
vehicle fleets, and equipment such as chainsaws, chippers, stump removers,
and leaf blowers is a relatively minor source of COg. Typically, COq

released due to tree planting, maintenance, and other program related activ-



ities is about 2-8% of annual CO9y reductions obtained through sequestra-
tion and avoided power plant emissions (McPherson and Simpson 1999).

One of the most comprehensive studies of atmospheric COg reductions by an
urban forest found that Sacramento’s six million trees remove approximately
304,000 t (1.2 t/ha) of atmospheric COg every year, with an implied value of
$3.3 million (McPherson 1998). Avoided power plant emissions (75,600 t)
accounted for 32% of the amount sequestered (238,000 t). The amount of
COg reduction by Sacramento’s urban forest offsets 1.8% of total GOy emit-
ted annually as a byproduct of human consumption. This savings could be
substantially increased through strategic planting and long term stewardship
that maximizes future energy savings from new tree plantings, as with the

Cities for Climate Protection program (McPherson 1994, ICLEI 1997).

The City of Chula Vista joined the Cities for Climate Protection program
and adopted urban forestry as one means to reduce COg9 emissions to a level
below the 1990 base. Using computer simulations we estimated that annual
COg reductions 15 years after planting would range from 411 to 536 Ib
depending on location for a 24t tall tree (McPherson and Simpson 1998).
Given this emission reduction rate, 29-39 trees will be required to offset aver-
age annual emissions on a per capita basis in Chula Vista (15,811 Ib/capita).
Although summer temperatures along the I-15 corridor north of San Diego
can get hot, Chula Vista’s relatively mild summers will result in lower avoid-
ed power plant emissions associated with reduced air conditioning load than
in hotter locations with higher cooling loads. Therefore, the majority of
COg reductions in Chula Vista will be due to sequestration.

2> Improving Air Quality

rban trees provide air quality benefits by [l absorbing pollutants such as
" ozone and nitrogen oxides through leaf surfaces, [ intercepting particu-
late matter (e.g., dust, ash, pollen, smoke), [J releasing oxygen through pho-
tosynthesis, and U transpiring water and shading surfaces, which lowers local
air temperatures, thereby reducing ozone levels. In the absence of the cooling
effects of trees, higher air temperatures contribute to ozone formation. Most
trees emit various biogenic volatile organic compounds (BVOCs) such as iso-
prenes and monoterpenes that can contribute to ozone formation. The ozone
forming potential of different tree species varies considerably and is listed in
Chapter 5. A computer simulation study for the Los Angeles basin found that
increased tree planting of low BVOC emitting tree species would reduce
ozone concentrations and exposure to ozone (Taha 1996). However, planting
of medium- and high-emitters would increase overall ozone concentrations.

Although air quality in Southern California has been improving in recent
years, the region continues to experience the worst air quality in the nation,
requiring continued progress to meet mandated air quality standards (South
Coast Air Quality Management District, 1997). The extent to which urban
trees reduce pollutants from the air in Coastal Southern California commu-
nities has not been well-documented. However, examination of new, poten-

Chapter 1

Tree Guidelines | [ 15 |



Chapter 1

R o Guideins |

tially cost-effective approaches to improving air quality, such as urban tree
planting, are receiving increased attention. One study for the entire Los
Angeles region found that 20 years after planting, 11 million trees would save
$93 million in air conditioning costs and $180 million due to ozone reduc-
tions (Rosenfeld et al. 1998). The total annual savings of $273 million aver-
ages about $25 per tree, assuming no trees die after planting. Air pollution
benefits focused on NOx reductions because this pollutant is involved in
ozone formation. Reduced air conditioning demand was estimated to reduce
NOx emissions at power plants by 3.5 tons/day, while citywide cooling by
trees was estimated to lower ozone levels equivalent to removing 175 tons/day
of NOx emissions. Thus, air temperature reductions due to evapotranspira-
tion by trees was estimated to produce substantial air quality benefits through
ozone reduction in Los Angeles.

Other studies in Sacramento, the San Joaquin Valley and Davis, California,
highlight recent research aimed at quantifying air quality benefits of urban
trees. In Sacramento the total value of annual air pollutant uptake produced
by Sacramento County’s six million trees was $28.7 million, nearly $5/tree on
average (Scott et al. 1998). The urban forest removed approximately 1,606
short tons (1,457 metric tons) of air pollutant annually. Trees were most effec-
tive at removing ozone and particulate matter (PMy)). Daily uptake of NOg
and PMj() represented 1 to 2% of emission inventories for the county.
Pollutant uptake rates were highest for residential and institutional land uses.

We estimated that the annual value of pollutant uptake by a typical medium-
sized tree in the San Joaquin Valley was about $12 (McPherson et al 1999a).
The $12/tree value is more than twice the $5 amount reported for
Sacramento due to larger tree sizes and higher pollutant concentrations in the

San Joaquin Valley study.

Recently, trees in a Davis, CA, parking lot were found to benefit air quality
by reducing air temperatures 1-3° F (0.5-1.5° C) (Scott et al. 1999). By shad-
ing asphalt surfaces and parked vehicles the trees reduce hydrocarbon emis-
sions from gasoline that evaporates out of leaky fuel tanks and worn hoses.
These evaporative emissions are a principal component of smog, and parked
vehicles are a primary source. Initial calculations indicate that planting trees
in parking lots throughout the region could reduce hydrocarbon emissions
comparable to the levels achieved through the local air quality district’s cur-
rently funded programs (e.g., graphic arts, waste burning, vehicle scrappage).

2 Reducing Stormwater Runoff

rban stormwater runoff is a major source of pollution entering the

Pacific Ocean and its tributaries. After large storm events certain beach-
es are temporarily closed to swimming due to unhealthy levels of pollutants
(Condon and Moriarty 1999). Finding the source of these pollutants is diffi-
cult because the region is so large and “hot spots” appear and disappear
quickly. A healthy urban forest can reduce the amount of runoff and pollu-
tant loading in receiving waters. Trees intercept and store rainfall on leaves



and branch surfaces, thereby reducing runoff volumes and delaying the
onset of peak flows. Root growth and decomposition increase the capacity
and rate of soil infiltration by rainfall and reduce overland flow. Urban for-
est canopy cover reduces soil erosion by diminishing the impact of raindrops
on barren surfaces.

Trees are less effective for flood control than water quality protection
because canopy storage is exceeded well before peak flows occur. Trees can
delay the time of peak runoff because it often takes 10-20 minutes for the
tree crown to become saturated and flow to begin from stems and trunk to
the ground. By reducing runoff from small storms, which are responsible for
most annual pollutant washoff, trees can protect water quality.

Studies that have simulated urban forest impacts on stormwater report annu-
al 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 predominance of non-ever-
green species (Xiao et al. 1998). However,
average interception loss for the land with
tree canopy cover ranged from 6-13%
(150 gal per tree on average), close to val-
ues reported for rural forests. In Modesto
each street and park tree is estimated to
reduce stormwater runoff by 845 gal (3.2
m3) annually, and the value of this bene-
fit is $6.76 (McPherson et al. 1999b).
Broadleaf evergreens and conifers inter-
cept more rainfall than deciduous species
because of our winter rainfall pattern.

Urban forests can provide other hydrologic benefits. For example, irrigated
tree plantations or nurseries can be a safe and productive means of waste-
water disposal. Reused wastewater can recharge aquifers, reduce stormwa-
ter treatment loads, and create income through sales of nursery or wood
products. Recycling urban wastewater into greenspace areas can be an eco-
nomical means of treatment and disposal, while at the same time providing
other environmental benefits.

Trees consume irrigation through the process of evapotranspiration (ET).
Annual water use for mid-sized and moderately drought-tolerant trees will
seldom exceed 1,000 gal (3,785 1) in Coastal Southern California. Assuming
a price of $1.86/Ccf (100 cubic feet = 748 gal), the annual cost is about
$2.50. Shade from trees cast on nearby turf may reduce water use by turf,
although this process has not been well-studied.

22> Aesthetics and Other Benefits

'l'rees provide a host of aesthetic, social, economic, and health benefits that
should be included in any benefit-cost analysis. One of the most fre-
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quently cited reasons that people plant trees is for beautification. Trees add
color, texture, line, and form to the landscape. They soften the hard geome-
try that dominates built environments. Well-maintained trees increase the
“curb appeal” of properties. Research comparing sales prices of residential
properties with different tree resources suggests 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 residen-
tial property values was based on actual sales prices for 844 single family
homes in Athens, Georgia (Anderson and Cordell 1988). Using regression
analysis, each large front-yard tree was found to be associated with about a
1% increase in sales price ($336 in 1985 dollars). This increase in property
value resulted in an estimated increase of $100,000 (1978 dollars) in the city’s
property tax revenues. 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).

The social and psychological benefits provided by
urban forests improve human well-being. Research
indicates that views of vegetation and nature bring
relaxation and sharpen concentration. Hospitalized
patients with views of nature and time spent out-
doors needed less medication, slept better, and were
happier than patients without these connections to
nature (Ulrich et al.1985). Trees reduce exposure to
ultraviolet light, thereby lowering the risk of harmful
health effects from skin cancer and cataracts. Other
research shows that humans derive substantial plea-
sure from trees, whether it be feelings of relaxation,
connection to nature, or religious joy (Dwyer et al.
1992). Trees provide important settings for recreation in and near cities.
Research on the aesthetic quality of residential streets has shown that street
trees are the single strongest positive influence on scenic quality. Just the act of
planting trees has social value in that new bonds between people often result.

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. Trucks, trains, and planes can produce noise that
exceeds 100 decibels, twice the level at which noise becomes a health risk.
Thick strips of vegetation in conjunction with land forms 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).

Although urban forests contain less biological diversity than rural woodlands,
numerous types of wildlife inhabit cities and are generally highly valued by
residents. For example, older parks, cemeteries, and botanical gardens often
contain a rich assemblage of wildlife. Remnant woodlands and riparian habi-



Chapter 1
tats within cities can connect a city to its surrounding bioregion. Wetlands,

greenways (linear parks), and other greenspace resources can provide habi-
tats that conserve biodiversity (Platt et al. 1994).

Urban forestry can provide jobs for both skilled and unskilled labor.
AmeriCorps and other programs are providing horticultural training to
youth planting and maintaining trees in community forests across California.
Also, urban and community forestry provides educational opportunities for

residents who want to learn about nature through first-hand experience
(McPherson and Mathis 1999).

Costs

2 Costs of Planting and Maintaining Trees

he previous section described a host of environmental, social, economic,
Tand aesthetic benefits that trees can provide. A 1992 survey of municipal
tree programs in California found that
the greatest benefits from their programs
were U increased public safety, O in-
creased attractiveness and commercial
activity, and [ improved civic pride
(Bernhardt and Swiecki 1993). These
benefits are not cost-free.

In 1992, California cities and counties
spent on average $4.36 and $0.32 per res-
ident on tree programs, respectively
($18.32 and $13.59 per tree) (Bernhardt
and Swiecki 1993). These expenditures
represent declines of 25% and 13% from
amounts reported in 1988 (corrected for
inflation). Generally, the single largest
expenditure is for tree trimming, fol-
lowed by tree removal/disposal, and tree planting. Most trees in new resi-
dential subdivisions are planted by developers, while cities/counties and vol-
unteer groups plant most trees on existing streets and park lands. The report

3. Although large trees can
increase clean-up costs and

found that street tree planting has not kept pace with increases in population reparr costs o sidewalks
since 1988, with the average number of street trees per person declining by compared to small trees,
6% (Bernhardt and Swiecki 1993). their shade can extend the
Annual expenditures for tree management on private property have not e of street surfaces ‘.md
been well-documented. Costs vary considerably, ranging from some com- defer costs, for re-paving.

mercial/residential properties that receive regular professional landscape ser-
vice to others that are virtually “wild” and without maintenance. An initial
analysis of data for Sacramento and other cities suggests that households
typically spend about $5-10 annually per tree for pruning, removal, pest and
disease control, irrigation, and other costs (McPherson et al. 1993,
McPherson 1996).
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22> Conlflicts with Urban Infrastructure

alifornians are spending millions of dollars each year to manage conflicts

between trees and power lines, sidewalks, sewers, and other elements of
the urban infrastructure. In San Jose alone, the backlogged repair cost for all
damaged sidewalks is $21 million. Statewide, cities are spending a fraction
of the total amount needed to repair all damaged sidewalks and curbs. In
1998 all California cities spent $62 million per year ($2.36 per capita) on
sidewalk, curb and gutter repair, tree removal and replacement, prevention
methods, and legal/liability costs (Burger et al. 1998).

Some cities spent as little as
$0.75 per capita, while oth-
ers spent $6.98 per resident.
These figures are for street
trees only and do not
include repair costs for dam-
aged sewer lines, building
foundations, parking lots,
and various other hardscape
elements. When these addi-
tional expenditures are
included, the total cost of
root-sidewalk conflicts in
California is well over $100
million per year.

Dwindling budgets are forcing an increasing number of 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.

According to the State of Urban Forestry in California report (Bernhardt
and Swiecki 1993), the consequences of efforts to control these costs are hav-
ing alarming effects on California’s urban forests:

O Cities are continuing to “downsize” their urban forests by planting
far more small-statured than large-statured trees. Although small
trees are appropriate under power lines and in small planting sites,
they are less effective at providing shade, absorbing air pollutants,
and intercepting rainfall than large trees.

00 18% of the responding cities are removing more trees than they

are planting.

O Sidewalk damage is the second most common reason that street
and park trees are removed. We lose thousands of healthy urban
trees and forgo their benefits each year because of this problem.

Collectively, this is a lose-lose situation. Cost effective strategies to retain
benefits from large street trees while reducing costs associated with infra-
structure conflicts are needed. Matching the growth characteristics of trees



to conditions at the planting site is one strategy. The tree selection list in
Chapter 5 contains information on the rooting and crown size characteris-
tics of recommended trees.

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 until 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 become
closer to the root zone as they enter houses than at the street. Repair costs
typically range from $100 for rodding to $1,000 or more for excavation and
replacement.

Most communities sweep their streets weekly to reduce non-point source
pollution from surface runoff to streams and the ocean. Street trees drop
leaves, flowers, fruit, and branches year round that constitute a significant
portion of debris collected from city streets. During November through
December 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 wind storms.
Although these natural crises are infrequent, they can result in large expen-
ditures.

Tree shade over streets can offset some of these costs by protecting the street
paving from weathering. The asphalt paving on streets contains stone aggre-
gate in an oil binder. Without tree shade, the oil heats up and volatilizes,
leaving the aggregate unprotected. Vehicles then loosen the aggregate and
much like sandpaper, the loose aggregate grinds down the pavement. Streets
should be overlaid or slurry sealed about every 10 years over a 30-40 year
period, after which reconstruction is required. A slurry seal costs approxi-
mately $0.27 per ft2 or $50,000 per linear mile. Because the oil does not dry
out as fast on a shaded street as it does on a street with no shade trees, this
street maintenance can be deferred (Figure 3). It is estimated that the slurry
seal can be deferred from every 10 years to every 20-25 years for older
streets with extensive tree canopy cover in Modesto (personal communica-
tion, John Brusca, Streets Superintendent, City of Modesto, November 17,
1998).

> Waste Disposal and Irrigation

early all California cities are recycling a portion of their green waste. In

1992 the state’s tree programs recycled 66% of their wood waste as
mulch or compost (Bernhardt and Swiecki 1993). The amount of waste
wood disposed of as firewood is relatively low and few programs burn their
waste wood. In most cases, the net costs of waste wood disposal are about
1% of total tree care costs as cities and contractors strive to break-even (haul-
ing and recycling costs are nearly offset by revenues from purchases of
mulch, milled lumber, and wood products) (personal communication, Pat
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Mahoney, President, West Coast Arborists, Inc., October 29, 1999). Hauling
waste wood is the primary cost in Southern California, where virtually all
waste wood is now recycled. Portable mills are increasingly used to produce
lumber that is sold or worked to create park benches, picnic tables, and
other wood products.

Despite Coastal Southern California’s balmy climate, newly planted trees
require irrigation for about three years. Installation of drip or bubbler irriga-
tion can increase planting costs by $100 or more per tree. Once planted,
15-gal trees typically require 100-200 gal per year during the establishment
period. Assuming the City of Santa Monica’s water price of $1.86/Ccf, annual
irrigation water costs are initially less than $1/tree. However, as trees mature
their water use can increase with a concomitant increase in annual costs.
Trees planted in areas with existing irrigation may require supplemental
rrigation.

Power plants consume water in the process of producing electricity. For exam-
ple, coal-fired plants use about 0.6 gal/’kWh of electricity provided. Trees that
reduce the demand for electricity can also reduce water consumed at the
power plant (McPherson et al. 1993).



2. Quantifying Benefits and Costs
of Tree Planting and Stewardship
in Coastal Southern (alifornia

n this chapter, we present estimated benefits and costs for trees planted in
' typical residential and public sites. Because benefits and costs vary with

tree size we report results for large (camphor), medium (jacaranda), and
small (yew pine) statured trees. Tree growth rates and dimensions are based
on street tree data obtained in Santa Monica. To make our calculations real-
istic we assume that 22.5% of the trees planted die over the 40-year period.

Our estimates of benefits and costs are initial approximations. Some benefits
and costs are intangible or difficult to quantify (e.g., impacts on psychologi-
cal health, crime, and violence). Our limited knowledge about the physical
processes at work and their interactions make estimates very imprecise (e.g.,
fate of air pollutants trapped by trees and then washed to the ground by rain-
fall). Tree growth and mortality rates are highly variable and benefits and
costs depend on the specific conditions at a site (e.g., tree species, growing
conditions, maintenance practices). These estimates provide only a general
understanding of the magnitude of benefits and costs for typical private and
public tree planting programs given the underlying assumptions. The next
section describes many of these assumptions and procedures used to quanti-
fy benefits and costs.

Procedures and Assumptions

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

in three residential yard locations (east, south, and west of the dwelling
unit) and a public streetside/park location for a 40-year planning horizon.
Prices are assigned to each cost (e.g., planting, pruning, removal, irrigation,
infrastructure repair, liability) and benefit (e.g., heating/cooling energy sav-
ings, air pollution absorption, stormwater runoff reduction) through direct
estimation and implied valuation of benefits as environmental externalities.
This accounting approach makes 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 (Cinnamomum camphora, camphor), medium,
(Jacaranda mimosifolia, jacaranda), and small (Podocarpus macrophyllus,
yew pine) trees. 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, we use leaf
surface area as the primary indicator of differences in mature tree size because
many functional benefits of trees are related to leaf-atmosphere processes
(e.g., interception, transpiration, photosynthesis), and therefore benefits
increase as leaf surface area increases. Tree growth rates, dimensions, and leaf
area estimates are based on measurements taken for 28-33 street trees of each
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species in Santa Monica (Figure 4). Although the
small yew pine and medium jacaranda reach the
same height 40 years after planting, the jacaranda
has more leaf surface area.

We report results in terms of annual values per tree
planted, but our calculations assume that 22.5% of
the trees die and are removed during the 40-year
period (annual mortality rates of 1% for the first 5
years and 0.5% for the remaining 35 years). This
mortality rate is based on rates reported by contact
persons and found in other studies (Miller and
Miller 1991, Nowak et al. 1990, Richards 1979).
Hence, the accounting approach “grows” trees in dif-
ferent locations and directly calculates the annual

flow of benefits and costs as trees mature and die
(McPherson 1992).

Our approach directly connects benefits and costs
with tree size variables such as trunk diameter at
breast height (dbh) and leaf surface area. For
instance, pruning and removal costs usually increase
with tree size expressed as dbh inches (cm). For some
parameters, such as sidewalk repair, costs are negli-
gible 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 instance, street trees are
pruned on cycles and removed in a less regular fash-
ion, when they pose a hazard or soon after they die.
We report most costs and benefits for the year that
they occur. However, periodic costs such as for prun-
ing, pest and disease control, and infrastructure
repair are presented on an average annual basis.
Although spreading one-time costs over each year of
a maintenance cycle does not alter the 40-year nom-

inal expenditure, it can lead to inaccuracies if future costs are
discounted to the present.

In this study, both direct estimation and implied valuation are
used to ascribe dollar values to benefits and costs. Much of the
tree management cost data were directly estimated based on
surveys with municipal foresters in Santa Monica and Beverly
Hills, and four Southern California arborists. Lacking local
data, we relied on survey results from Sacramento residents to



estimate the frequency of contracted tree care activities for trees in yards
(McPherson et al. 1993, Summit and McPherson 1998). Findings from com-
puter simulations are used in this study to directly estimate energy savings.
Implied valuation is used to price society’s willingness to pay for the air qual-
ity and stormwater runoff benefits trees produce. For example, air quality
benefits are estimated using transaction costs, which reflect the average mar-
ket value of pollutant emission reduction credits in 1998 for the South Coast
Air Quality Management District (California EPA 1999). If a corporation is
willing to pay $1 per pound for a credit that will allow it to increase future
emissions, then the air pollution mitigation value of a tree that absorbs or
intercepts 1 pound of air pollution should be $1.

Benefits

<> Air Conditioning and Heating Energy Savings

e assume that residential yard trees are within 60 ft (18 m) of homes so
Was to directly shade walls and windows. Shading effects of these trees on
building energy use are simulated for large, medium, and small trees at 3 tree-
building distances, following methods outlined by McPherson and Simpson
(1999). Large (camphor) and small (yew pine) trees are evergreen, with visu-
al densities of 80% all year. The medium tree (jacaranda) is deciduous, with
a visual density of 80% from April to January, and 20% in February and
March. Results for each tree are averaged over distance and weighted by
occurrence of trees 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 sur-
faces. Our results for public trees are conservative in that we assume that they
do not provide shading benefits. In Modesto, 15% of total annual dollar ener-
gy savings from street trees were due to shade and 85% due to climate effects
(McPherson et al. 1999).

In addition to localized shade effects, which are assumed to accrue only to
residential yard trees, lowered air temperatures and wind speeds from
increased neighborhood tree cover (referred to as climate effects) produce a
net decrease in demand for summer cooling (reduced wind speeds by them-
selves may increase or decrease cooling demand, depending on the circum-
stances) and winter heating.

Climate effects on energy use, air temperature and wind speed reductions as
a function of neighborhood canopy cover are estimated from published val-
ues following McPherson and Simpson (1999). Existing canopy cover (trees
+ buildings) was estimated to be 40%. Canopy cover is calculated to increase
by 3, 8 and 15% for mature small, medium, and large trees, respectively,
based on an effective lot size ( actual lot size Slus a portion of adjacent streets
and other rights-of-way) of 8,000 ft2 (743 m?), and assuming one tree per lot
on average. Climate effects are estlmated as descrlbed previously for shading
by simulating effects of wind and air temperature reductions on energy use.
Climate effects accrue to both public (Figure 5) and private trees.
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5. Although park trees

seldom provide energy
benefits from direct shading

of buildings, they provide

settings for recreation and

relaxation as well as
modify climate, sequester
carbon dioxide, reduce
stormwater rungff, and
improve air quality.

RETR| e uideines

The prototype building used as a basis for the simulations 1s typical of post-
1980 construction practices, and represents 20-40% of the total single family
residential housing stock in coastal communities. This house is of two story,
stucco, slab-on-grade construction with a condltloned floor area of 2,070 ft2
(192 m2) window area (double-glazing) of 325 fi2 30 m2) and wall and ceil-
ing insulation of R11 and R25, respectively. The central cooling system has
a seasonal energy efficiency ratio (SEER) of 10, and the natural gas furnace
an annual fuel utilization efficiency (AFUE) of 78%. Building footprints are
square, reflective of average impacts for a large building population
(McPherson and Simpson 1999). Buildings are sim-
ulated with 1.5-ft (0.45-m) overhangs. Blinds have
visual density of 37%, and are assumed closed
when the air conditioner is operating. Summer ther-
mostat settings are 78° F (25° C); winter settings are
68° F (20° G) during the day and 60° F (16° C) at
night. Because the prototype building is more ener-
gy efficient than most other construction types our
projected energy savings are relatively conservative.
The energy simulations rely on typical year climate
data from Los Angeles International Airport.

Dollar value of energy savings are based on average
residential electricity and natural gas prices of $0.12 per kWh (California
Energy Commission, 1996) and $0.60 per therm (California Energy
Commission, 1998), respectively. The former is the average of prices for Los
Angeles, Orange, San Diego, Santa Barbara and Ventura counties; the latter,
the average of Southern California Gas and San Diego Gas & Electric resi-
dential prices forecast for the year 2000. Homes are assumed to have central
air conditioning and natural gas heating. Results are reported at five-year
intervals.

2 Atmospheric Carbon Dioxide Reduction

eductions in building energy use result in reduced emissions of COq.

Emissions are calculated as the product of energy use for cooling and
heating and the respective COg emission factors for electricity and natural
gas. Emissions factors for electricity are weighted by the approximate average
fuel mix for utilities serving Coastal Southern California: Southern California
Edison, Los Angeles Department of Water and Power, and San Diego Gas
and Electric. This value is 49% natural gas, 17% coal, and 34% other, the lat-
ter assumed to have no emissions (California Energy GCommission 1994).
The price of CO9 reductions are based on the implied value of external costs
associated with mcreased global warming (California Energy Commission

1994). (Table 1)

Sequestration, the net rate of COg storage in above- and below-ground bio-
mass over the course of one growing season, 1s calculated using tree height
and dbh data with biomass equations for camphor, jacaranda, and lacking
data for yew pine, Monterey pine (Pinus radiata) (Pillsbury et al. 1998).
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Volume estimates are converted to green and dry weight estimates

(Markwardt 1930) and divided by 78% to incorporate root biomass. Dry
weight biomass is converted to carbon (50%) and these values are converted
to COg. The amount of COg sequestered each year is calculated as the dif-
ference between the total amount stored for two successive years.

A national survey of 13 municipal forestry programs determined that the use
of vehicles, chain saws, chippers, and other equipment powered by gasoline
or diesel results in the average annual release of 0.78 b of COg/inch dbh
(0.14 kg COg/cm dbh) (McPherson and Simpson

1999). We use this value for private and public trees, Table 1. Emissions factors and implied

recognizing that it may overestimate CQOg release values for CO9 and criteria air pollutants.

associated with less intensively maintained residential . .

yard trees. — Emission Factor — Implied
Electricity =~ Natural gas Value

To calculate COy released through decomposition of Ibs MWh  1bs/MBtu $/1b

dead woody biomass we conservatively estimate that

dead trees are removed and mulched in the year that Loy Sl LRy DI

death occurs, and that 80% of their stored carbon is NOg 1.787 0.10207 12.499]

released to the atmosphere as COg in the same year. SOy 1.06F 0.0006+ 4.629

Reductions in building energy use also result in VOGs  0.0541 0.0054F 1.92f]

reduced emissions of criteria air pollutants from 1 U.S. Environmental Protection Agency 1995.
power plants and space heating equipment. Volatile | # California Energy Commission 1994 ($30/ton)
organic hydrocarbons (VOGCs) and nitrogen dioxide | Cantor Fitzgerald Environmental Brokerage Services, 1999.

(NOg), both precursors of ozone (Og) formation, as
well as sulfur dioxide (SO9) and particulate matter of <10 micron diameter
(PMj) are considered. Changes in average annual emissions and their off-
set values are calculated in the same way as for COg, again using utility-spe-
cific emission factors for electricity and heating fuels (California EPA 1999),
with the value of emissions savings (Table 1) based on the price of emission
reduction credits for the South Coast Air Quality Management District
(Cantor Fitzgerald Environmental Brokerage Services, 1999).

Trees also remove pollutants from the atmosphere. The hourly pollutant dry
deposition per tree is expressed as the product of a deposition velocity Vd
=1/(Ra+Rb+Rc), a pollutant concentration G, a canopy projection area CP,
and a time step. Hourly deposition velocities for each pollutant are calculat-
ed using estimates for the resistances Ra, Rb, and Rc estimated for each hour
throughout a “base year” (1991) using formulations described by Scott et al.
(1998). Hourly concentrations for NOg, SO9, and Og (ppm), daily total
PMj (mg Cg, approximately every sixth day), as well as hourly meteoro-
logical data (e.g., air temperature, wind speed) for 1991 were obtained from
the South Coast Air Quality Management District via the California Air
Resources Board (personal communication, Klaus Scott, California Air
Resources Board, November 11, 1999) for the Hawthorne monitoring sta-
tion. This station monitors for air pollutant concentrations representative of
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areas of high population density, at spatial scales of up to 3 miles, and is locat-
ed approximately 4 miles ESE of Los Angeles International Airport. See Scott
et al. (1998) for details. We use implied values from Table 1 to value emis-
sions reductions; and the implied value of NOg for ozone. Hourly solar radi-
ation data for 1991 was obtained from a California Department of Water
Resources monitoring site located in Long Beach.

Annual emissions of biogenic volatile organic compounds (BVOC) were esti-
mated for the three tree species (camphor, jacaranda, yew pine) using the
algorithms of Guenther et al. (1991, 1993). Annual emissions were simulated
over 40 years. The emission of carbon as isoprene is expressed as a product
of a base emission rate adjusted for sunlight and tempera-
ture (mg-C g-1 dry foliar biomass hr-1) and the amount of
(dry) foliar biomass present in the tree. Monoterpene emis-
sions are estimated using a base emission rate adjusted for
temperature. The base emission rates for the three species
were based upon values reported in the literature
(Benjamin et al. 1996). All three species are defined as “low
emitters” because they emit little (<0.01 mg-C g-1 dry foliar
biomass hr-1) or no BVOCs. We, however, assigned a total
base emission rate of 0.1 mg-C g-1 dry foliar biomass hr-1
(.., 0.04 each for isoprene and monoterpene and 0.02 for
other VOCGs) to all three species. This total base emission rate is approxi-
mately mid-range for the “low emitter” category (Benjamin et al. 1996).
Hourly emissions were summed to get monthly and annual emissions.

Annual dry foliar biomass was derived from field data collected in Santa
Monica during the summer of 1999. The amount of foliar biomass present
for each year of the simulated tree’s life was unique for each species. We
assumed a year-round growing season because the trees are broadleaf ever-
green species and because the Southern California coastal climate is mild. We
used 1991 hourly air temperature and solar radiation data from nearby sites
(Hawthorne and Long Beach, CA) as model input. This model year was cho-
sen because it most closely approximated long-term climate records for the
area of interest.

The calculations do not take into account the ozone reduction benefit from
lowering summertime air temperatures, thereby reducing hydrocarbon emis-
sions from anthropogenic and biogenic sources. Simulation results from Los
Angeles indicate that ozone reduction benefits of tree planting with “low-emit-
ting” species exceed costs associated with their BVOC emissions (Taha
1996).

2> Stormwater Runoff Reduction

numerical simulation model is used to estimate annual rainfall intercep-
A tion (Xiao et al. 1998). The interception model accounts for water inter-
cepted 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 include species, leaf area,
shade coefficient (visual density of the crown), and tree height. Tree height
data are 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 1s calculated from crown projection area (area under tree dripline), leaf
area indices (LAI, the ratio of leaf surface area to crown projection area), and
water depth on the canopy surface. Species-specific shade coefficients (0.8)
and tree surface saturation (0.04 inch or 1 mm for all 3 trees) values influence
the amount of projected throughfall. Hourly meteorological and rainfall data
for 1996 from the Santa Monica California Irrigation Management
Information System (CIMIS) are used for this simulation. Annual precipita-
tion during 1996 was 22.4 inches (570 mm), somewhat greater than the mean
annual precipitation amount of 17.8 inches (451 mm) for the region (U.S.
Dept. of Commerce 1968). A more complete description of the interception
model can be found i Xiao et al. (1998).

To estimate the implied value of rainfall intercepted we consider current
expenditures for flood control and urban stormwater quality programs.
During small rainfall events excess capacity in sanitary treatment plants can
be used to treat stormwater. In the Los Angeles region it costs approximate-
ly $1.37/Ccf ($0.00183/gal) to treat sanitary waste (Condon and Moriarty
1999). We use this value to price stormwater quality benefits because the cost
of treating stormwater in central facilities is likely to be close to the cost of
treating an equal amount of sanitary waste. The treatment cost is multiplied
by gallons of rainfall intercepted each year to calculate water quality benefit.

As part of the TreePeople’s program called TR.E.E.S. (Trans-agency
Resources for Environmental and Economic Sustainability) it was deter-
mined that over $50 million ($500,000/sq mile) is spent annually controlling
floods in the Los Angeles area (Condon and Moriarty 1999). We assume that
the impact of rainfall interception by tree crowns will be minimal during very
large storms that result in catastrophic flooding of the Los Angeles River and
its tributaries (133-year design storm). Although storm drains are designed to
control 25-year events, localized flooding is a problem during these smaller
events. Following the economic approach used in the T'R.E.E.S. cost-benefit
analysis, we assume that $50 million is spent per year for local problem areas
and the annual value of peak flow reduction is $500,000 per square mile for
each percent decrease in 25-year peak flow (Jones & Stokes Associates, Inc.
1998). A 25-year winter event deposits 5.3 inches (134 mm) of rainfall dur-
ing 57 hours. Approximately $0.0054/gal ($1.44/m3) is spent annually for
controlling flooding caused by such an event. This price is multiplied by the
amount of rainfall intercepted during a single 25-year event to estimate the
annual flood control benefit. Water quality and flood control benefits are
summed to calculate the total hydrology benefit.
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2> 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 products that are diffi-
cult 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 apply results of research that compares differ-
ences in sales prices of houses to statistically quantify the amount of differ-
ence associated with trees. The amount of difference in sales price should
reflect the willingness of buyers to pay for the benefits and costs associated
with the trees. This approach has the virtue of capturing what buyers per-
ceive to be as both the benefits and costs of trees in the sales price.

Some limitations to using this approach for the present study include the dif-
ficulty associated with [J determining the value of individual trees on a prop-
erty, [ the need to extrapolate results from studies done years ago in the east
and south to California, and [J 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 and
found that each large front-yard tree was associated with a $336 increase in
sales price or nearly 1% of the average sales price of $38,100 (in 1978 dollars).
We use this 1% of sales price as an indicator of the additional value a Coastal
Southern California resident would gain from sale of residential property
with a large tree. The sales price of residential properties varies widely by
location within the region. For example, 1999 median home prices ranged
from $97,000 in Paramount to $780,000 in Pacific Palisades (California
Association of Realtors 1999). In September 1999 the average home price for
70 communities in the Coastal Southern California region was $253,431
(California Association of Realtors 1999). The value of a large tree that adds
0.9% to the sales price of such a home is $2,235. Based on growth data for a
40-year old camphor tree, such a tree is 36-ft (14.2m) tall, 40-ft (12.3m) crown
diameter, with a 23-mn (59cm) trunk diameter, and 2,675 fi2 (250 m2) of leaf
surface area.

To calculate the base value for a large street tree we treat street trees similar
to front yard trees, but recognize that they may be located adjacent to land
with little value or resale potential. An analysis of street trees in Modesto sam-
pled from aerial photographs (8% of population) found that 15% were locat-
ed adjacent to non-esidential or commercial land uses (McPherson et al.
1999). We assume that 33% of these trees, or 5% of the entire street tree pop-
ulation, produce 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 assume that park trees have the same impact on property sales



prices as street trees. Given these assumptions, the typical large street and
park trees are estimated to increase property values by $0.79 and $0.83/ft2 of
leaf surface area, respectively ($8.49 and $8. 94/m?). Assuming that 85% of all
public trees are on streets and 15% are in parks, we calculate a weighted aver-
age benefit of $0.80/ft2 of leaf surface area ($8.56/m2). To estimate annual
benefits this value 1s multiplied by the amount of leaf surface area added to
the tree during one year of growth.

To calculate the base value for a large tree on pnvate residential property we
assume that a 40-year old camphor tree (2,675 f2 of leaf surface area) in the
front yard will increase the property’s sales price by $2,235. Approximately
75% of all yard trees are in backyards (Richards et al. 1986). Lacking specif-
ic research ﬁndings we arbitrarily assume that backyard trees have 75% of
the impact on “curb appeal” and sale price compared to front yard trees. The
average annual aesthet1c benefit for a tree on private property is $0. 67/ft2 of

leaf area ($7.26/m2).

Costs

2 Planting Costs

planting costs are two-fold, the cost for purchas-
ing the tree and the cost for planting, staking,
and mulching the tree. Based on our survey of
Southern California arborists and data from the
Cities of Santa Monica and Beverly Hills, we
assume that the total cost for purchasing, planting,
staking, and mulching a 15-gal (57 1) container pub-
lic tree is $95. The total cost is $106 for a residential yard tree.

> Trimming Costs

fter studying data from municipal forestry programs and their contractors

we assume that during the first 3 years after planting, young public trees
are trimmed once a year at a cost of $10.25/tree. Thereafter, small public trees
are trimmed on a 3 year cycle at $20.25/tree until their height exceeds 18 ft
(5.5 m) and more expensive equipment is required. Medium-sized trees (taller
than 18 ft [5.5 m] and less than 46 ft [14 m]) are trimmed on a six-year cycle
at a cost of $66/tree. The cost increases to $228.50/tree for large trees (taller
than 46 ft). After factoring in trimming frequency, annual costs are $10.25,
$6.68, $11, and $38 for public young, small, medium, and large trees, respec-
tively.

Our survey of Sacramento residents indicated that 15% of households with
trees never prune their residential yard trees. Moreover, the percentage of
households that contract for tree trimming increases as tree height increases:
0% for young trees (< 3 years), 6% for small trees (< 20-ft tall), to 60% for
medium trees (20-40-ft tall), and 100% for large trees (>40-ft tall). Similarly,
the frequency of pruning decreases with tree height from once every 2 years
for small trees, to every 10 years for medium trees, and every 20 years for
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large trees. Based on these findings and pruning prices charged by Southern
California arborists ($59, $257, and $585 for small, medium, and large trees,
respectively), we calculate that the average annual cost for trimming a resi-
dential yard tree is $1.50, $13.09, and $24.86 for small, medium, and large
trees. These prices factor in pruning frequency and include costs for waste
wood recycling.

2 Tree and Stump Removal and Disposal

'l'he costs for removing public and private trees are $12 per inch dbh.
Stump removal and wood waste disposal costs are $6 per inch dbh for
public and private trees. The total cost for both tree sites is $18 per inch dbh.

2> Pest and Disease Control

ublic trees receive treatments to control
p pests and disease on an as needed basis. In
Coastal Southern California this expenditure is
small, averaging about $0.17 per tree per year,
or $0.01 per inch dbh.

We assume that approximately 85% of house-
holds with trees do not treat their trees to con-
trol pests or disease. The percentage of house-
holds that contract for pest and disease control
increases as tree height increases, from 6% for
small trees (< 20-ft tall), to 60% for medium
trees (20-40-ft tall), and 100% for large trees

Large tree example — camphor (>40-ft tall). The frequency of treatment
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decreases with tree height from once every 2
years for small trees, to every 10 years for medium trees, and every 20 years
for large trees. Based on these findings and treatment prices charged by
arborists ($130, $85, and $40 for large, medium, and small trees), we calcu-
late that the average annual cost for pest and disease control ranges from
$0.18-$1.00 per residential yard tree, and averages $0.07 per inch dbh.

&2 Irrigation

n most landscape situations trees require relatively little supplemental irri-
' gation after establishment because they are planted in irrigated areas and
can use existing sources of water. The cost for irrigating a public street or
park tree is $15 per year for the first three years after planting. This price is
for labor and equipment to irrigate young trees with a municipal water truck.
The cost for irrigation water over the 40-year period is calculated as
described below.

Irrigation costs for residential yard trees assume that the irrigation system is
in-place, and supplemental water is applied at a maximum rate of 800
gal/year (3,028 1) for a mature tree. Assuming that water is purchased at a
price of $1.86 Ccf (personal communication, Jean Higbee, City of Santa



Monica, November 11, 1999) and the mature tree has 2,675 fi2 (250 m2) of
leaf area, the annual price is $0.00074:/ft2 of leaf area. Hence, annual irriga-
tion water cost is assumed to increase with tree leaf area.

22> QOther Costs for Public and Private Trees

ther costs associated with the management of trees include expenditures

for infrastructure repair, root pruning, litter clean-up, litigation, liability,
inspection, and administration. Iree roots can cause damage to sidewalks,
curbs, paving, and sewer lines. Trees can be responsible for costly legal
actions due to trip and fall claims, broken branches that damage property, or
foliage that blocks visibility and impairs safety. Municipal tree programs have
administrative costs for salaries of supervisors and clerical staff, operating
costs, and overhead. Data from Santa Monica and Beverly Hills indicate that
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the average annual cost for inspec-
tion and administration associated
with street and park tree manage-
ment is $3.46/tree ($0.22/inch
dbh).

The average annual per tree cost
for litter clean-up (i.e., street
sweeping) is $3.63 ($0.23/inch
dbh). This value 1s based on a
poorly documented assumption
that 10% of total street sweeping
costs are attributed to tree litter
clean-up. Because most residential
yard trees are not littering the
street with leaves we assume that
clean-up costs for private trees are
25% of those for public trees.

Our analysis of survey data on
sidewalk repair and mitigation
expenditures from nine Southern
California communities found an
average annual cost of $4.18/tree
(Burger et al 1998). Annual pay-
ments for trip and fall claims and
legal staff salaries for tree-related
cases averaged $1.81/tree.

Table 2. Average annual costs per public tree for infrastructure
repair, root pruning, litigation, and liability.

Trunk size Percentage Infrastructure Liability

(dbh, inches) of Damage Cost Payments
0-6 3.7 1.10 0.48
7-12 25.3 4.31 1.87
13-18 29.6 5.05 2.19
19-24 26.3 6.47 2.80
25-30 9.5 4.96 2.15
>30 5.6 3.34 1.45

Percentage of Damage: Based on 1997 street tree inventory of 28,392
trees, sidewalk damage (greater than 0.5 inch displacement) was
observed at 7,026 sites (25% of all sites), attributed to tree roots,

and distributed among tree trunk size classes as shown.

Infrastructure Costs: The average annual regional cost of $4.18/tree
was distributed among tree size classes proportionate to the ratio of
repairs to trees, assuming a uniform cost for all repairs (City of Santa
Monica tree inventory data).

Liability Payments: The average annual regional cost of $1.81/tree
was distributed in the same manner as expenditures for sidewalk
repair and root pruning (personal correspondence, Walter Warriner,
City Forester, City of Santa Monica, November 10, 1999).

Data from the City of Santa Monica’s street tree survey indicate that sidewalk
damage was present at 25% of all tree sites and the incidence of sidewalk
damage varied with tree trunk size (see Table 2). We assume that the same rela-
tionships occur for litigation/liability costs. Because street trees are in closer
proximity to sidewalks and sewer lines than most trees on private property we
assume that repair and legal costs are 25% of those for public trees (McPherson
et al. 1993).
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Results

> Qalculating Net Benefits

rees produce both on-site and off-site benefits. For example, property own-
Ters with on-site trees not only benefit from increased property values, but
they may also benefit directly from improved human health (i.e., reduced
exposure to cancer-causing UV radiation) and greater psychological well-
being through visual and direct contact with plants. On the cost side,
increased health care may be incurred because of nearby trees, as with aller-
gies and respiratory ailments related to pollen. We assume that these intangi-
ble benefits and costs are reflected in what we term “aesthetics and other ben-
efits.” The property owner can obtain additional economic benefits from on-
site trees depending on their location and con-
dition. For example, judiciously located on-site
trees can provide air conditioning savings by
shading windows and walls and cooling build-
ing microclimate. This “consumer surplus” can
extend to the neighborhood because trees pro-
vide off-site benefits. For example, adjacent
neighbors can benefit from shade and air tem-
perature reductions that lower their cooling
costs. Neighborhood attractiveness and proper-
ty values can be influenced by the extent of tree
canopy cover on individual properties.

The community can benefit from cleaner air
and water, as well as social, educational, and
Medium tree example - jacaranda employment and job training benefits that can
reduce costs for health care, welfare, crime pre-
vention, and other social service programs. Reductions in atmospheric GOy
concentrations due to trees can have global benefits. To capture the value of

all annual benefits B we sum each type of benefit as follows:

B=FE + AQ + CO2 + H + PV

where

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

AQ_ = price of annual air quality improvement (pollutant uptake
and avoided power plant emissions)

COq = price of annual carbon dioxide reductions

H = price of annual stormwater runoff reductions

PV = price of annual property value and other benefits
Similarly, tangible tree planting and care costs accrue to the property owner
(irrigation, pruning, and removal) and the community (pollen and other

health care costs). Annual costs for residential yard trees (CY) and public
trees (CP) are summed:

CY=P+T+R+D+I
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CP=P+T+R+D+I+S+C+L+A

where

P = price of tree and planting

T = average annual price of Class 2 pruning

R = price of tree and stump removal and disposal

D = average annual price of pest and disease control

I = annual price of irrigation

S = average annual price of repair/mitigation of infra-

structure damage

C = average annual price of litter/storm clean-up

L = average annual price of litigation and settlements

due to tree-related claims

A = Average annual price of program administration,
inspection, and other costs.
Net benefits are calculated by subtracting total costs from total benefits (B-C).

22> Net Benefits

Average annual net benefits per tree (40-
year total / 40 years) increase with mature
tree size:

O $1 to $7 for a small tree
0 $25 to $28 for a medium tree

0 $60 to $68 for a large tree
(see Appendix A for detailed results).

This finding suggests that average annual net
benefits from large-growing trees such as the
camphor can be substantially greater than
from small trees like yew pine. Average annu-
al net benefits for the small, medium, and
large street/park trees are $1, $25, and $65,

Small tree example — yew pine

respectively. The residential yard tree opposite a west facing wall produces
average annual net benefits for the small, medium, and large trees of $7, $28,
and $68, respectively. Residential yard trees produce net benefits that are
slightly greater than public trees primarily because of lower maintenance

costs.

Costs exceed benefits during the first five years because of initial expendi-
tures for planting and irrigation (figures 6 and 7). However, by year 10 and
thereafter the small, medium, and large trees provide net benefits. The large
residential tree opposite a west wall produces a net annual benefit of $68 at
year 40 and $2,720 in total net benefits over 40 years. Forty years after plant-
ing the large camphor in a public site produces an annual net benefit of $95.
Over the entire 40-year period it produces a stream of net benefits that totals
to $2,600. Benefits from small trees are largely offset by their costs through-

out the 40-year period.

Tree Guidelines | [ 35 |



Chapter 2

Table 3. Estimated value of net annual benefits from a small-, medium- and large-sized residen-
tial yard tree opposite the west-facing wall 20 years after planting for Southern California coastal

VOGs ($1.92/b)
BVOCs ($1.92/Ib)

This analysis assumes that the
Other benefits include benefits

LSA=leaf surface area

communities.

SMALL TREE MEDIUM TREE LARGE TREE

23 ft tall, 28 ft spread 24 ft tall, 28 ft spread 36 ft tall, 39 ft spread
BENEFIT CATEGORY LSA = 628 sq. ft. LSA = 1,438 sq. ft. LSA = 2,496 sq. ft.
Electricity savings ($0.12/kWh) 31 kWh  $3.68 38 kWh $4.57 74 kWh $8.83
Natural gas ($0.60/therm) -443 kBtu  -$2.64 -190 kBtu -$1.13 -381 kBtu -$2.97
Carbon dioxide ($0.015/1b) 281b -$0.42 13 1b $0.19 98 Ib $1.47
Ozone ($12.49/1b) 0211b $2.65 0.511b $6.36 0.95 Ib $11.84
NOy ($12.49/Ib) 0.05Ib  $0.65 0.13 Ib $1.57 0.46 Ib $5.71
SOy ($4.62/1b) 0.131b  $0.58 0.21 Ib $0.96 0.41 1b $1.92
PM;( ($6.20/1b) 0.371b  $2.29 0.89 Ib $5.50 1.67 Ib $10.33

-$0.004 Ib -$0.008 $0.0031b  $0.006 $0.002 Ib $0.004
-$0.003 Ib -$0.006 -$0.003 Ib  -$0.007 -$0.005 Ib -$0.011

Rainfall Interception ($0.002/gal) 1,525 gal ~ $3.16 1,302 gal $2.62 1,799 gal $3.61
ENVIRONMENTAL SUBTOTAL $9.95 $20.64 $41.43
Other Benefits $9.54 $23.46 $43.70
Total Benefits $19.49 $44.10 $85.13
Total Costs $14.47 $15.07 $16.61
NET BENEFITS $5.02 $29.02 $68.53

tree is strategically located to shade the west side of a typical building.
and costs not accounted for such as increased sales price of property, scenic

beauty, impacts on human health and well-being, wildlife habitat, and recreation opportunities.
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Twenty years after planting annual net benefits for a residential yard tree
located west of a home are estimated to be $69 for a large tree, $29 for a medi-
um tree, and $5 for a small tree (see Table 3). The total value of environ-
mental benefits alone ($41) are two times greater than annual costs ($17) for
the large camphor at this time. For the medium jacaranda, environmental
benefits total to $21 and tree care costs are $15.

The average annual net benefit for a population of trees can be estimated
using data presented here and in Appendix A. For example, the City of Santa
Monica’s street and park tree inventory indicates that there are about 28,000
trees and 679 are camphor (2%), 671 are jacaranda (2%), and 1,392 are yew
pine (5%). Table 4 shows the distribution of these trees among age classes and
the estimated annual net benefits assuming costs and benefits described in
this report. The total annual net benefits produced by the camphors, jacaran-
das, and yew pines are $40,604, $13,876, $-442, respectively. Together trees



belonging to these three species account for 10% of Santa Monica’s tree pop-
ulation and produce benefits in excess of costs valued at approximately
$54,038. Appendix A contains another example wherein benefit and cost
data are adjusted to better match the situation in a community.

Chapter 2

Table 4. Tree numbers by age class and estimated annual net benefits for three street tree
species in Santa Monica.

<10 yrs 10-19 yrs 2029 yrs  30-39 yrs 40+ yrs Total
camphor (#) 140 234 129 94 82 679
$/tree 13 54 76 91 95 -
Total $ 1,820 12,636 9,804 8,554 7,790 40,604
jacaranda (#) 126 359 170 16 0 671
$/tree 4 22 29 34 - -
Total $ 504 7,898 4,930 544 0 138,876
yew pine (#) 426 920 46 0 0 1,392
$/tree -10 4 3 - - -
Total $ 4,260 3,680 138 0 0 442

&> Average Annual Costs

verage annual costs for tree planting and care increase with mature tree

A size:

0 $13-21 for a small tree

0 $16-23 for a medium tree

O $17-28 for a large tree (see Appendix A for detailed results).

Given our assumptions and the dimensions of these trees, it is slightly more
expensive to maintain a large tree than a small tree. Average annual mainte-
nance costs for private and public trees are estimated to range from $13-$17
and $21-$28 per tree, respectively. Tree trimming is the single greatest cost for
private and public trees ($7-$10). For private trees, annualized expenditures
for tree planting are the second most important cost. For public trees, annual
litter clean-up costs average from $3-$5 per tree, while sidewalk repair/root
pruning costs range from $2-$4 per tree. Strategies are needed to reduce these
costs so that municipalities can use their limited funds to plant and care for
more trees rather than remediate the problems caused by trees. Planting and

irrigation costs are other important costs for public street/park trees.
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&> Average Annual Benefits

A verage annual benefits (40-year total / 40 years) also increase with mature
tree size:

0 $17-22 for a small tree
0 $42-48 for a medium tree
[0 $78-93 for a large tree (see Appendix A for detailed results).

Mature tree size matters when considering net energy benefits. A large tree
produces 2 to 4 times more savings than a small tree due to greater extent of
building shade and increased evapotranspirational cooling. Also, energy sav-
ings increase as trees mature and their leaf surface area increases, regardless
of their mature size (Figures 6 and 7).

Average annual net energy benefits for residential trees are estimated to be
greatest for a tree located west of a building because the heating penalty asso-
ciated with winter shade is minimized ($7). A yard tree located south of a
building produces the least net energy benefit, while a tree located east of a
building provides intermediate net benefits. Winter shade from the small yew
pine opposite south and east facing walls increases heating costs more than
shading and climate benefits reduce cooling savings. Thus, this small tree is
a net energy cost at these locations. The medium-sized jacaranda provides net
energy benefits at all locations due in part to its leafless condition during win-
ter months. The large camphor provides a net energy benefit at all locations.
These results indicate that energy savings are relatively small i the mild
Coastal Southern California climate. The strategic placement of solar friend-
ly tree species can provide small additional savings.

Aesthetic benefits and air quality improvement are the two largest benefit cat-
egories. Average annual aesthetic benefits account for over 50% of total ben-
efits for the small ($10-$12/year), medium ($24-$28), and large tree ($44-$52).
These values reflect the region’s relatively high residential real estate sales
prices and the beneficial impact of urban forests on property values and the
municipal tax base.

Aesthetic and other benefits are slightly greater for the public street/park tree
than the residential yard tree because of the assumption that most yard trees
are in the backyard where they have less impact on the sales prices of resi-
dential property than front yard trees. This assumption has not been tested
so there is a high level of uncertainty associated with this result.

Air quality benefits are defined as the sum of pollutant uptake by trees and
avoided power plant emissions due to energy savings, minus BVOCs
released by trees. Air quality benefits provide about 33% of the total average
annual benefits for the small ($6), medium ($13) and large tree ($28). Benefit
values are greatest for Og and PM7() removal, each averaging as high as $9-
$1/year for the large tree. The average implied value of NOg and SOq
removal is $6 and $2, respectively for the camphor. On average, the large tree
removes 3.3 Ib (1.5 kg) of pollutants from the air each year. The cost of
BVOG:s released by these low-emitting tree species is negligible and similar to
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the benefit from avoided VOCs emissions due to energy savings. The total
value of pollutant uptake far exceeds the total value of avoided pollutant
emissions because small energy savings result in small emission reductions.

Benefits associated with atmospheric COg reduction are minimal except for
the large, public tree (140 Ib/year on average, $2). The release of GOyg asso-
ciated with tree care activities nearly offsets COg sequestration by the small
and medium trees, and avoided power plant emissions are small because
energy savings are small.

Average annual hydrologic benefits ($3) are more important than energy ($2)
for the small tree (yew pine). Its evergreen foliage intercepts more rainfall
(1,583 gallyear) on average than the briefly deciduous jacaranda (1,396 gal).
The camphor intercepts 2,120 gal/year (8,024 1) on average with an implied
value of $4.

When totaled and averaged over the 40-year period, annual environmental
benefits for large and medium public trees are $41 and $20, respectively. For
the large camphor, the value of environmental benefits alone exceeds average
annual costs ($28). The average annual value of environmental benefits for
the medium-sized jacaranda is slightly less than average annual costs ($23).
Adding the value of aesthetics and other benefits ($52 and $28) to these envi-
ronmental benefits results in substantial net benefits.

£> Limitations of Cost/Benefit Analysis

his analysis does not account for the wide variety of trees planted in

Coastal Southern California 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
and the true value of hydrology benefits because science in these areas is not
well developed. We consider only two cost scenarios, but realize that the costs
associated with planting and managing trees can vary widely depending on
program characteristics. As the examples in Appendix A describe, local cost
data can be substituted for the data in this report to evaluate the benefits and
costs of alternative programs. Because of the many simplifying assumptions,
extrapolations, and general lack of research concerning urban trees and their
impacts on urban environments, these results are preliminary in nature.

In this analysis, results are presented in terms of future values of benefits and
costs, not present values. Thus, our 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 investment
in urban forestry with other investment opportunities it is important to dis-
count all future benefits and costs to the beginning of the investment period.
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6. Residental trees. Estimated
annual benefits and costs_for

a large (camphor), medium
(jacaranda), and small (yew
pine) residential yard tree
located west of the building.
Costs are greatest during the
mitial establishment period while

benefits increase with tree size.
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3. General Guidelines for
Siting and Selecting Trees

Residential Yard Trees

£> Maximizing Energy Savings from Shading

he right tree in the right spot saves energy. In midsummer, the sun shines
Ton the northeast and east sides of buildings in the morning, passes over
the roof near midday, then shines on the west and northwest sides in the after-
noon. Air conditioners work hardest during the afternoon when tempera-
tures are highest and incoming sunshine is greatest. Therefore, the west and
northwest sides of a home are the most important sides to shade. Sun shin-
ing through windows heats the home quickly.

Locate trees to shade windows so that they block incoming solar radiation,
but do not block views. In Coastal Southern California, high fog in the morn-
ing sometimes limits sunshine that can warm the home early in the day.
Despite this occasional attenuation of morning sunshine by fog, 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 8).

Trees located to shade south walls can block winter sunshine and
increase heating costs, because during winter the sun

e is lower in the sky and shines on the south side of
<= homes. The warmth the sun provides is an asset, so do
_._ /__; e not plant evergreen trees that will block southern expo-
e sures and solar collectors.
A
<. .:‘;,’;f_', g Use solar friendly trees (listed in ChapFer 5) to the south
) o 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%). To maximize summer shade and minimize winter shade, locate trees

8. Locate trees to shade about 10-20 ft (3-6 m) south of the home. As trees grow taller, prune lower
west and east windows branches to allow more sun to reach the building if this will not weaken the
(from Sand, 1993). tree’s structure (Figure 9).

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.

Paved patios and driveways can become heat sinks that warm the home dur-
ing the day. Shade trees can make them cooler and more comfortable spaces.

Shading your air conditioner can reduce its energy use, but do not plant veg-
etation so close that it will obstruct the flow of air around the unit.

R o Guideins |



Keep trees away from overhead power lines and
do not plant directly above underground water
and sewer lines. Contact your local utility compa-
ny before planting to determine where under-
ground lines are located and which tree species
will not grow into power lines.

2 Locating Windbreaks for Heating Savings

he winter heating season is short in Coastal

Southern California, but windbreaks can
reduce impacts of winter storms and accompany-
ing salt spray. Because of their size and porosity,
trees are ideal wind filters. In situations where lot
sizes are large enough to plant windbreaks, addi-
tional savings can be obtained.

Locate rows of trees perpendicular to the primary
wind (Figure 10). Design the windbreak row to be
longer than the building being sheltered because
the wind speed increases at the edge of the wind-
break. Ideally, the windbreak is planted upwind
about 25-50 ft (715 m) from the building and con-
sists 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 11). Trees should
be spaced close enough to form a dense screen,
but not so close that they will block sunlight 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.

> Selecting Yard Trees to Maximize Benefits

'l'he ideal shade tree has a fairly dense, round
crown with limbs broad enough to partially shade the roof. Given the
same placement, a large tree will provide more building shade than a small
tree. Deciduous trees allow sun to shine through leafless branches in winter.
Plant small trees where nearby buildings or power lines limit aboveground
space. Columnar or upright trees are appropriate in narrow side yards.
Because the best location for shade trees is relatively close to the west and east
sides of buildings, the most suitable trees will be strong, resisting storm dam-
age, disease, and pests (Sand 1994). Examples of trees not to select for place-
ment near buildings include cottonwood (Populus fremontii) because of their
mvasive roots, weak wood, and large size, and ginkgo (Ginkgo biloba)
because of their narrow form, sparse shade, and slow growth.

Chapter 3

9. Tree south of home
before and after pruning.

Lower branches were

pruned up to increase
heat gain from winter sun

(from Sand 1993).
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10. Mid-winter shadows
from a well-located wind-
break and shade trees do
not block solar radiation

on the south-facing wall
(from Sand 1993).
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When selecting trees, match the tree’s water requirements with those of sur-
rounding plants. For instance, select low water-use species for planting in
areas that receive little irrigation (Costello and Jones 1999,

see WUCOLS list and Chapter 5). Also, match the
tree’s maintenance requirements with the
amount of care different areas in the
landscape receive. Tree species

that drop leaves and fruit may

7 be more easily maintained in
areas where litter disappears in

coarse groundcovers or in a lawn
where it can be easily raked up than

__r:’_-_’l__\":-:“:l. .%.;; i r T
; A in areas that are more difficult to clean.

Check with your local landscape profes-

sional before selecting trees, to make sure that

. they are well suited to the site’s soil and climatic
~%  conditions.

Evergreens are preferred over deciduous trees for
windbreaks because they provide better wind protec-
tion. The ideal windbreak tree is fast growing, visually dense,
has strong branch attachments, and has stiff branches that do not self-prune.
Species that tolerate salt spray should be selected for coastal sites. Trees that
are among the best windbreak trees for Coastal Southern California com-
munities include Incense cedar (Calocedrus decurrens), cajeput tree
(Melaleuca quinquenervia), New Zealand Christmas tree (Metrosideros excel-
sus) and Canary Island and Torrey pines (Pinus canariensis, P. torreyana).

Trees in Public Places

%2 Locating and Selecting Trees to Maximize Climate Benefits

ocate trees in common areas, along streets, in parking lots, and commer-
lcial areas to maximize shade on paving and parked vehicles. Shade trees
reduce heat that is stored or reflected by paved surfaces. By cooling streets
and parking 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 permits. 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, COg reductions are primarily due to sequestration.
Fast-growing trees sequester more CQOy initially than slow-growing trees, but
this advantage can be lost if the fast-growing trees die at younger ages. Large
growing trees have the capacity to store more COg than do smaller growing
trees. To maximize COg 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 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 COg, and can be unsightly liabilities in the land-
scape.

Contact your local utility company before planting to locate under-
ground water, sewer, gas, and telecommunication lines. Note the

location of power lines, streetlights, and traffic signs, and select -%,L'.Eﬁ':{-} B

tree species that will not conflict with these aspects of LRI ST /
the city’s infrastructure. Keep trees at least 30 ft (10 m) ‘ !_-3‘ ‘F;: "'f:—'“.r._’?’_-'T—— _ /
away from street intersections to ensure visibility. :;" E 34 L ‘Ef}%k_ o II."I
Avoid planting shallow rooting species near side- -~ & L~ {
walks, curbs, and paving. Tree roots can heave -~ T /
pavement 1if planted too close to sidewalks and l\__ - i
patios. Generally, avoid planting within 3 ft (1 m) of - — &

pavement, and remember that trunk flare at the base of large trees can dis-
place soil and paving for a considerable distance. Select only small-growing
trees (<25 ft tall [8 m]) for locations under overhead power lines, and do not 11. Evergreens guide wind
plant directly above underground water and sewer lines (Figure 12). Avoid over the building (from
locating trees where they will block illumination from street lights or views of

> ) : Sand, 1993).
street signs in parking lots, commercial areas, and along streets.

Maintenance requirements and public safety issues influence the type of trees
selected for public places. The ideal public tree is not susceptible to wind
damage and branch drop, does not require frequent pruning, produces little
litter, is deep-rooted, has few serious pest and disease problems, and tolerates
a wide range of soil conditions, irrigation regimes, and air pollutants. Because
relatively few trees have all these traits, it is important to match the tree
species to planting site by determining what issues are most important on a
case-by-case basis. For example, parking lot trees should be tolerant of hot,
dry conditions, have strong branch attachments, and be resistant to attacks
by pests that leave vehicles covered with sticky exudate. Consult the Tree
Selection List in Chapter 5 and your local landscape professional for horti-
cultural information on tree traits.

Parks and other public landscapes serve multiple purposes. Some of the fol-
lowing guidelines may help you maximize their ability to serve as COg sinks:

O Provide as much pervious surface as possible because soil
and woody plants store COq.

[0 Maximize use of woody plants, especially trees, as they store
more COyg than do herbaceous plants and grass.

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

O Create a diverse assemblage of habitats, with trees of different
ages and species, to promote a continuous canopy Cover.
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12. (O, O) Know where
power lines and other utility
lines are before planting.

O Under power lines use
only small-growing trees
(“Low Zone”), and avoid
planting directly above
underground utilities.
Larger trees may be planted
where space permits
(“Medium” and “Tall”
zomes) (from ISA 1992)
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Select species that are adapted to local climate, soils, and other
growing conditions. Adapted plants should thrive in the long
run and consume relatively little COg through maintenance.

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

Compost litter fall, and apply it as mulch to reduce COg release
associated with irrigation and fertilization.

Where feasible, reduce COq released through landscape manage-
ment by using push mowers (not gas or electric), hand saws (not
chain saws), pruners (not gas/electric shears), rakes (not leaf
blowers), and employing local landscape professionals who do
not have to travel far to your site.

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



[0 Provide a suitable soil environment for the trees in plazas,
parking lots, and other difficult sites to maximize initial
COyg sequestration and longevity.

General Guidelines For Establishing
Healthy Trees For Long-Teym Benefits

nspect your tree at the nursery or garden center before buying it to make
' sure that it is healthy and well formed. The health of the tree’s root ball is
critical 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 penetra-
tion into the landscape soil after planting. Dense surface roots
that circle the trunk may girdle the tree. Do not purchase pot-
bound trees.

Another way to evaluate the quality of the tree is to gen-

tly move the trunk back and forth in the container. A

good tree trunk bends and does not move in the soil, ‘\\
while a poor quality trunk bends little and pivots at or M:‘“L. i, || T
below the soil line. If it pivots and the soil loosens, it ?}EF_ e J :il Sap
may not be very well anchored to the container soil. ' r

ﬁﬂ,-f _
Dig the planting hole the same depth as the root ball so k?_::iﬁ_;_g ~ L i -5__[_;-" =
that the tree will not settle after it is watered in. The crown T 13 o = i : ______.;
of the root ball should be slightly above ground level. Make e LA
the hole two to three times as wide as the container. Backfill with
the native soil unless it is very sandy, in which case you may want to add
composted organic matter such as peat moss or shredded bark (Figure 13).

Use the extra backfill to build a berm outside the root ball that is 6 inches (15
cm) high and 3 ft (1 m) in diameter. Soak the tree, and gently rock it to set-
tle 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 water (from Sand 1993).
first month and weekly thereafter for the next couple growing seasons.

13. Prepare a broad plant-
ing area and top it off with
mulch and a berm to hold

Inspect your tree several times a year, and contact a local landscape profes-
sional if problems develop. If your tree needed staking to keep it 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 maintain a cen-
tral leader and equally spaced scaffold branches. As the tree matures, have it
pruned on a regular basis by a certified arborist. By keeping your tree healthy,
you maximize its ability to reduce atmospheric COg and provide other ben-
efits. For additional information on tree planting, establishment, and care see
Principles and Practice of Planting Trees and Shrubs (Watson and Himelick 1997)
and Arboriculture (Harris et al. 1999).
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4. Program Design and
Implementation Guidelines

our urban forest can become an important means for conserving ener-
y gy and reducing atmospheric CO9 through strategic tree planting and

stewardship that increases canopy cover and cools urban heat islands.
This section provides information about developing and implementing com-
munity forestry programs aimed at maximizing energy savings and COqg
reductions. Such programs are often called “shade tree programs.” Although
shade tree plantings can be designed to provide benefits beyond energy and
COyq savings, further research is needed before specific guidelines can be
developed for benefits in the areas of air quality, hydrology, and human health.

Program Design And Delivery
A shade tree program directed towards reducing atmospheric COy is likely

to be community-wide and collaborative. Fortunately, lessons learned
from urban and community programs throughout the country can be applied
to avoid pitfalls and promote success (McPherson et al. 1992). In this section
we provide a checklist to consider when initiating a shade tree program. For
further information, short descriptions of successful shade tree programs are
contained in the article “Utilities Grow Energy Savings” (Anderson 1995).
Contact California ReLeaf for additional assistance.

%> Establish the Organizing Group

ost successful programs have a core group of people who provide the

leadership needed to organize and plan specific planting and stewardship
projects. Build this coalition with an eye toward forging important partner-
ships with local businesses, utility or energy organizations, politicians, service
organizations, schools, individual volunteers, and agencies, and include indi-
viduals with expertise in the fields of planning, forestry, horticulture, design,
and community organizing. A broad-based constituency and an inclusive
process that involves people in decision-making are essential characteristics of

a successful organizing group (Sand 1993).

&> Draw a Road Map

A road map provides a clear picture of where the program is headed and
just as importantly, where it is not headed. Begin by establishing program
goals and objectives. Some examples of program objectives include:

O Achieve a certain number of tree plantings per year.

[0 Achieve a certain percentage of future tree canopy cover
based on current planting targets.

O Strategically locate trees to achieve a designated level
of energy savings or COg reductions per tree planted.



O Achieve a designated survival rate each year through
an active stewardship program.

00 Implement an outreach program to inform the public, local
decision makers, and forestry and landscape professionals
about energy savings and CGO9 reductions.

00 Coordinate plantings on adjoining public and private properties
to maximize mutual benefits and minimize conflicts with utlities,
sidewalks, and other aspects of the infrastructure.

00 Work with local decision makers and developers to implement
tree guidelines, ordinances, and incentives that reduce the
number of trees removed or damaged during construction.

O For rural areas, coordinate with existing state and federal programs
by piggybacking new funds with existing cost-share programs.

0 Support research to quantify and validate COg reductions and
other benefits and costs from tree plantings.

Once general goals and objectives are determined, set priorities for planting
projects. Identify where genuine need exists and where there is a legitimate
chance for success. For example, identify areas
where the opportunities for shade tree planting
are greatest and the iterest is highest. Target
these sites for planting. Concentrate on doing a
few projects well to start. Take on additional
campaigns after some successful projects have
been established.

22> Send Roots into the Community

he social environment around a tree can be
Tas important to its survival and well-being as
the physical environment. Research shows that
direct participation in tree planting is associated
with greater satisfaction with tree and neighborhood than when trees are 14. Direct participation
planted by city, developer, or volunteer groups without resident involvement
(Sommer et al. 1994). Foster active participation in tree planting and stew-
ardship by residents (Figure 14).

in tree planting fosters
increased satisfaction and
a healthier urban forest.

%2 Provide Timely, Hands-on Training and Assistance

hether your program relies on volunteers or paid staff, selecting, plac-
Wing, planting, and establishing trees properly requires specialized knowl-
edge and resources. Taking the time to provide hands-on experience pays off
in the long run. Planting a tree is a far more effective educational tool than
reading a brochure or listening to a lecture about how to plant a tree.

222 Nurture Your Volunteers

M ost successful tree programs depend on volunteers as the cornerstones
of their efforts. Have a clear picture of how the volunteers’ talents and
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enthusiasm can best be put to use. Pay people to do the routine work. Have
volunteers do the inspirational work. Honor and reward your best volun-
teers.

> Obtain High-Quality Nursery Stock

on’t put yourself in a hole by planting substandard trees. Identify the best
D sources of nursery stock, and work with them to get the best quality
available. If you are planting large numbers of trees and have time to order
stock in advance of planting, contract for the trees to be grown to your spec-
ifications. For more information see the American Standard for Nursery Stock
(American Association of Nurserymen 1997).

2> Develop a List of Recommended Trees

hoosing trees for specific sites can be overwhelming unless the list is nar-
Crowed down to a limited number of species that will perform best. Enlist
landscape professionals to identify species that thrive in local soils and cli-
mates. Tree lists may be subdivided by mature tree size (e.g., large, small), life
form (e.g., deciduous, conifer), and type of site (e.g., under power lines, park-
ing lots, narrow side yards).

%> Commit to Stewardship

ommitment is the key to a healthy urban

forest (Lipkis and Lipkis 1990). After the tree-
planting fervor subsides, community members
need to be dedicated to the ongoing care of those
trees and all that follow. Send out information on
tree care to prompt program participants to
water, mulch, prune, and inspect their trees.
Establish a Shade Tree Hotline to dispense stew-
ardship information. Select a sample of trees to
track. Monitor their survival and growth, and use
the findings to fine-tune your program. For exam-

15. The local media and

corporate sponsors can be a

real asset when you need to
inform the public about

your program.

RN e uideines

ple, the Sacramento Shade program discontinued
planting species that were found to have the lowest survival and growth rates.

&> Use Self-Evaluation to Improve

fter every project ask staff and volunteers to fill out an evaluation form

by noting what worked well, what didn’t work, and what can be done to
achieve better results. Use these evaluations to fine-tune your program on a
continuous basis.

22> Educate the Public

WOrk with the local media to inform and involve the public in your
program. Stimulate new linkages with the community by publicizing the
program’s goals and accomplishments. Share the big picture, and show
people what a force for change they can be by working together (Figure 15).



Tree planting is a simple act, but planning, training, selecting species, and
mobilizing resources to provide ongoing care require considerable
forethought. Successful shade tree programs will address all these issues
before a single tree is planted

Increasing Progyam Cost Effectiveness
what if the program you have designed is promising in terms of energy

savings, volunteer participation, and ancillary benefits, but the cost per
unit energy saved is too high? This section describes some steps to consider
that may increase benefits and reduce costs, thereby increasing cost effectiveness.

&> Increasing Energy Savings and Other Benefits

ctive stewardship that increases the health and survival of recently plant-
A ed trees is one strategy for increasing cost effectiveness. An evaluation of
the Sacramento Shade program found that assumed tree survival rates had a
substantial impact on projected benefits (Hildebrandt et al. 1996). Higher sur-
vival rates increase energy savings and reduce tree removal costs.

You can further increase energy benefits by targeting a higher percentage of
trees for locations that produce the greatest energy savings, such as opposite
west-facing walls and close to buildings. By customizing tree locations to
increase numbers in high-yield sites, cooling savings can be boosted.

%2 Reducing Program Costs

ost effectiveness is influenced by program costs and benefits (Cost

Effectiveness = Total Net Benefit / Total Program Cost). Cutting these
costs 1s one strategy to increase cost effectiveness. A substantial percentage of
total program costs occur during the first five years and are associated with
tree planting (McPherson 1993).

Some strategies to reduce these costs include the use of trained volunteers,
smaller tree sizes, and follow-up care to increase tree survival and reduce
replacement costs. Where growing conditions are likely to be favorable, such
as yard or garden settings, it may be cost effective to use smaller, less expen-
sive stock or bare root trees that reduce planting costs. However, in highly
urbanized settings and sites subject to vandalism, large trees may survive the
mitial establishment period better than small trees.

Investing in the resources needed to promote tree establishment during the first

five years after planting is usually worthwhile because, once trees are estab-
lished, they have a high probability of continued survival (Richards 1979).

If your program has targeted trees on private property, then encourage resi-
dents 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 pos-
sible, and identify ways to improve survivability.
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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 establishment period should result in a desirable branch-
ing structure that will require less frequent thinning and shaping. Although
organizing and training these volunteers requires labor and resources, it is
usually less costly than contracting the work. As trees grow larger, contract-
ed 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 varies by species and location, a return frequency of about
five years is usually sufficient (Miller 1997).

When evaluating the bottom line and whether trees pay, do not forget to con-
sider benefits other than the energy savings, atmospheric COgy reductions,
and other tangible benefits described in this report. The magnitude of bene-
fits related to employment opportunities, job training, community-building,
and enhanced human health and well-being can be substantial. Moreover,
these benefits extend beyond the site where trees are planted, furthering col-
laborative efforts to build better communities.

sources of Technical Assistance

Alliance for Community Trees
2121 San Jacinto St., Suite 810
Dallas, TX 75201

[0(214) 953-1187 fax (214) 953-1986
http://willow.ncfes.umn.edu/coop_stk/act.htm

American Forests

P.O. Box 2000
Washington, D.C. 20013
[1(202) 955-4500
http://www.amfor.org

American Nursery and Landscape Association
1250 I St. NW, Suite 500
Washington, D.C. 20005

[0(202) 789-2900 fax (202) 789-1893
http://www.anla.org

American Public Power Association
2301 M St. NW

Washington, D.C. 20037

0(202) 4672900 fax (202) 467-2910
http://www.appanet.org



American Society of Consulting Arborists
15245 Shady Grove Rd., Suite 130
Rockville, MD 20850

[0(301) 947-0483 fax (301) 990-9771

American Society of Landscape Architects
1733 Connecticut Ave.

Washington, D.C. 20009

[0(202) 898-2444 fax (202) 898-1185

http://www.asla.org

California Association of Nurserymen
3947 Lennane Dr., Suite 150
Sacramento, CA 95834

[(916) 928-3500 fax (916) 567-0505
http://www.can-online.org

California Landscape Contractors Association
2021 N St., Suite 300

Sacramento, CA 95814

[0(916) 448-CLCA fax (916) 446-7692

http://www.clca.org

California Department of Forestry and Fire Protection

Urban and Community Forestry

2524 Mulberry St.

Riverside, CA 92501

[(909) 782-4140 fax (909) 782-4248
http://www.fire.ca.gov/urban_forestry.html

California Releaf

The Trust for Public Land

Western Regional Office

116 New Montgomery St., 3rd Floor
San Francisco, CA 94105

[)(415) 495-5660
http://www.tpl.org/cal

Global Releaf for New Communities

American Forests

P.O. Box 2000

Washington, D.C. 20013

[0(202) 955-4500 fax (202) 955-4588
http://www.amfor.org/garden/global_releaf/gr_su
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International Council for Local Environmental Initiatives
15 Shattuck Sq., Suite 215

Berkeley, CA 94704

0(510) 540-8843 fax (510) 540-4787
http://www.ICLEI_USA@iclei.org

International Society of Arboriculture, Western Chapter
P.O. Box 255155

Sacramento, CA 95865

[J(916) 6412990 fax (916) 649-8487
http://www.wcisa.net

League of California Cities

1400 K St., 4th Floor

Sacramento, CA 95814

[0(916) 658-8200 fax (916) 658-8240
http://www.cacities.org

Local Government Commission
1414 K St., Suite 250

Sacramento, CA 95814-3966

[1(916) 448-1198 fax (916) 448-8246
http:/www.lgc.org

National Arbor Day Foundation

100 Arbor Ave.

Nebraska City, NE 68410

(0(402) 474-0820 fax (402) 474-0820
http://www.arborday.org

National Arborists Association

P.O. Box 1094

Ambherst, NH 03031

0(603) 673-3311 fax (603) 672-2613
http://www.natlarb.com

National Association of State Foresters
444 N. Capitol St. NW, Suite 540
Washington, D.C. 20001

0(504) 925-4500
http://www.stateforesters.org

National Association of Towns and Townships
National Center for Small Communities

444 North Capital St. NW, Suite 208
Washington, D.C. 20001

[0(202) 624-3550 fax (202) 624-3554
http://www.natat.org/natat
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National Tree Trust

1120 G St. NW, Suite 770

Washington, D.C. 20005

[J(202) 628-8733 or (800) 846-8733 fax (202) 628-8735
http://www.nationaltreetrust.org

National Urban and Community Forestry Advisory Council

c/o Suzanne DelVillar
20628 Diane Dr.
Sonora, CA 95370

[0(209) 536-9201 fax (209) 536-9089
http://treelink.org/connect/orgs/nucfac/index.htm

National Wildlife Federation

8925 Leesburg Pike

Vienna, VA 22184

[(800) 822-9919 or (703) 790-4000 fax (703) 790-4040
http://www.nwf.org/nwf

Phytosphere Research

Ted Swiecki

1027 Davis St.

Vacaville, CA 95687

0(707) 452-8735
http://phytosphere.com/trecord/Ordintro.htm

Society of American Foresters

5400 Grosvenor Ln.

Bethesda, MD 20814-2198

[(301) 897-8720 fax (301) 897-3690
http://www.safnet.org

Society of Municipal Arborists
7000 Olive Blvd.

University City, MO 63130-2300
[0(314) 862-1711
http://www.urban-forestry.com

Street Tree Seminar, Inc.

P.O. Box 6415

Anaheim, CA 92816-6415

00(714) 991-1900 fax (714) 956-3745

guidebook: Street Trees Recommended_for Southern California

Tree Link Homepage
http://www.treelink.org
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TreePeople

Andy Lipkis

12601 Mulholland Dr.

Beverly Hills, CA 90210

[(818) 753-4600 fax (818) 753-4625
http://www.treepeople.org

Urban Forest Ecosystems Institute
California Polytechnic State University
San Luis Obispo, CA 93407

[0(805) 756-5171 fax (805) 756-1402
http://www.ufei.calpoly.edu

USDA Forest Service

Urban and Community Forestry
1323 Cub Dr.

Vallejo, CA 94591

(707) 562-8737

USDA Forest Service

GreenLink, Rudy Retamoza

4600 Oak Grove Dr.

La Canada Flintridge, CA 91011
[J(818) 952-4935 fax (818) 790-5392
email: rretamoz/r5_angeles@fs.fe.us

Western Center for Urban Forest Research and Education
USDA Forest Service, PSW

c/o Dept of Environmental Horticulture, University of California
Davis, CA 95616-8587

0(530) 752-7636 fax (530) 752-6634

http://wcufre.ucdavis.edu



5. Trees for Coastal Southern (alifornia

with an emphasis on obtaining conservation benefits. For example, no

palms are on the list. Tree species recommended in general for coastal
Southern California communities are listed alphabetically by mature tree
height class — large (>50 ft [15 m]), medium (30-50 ft [9-15 m)]), and small
(<30 ft [9 m]). Future publications in this series will describe trees for inland
valley and desert regions. The climate in Coastal Southern California (see
map and region description on page 11) is influenced by the ocean 85% or
more of the time.

The matrix in this chapter presents information to assist tree selection

Chapter 5

Information is presented here on characteristics influencing
selection for energy and water conservation (i.e., solar
friendly, deciduous/ evergreen, irrigation requirement,
growth rate), air quality improvement (ozone-forming
potential), and reducing infrastructure conflicts (surface
rooting, tidiness, pruning requirement). Information was
unavailable for certain characteristics, in which case we use
the notation NDA (no data available). A general assess-
ment of each tree’s suitability for street, yard, and park
locations is also presented.

It is important to note that a tree’s size, life span, growth, and rooting pattern
is highly variable depending on conditions at the site where it grows and the
care it receives. Therefore, the tree’s actual performance can be very different
than described here. Use this information as a general guide and obtain more
specific information from landscape professionals with knowledge of your
local situation.

Tree selection is a compromise. There is no perfect tree that matches all the
criteria required by specific sites: beautiful flowers and form, deep rooting,
drought tolerance, pest/disease resistance, rapid growth, strong branch attach-
ments, low BVOC emissions, and so on. Finding the best tree 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 irri-
gation, microclimate, and the type of activities occurring around the tree that
will influence its growth and management (e.g., mowing, parking, partying).
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.

We received helpful reviews of this information from Michael Mahoney, Ken
Greby, Bob Chavez, and Walter Warriner. References used to develop the
tree selection matrix include Street Trees Recommended for Southern Califorma
(Mahoney et al. 1995), Sunset Western Garden Book (Brenzel 1997), SelecTree
(Reimer 1996), and Southern Trees (Gilman el al. 1996). These and other ref-
erences are listed in Chapter 6.
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Key to the Matrix
A: Mature tree height (ft.) Note that actual height depends on soils, irrigation, and other fac-
tors.

B: Mature tree crown spread (ft.) Note that actual height depends on soils, irrigation, and other
factors.

C: Tiee Type: D=deciduous, E=evergreen, S=semi-evergreen

D: Solar friendly trees provide winter solar access as well as summer shade; trees numerically
ranked based on crown density, time of leaf drop, time of leaf out, crown area and growth
rate. Y=Yes; N=No; NDA=no data available (Ames 1987).

E: Growth Rate: F=Fast; M=Moderate; S=Slow (Gilman et al. 1996). Note that actual
growth rates depend on soils, irrigation, and other factors.

F: Longevity: L=Long (>50 years); M=Medium (25-50 years); S=Short (<25 years) (Gilman
et al. 1996). Note that actual life span is highly site specific and depends on soils, irrigation,
and other factors.

G: Availability of cultivars (an asset when trees with specific traits are needed to match site
conditions, such as upright form, pest resistance, fruitless): Y=Yes; N=No.

H: Susceptibility to pests and disease: H=pest/discase sensitive; M=resistant; L=free from
pests/disease (Gilman et al. 1996).

I: Problems with surface roots: Y=can form large surface roots; O=occasional problem;
N=not a problem (Reimer 1996). Note that actual problems are highly site specific.

J: Contribute to ozone formation (data only available for Los Angeles): H=>10; M=1-10;
L=<1 g ozone per day, NDA=no data available (Benjamin and Winer 1998).

K: Irrigation requirement: H=high; M=moderate; L=low (Costello and Jones 1999).

L: Locations where genereally suitable to plant: S- Street=difficult growing conditions, in
heavily used areas: median, streetside, commercial plaza, and retail. Y- Yard=less difficult
growing conditions, less public, sometimes restricted space: residential yard, common
areas in residential developments, commercial office. P- Park=less restricted space, public
use: parks, schools, cemeteries, commercial campus/industrial park.

M: Other factors that may influence tree selection such as tidiness, soil tolerance, flowers,
fruit, and pruning requirement (Gilman et al. 1996, Reimer 1996).
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7. Glossary of Terms

AFUE (Annual Fuel Utilization Efficiency): A measure of space heating
equipment efficiency defined as the fraction of energy output/energy 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 effect of trees on climate. Reduced energy use 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 variety 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 ambient
air and contribute to the formation of smog and/or may themselves be toxic.

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

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.

Climate Change (also referred to as “global climate change”): “Climate
change” is sometimes used to refer to all forms of climatic inconsistency, but
because the earth’s climate is never static, the term is more properly used to
imply a significant change from one climatic condition to another. In some
cases, “climate change” has been used synonymously with the term, “global
warming”’; scientists however, tend to use the term in the wider sense to also
include natural changes in the climate.

Climate Effects: Impact on residential space heating and cooling (kg
COgl/treelyear) from trees located greater than approximately 15 m (50 ft)
from a building due to associated reductions in wind speeds and summer air
temperatures.
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Crown: The branches and foliage at the top of a tree.

Cultivar (derived from “cultivated variety”): Denotes certain cultivated
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
cultivar.

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 COg 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 specified 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).

Fossil Fuel: A general term for combustible geologic deposits of carbon in
reduced (organic) form and of biological origin, including coal, oil, natural
gas, oil shales, and tar sands. A major concern is that they emit carbon diox-
ide into the atmosphere when burned, thus significantly contributing to the
enhanced greenhouse effect.

Global Warming: An increase in the near surface temperature of the Earth.
Global warming has occurred in the distant past as a result of natural influ-
ences, but the term is most often used to refer to the warming predicted to
occur as a result of increased emissions of greenhouse gases.

Greenspace: Urban trees, forests, and associated vegetation in and around
human settlements, ranging from small communities in rural settings to met-
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.



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
units. One MBtu is equivalent to 0.293 MWh.

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

M]J: A unit of work or energy, measured as 1,000,000 Joules.

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.

Nitrogen Oxides (Oxides of Nitrogen, NOx): A general term pertaining to
compounds of nitric acid (NO), nitrogen dioxide (NOg), 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 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;( (Particulate Matter): Major class of air pollutants consisting of tiny
solid or liquid particles 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. PMj() also causes visibility
reduction.

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

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

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

Shade Coefficient: 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
COgl/treelyear) from trees located within approximately 15 m (50 ft) of a
building (Near Trees) so as to directly shade the building.

Shade Tree Program: An organization that engages in activities such as tree
planting and stewardship with the express intent of achieving energy savings
and net atmospheric GCOg reductions.

SOg (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 SO9 SOg and other sulfur oxides
contribute to the problem of acid deposition.

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).

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.



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
perimeter; 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 canopy cover 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 sum-
mertime air temperatures are 3 to 8° F warmer than temperatures in the sur-
rounding countryside. Urban areas are warmer for two reasons: [ they use
dark construction materials which absorb solar energy, [J they have few trees,
shrubs or other vegetation to provide shade and cool the air.

VOCs (Volatile Organic Compounds): Hydrocarbon compounds which
exist in the ambient air. VOGCs contribute to the formation of smog and/or
may themselves be toxic. VOGCs often have an odor. Some examples of
VOC:s are gasoline, alcohol, and the solvents used in paints.
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Appendix A

Appendix A.

Estimated Benefits and Costs
for a Large, Medium, and Small Tree
for 40 Years after Planting
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Data Tables

nformation in this Appendix can be used to estimate benefits and costs
' associated with proposed or existing tree programs. The first three tables
contain data for the large (camphor, Table Al), medium (jacaranda, Table
A2), and small (yew pine, Table A3) tree. Data are presented as annual
values for each five-year interval. There are two columns for each five-year
interval. In the first column values describe resource units: the amount of air
conditioning energy saved in kW/hyr/tree, air pollutant uptake in pounds/yr/
tree, rainfall intercepted in gallons/yr/tree. These values reflect the assump-
tion that 22.5% of all trees planted will die over 40 years. Energy and COqg
benefits for residential yard trees (Private) are broken out by tree location to
show how shading impacts vary among trees opposite west, south, and east
facing building walls. In the Aesthetics and Other Benefits row, the dollar
value for Private trees replaces values in resource units since there is no
resource unit for this type of benefit. For the remaining rows, the first column
contains dollar values for Private trees.

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

Costs for the Private and Public tree do not vary by location. Although Tree
and Planting costs are assumed to occur imitially at Year 1, we divided this
value by five years to derive an average annual cost for the first five-year peri-
od. 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 Private 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 values. These
numbers were calculated by dividing the total stream of annual costs and ben-
efits (not shown in Tables A1-A3 due to lack of space) by 40 years.

oo Guidoines | IEC0N



Appendix A

13 ¥$ 5§ ¥$ £s 8 $ 01$- gnd
9% 1% i$ ) G$ 8 £s Z1s gs- JSET_ajeald
#$ S$ G$ v$ £ 8 8 T1s BS- Yinog ajealid
i3 88 6% g$ 8 5§ s £1$ gs- 1Sep -ajealld
siijeliog JaN RIOL
61 1z$ [£9Z1$ |620z8 [9Z IS |S8'61S |2 €LS |[2000Z8 [10pLS Jzz 078 [oz¥is J2z078 [2v¥iS |[v0'91S [z9€l$ [zosis [p6Z8  Jro0cs [0z vz |%iso) o)
2z'18 o008 JoZt [000 |26 |000  |est |00 oyt [000 fe'L (000 |szL_ |o0© 90’} (000  §iz0 000 | 18Ul0§ UIUpY]
g01s |ezos frs  [6€0 flevL [z€0  Jps't  [6ED 661 |oyo  Qea’r (w0 €0 |10 vr0_ |[LH0 svo [0 ~TleBa g Aligen
997s [se0s i€ [er0 Joee  [v¥0 1z [evD 06 |iro_ |eeT_ [s€0  [zoz  Isem ELC__ |0ED L [izo —_dn-uear)
¥l [rz08 |ec0 [6€0  [ve0  |v€0  [zeo  |zED 620 |60 fsz0  [sz0 |10 |20 910|910 0L0___[0tC uopedu|
cvzs [1o08 fesc [0 [skc (880 et  [68°0 19 |ze0 feic  [¥60  [660  |STO AR CA N T FA aIndnnselu]
90038 (608 [e00  [Z¥D 800 |e¥0_ [BOD |0 200 [sc0  [eoo [re0 fsoo  [ezo  ¥00  [iZ0 asess|d g 1sed
¥908 |#908 [980 980 780 [zg0 [0 440 590 |s90 [es0 850 ayo  [8ro 190|290 85008|0 7 8A0WaY
i668 |e628 [e06  |080L [l0g8  [i#0F [[806 (0870} €96 |s¥'LL 066 |82l [8IOL |BEL 569 [evl T Bunuuyy
gcz$ |s97$  fjooo  [000  |000  |000_ [000 |00 000 [000  [ooo  [o00 o0 [ooo_ foosl [Tz upueid g aall
3land_[eleAud fanand [a1eAnd [[onand [eieAud |[anand | ejeAld JN6Nd [81eAld [aand [ajeald pangnd [ajeaid fanand |aeAld {se1y1Ag) s1m0)
afeieAr jeak oy 0p leap GE leB A 0E lea QT iesA Gl ies) 0| iesp G lea) FRIL TIYNS
578 61578 99 0T'vZ8 18'128 BE0Z3 96'818 0L618 mand
€818 58028 E¥ 03 10028 10818 99913 EPS1S £1918 [ise3 ajend
) 66913 — lzeB1S 79813 9£'813 19918 #5518 [R4L) 89613 Juinog :ajeaud
08613 SLEZS [THA4) [{§44) 67518 Z8'218 L1918 1ol [1sam ajeAud
Sland_[s1eAud [[3Gnd _[aleaud |[aand_|ajeAld |[3land | ajeAlld Jland_[8leAlld |[3aNd aleAlld jaand |aleaud Jayand |ejeAud SWAUIE 12101
62118 [100LS (9588 |0828 |S68 |#628 ||c8 68 |yE8S ST I8 [¥568 |6EZLS (26048 J2Tv18 [20TIS |887Z1S [Z1G18 s)aUSE RUI0
Algnd |sleAld [aNand |alead | aGnd |8leAld | 3Nand | ajeAlld TN EEEE ETFBEETE EI N EER ECTN pLR SHAISoY
DEES |e85 L 906G  |ecc  |vov  [soze  |scy  [EE0¢ 9ye_ |cegL |ogz_ [sez'L_ L |6ZB 60L_ |LES uonde sl IIBUEL
() ABow 1pAH

£268 [020 09’8 Zr0L lE'8 900°) 508 560 13 1280 3919 2G40 £5¥ BSS0 6E°Z LOED £9°0 Z80'0__Javendn jau + papioay
10'08- [00°0- 100-  |s00°0- ||L00-  [¥000- ([ L00- [¥000- §I00- |¥0DDO- §100- {€000- |000- [Z00°0- J000- |Z00D- [0O'0- |LOO'0- §Pasealal s 0048
L0'0$- |00 0- 100- {#000- [L00- ([¥000- |10'0- [¥000- §L00- |¥0DD0- JL00- {¥000- [100- |[#000- §i00- [€000- J000- |Z00'0- §PepioAe S.00A

¥0Z$ [EED €87 BLZ 81T 8t¥ 0 5z 0L¥'0 6C¢C DLE0 81') 4820 Zo'l ¥910 L0 0sao paploAe+axeldn o Wd
8508 [ELD 860 680 €610 280 1210 140 ¥SL'D 850 SZ1L0 v 0600 €0 0500 100 ¥i00 papioAe+axeldn 208
1908 |S0D S6°0 Z60 €200 88°0 1200 120 900 S9°0 2S00 0 £€00 €20 8100 G500 ¥00°0 papioAe+axeldn ZON
05Z$ [oZD 88E ¥LE B6Z 0 BSE 88Z0 SL'E 2520 897 £LZ0 88’1 asiLo 6’0 ¥i0°0 120 9100 axedn €0
{q) uolnwod I
L2088 ivl ¥4 DEC 0z 870 8l ¥Z0 ] LZ'0 ¥l 910 Ll clo 8 ¥00 £ and
7908 [L¥- BS- £80- GG- 140~ Z5- 740 8- Z29°0- A N 80 gg- LE°0- ¥Z- 220 Si- ise3 .aleAid
Z0'L$- {89- BB- BE L- £6- BZ L- 98- 6l°1- 08- £0°)- 69- 98°0- 15- 09°0- 0F- GE0- £Z- yinog ‘ajeAlid
\P08- [iZ- 8E- £5°0- gE- 05°0- £E- i¥D- LE- Zr0- 8Z- 9E0- ¥Z- 9z'0- Ll 8L0- - 1S8M BleAltd
{ap. 200 JoN
44 IR DI BZC 50¢Z 80Z 621 181 il Byl 0Ll Ll 69°0 174 ZED [43 90’0 9 Jlqnd
0L'0$- i6¥Z- B60E- 9E'0 96Z- 020 88¢- L0°0- £8Z- £¢0- 1€9Z- 9% 0- ve- 450 08i- ¥SD- 0Zl- 1se3 ajeaid
£0° 18- [ikF- 168G~ 06°0- 6SG- 260" £€5- 60°L- 805- L) 1GF- ST L- Z0F- [ L0E- 98°0- 081- yinag .ajeald
L1118 (gL ZLl- 8l ¢ vLL- 88°L LZl- 16°1 LEL- ¥0'L 9€lL- #S°0 L¥l- 90’0 SZ - BZ 0 £6- 1S8M BJEAUd A
ime) Absou3 N =
9z 0 £r 8y 0 08 £¥ 0 £ 8E0 £9 LED [4*] £20 BE S0 SZ 400 Ll 10°0 [4 Jland —
G8Z8- [Bi¥- El'¥-  |#6O- 98'€- 8¥9- 19°€- 509- FEE- 196~ 68'Z-  [98F- L¥Z- r0F- 89'|- £8C- 68°0- B¥L- 1se3 ‘8jeAld )
LZ¥S- 1204- Gl'g- [ee0')- [¥2G- £96- GE'G- 868- ¥6 - 6Z8- 9y Gli- £5°¢- [4i°N St'e- Lir- 8Z - SlZ- yinog :ajeaud m
09Z%- [9€¥- i€ LEQ- LG E- B8G- 8z¢- 156~ S0'E- L1G- ¥9Z-  [EF¥- 0zZZ- 0.l€- ¥G°1- BSZ- 18°0- 2E1- 1S8M BleAlld =
{nieee) Bunmon g
9608 (8 8.1 Sl 9} ¥l 'l [4) gl'l 0l £80 L . G50 S SZ'0 [4 500 0 J|gnd M
G178 (£ 18'F 8 144 SE 08'E [43 E£EC 8T 99’z [44 ¥6°L 9l Zi'l 6 GE0 £ jse3 ‘8jeald _”
8LEs (12 BZ G 144 8y 0F 8 L€ G8'E [A> 60°E 9z 8Z¢ 61 el Ll [431} |4 yinog :sjeaud
1Les IE (44 Z5 B9S 8¥ 911G £y 95y 8€ 89°¢ LE ¥L'Z £Z 1a’l €l 50 ¥ IS8 .ojeald
(LA Busoo?)
¢ puunsed] § Buunsay ¢ Buunsay ¢ puwunsadl §  puunsey $  Blunsay $  Bluunsay s Fuunsayi ¢ Buun sayf spjeueg
abelase jedk oy || T2CENN I GE Jeaj 1 0€ 1eax | GZ lea 07 JesA | FIREEN 0l ieaj I G Ieaj I IR TIVNS |

(auld maA) 93l jjews 1o} a|ge} ele " LY alqel



Appendix A

5z8 —[¥Es — Jees — Jezs 9z$ — Jzzs I I —T¥s aignd

8z$ BES 168 sE$ Zes 6z$ vz$ 618 58 1se3_eiEnd

8z8 ges GES £es 0cs 178 728 818 63 Uinog BieAllg

8z8 ors 8es ] 3] 623 vZ$ 0zs - 68 [159m aleAdd

S)IeURE 9N 1B ]

GLECh [E6GLS [ve1zs [LEwLS |95 1z [vG¥18 fcriies [Sivls |82 128 |e6¥iS Jcz 128 (20648 |05 1z8 [Z1GLs 92918 [98€Ls |10'LES [09PZ8 | Si50D w01
154$ [zcos fse L [ooo  |lzét  |oo0  lzey  |o00  |ost Jooo  fozy  jooo  fest [ooo  fveL  [og0  |660  [ooo 18UJ0 9 UIWIPY ]
128 [rvos fo¥y (oo [evy [0 [ves  [ec0 |66t Jor0  feot 1iv0 89y [zv0 _ fvv0  [Lb0  [sv¥0  [110 [ef87 3 Ajlaen] =
62c$ 0508 60F  [S60  |cor  |vg0  le6e  |z50  |62€  |oso  Jige |svo  lzze  [vv0  fiez  [f€0_ [20C  [8Z0 dn-ueain =
oo1$ [ez08 |ve0  [v80  [iz0_ |20 [690_ [690 190 [0 |10 14s0_ [0 [0 Joco  [o€0 [8r0o_ [8L0 ~uogebul| -
c6z8 |evos Ivet (¥80  |sve  los0  lece  [es0  [s9€ |ze0  fsic |ve0 _ |ss¥e  [i60__ Jzo'L__[szo _ [s0'L  [az0 Sinanisel =
8008 |eyo$ 010 ieca_ [oro  |es0  |s00  [160 (600 [6r0__ f600  [iv0 800 [er0 200 [8€0  [S00 |20 a5Eas|q ¥ 158 S
608 [6208 [soL (sot [oo'r looy  fseo |seo_ |eso_ |ego |80 180 |zz0_ [z£0  fog0 (eSO /80 [i80 55005/0 9 BAOWBY =
ores o988 [es8  |rvoL  Jos8a  [irdl  [80B  losol  |se6  |ei Lt feos  |ov i |0os6 _ [8r1y 8oL [ieLi  |SE8 eVl UL )
gtz (5928 Jooo  [o00__ Jooo_ [o00  fooo  fooo  |oo0  Jood  §oo0  Jooo |00 [000 _ Jooo (000|006l [Tz Bunueld 3 381l =
aignd_[eeaud faand |aealld [onand |aieand fonand |eeaud janand |eieaud fonand |eleaid | anand | eleAud fouand | ledd | anand | eieald (a0 1R§) 53303
mmgm)m‘_wmxav . Dt 1884 GE ied\ DE i88A G 1es )\ 0Z 188\ Gl iesy) alLiesp G les\ FTH1 NN
96 78 197758 90958 ES 7SS ¥Z 15$ v8 .78 VT EFS 16268 LV GES allangd

SYErS GEESS 08158 £Z058 68978 0SErY 89°8E gUEES o966z _|15e3 alend

55 118 9058 AL eg Ly [TRi%) 65 L7 60°ZE E0TES ZE'6I$ | UInog -a1eAld

SOrFS Ly yss 71758 10158 va 1v8 0L ¥ LL'BE BEEES 08'6Z8 158 aleAlid
JIGNd_|eleaud |oiand [eleaud | onand |eleaud fonand |eeaud |onang | aeaud _jonangd | ejeAlld | diiand | sleAid Jondnd | aleud |anand | sjeAld BNIBUOH B
€878 |Z8€z8 |8L9TS |0£ZZ8 |6r9TS |8rILS 9978 12728 |EViL$ |ZOELS |S9L8 |ar€Ls |cv8Cs |cL#IS [9.6L8 |GCSIS |95 CES [€9.T8 SHjaURE 120
AN |oWAId |aIGNd |91Ald | oNaNd |oleAd [|alGNd |aleadd [[91and |aleAid [oland |aleAud |anand |aieaid [oland |eveud ||aland |aieaud pua SOpeUIsoY
s8zs |96e'L lezv  |v9zc  |evv  lozoz  HuZE  [si@L |Z0E  |8zs L |egc  |coer  |wvz  leror  QvS L |vid €80 |BiIY uondBAB] [EIIEY

(D) ABoro1pA
9gecld (091 Z00C |08ET 8E6L |50€T 08'8L [8ETT L29l [L66') BEFL |0EL°L 95’04 {T8T'L ¥S'g 1890 Sl 4810 2sje)dn Jau + paploay

10°'08$- |000- 100 2000~ L0'0- 900°0- 100~ G000~ 100 ¥00'0- 10°0- €00°0- 100 €000- H000- ¢00'0- (000 100°0- pases|al 5,00A8

1008|000 fzo0 [go0'0 {100 |20000 {1000 |900°0_ |[L0'0_ |S000_ Ji00  |€00°0_ J0o0  |1L000 _ J00°0-  |000°0- [00°0-  [1000- | Papiore SO0A

0678 620 829 |c60L 1899 |800F 999 |si0°L  [0b9  |¥860 0SS  |2880 |ZZv  |6890 QyrZ |€660 [S20  [+ZL0 | Paplore+axeldn o g

86°0% 120 S9'L 1SED €51 CEED or'L EDED 0z'lL 1920 960 6020 290 Skl ¥E'0 #4000 600 6L0°0 paploae+ayeldn 205

iris [Z10 877 £81°0 (1144 910 t4%4 6910 G8'lL 8rl0 1671 SZi'0 AN 680°0 GG0 ¥¥0°0 Z10 0ioo paploAe+ayeldn ZON

0098 [8¥0 IE6_ |svi0_ |968 8140 Wzes |0680 |SGZ |v090 J9cd  |6060 |i5¥ [18€0 |izz  |[ZZ40 [6¥0 |6€00 [axencQ

{qp uonmpd i)
1608 |FE 280 GG 9.0 LS 89°0 9% 650 BE 8¥0 |4 LE0 ¥z a9z’a Ll Zlo B ajgnd
2708 (81 LE £¥0 6Z 8E0 ST LE'D %4 ¥Z0 al alo Ll Lo L 00 4 ise3 '8leAld
ZeEns- [1Z- 9z- 9£0- - 9€0-  [#C- LE0-  |9Z- SE0- [eZ- ZE0- cZ- ¢Zo-  |St- ?10- |6 yinog ‘sjeaid
zz0s (St 8z 8E0 14 EED [44 9z0 1l 6lL0 £l L0 3] 100 S 000 1] JSBM [BlBAlld
9l Z0 19N
LL'ES |GLE 91'G E8% ¥C'S 0ES 9% E9¢¥ GLE 08E 08¢ ¥az L'l 084 180 [4:] 910 213 anagnd
LLES |BLZ 186 oSy ZES S0P E9P GYE BL'E [YX4 08¢ 181 cLl L6 [44i1} 1z Z00 EC- jse3 ‘ajeald
6218 |16 L6 |9y vse (82 [i6C |9- 97T  |t5- L |06 190 [2El-  §200- [6EL- ¥y 0- |0LL-  Juinog @jeaud
7% R L 144 69 89¢¥ 629 Bl 4y 15€ B5'% 08¢ ¥y e [4:1} 1} 454 28 660 Sl 90’0 ¥E- 1S8MA BjeAlUd
{mgny) Assug 19N
1] 1 oz al’l Sgl 960 [4]3 640 gl 650 66 L0 €9 V0 |6 €00 8 Jand o
18- 64-  f9vo-  [8i- 6¥0- |E8- |¥5°0- 18-  §SS0- |76- 96'0-  |v6- L¥Q- |64 0€'0- |0G- jse3 ajeald
Ole- BEE-  [296G- LLE- E£ES- LO'E-  |S05- GBZ-  |BLi¥- [A°NA ECy- LT GQE- 15°1- ¥az- 98'0-  [S¥l- yinag ‘sjead
L) €€ - [ETE- az'l- ITlT- €T°L-  |i0Z- ZT'L-  |s0Z- £i’'l- 106)- €0'L- |¥L)- 60- |EEL- gy'0-  [82- 1SOM BleAld
{mgy) Buneay
E1E4 2 14 GGF 8€ Fly GE L9°E 0 96 ¢ 5Z 144 8l oyl Cl ¥9°0 G Zl0 3 agngd
65'c$  [0F tE'S €S 8.'G 8¥ ZL's £y EEr 9 SE'E 8Z 8Z¢Z Bl 6l 113 lE0 £ jse3 sjeald
(XA 3 1> GE'L 19 1429 95 86°G 0s LL'S %4 66'€ 2% 84T £z . ) [4.41) ¥ yinog ajeald
I8¢ 0% 178 69 GG/ £9 Gl9 95 186 14 1GF 8E ¥TE F14 8.1 Gl 250 ¥ 1S8MA -BlBAUd
. uans) Byood
¢ Puunsey] & puunsad| ¢ puunsayf §  puunsad| ¢  ppunsay $ Ppwunsed| ¢ puunsay § Ppuunsay| § puunsayf  sueueg
80BIBAE JEBA OF _y DF JBBA _— GE JBBA 1 0E Je8A = GZ IE3A ﬁﬁ 0z 1esA Gl IBBA 01 leap G IBBA I 341 WHAIN

(epueieoel) aaJ} wnipaw Jo} a|ge} eled ‘ZY 8lqel



Appendix A

o8 68 | 168 Tees [ JFo28 [ Joss [TH BES £1$ aand ]
G8s 26% 264 G84 9.8 G3% 758 iE8 4% ] ise3 .ejeald
09% 06% 98¢ 649 173 9% 8¥3 7ES 1]} ] yinog sjeald
g9% [41]% ) 964 684 08¢ 69% GG$ 8cs 4% 1S9M BjeAld
SHjauag JoN e 1
BE'BZS 02¢ce$ [08BLS N2l LES |89/1$ QREOES 26218 RBE9.TS [88°GLS [Sp'az$ |19'9l$ HZO'vyZs [€0918 JZTTTTS [Z9618 (SO LES {59°yZ3 | mimo] @0l
€578 6LF 000 0L'E oga LV E 0aa ) 000 49C 000 6LT 000 gl 000 860 060g 13y10 3 uiwpy
89’18 lE'T  [8%D ¥T'T 950 ET 850 9v°0 1671 8¥'0 189'1 ¥o €Ll £v0 S¥0 (A%1] ______le6a7g Aunger
1£°6$ 18'8 11 124 o'l 914 S60 980 09'g G0 19y 90 ErE aro 907 £Z0 dn-uesio
¥6°18 591 G9') B’} 8E'} 1]4]} o'l 104 280 z8°0 E9°0 £9°0 ¥FO 0 20 ¥Z'0 B uopebu
i8°€s ¥e's £€C’) Py 621 ¥ES £E) 10} irr oLt 88€ 160 B6€ 00’y 50'L 9z 0 ainjangseyuy
[N} ] 120 Si'l 8lL0 1o’k 210 €60 ¥8°0 €10 €40 [4X!] 090 800 Sro S00 170 aseasig g ised
9T’} [4'%4 4 X4 (4N} 6L il (44} 054 1Tl LT1 10} o'l ¥i0 ¥i0 980 980 asods|( g anoway
1E'BS 80’6 08’0l 08’8 i¥0l BO'B 080l ELLL €9'6 S¥ Ll 06’6 8Ll alol LZi GE'Q Ev'L Buiwwuy
8EZs 000 000 000 000 000 00a 000 000 000 00’0 000 000 000 006} |0Z°LE Dujue|d g 3aiL
and agnd | 8jeAld Rallqnd | 8jeAld Ralgnd [ 8jeAlld 8leAld jolidnd [eleAld [[Jlland [BleAlid JIlland |8leAld [[AGNd | 8leAld (a1 INS) 31500
ahelsAe Jeesh Oy 0 leep GE lea) Q€ lesA oA 0Z JesA Gilesp 0L Jesp G lesp ITHL INUV
66768 8’8718 89°LZ1$ Ireils L6'€01S 86°768 £0'8.8 £0°198 ¥4 EPS Jand
o Grzos B9GLLS ZrB0LS 122018 [4: X413 0L'zes #2899 [4441] EP'9ES j1sed aleAld
28'218% 60’6018 LZ’E0LS Z6'96$ 67 /88 6718 6E 94 67’68 88'vES || UINOG ‘3jeAlid
¥’ 688 GEOCIS CLELLS 899018 £7'968 £1'688 69048 8.'€58 B0 ZES [1S8M ‘3ieAld
didnd | ajeadd dland | ajeaud paldnd  |slenid Faland  jaleAld Balldnd  [SleAld f3lldnd jajeAld f1d1dnd {8leald j3nand [8leAld }lHdnd | 8jeAld SMjoudH Rl
10°788 [ELVPS €P'09% |07°1GS Jc1L'958 |[CEBrs JO8'SSS |Lvip$ JI9ESS [vSSPS [0SLSS [0LEv$S {9z6vs (08 L¥S J959¥$ [1G6ES €I O0KS [l¥vES sjjeusy BYj0
jlgnd  |ejeaid  131and | 8jeaud goland | 3jealdd faNand  [ejealld §JlONd | 8jeAld | dland [ajeAld [[1and {8jeAld §Iland |8jeald #aland |[8jeAud pue so)ey)say
iers |oz1'z 158 BSL'Y 13 BLG'E ¥9°G 0LB'Z EL'Y ¥GE'T 19°€ 66L'L 65T 02Z') rG i 1].73 Sv0 B0Z uojdaaul |fepuiey
(jub) ABo|oIpAH
8£'8z8 [8¢€ ¥S vy 950G 09zZr 147104 950t Ly 9y Sg 160 08'6Z |E8YE 0TV |SEST 099l [80EL ¥CL Zie0 YR JoU + PIPIOAY
10°08- [10°0- zoo- £10°0- JZ0°0- Li0°0- §zo'c- 800°0- Lo'o- 1000 10°0-  {S00°0- {L0°0- ¥00°0- {000- |Z0OO0- |ODD- L00°0- jpases|sl 3,20A8
1008 [000 [41§1] Lo0a 0o 6000 100 2000 000 5000 00o 000 00°0- 100°0- j000- £00°0- 10°0-  {€00°0-  §PAPIOAE S,D0A
€763 |6FL G8¢Z1L £10C 14 0¥0'Z a5zl 6Z0°C 6% 11 68l EEDl |999°L o008 06z'4 GGy EELD BE'}) €220 PapIoAE+8Xeldn 0 d ]
S 13 |Z¥0 6T € 1140 3s0°¢€ 0990 §62Z ° |E090 HBEZ 8150 1Z6') SLF0  BFE'L 6820 690 6y10  [[210 8£00 papjoae+axeldn 208
£E09S |8k 0 80°LL |288°0 §ZT0L B8O H§GL6 EELD  H¥GY €090 146 15%'0  HBYE 620 R9T'L 1010 [[zzo- [si00- [ pepioaesaxeidn ZoN
21118 18680 €Ll |28€) #6991 |9eeL  R¥09L  |¥B8Z} GO¥l |¥ZLL i¥8°LL |8¥60 JBES 7490 HTL¥ 0EE0 |[Z60 €200 exeydn €0
(o) uonnyod Ay
01zs (X3 ¥ET LE'E Y44 [0} % 102 Z9¢ Sil B0°Z BEL E¥ L 96 690 ar glo L Jlqnd
16°08 81 Szl 84’1 113 09’1 201 1 18 96°0 ¥9 0S80 EE E00 4 LT0- |81 1se3 ‘sjeald _
¥¥'08- |62 0z o- £)- GlLo- 1% 0zZ'0- El- ¥ED- £T- 9%'0-  |0E- 19°0-  |G#- 840- |T5- 0£0-  |i- wWnog ‘sjealid
B¥'i$ |66 oz 9l1 B¥'T 99l 9z'C 0§l 18} iTI il 86 060 09 0E0 0z ¥10- |0l 188M 8lEALd
190 203 JoN
0Z'g 8z9 6’11 £91'1 ¥r0L 850’1 L' £26 ;1.4 852 BS'G G9g ¥S'E 86€ o'l ¥al LED CE agnd
99y LEL 8r6 144 758 88¢ 622 86¢ 84S 4:13 £0'r 99 1'% 4 08- €50 SEL- 8¥0- |ivl- ise3 ‘ejeald
8t €G- 141 675- ¥t GT5- OEE 165- 602 865- £8°0 G09- £6°0- |[519- BE'L-  |TTS- 6G'L-  |1GE- yinog ‘sjealid
8148 [0zr LEEL |068 LLZL  |964 1901|949 648 9zs% 959 GSe al't zil [4:) ) 900 €1- 1S8M BjEALd
(may) Aiou] 13N
1E'18 [612 [A44 90% V44 B69¢€ (4N} [44 851 597 8l 861 S0 14 ¥€0 L5 200 11 Hand
90°Es- |¥1§- 90'y-  [188- fese-  |e¥8-  [B9E-  |819-  HGGE-  |/66- I~ |6€5-  RvBT- |BiP-  JziZ- |9SE-  [0Z')-  |10Z-  [iSe3 :ejeAld |
£8°43- [r1g'1- TLil- |s9s'L- foroL- [ik2')- H6L6- E¥9'l- G616 9£6')- |66~ [z¥E'L- [9i9- SEL'L- [0B¥- 908- 85Z- |E€E¥- yinog ‘ajeald
€1T$- |26€- £9°Z- b¥e- ¥5°T- 9z ar'z- Ll¥- ) XA iy 17T 18€- 80°C- 6PE- 65 |- 2192~ E60- 1961 158 8leAlld
(may) BupeeH
68°'rS  [i¥ L0'6 94 ¥Z'8 69 6l'4 09 16’9 6f ¥ P 6T £T 8z'}1 L ST'0 A gnd
€443 |¥9 ¥FGEL  |ELL SETL €01 1604 |26 €€6 |84 ¥l 09 006 |Z¥ - JS%T 2T L0 9 ise3 sleAld o
IE'68 {82 09l  |¥EL POvL  |ZT)  #B0'E€L  160L [¥T° L) |¥6 £8'8 | 23 €29 |Z6  fie 8T 660 |8  |[|UINOSG 'ajeAlid o
1EB6S |84 09l |¥El 0 A T 44} 60€L |60 STLL |¥6 _|€8'8  |¥s €29 4] |bPE [BZ 660 8 |IS8M4 ‘BleAlld
(L) Buyoo)
$ sjun say $  PBuunsay $ JEEN R puunsayf ¢ puunsay ¢ PBuunssy $  Biuunsay ¢ puwunsayl ¢  puunsayy aalysyjeuag
B ECICET 0F Jea\ GE Jeaj) | 0€ 183, | GZ leap TALEN G| 1eBA IPEENN | G Ieaj | EETELR L a)

(1oydweo) sai) abie| Joj ajgel Bleq SV 23|qeL

)
S
=
=
=
=
-
(L-]
S
=
_




Tree Planting Example: The City of Buena Vista

o illustrate how information in this Appendix can be adjusted to apply to
Ta specific project, consider this example. As a municipal cost-cutting mea-
sure, the City of Buena Vista is planning to no longer require street tree plant-
ing with new development. Instead, developers will be required to plant yard
trees. These yard trees will not receive care from municipal arborists, there-
by reducing costs to the city. The community forester and local non-profit
believe that although this policy will result in lower costs for tree care, the
benefits “forgone” will exceed cost savings. The absence of street trees in new
development will mean that benefits are not captured because street trees can
enhance neighborhood aesthetics, property values, air quality, water quality,
and other aspects of the environment.

As a first step in the analysis, the forester and local non-profit group decide
to quantify the total cumulative benefits and costs over 40 years for a typical
street tree planting of 100 trees in Buena Vista. Based on planting records this
would include 50 large trees, 30 medium trees, and 20 small trees. Three
aspects of the Buena Vista planting program are different than assumed in
Appendix A: O the price of electricity is $0.14/kWh, not the $0.12/kWh
assumed in the Appendix, [J no funds are spent on pest and disease control,
and 0 planting costs are higher than the assumed value of $95/tree for 15-gal
trees because, although the non-profit plants 15-gal trees and these account
for 50% of the street trees planted in Buena Vista, all large trees are planted
by the City in 24-inch boxes at a cost of $215 each.

To calculate the dollar value of total benefits and costs for the 40-year peri-
od, the last column in Appendix A (40-Year Average) is multiplied by 40
years. Since this value is for one tree it must be multiplied by the total num-
ber of trees planted in the respective large, medium, or small tree size classes.
"To adjust for higher electricity prices we multiply electricity saved for a Large
Public tree in the resource unit column by the Buena Vista price (41 kWh x
$0.14 = $5.74). This value is multiplied by 40 years and 50 trees ($5.74 x 40
x 50 = $11,480) to obtain cumulative air conditioning savings for the project
(Table A4). The same steps are followed for medium and small trees.

To adjust the cost figures, we eliminate a row for pest and disease control
costs in Table 2. We multiply 50 Large trees by the unit planting cost ($215)
to obtain the adjusted cost for Buena Vista (50 x $215 = $10,750). The
average annual 40-year costs for other items are multiplied by 40 years and
the appropriate number of trees to compute total costs. These 40-year cost
values are entered into Table A4.

Net benefits are calculated by subtracting total costs from total benefits for the
large ($142,370), medium ($35,796), and small ($2,960) trees. The total net
benefit for the 40-year period is $181,126 (total benefits - total costs). This
result indicates that by not investing in street tree planting and stewardship
the City saves $996/tree ($99,582/100 trees) on average, and forgoes
$2,807/tree in benefits, for a net loss of potential benefits in the amount of
$1,811/tree. The analysis assumes 22.5% of the planted trees die. It does not
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account for the time value of money from a municipal capital investment per-
spective, but this could be done using the municipal discount rate. Also, for
a more complete analysis it is important to consider the extent to which
benefits from increased yard tree plantings may offset the loss of street tree

benefits.

planting (100 trees).

Table A4. Estimated 40-year total benefits and costs for the City of Buena Vista street tree

50 Large Trees 30 Medium Trees 20 Small Trees 100 Trees  Total
Benefits Res units $ Res units $ Res units $ Res units $
Electricity (kWh) 82,000 11,480 24,000 3,360 6,400 896 112,400 15,736
Natural Gas (kBtu) 438,000 2,620 132,000 792 34,400 208 604,400 3,620
Net Energy (kBtu) 1,256,000 12,400 378,000 3,732 98,400 976 1,732,400 17,108
Net COy (Ib) 280,000 4,200 40,800 612 11,200 168 332,000 4,980
Air Pollution (Ib) 6,000 56,760 2,400 16,032 800 4,584 9,200 77376
Hydrology (gal) 4,240,000 8,620 1,675,200 3,420 1,266,400 2,640 7,181,600 14,680
Aesthetics/Other Benefits 104,020 33,756 9,432 147,208
Total Benefits $200,100 $61,704 $18,904 $280,708
Costs Public Public Public Public
Tree & Planting 10,750 2,856 1,904 15,510
Pruning 18,740 11,100 7,496 37,336
Remove & Dispose 2,520 948 512 3,980
Infrastructure 260 96 48 404
Irrigation 7,640 3,516 1,944 13,100
Clean-Up 3,880 1,920 1,072 6,872
Liability & Legal 10,620 3,948 2,128 16,696
Admin & Other 3,320 1,524 840 5,684
Total Costs $57,730 $25,908 $15,944 $99,582
Total Net Benefits $142,370 $35,796 $2,960 $181,126
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Appendix B.

Funding Opportunities for
Urban Forestry in (alifornia

Compiled December 1999

by California ReLeaf

The Trust for Public Land

116 New Montgomery St., Suite 300
San Francisco, CA 94105

0(415) 495-5660

www.tpl.org/cal
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SECTION 1. GRANT PROGRAMS DESIGNATED IN
WHOLE OR IN PART FOR URBAN FORESTRY PROJECTS

American Forests/Global ReLeaf Forest Cost-Share Grants

Funds available: Not specified

Application deadline: January 1, 2000; July 1, 2000

Notification: March 1, 2000; September 1, 2000

Grant period: One year (multi-year projects are accepted)
Min/max award: No minimum/maximum

(previous grants range from $300 - $30,000)

Eligible applicants: ~ Groups interested in tree-planting and forestry or
riparian restoration programs

Description:  Tree planting or environmental improvement projects that
involve an organization and other public or private sector partners who are
willing to partner with American Forests. The projects can be on public land
or certain public-assisted private lands meeting special criteria. The planting
area must be 20 acres or more and have been damaged by wildfire, hurricane,
tornado, insects, disease, or misguided treatment by humans. Only projects
where funding from regular programs or sources is not available qualify.
Contacts: American Forests (Attn: Bill Tikkala)

P.O. Box 2000

Washington, DG 20013

0(202) 955-4500 x204

amfor.org

International Society of Arboriculture Hyland R. Johns Grant Program
Funds available: $55,000
Application deadline: May 1, 2000

Grant period: One to two years
Notification: September 30, 2000
Min/max award: Minimum $5,000; maximum $20,000

Eligible applicants: ~ Individuals privately or publicly employed in various
fields, including arboriculture, urban forestry, horti-
culture, plant pathology, entomology,and soil science.

Description:  Research projects of interest and benefit to the arboricultural
industry that fall within one or more of the following research priority areas:
ecological benefits of the urban forest; economic benefits of the urban forest;
mnovative tree-care techniques and practices; urban tree genetics; impact of
the urban forest on energy consumption; and basic tree biology.

Contact: ISA Research Trust Grant Program
P.O. Box 3129
Champaign, IL 61826
0(217) 355-9411

1sa—arbor.com
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National Tree Trust Community Tree-Planting Grant Program

Funds available: Grants of one-year-old seedlings, 2-gallon containers,
and cash subsidies for soil ($10 per cubic yard)

Application deadline: May 31, 2000 (Part 1: Seedling Order Forms,
available in January 2000);

July (Part 2: Project Information Forms mailed by
National Tree Trust)

October 1, 2000 (Part 2: Project Information Forms)
Notification: Late-Autumn/Winter 2000 (approval of grant)
Grant period: Seedlings delivered in Spring 2001

Min/max award: Maximum 1,000 seedlings and containers for first-
time recipients. Seedlings must be requested in
increments of 100.

Eligible applicants: ~ Nonprofit organizations, schools, municipalities,
counties, state and federal agencies

Description:  Projects that plant seedlings on public property or that estab-
lish a growing center for raising seedlings; to an appropriate size for planting
and projects that plant seedlings along streets or highways, or on any land
under the jurisdiction of a transportation authority. A list of species available
is provided with Part 1 of the application.

Contact: National Tree Trust
1120 G Street, NW, Suite 770
Washington, DC 20005
[J(800) 846-8733
www.nationaltreetrust.org

SECTION 2. ENVIRONMENTAL EDUCATION GRANT PROGRAMS
THAT OFFER POSSIBILITIES FOR URBAN FORESTRY PROJECTS

Environmental Quality Incentives Program

Funds available: Not specified

Application deadline: January 7, 2000

Notification: March 15, 2000

Grant period: Project are to be completed between May 1,2000
and September 30, 2001

Min/max award: Two grant categories: grants up to $10,000;
grants from $10,001 to $30,000

Eligible applicants: ~ Nonprofit conservation, agricultural, commodity,

and environmental organizations

Description: ~ Educate farmers and ranchers to use sound conservation
practices. Grants are to provide nonprofit organizations the opportunity to
conduct educational activities and create support materials to encourage
farmers and ranchers to install natural resource enhancements. Educational



activities and materials should address resource concerns that have been iden-
tified at the local level and provide cost-effective and technically sound ways
to conserve and improve soil, water, air, and related natural resources.
Educational activities and materials can include workshops, field days, semi-
nars, tours, news releases, demonstrations, brochures, and fact sheets.

Contact: USDA, Natural Resources Conservation Service
430 G St., #4164
Davis, CA 95616-4164
0(530) 792-5646
www.ca.nrcs.usda.gov/eqip/index.html

Toyota Tapestry Grants for Teachers

Funds available: $500,000
Application deadline: January 20, 2000
Notification: March 1, 2000
Grant period: Projects must begin by June 1, 2000,
and funds must be spent by May 31, 2001
Min/max award: Maximum $10,000

Eligible applicants: ~ Middle- and high-school science teachers(defined as
those that spend at least 50% of their classroom time

teaching science); elementary school teachers who
teach science in a self-contained classroom setting
or as teaching specialists. All applicants must have
at least three years’ science teaching experience.

Description: ~ Two categories of grants: (1) Environmental education: pro-
jects that emphasize the efficient use of natural resources and protection of the
environment; students participating in these projects should gain an increased
awareness of the terrestrial, aquatic, and/or atmospheric environment and an
understanding of their own interdependence on the natural world. (2)
Physical science applications: projects that relate the laws, principles, and con-
cepts of physics and chemistry to phenomena and events relevant to students’
lives and that mnvolve students’ own experiences and interests.

Contact: "Toyota Tapestry
c/o National Science Teachers Association
1840 Wilson Boulevard
Arlington, VA 22201-3000
[1(800) 807-9852
www.nsta.org/programs/toyota.htm
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SECTION 3. OTHER GRANT AND SUPPORT PROGRAMS
THAT OFFER POSSIBILITIES FOR URBAN FORESTRY PROJECTS

The Conservation Technology Support Program

Funds available: Grants of hardware, software, and technical support
for Geographic Information Systems (GIS) only
(no monetary grants are awarded)

Application deadline: January 7, 2000

Grant period: One year (includes one year of technical support)
Notification: Late-April 2000
Eligible applicants: ~ Non-profit organizations that focus on conservation,

restoration, or enhancement of natural resources; have 501(c)3 status or a for-
mal relationship with a 501(c)3 fiscal agent, or expect to have 501(c)3 status
by April, 2000, and have annual budgets of less than $2 million (focus is on
organizations with annual budgets of less than $100,000). Applicants that
receive a grant must also attend a three-day training program.

Description:  Formed to aid non-profit conservation organizations that use
GIS in carrying out their mission. Two grant levels: Basic(computer/print-
er/software) and Special (particular to items you request). NOTE: applicants
are strongly encouraged to review the website [www.ctsp.org] and/or use e-
mail rather than calling for details on applying for a grant.

Contact: Conservation Technology Support Program
Amy Karon, CTSP Coordinator
201 Mission St., 4th Floor
San Francisco, CA 94105
0(415) 979-0474
ctsp@ctsp.org(preferred)
WWW.CLSP.Org

Do Something Brick Award for Community Leadership

Funds available: Up to $190,000
Application deadline: May 10, 2000
Notification: July 2000

Grant period: Not specified

Min/max award: Up to nine $10,000 grants;

one $100,000 grand prize grant
Eligible applicants: ~ Individuals under the age of 30 as of May10, 2000

Description:  Individuals are recognized for solving problems and improv-
ing their communities; a long-term commitment to and vision for a healthier
and stronger community; a proven ability to bring people together for a larger
goal; and a wide range of skills and talents in community-building action.
Qualifying activities must be within a geographic area no larger than city-
wide. Grants must be used to continue the winners’ work by furthering the
goals of an existing community program or establishing a new one.



Contact: Do Something BRICK Award
Attn: Lara Galinsky
423 West 55th St., 8th Floor
New York, NY 10019
0(212) 523-1175
brick@dosomething.org

Earth Island Institute Brower Legacy Leaders Program
Funding available: ~ Paid internship program

Application deadlines: March 20, 2000 (internship starts May 1);
July 17, 2000 (internship starts August 28)

Notification: Not specified

Internship period: Three months

Min/max award: Up to $1,000 per month

Eligible applicants: ~ Applicants must commit a minimum of 20 hours per

week to the training and work program, have a high
school diploma or GED, and have an interest in
environmental issues.

Description: — Internships are designed to enhance environmental career
development by giving interns a chance to earn money while gaining experi-
ence in the field. Interns may be trained in a variety of areas including
research methods, campaign development, and coalition strategies.

Contact: Earth Island Institute / Internship Coordinator
300 Broadway, Suite 28
San Francisco, CA 94133
[1(415) 788-3666

Environmental Support Center Environmental Loan Fund

Funds available: Not specified
Application deadlines: January 15, March 15, June 15, September 15, 2000
Notification: Not specified
Loan period: Repayment schedule is designed to meet
individual circumstances
Min/max loan: Minimum $10,000/Maximum $50,000
Eligible applicants: Local-, regional-, or state-level nonprofit organizations

that devote a portion of their resources to environ-
mental issues; have 501(c)(3) status; have been in

existence for at least three years; and have at least
one paid full-time staff person or the equivalent.

Description:  The loan fund provides low-interest loans to help grassroots
environmental organizations diversify and increase their funding sources.
Projects funded include membership development, workplace giving, start-up
money needed to sell mission-related products or services, donor develop-
ment, special events, and other long-term, income-producing projects.
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Contact: The Environmental Support Center
4420 Connecticut Ave., Suite 2
Washington, DC 20008-2301
[(202) 966-9834
WWW.Envsc.org
loanfund@envsc.org

Environmental Support Center Training
and Organizational Assistance Program

Funds available: Not specified (amount varies)

Application deadline: Applications accepted monthly

Notification: Within one month
Grant period: One year or less
Min/max award: Maximum $2,000 for Individual Assistance;

maximum $3,500 for Coalition Building;
none specified for Group Training, although
typically no greater than $350 per group involved.

Eligible applicants: ~ Local, regional, or state-level nonprofit organizations
(incorporated or unincorporated) that devote a
portion of their resources to environmental issues.

Description: ~ Three categories of assistance: Individual Assistance (one
organization); Group Training (a number of organizations); Coalition
Building (a number of organizations). In each, the project focus must be on
improving capabilities and effectiveness in areas such as planning, organizing,
board development, computer skills, fundraising, communications, financial
management, leadership development, and collaborative strategies. Funds
can be used to subsidize the costs of consultants, trainers, workshops, and
networking activities.

Contact: Environmental Support Center
4420 Connecticut Ave. NW, Suite 2
Washington, DG 20008-2301
[(202) 966-9834

WWW.ENVSC.0rg

Horticultural Research Institute Grant Program

Funds available: Approximately $425,000

Application deadline: May 1, 2000

Notification: Late-December 2000

Grant period: Usually one year

Min/max award: Minimum $500; maximum $50,000
Eligible applicants: ~ Scientist and collegiate level researchers

Description:  Projects that help the landscape/nursery trade to be more effi-
cient and more profitable, and advance trade knowledge and progress.
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Projects that address issues identified in “The Nursery Industry’s National
Research Needs” are encouraged.

Contacts: Research Coordimator
Horticultural Research Institute
1250 I Street, NW, Suite 500
Washington, DC 20005
[J(202) 789-5980 x3014
www.anla.org/research/

Kodak American Greenways Awards Program

Funds available: Amount varies each year
Application deadline: June 2000; (applications available March 1, 2000)
Notification: September 2000
Grant period: Varies with project
Min/max award: Maximum $2,500; most grants range
from $500 to $1,000
Eligible applicants: ~ Individuals, nonprofit organizations, public agencies

(community organizations receive preference)

Description:  Action-oriented projects that further the planning and devel-
opment of greenways, including recreational trails, wildlife corridors, and
waterways.

Contact: American Greenways Program
The Conservation Fund
1800 North Kent St., Suite 1120
Arlington, VA 22209
[1(703) 525-6300
www.conservationfund.org

SECTION 4. REGIONAL GRANT PROGRAMS THAT OFFER
POSSIBILITIES FOR URBAN FORESTRY PROJECTS

Great Valley Center LEGACI Grant Program

Funds available: Not specified

Application deadline: January 30, 2000

Notification: April 2000

Grant period: Not specified

Min/max award: No minimum/maximum specified

(average grants in 1998 were $11,400)

Eligible applicants: ~ Community groups, nonprofit organizations, and
local government agencies in the Central Valley.

Description:  Projects that encourage and facilitate extensive, wide-ranging,
and balanced participation in the development of sound public policy;
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enhance the appreciation and conservation of natural resources; and support
programs in the areas of land use, economic development, growth, agricul-
ture, and conservation and investment. Programs that create a healthy, sus-
tainable Central Valley and provide support for its residents, economy, and
natural resources.

Contacts: Great Valley Center/LEGACI Grant
911 13th St.
Modesto, CA 95354
0(209) 522-5103
www.greatvalley.org

Los Angeles Urban Resources Partnership Grants

Funds available: $265,000

Application deadline: Spring 2000 - pre-proposal (last year: April 30);
Summer 2000 - full proposal (last year: mid-July)

Notification: Early-Summer - finalists notified (last year: mid-June)
Late-Summer - awardees notified (last year: late-Aug)

Grant period: October 1, 2000 to September 30, 2001

Min/max award: Minimum $1,000; maximum $50,000

Eligible applicants: ~ Applicants, or sponsors of applicants, must be public
agencies, educational institutions, or nonprofit
organizations

Description:  Projects that address a natural resource issue or opportunity
integrating one or more of the following themes: anti-littering and beautifica-
tion; community environmental monitoring and stewardship; environmental
education; erosion and sediment control; greenway development; municipal
tree recycling; natural habitat creation and enhancement; open space
enhancement; public trails creation and restoration; urban community
gardens; roadbank stabilization; streambank restoration; urban agroforesty;
urban forestry; urban wood recycling; water quality; wetland restoration.

Projects must be located within Los Angeles or benefit its residents; benefit
underserved neighborhoods and communities; and demonstrate community
mvolvement and the likelthood of long-term community support.

Contact: Urban Resources Partnership
201 North Figueroa Street
Suite 200, Mail Stop 177
Los Angeles, CA 90012
0(213) 580-1055

ccochran@ead.ci.la.ca.us



San Francisco Urban Resources Partnership Grants

Funds available:

$270,000 (approximate)

Application deadline: Late May (last year: May 28 for letterof intent)

Notification:
Grant period:
Min/max award:

Eligible applicants:

July (last year: July 9 for full proposals)

Late-August (last year: August 23)
Late-August 2000 to September 2001 (tentative)

Minimum $2,500; maximum $25,000 (average
grants range from $5,000 -$25,000) and must be
matched one-to-one with non-federal funds, in-kind
services, resource donations, or volunteer labor
and professional services.

Local government agencies, educational institutions,
non-profit organizations, and community groups
working with a non-profit as a project sponsor.

Description: ~ Projects that are collaborative in nature and can demonstrate
community involvement that will result in urban natural resource conserva-
tion. Examples include: urban and community forestry; creek, shoreline, or
wetland restoration or protection; open space development and restoration;
community beautification; urban natural resources education, awareness,
and events that have a hands-on or on-the-ground component; public hous-
ing greening projects; environmental job training and career guidance for
youth; and soil erosion and sediment control.

Projects must be located within southeast San Francisco or benefit its resi-
dents and demonstrate community involvement and the likelihood of long-
term community support.

Contact:

San Francisco Urban Resources Partnership
c/o San Francisco League of Urban Gardeners
2088 Oakdale Avenue

San Francisco, CA 94124

0(415) 285-7584
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SECTION 5. OTHER FUTURE GRANT PROGRAMS
FOR FUNDING URBAN FORESTRY PROJECTS

The following funding programs will be accepting applications later in the
year. Please contact these programs directly to obtain program descriptions,

grant criteria and application deadlines.

National Fish and Wildlife Foundation Challenge Grants
California Horticultural Society Grants Program
National Fish and Wildlife Foundation Challenge Grants

California Native Plant Society
Educational Grants Program

National Tree Trust Partnership Enhancement
Monetary Grant Program

National Tree Trust Tree-Planting Grant Program, Part 2
Project Learning Tree Green Works! Grant Program
California ReLeaf/Capacity-Building Grant Program

ISA John Z. Duling Grant Program

NUCFAC Challenge Cost-Share Grant Program

Constitutional Rights Foundation’s
Robinson Mini-Grant Program

Environmental Enhancement and Mitigation Program

Environmental Protection Agency
Environmental Education Grants

(202) 857-0166
(800) 624-6633
(202) 8570166

(916) 447-2677

(800) 846-8733

(800) 846-8733
(202) 463-2472
(949) 642-0127
(217) 355-9411
(209) 536-9201

(213) 487-5590
x 108

(916) 653-5656

(415) 744-1161



Appendix (.

Local Goveynment
Programs and Ordinances

Requiring Shade Trees in New Developments:
Tree Preservation Ordinance, City of Redding

Requiring Shade Trees in Parking Lots:
Parking Lot Shading Guidelines and Master Parking Lot Tree List,
City of Davis

Adopting a Tree Preservation Ordinance:
Trees and Construction: A Guide to Preservation, City of Redding

Adopting a Landscaping Ordinance to Encourage Energy Efficiency
and Resource Conservation:
Sustainability in Landscaping Ordinance, City of Irvine

Using Tree Planting to Strengthen Communities and

Increase Resident Involvement:

“Neighborhood Tree Project,” City of Long Beach

“Cool Schools,” LADWP and Los Angeles Unified School District

Municipal Utlity Shade Tree Programs:
"TreePower Brochure, Anaheim Public Utilities
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Fruits and Vegetables Aren’t the Only
Things Growing in the San Joaquin Valley!

They have trees, too.

The Local Government Commission and the Western Center for Urban
Forest Research and Education, USDA Forest Service, Pacific Southwest
Research Station, have also teamed up to produce a version of the Tree
Guidelines for the San Joaquin Valley.

And look for an Inland Empire guidebook later in 2000!

Who We Are:

The Local Government Commission
] he Local Government Commission is a non-profit,
e T

non-partisan membership organization of forward-
thinking leaders that includes mayors, city councilmembers,

M et . k g
- < and county supervisors, along with associate members
//“\\ drawn from local government staff and community leaders.
With almost 1,000 members, the LGC provides a diverse forum for ex-
changing ideas and mspiring local leaders to action. We provide practical,
tested ideas and programs, technical assistance, networking, workshops,
policy development, publications, and peer support that help foster a

sustainable environment, strong economy, and social equity, as well as
meaningful civic involvement.

The LGC serves cities and counties and is directed toward promoting
cooperative efforts among all levels of government through such programs
as land use planning for resource-efficient communities, energy efficiency
and renewable energy, and waste and pollution prevention.

For more information about the LGC and its other publications:

[1(916) 448-1198 == www.lgc.org
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