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Chapter 8

Benefits and Costs of Tree Planting and Care in Chicago

E. Gregory McPherson, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Davis, CA

Abstract

Benefit-cost analysis is used to estimate the net present
value, benefit-cost ratio, and discounted payback periods of
proposed tree plantings in the City of Chicago. A “typical”
tree species, green ash (Fraxinus pennsylvanica), was lo-
cated in “typical” park, residential yard, street, highway, and
public housing sites. The 30-year stream of annual costs and
benefits associated with planting 95,000 trees was estimated
using a computer model called Cost-Benefit Anaiysis of Trees
(C-BAT) and discount rates of 4, 7, and 10 percent. NPV
were positive and projected benefit-cost ratios were greater
thart 1 at all discount rates. Assuming a 7-percent discount
rate, a net present value of $38 million or $402 per planted
tree was projected. Benefit-cost ratios were largest for trees
planted in residential yard and public housing sites (3.5), and
least for park (2.1) and highway (2.3) sites. Discounted
payback periods ranged from 9 to 15 years. Expenditures for
planting alone accounted for more than 80 percent of pro-
jected costs except at public housing sites, while the largest
benefits were attributed to “other” benefits (e.g., scenic,
wildlife, improved water quality, noise abatement, and social
values) and energy savings. Considerations for planting and
managing Chicago’s urban forest to maximize return on
nvestment are presented.

introduction

Trees have a long and rich tradition in Chicago. This tradition
can be seen today as the formal elm bosques in Grant Park,
Chicago’s many majestic tree-lined boulevards, its extensive
forest preserves, and the informal plantings of hawthorns,
hackberry, oak, and other natives that grace its many parks
(McPherson et al. 1993a). In Chicago and most surrounding
communities, trees have long been recognized as valuable
community assets. First-rate urban forestry programs abound
as evidence of commitment to the perpetuation of heaithy
community forests. However, dwindling budgets for planting
and care of street and park trees are creating new chal-
lenges for urban forestry. Community officials are asking if
trees are worth the price to plant and care for them over the
long term. Urban forestry programs now must prove their
cost-effectiveness.

Similarly, some residents wonder whether it is worth the
trouble of maintaining street trees in front of their home or in
their yard. Certain species are particularly bothersome due
to litterfall, roots that invade sewers or heave sidewalks,
shade that kills grass, or sap from aphids that fouls cars and
other objects. Branches broken by wind, ice, and snow can
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damage property, Thorns and low- harging branches can be
injurious. These problems are magnified whan trees ¢
receive regular care, or when the wrong troee was xmmta i8]
for planting.

The purpose of this analysis is to quantify some of the
benefits and costs associated with tree planting and care in
Chicago. In previous sections of this report, existing and
potential benefits of Chicago’s urban forest have heen out-
lined with respect to climate, air quality, atmosphenc carbon,
and energy used for space healing and cooling. Relations
between these functions and the composition and distribu-
tion of tree species have been discussed. In this study,
benefit-cost analysis was used 10 estimate the annual dollar
value of benefits and costs over a 30-year period associated
with the planting and care of 895,000 new trees in Chicago.
The estimated number of new trees is based upon interviews
with entities responsible for much of the tree planting and
care in the city and covers projected plantings hetween 1992
and 1997 as follows:

—12,500 trees planted and maintained in parks by the
Chicago Park District.

25,000 trees planted by residents in their yards with
maintenance by professional arborists beginning 15
years after planting.

—50.,000 trees planted along residential streets and
maintained by the Bureau of Forestry.

—5.000 trees planted along expressways under the
auspices of Gateway Green and the lilinois Depart-
ment of Transportation, with maintenance by volun-
teers and city personnel.

—2 500 trees planted in public housing sites by local
residents under the direction of the Openlands Project.
with initial maintenance by residents and Openland’s
TreeKeepers and professional maintenance of jarger
trees.

Quantifying benefits and costs associated with these plantings
will provide initial answers to the following questions:

1) Are trees worth it? Do their benefits exceed their
costs? if so, by how much?

2) In what locations do trees provide the greatest net
benefits?

3) How many years does it take before newly planted
trees produce net benefits in Chicago?

4) What tree-planting and management strategies will
increase net benefits derived from Chicago’'s urban
forest?

This analysis is complicated by incomplete information on

such criticat variables as tree growth and mortality rates, the
value of social, aesthetic, and economic benefits that trees
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produce. and costs associated with infrastructure repair,
litigation, and program administration. When data from local
sources were unavailable, it was necessary o use the best
available data. As a result, some variables were excluded
from this analysis (e.g., costs of litter clean-up and health
care benefits and costs). Estimating the value of social,
aesthetic, and economic benefits, called “other benefits” in
this study, is uncertain because we have vet to identify the
full extent of these benefits or their implications. Additional
problems emerge since many of these benefits are not
exchanged in markets and it is often difficult to estimate
appropriate dollar values. This lack of data required the
development of several assumptions about the planting and
care of a “typical” tree species in “typical” locations. To
simplify the analysis it was necessary fo limit its scope to the
planting of trees over a 5-year period and their care over a
30-year period. Benefit-cost data were gathered in 1992 and
1893 from local contacts and used to estimate future values.,
Therefore, this study provides an initial approximation of
those benefits and costs for which information is available.
As our understanding of urban forest structure, function, and
values increases, and we learn more about urban forestry
programs and costs, these assumptions and the methods
used to estimate benefits and costs will be improved.

Background

Urban trees provide a range of services for community
residents that can influence the quality of our environment.
As illustrated elsewhere in this report, trees in the Chicago
area can moderate local climate, reduce building energy use
(Akbari et al. 1992), improve air quality (McPherson and
Nowak 1993), and sequester and avoid carbon dioxide (Nowak
1893, Howntree and Nowak 1891). Other studies have found
that urban forests reduce stormwater runolf (Lormand 1988;
Sanders 1986), increase property values {Anderson and
Cordell 18988}, and provide a connection 1o nature, relaxation,
or spintual joy (Dwyer et al. 1892). Guantifying the value of
these and othar henefits and the costs associated with urban
W assist planners and managers optimize their return
on mvestment in Chicago’s wrban forest,

Guirent elforts to determine the value of greenspace do not
include the broad range of important benefits and costs or
how they vary across time and location. Nor do they allow
comparison of future cost-benefit relationshins associated
with alternative management scenarios (McPherson 1692).
n response 1o these imilations, the Cost-Beneht Analysis of
Trees {C-BAT) computer model was developed to quantify
various management costs and environmental benefits.
C-BAT as applied here quantifies annual benefits and costs
for & 30-year peniod assooiated with the establishment and
care of trees in Chicago.

Approch
C-BAT

C-BAT estimates annual benelds and costs for newly planted
treas in different locations over a spacified planning horizon.
C-BAT is unique in that 1 direcily connects tree size with
the spatial-temporat flow of benefits ang costs. Prices are
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assigned to each cost {e.g., planting. pruning, removal,
irrigation, infrastructure repair, liability, waste disposal) and
benefit (e.g., heating/cooling energy savings, absorption of
air pollution, reduction in stormwater runoff) through direct
estimation and implied valuation of benefits as environmen-
tal externalities. This makes it possible to estimate the net
benefits of plantings in typical locations and with typical tree
species. C-BAT incorporates the different rates of growth
and mortality as well as different levels of maintenancs
associated with typical trees. Hence, this greenspace ac-
counting approach “grows trees” in different locations and
directly calculates the annual flow of benefits and costs as
trees mature and die (McPherson 1992).

Aithough Chicago’s urban forest is planted with many tree
species (Nowak 1994a: Chapter 2, this report), the scope of
this analysis is limited to planting and care of a single typical
tree species, green ash (Fraxinus pennsylvanica), in each of
five typical locations: parks, residential yards, residential
streets, highways, and public housing sites. Typical locations
were selected to represent the types of trees, management
approaches, socio-economic situations, and growing condi-
tions that influence tree health and productivity in Chicago.
Green ash was selected as the typical species because it is
one of the most widely planted and successful tree species in
Chicago (Nowak 1994a: Chapter 2, this report).

in this study, trees are “planted” during the first 5 years and
their growth is assumed to follow an S-shaped curve that
incorporates a slow start after transplanting. As trees age,
their numbers decrease. Transplanting-related losses occur
during the first 5 years after planting, and age-independent
losses occur over the entire 30-year analysis period. Trans-
planting-related losses are based on annual loss rates
reported by local managers and other studies (Miller and
Miller 1991; Nowak et al. 1990). Age independent josses are
assumed to be equally likely to occur in any year {Richards
1979). Tree growth and mortality rates reflect rates expected
for the green ash on each type of site.

Each year, C-BAT calculates total leaf area for each age
class by multiplying the number of five trees times the typical
tree's leaf-area (LA). LA is calculated using the typical tree’s
leaf-area index (LAI) and ground projection (GP) term, where
G is the area under the tree-crown dripline:

LA =LAl xGP

The LAl of a tree varies with species, size, and condition. In
this study, the LAl of green ash trees in Chicago is assumed
to be 5 based on data presented in Chapter 2.

C-BAT directly connects selected benefits and costs with
estimated leaf area of the planted trees. Because many
functional benefits of trees are related to leaf-atmosphere
processes (e.g., interception, transpiration, photosynthesis),
benefits increase as leaf-surface area increases. Similarly,
pruning and removal costs usually increase with tree size.
To account for these time-dependent relationships, benetits
and costs are assumed to vary with leaf area.

For most costs and benefits, prices are obtained for large

trees (assumed to be 20-inches in d.b.h. or about 45-feet tall
and wide) and estimated for trees of smaller size using
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different funciicns (e.g.. inear, sing, cosine). For parameters
such as sidewalk repair, costs & for young irees but
increase relatively rapidly as tree roots grow large enough to
heave pavement. For other parameters such as rainfall inter-
ception, benefits are directly proportional tc leaf area (Aston
1979). In this study, a linear function is used to estimate all
benefits and costs with the exception of infrastructure repair
and litigation costs {cosine function) and benefils related to
energy savings (sine function). These prices are divided by
the tree's leaf area to derive a base price per unit LA for
different tree size classes (e.g., $20/10,000 ft2 LA = $0.002/
ft2 LA). C-BAT muitiplies the base price times the total LA of
trees in that size class o estimate the total annual nominal
value of each benefit and cost. Once the nominal values are
calculated for each year into the future, they can be adjusted
to account for future inflation and discounted {6 a present
value. Thus, both tree size and the number of live or dead
trees influence the doliar value of each benefit and cost.

Most benefits occur on an annual basis, but some costs are
periodic. For instance, street trees are pruned on yearly
cycles and removed when they pose a hazard or soon after
they die. C-BAT calculates tree and stump removal costs for
the same year as each tree dies. Pruning costs are average
annual costs based on average tree size.

Generally, benefits directly related to leaf-surface area in-
crease yearly as trees grow larger and add more leaves
each spring. However, two benefits are more directly related
to the annual change in tree girth than to the increase in
leaf area: “other benefits” (i.e., social, aesthetic, and other
environmental benefits not explicitly accounted for); and the
storage of atmospheric carbon in tree biomass. The annual
value of these benefits is proportional to the increase in
d.b.h. for that year. Relations between tree d.b.h., age, and
crown dimensions are based on findings reported by Nowak
{1994c: Chapter 6, this report) and data from Churack and
Miller (1992, Univ. of Wisconsin-Stevens Point, pers.
commun.), Fleming (1988), and Frelich (1992).

in this study, both direct estimation and implied valuation
are used to assign values. Much of the cost data for tree
management were directly estimated based on interviews
with local contact persons. Findings from energy simulations

presented by McPherson (1994 Chapter 7, this report) are
used in this study to directly estimate energy savings due to
shading, temperature modification, and wind speed reduc-
tions from trees. Other benefits are estimated using implied
valuation, which relies on the costs of required or anticipated
environmental control measures or regulations. For instance,
if society is willing to pay $1 per pound for current or planned
air-pollution control, then the air-pollution mitigation value of a
tree that absorbs or intercepts 1 pound of air pollution should
be $1 (Chernick and Caverhill 1991; Graves et al. 1987).

Tree Planting and Care

Contact persons from each organization {Table 1) were
interviewed to estimate the number of trees to be planted
annually over a 5-year period (1992 to 1997), growth and
mortality rates, and planting and management practices and
costs. Costs summarized in Table 2 and described in the
section that follows are for the typical large tree (45-feet tall,
20-inch d.b.h.) and adjusted downward for smaller trees
using functions noted previously.

Trees in Parks

There are about 250,000 trees in Chicago parks that receive
regular care from the Chicago Park District. On average, the
Park District expects to plant 2,500 trees per year for the
next 5 years. About 30 varieties will be planted, with an
average planting height of 15-feet (4-inches d.b.h.). Total
planting costs average $470 per tree, including $100 for
watering during the establishment period. The typical green
ash is assumed to have a life-span of 30 to 50 years after
planting mortality and an average annual height growth rate
of 0.8-feet (0.4-inch d.b.h.). ltis expected to attain a height of
39 feet {16-inch d.b.h.} 30 years after planting. Mortality
during the 5-year establishment period is assumed to be 16
percent, with an overall loss rate of 39 percent for 30 years.

The cost to prune a large park tree is assumed to be $160,
and the typical tree is pruned four times over 30 years. Large
tree and stump removal costs are assumed to be $900 anc
$110, respectively, with 80 percent of all dead trees anc
stumps removed. Sixty percent of the removed wood i
recycled as mulch and the remainder is taken to a landfill
where the dumping fee is $40 per ton. Each year the Part

Table 1. —"Typical" locations, planting sizes, and organizational roles

Tree location Planting size®

Organization and assumed tree planting/care activity

Park 15 ft, 4-inch caliper

Residential yard 12 i, 2-inch caliper

Chicago Park District plant and maintain

Residents plant and maintain while trees are small; arborists

maintain/remove large trees

Residential street 12 ft, 2-inch caliper

Highway 14 f, 3-inch caliper

Bureau of Forestry plant and maintain

Gateway Green, lliinois Dept. of Transportiation, and arborists plant

and maintain

Public housing 13 ft, 2.5-inch caliper

Openlands, TreeKeepers, and residents plant and maintain while

young; professional maintenance of larger trees

2 Tree height in feet and caliper (trunk diameter) in inches measured 6 inches {15 om) above the ground.

USDA Forest Service Gen. Tech. Rep. NE-186. 1994.

Chapter 8 1



Table 2. —Estimated ree planting and management costs

Tres location

Cost category & Park Yard Street Highway Housing
Planting
Cost per tree (dollars) 470 250 162 250 150
Pruning 7 150 160
Cost per tree (dollars) 160 196 9 3 S
Frequency (# in 30 yrs) 4 1 5
Tree removal
Cost per tree {dollars) 900 504 658 36102 980(?
Frequency (% removed) 80 100 100
Stump removal
Cost per iree {dollars) 110 140 108 91 110
Frequency (% removed) 80 50 100 100 80
Waste disposal
Cost {dollars per ton) 40 na na na
Infrastructure repair
{dollars per tree per year)
Walk, curb, gutter cost 0.62 0.62 2.49 0.25 0.62
Sewer and water cost 0.38 1.15 0.78 0.12 0.76
. Litigation and liability
] Cost (dollars per tree per year) 0.01 0.50 1 0.75 0.07
inspaction
Cost (dollars per tree per year) 0.19 0.35 0 0.18
Program administration
Cost {dollars per tree per year) 0.94 0 2.63 32.78

8 Cost estimates given as dollars per year per tree (45- tall, 20-inch d.b.h.) unless shown otherwise.

District spends about 575 per tree on the Grant Park elm
program to control Dutch elm disease, but other expendi-
fures for pest and disease control are minimal. The annual
program administration cost is assumed to be $0.94 per
large tree, while costs for liigation/lability and infrastructure
repair are negligible.

Residential Yard Trees

Eight local garden centers were surveyed to estimate the
number of trees planted annually in Chicago’s residential
landscapes. Questions were asked regarding numbers of
trees sold, most popular species and sizes, and average
cost. Based on the response, an estimated 5,000 trees will
be planted each year in residential yards at an average
planting height of 12-feet { 2-inches d.b.h.). The average
cost of this size tree is assumed to be $250. The typical
green ash in yards iz assumed to grow at an average annual
rate of 0.8 feetin height (0.4-inch d.b.h.), reaching a height
of 36 feet (14-inches d.b.h.) 30 years after planting. Due to
the relatively favorable growing conditions in yards, fow mor-
tality rates are expected. Only 4 percent of the transplants
are assumed to die during the first 5 years; a mortality rate of
18 percent is assumed for the entire 30 years.

118 Chapter 8

On average, residential yard trees are assumed to be pruned
once by a paid landscape professional over the 30-year
analysis period at a cost of $196 per tree. Costs for tree and
stump removal are assumed to be $504 and $140 per large
tree, respectively. Costs are included for removal of all trees
and 50 percent of alf stumps.

Tree roots can damage old sewer lines that are cracked or
otherwise susceptible to invasion. Several local companies
were contacted to estimate the extent to which street and
yard trees damage sewer lines and repair costs. Respon-
dents noted that sewer damage is minor untii trees and
sewers are more than 30 years old, and that roots from trees
in yards usually are a greater problem than roots from street
trees. 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. This
study assumes that on average, 10 percent of ali yard trees
plant_ed will invade sewers during the 30-year period after
planting, each requiring repair at an average cost of $345.
When factored over the 30-year period, this cost amounts io
about $1.15 per year per tree. The annual costs for repair of
sidewalks due to damage from yard trees is $0.62 per iree.

USDA Forest Service Gen. Tech. Rep. NE-188. 1804,



The annual litigation or lability cosis associated with prop-
erty damage from yard trees is assumed o be $0.50 per tree
based on dala from other cities (McFherson et al. 1983b).

Residential Street Trees

Chicago’s Bureau of Forestry maintains nearly a half million
trees along city streets and boulevards. lt anticipates plant-
ing 10,000 bare root trees each year for the next 5 years at
an average planting cost of $162 each. Trees are typically
12-feet tall {2-inches d.b.h.) when planted. Along streets the
typical green ash is assumed to grow at an average annual
rate of 0.87 feet (0.33-inch d.b.h.), reaching a height of 32
feet (12-inches d.b.h.) 30 years after planting. It is assumed
that 28 percent of the trees die during the first 5 years, with
42 percent dying over the 30-year planning horizon.

The Chicago Bureau of Forestry anticipates pruning street
trees once every 6 years at an average cost of $97 per tree.
All dead trees and their stumps are removed at a cost
of $658 and $108 per tree, respectively. Nearly all of the
removed wood is salvaged and used as mulch or compost.
Roots of older sireet trees can cause sidewalk heaving that
is costly to repair. In Chicago, costs for sidewalk repair are
shared between the city and property owner. Approximately
$3 million is spent annually for sidewalk repair (Ronny Eisen,
City of Chicago Transportation Dept., 1993. pers. commur.).
it is estimated that about $1 million is spent each year
repairing sidewalk damage that is largely attributed to trees,
or $2.18 each year per street tree. Data on the cost of curb
and gutier repair due to tree damage are unavailable for
Chicago but is asssumed to be 14 percent of sidewalk repair
costs ($0.31 per tree per year) based on information from
other cities (McPherson et al. 1993b). Based on data from
several local sewer contractors, the estimated cost is $0.76
per year per large tree.

Data on litigation and liability costs are unavailable for Chi-
cago, so costs are estimated as $1 annually per tree based
on data from several other cities (McPherson et al. 1993b).
The annual inspection cost is $0.35 per tree, while Bureau of
Forestry program administration costs are included in the
unit costs cited. Inspection costs cover time and expenses
for personnel who regularly inspect trees, adjust staking,
apply mulch, and perform other minor tree-care operations.

Trees Along Highways

The Chicago Gateway Green Committee is a nonprofit orga-
nization that raises funds for tree planting and care. Gateway
Green teams with illinois Department of Transportation (IDOT),
Hendricken The Care of Trees, City of Chicago, and local
volunteers to plant and care for trees along major transporta-
tion corridors. Recent plantings along the Kennedy Express-
way and at the Ohio-Ontario-Orleans triangle demonstrate
tne success of this collaboration. IDOT is responsible for
additional tree plantings associated with the reconstruction
of expressways and highways. Planting numbers vary yearly
depending on the construction schedule: and trees planted
within the city limits are maintained by city personnel.

From 1992 to 1997, about 1,000 trees will be planted annu-

ally along Chicago’s expressways and major streets by {DOT
and Gateway Green. Plantings contain many native species
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that are well adapted to local growing conditions. The typical
green ash is assumed to be 14 feet tall (3-inches d.b.h.} with
an average planting cost of $250 per tree. This $250 incor-
porates savings due to donated labor from Gateway Green
volunteers. Green ash trees along expressways are assumed
to grow at an average annual rate of 0.87 feet in height
(0.33-inch d.b.h.) attaining a height of 34 feet {‘33~mcﬁes
d.b.h.) after 30 years, which is about their typical life-span
since highways are rebuilt every 25 to 30 years. It is antici-
pated that sixteen percent of the new trees will die during the
first 5 years. A loss rate of 39 percent is expected over the
30-year period.

On average, expressway frees are pruned once every 10
years at a cost of about 8150 per large tree. Costs for tree and
stump removal are assumed to be $312 and $91 per tree.
respectively. Sixty percent of all dead trees are removed, and
all stumps are removed. Nearly all waste wood is recycled as
mulch used for landscaping. Because expressway trees are
not planted close to sidewalks, curbs and gutters, and other
built property, damage to them from trees is minimal. Pro-
gram adminisiration costs are assumed to be $2.63 annually
per tree based largely on IDOT's projected expenses.

Trees In Public Housing Sites

Opentands Project is a nonprofit organization with an active
urban forestry program called TreeKeepers, which teaches
volunteers how to plant and maintain trees. Openlands plants
300 to 500 trees each year at a variety of locations through-
out Chicago. About half of these trees are planted at public
housing sites with participation from local residents. Other
planting sites include libraries, parks, and streets. Plantings
involve TreeKeepers and other volunteers. To simplify this
analysis, data for tree planting and care at public housing
and similar park-like sites are used.

During the next 5 years, Openiands expects to plant about
2,500 balled and burlapped trees (311 per year) averaging
13 feet in height (2.5 inches d.b.h.). It costs about $150 to
plant each tree. The typical green ash is assumed to have an
average annual growth rate of 0.8 feet in height {0.4-inch
d.b.h.) per year and attain a height of 37 feet (14.5-inches
d.b.h.) 30 years after planting. Mortality during the first &
years is assumed to be 16 percent, and estimated as 39
percent for the entire 30 years.

TreeKeepers and other Openiands volunteers do not prune
or remove trees over 10 inches d.b.h. Therefore, mainte-
nance of maturing trees is performed by local arborists or
other landscape professionals. Pruning costs are assumed
to be $160 per tree, with the typical tree pruned four times
over 30 years. Large tree and stump removal costs are
assumed to be $900 and $110, respectively, with 80 percent
of all dead trees and stumps removed. Anpual program
administration costs are $32.78 per tree. Administration Costs
cover expenses for coordinating, training, and supplying vol-
unteers with equipment needed to plant and maintain trees,

Energy Savings

Trees can reduce energy use for air conditioning {AC) by
shading building surfaces and lowering air temperatures and

Chapter 8 118



windspeed. During winter, trees can conserve energy use for
heating by lowering windspeeds and associated infiltration of
cold outside air. However, even bare branches of deciduous
trees can block winter sunlight and increase heating energy
use (Heisler 1986). Results from energy simulations for a
typical two-story brick building in Chicago (McPherson 1994:
Chapter 7, this report) are used in this benefit-cost analysis.
Specifically. a single deciduous tree 36 feet {11 m) tall and
24 feet (7 m) wide was estimated to reduce annual air condi-
tioning energy use by 266 kWh {0.96 GJ) and heating energy
use by 4.42 MBtu {4.66 GJ). These base values represent
maxirmum potential savings from a well-sited tree around a
typical two-story residential building in Chicago. Reduction
factors are applied to these base values to account for less
than optimal shading and indirect effects, less than 100
percent presence of air-conditioning and natural gas heating
devices, and less than mature tree size (McPherson 1991),
Electricity and natural gas prices are $0.12 per kilowatt-hour
{kWh) and $5 per miilion Btu (MBtu). About 40 percent of all
households in Chicago have central air conditioning, 36 per-
cent have room air conditioning, and 93 percent use natural
gas for space heating (Thomas Hemminger and Claire Sad-
dler, Commonwealth Edison; Bob Pendlebury, People's Gas,
1993, pers. commun.). Reduction factors that account for
less than optimal tree placement with respect 1o buildings are
based on personal observation of tree locations in Chicago
and a previous study (McPherson 1993) (Table 3).

Air Quality Improvement

Although the ability of urban greenspace 1o rmitigate: air pollu-
tion through particulate interception and absomlion of gases
is recognized by many, few stuches have bansinted this
snvironnmental control function info doliars and cents. This
study uses an approach simidar 10 that used proviously by
Chicage Urban Forest Climate Project (CUFUPY scientists to
modol tha value of improvements in alr quality from treesin a
portion ot Lincoin Park (McPherson and Mowak 1293}, This
analysis also includes benedits from the avoided costs of
residual power plant emissions control due to cooling energy
savings from frees

Poliutant uptake s modeled a4 the sudace deposition veloe-
ity times the pollutant concentration. Deposition velocities to
vegalation for each pollutant, Le., particulate matter less than

10 pm (PM10), ozone (Og), nitrogen dioxsde (NOp), sulfur
dioxide (80y), and carbon monoxide (C0) derived from
the limited literature on this subject (Davidsen and Wu 1988),

Two scenarios with different pollution concentrations are
used to estimate uptake rates. The first scenario uses aver-
age annual pollution concentrations during periods when
National Ambient Air Quality Standard (NAAQS) levels are
exceeded. The second scenario uses average poliution con-
centrations. Average annual poliution concentrations and
the number of hours asscciated with each scenario are
derived for in-leaf and leaf-off months from 2 years of data
coliected at Edgewater (gaseous poliutants) and the Chi-
cago Avenue Pumping Station (particulates). All trees are
considered to be deciduous, so annual poltutant uptake rates
are calculated using in-leaf data only (May through October).
Gaseous absorption is assumed io occur during daylight
hours when stomates are open.

Biogenic hydrocarbon emissions from planted trees can
contribute to Os pollution. However, as noted by Nowak
{1994b: Chapter 5, this report), reducing city temperatures
with trees can lower Oz production and hydrocarbon
emission. Because much research is needed before these
complex interactions are understood, these costs and ben-
efits are assumed to be offsetting.

Emissions by power plants depend on the type of technology
used to generate electricity, fuel type, plant age, and other
factors. Energy savings by trees will influence future
emissions, and future emissions wiil be different as Common-
wealth Edison begins to retire nuclear power plants. However,
it is conservatively assumed that pollution emission rates
will not change because advanced control technologies will
offset an increase in the use of fossil fuels. Current emission
rates provided by Commonwealth Edison are used for PM10
and 502 (Tom Hemminger, Commonwealth Edison, 1981,
ners. commun.). Generic emission rates are used for other
poliutants {California Energy Commission 1992). Avoided emis~
sions are calculated by multiplying annual savings in electric
energy from trees by the estimated power-plant emissior
rate for each pollutant (McPherson et al. 1993b) (Table 4).

The societal value of reducing air poilutants through tree
planting is estimated using the cost of traditional air-poliutiory

Table 3—Location reduction factors for energy, hydrologic, and other benefits, in percent

Tree location

Calagory Park

Yard

Street Highway Housing

Shade 30 80 50 30 50
ET cocling 50 90 80 50 80
Wind 50 80 80 50 80
Hydrologic 145 30 70 25 30
Others benefils

Species factor 70 70 70 70 70

Condition factor 70 70 70 70 70

Location facior 70 75 75 65 85
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Table 4.—Assumptions for estimating implied value of air quality improvement

item

PM10 0, NO, 80, co
Deposition velacity (cm/sec) 0.60 0.45 0.40 0.66 0.0006
Control costs (dolfars/ton) 1,307 490 4,412 1,634 420
Emission factors (Ib/MWh) 0.14 0.03 2,10 6.81 0.63

controls as proxies for the price society is willing to pay to
reduce air pollutants. Due to the unavailability of data for
Chicago regarding air-poliution control costs, 1980 estimates
for the Northeastern United States are used for this analysis
(Catifornia Energy Commission 1992). These values may not
reflect the actual price Chicagoans are willing to pay to re-
duce various air pollutants. Deposition velocities, control costs,
and emission factors for each poliutant are listed in Table 4.

Carbon Dioxide Sequestered and Avoided

Carbon dioxide is a major greenhouse gas that influences
atmospheric processes and climate. As part of the CUFCP,
the potential of urban and community forests to directly store
carbon in their biomass has been reported in this report
(Nowak 1994c¢: Chapter 6), Other studies have analyzed the
extent to which cooling energy savings attributed to urban
forests reduce atmospheric carbon released by power plants
as a byproduct of electric generation (Huang et al. 1987,
Rowntree and Nowak 1991, Sampson et al. 1992; Nowak
1993). Generaily, avoided carbon emissions are many times
greater per tree than are amounts of carbon stored. This
study uses an approach similar to that developed by Rowntree
and Nowak {1991).

Sequestered carbon is calculated using biomass equations
for a sugar maple (Acer saccharum) to represent hardwood
biomass (Wenger 1984). Hardwood dry weight is estimated
to be 56 percent of fresh weight and carbon storage
is approximately 45 percent of total dry-weight biomass.
Annual carbon sequestration for a 20-inch d.b.h. {45-foot
tail) deciduous tree is estimated to be 100 Ib (45 kg).

Avoided carbon emissions from power plants are calculated
using energy analysis estimates of cooling energy saved
and Commonwealth Edison’s current fuel mix. A weighted
average carbon emission rate of 0.11 Ib (50 g) per kijowatt-
hour was calculated. Estimated carbon emissions associated
with natural gas consumed for space heating total 299 b
{13.6 kg) per million Btu (Larry Guzy, Peoples Gas, 1993,
pers. commun.). The implied value of stored and avoided
carbon is assumed to be $22 per ton (California Energy
Commission 1992).

Hydrologic Benefits

Rainfall intercepted and stored by the crowns of trees even-
tually evaporates. Findings from hydrologic simulations
using different amounts of tree-canopy cover indicate that

USDA Forest Service Gen. Tech. Rep, NE-186. 1994,

existing tree cover reduces urban stormwater runoff by 4 1o
8 percent, and that modest increases in tree cover can
further reduce runoff (Sanders 1986; Lormand 1888}, Power
plants use approximately 0.6 gal (2.31) of water to produce 1
kWh of electricity (McPherson 1991), 50 trees that provide
energy savings through cooling also reduce water use
associated with power production. Avoided water use at
power plants is calculated by muliiplying the rate of water
use (0.6 gal) and kilowatt-hours of annual cooling energy
saved. According to the Chicago Water Collsction Division,
the value of this water is estimated using a local retall water
price of $0.00175 per galion.

Most jurisdictions in the Chicago area require on-site
retention-detention basins or other control devices to ensure
that off-site flow does not exceed predevelopment rates.
Costs for land acquisition, basin excavation, landscaping,
and maintenance were approximately $0.02 per galion of
water retained (McPherson et al. 1993b). This price is used
to establish a base implied value for rainfall interception and
consequent avoided costs for stormwater control.

The amount of rainfall intercepted annually by trees is calCu-
lated as a linear function of tree size (Aston 1879). The value
of tree-crown interception for retention-detention beging 1o
accrue after the storage capacity of soil and other surfaces is
filled and runoff commences. For example, storm events
less than 0.1 inch seldom result in runoff. For this study, it is
assumed that 80 percent of annual rainfafl results in runcff.
interception equations for leafless and in-leat periods {Hamilton
and Rowe 1949) are used to estimate annual interception
volumes for trees with different crown spreads.

in urban areas, land-cover characteristics dominate runoff
processes and overland flow. Runofi from parking lots will
exceed runoff from lawns under similar storm conditions.
Thus, the potentiat effect on runoft of rainfall interception by
trees can vary according to land cover characteristics assc-
ciated with each planting location. To calculate net avoided
runoff, iand-cover reduction factors are neorporated and are
assigned to each location based on the rational method for
estimating runoff (Dunne and Leopold 1978) (Table 2}.

QOther Benefits

There are many environmental and aesthetic bgnei%ts
provided by trees in Chicago that should be included In any
benefit-cost analysis. Environmental penefits from trees not
accounted for thus far include noise apatement, soil conser-
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vation, water-quality effects, increased human thermal com-
fort, and wildlife habitat. Although such benefits are more
difficult to quantify than those described previously, they
can be just as important.

Research shows that humans derive substantial pleasure
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 have the single strongest positive influence on
scenic quality.

Research comparing variations in sales prices over a large
number of residential properties with different tree resources
suggests that people are willing to pay 3 to 7 percent more
for residential properties with ample tree resources versus
few or no trees (Morales et al. 1983; Payne 1973). One of the
most comprehensive studies of the influence of trees on
residential property values was based on actual sales prices
for 844 single-family homes in Athens, Georgia (Anderson
and Cordell 1988). Each large front-yard free was associ-
ated with about a 1-percent increase in sales price ($336). A
value of 9 percent ($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).

Several approaches can be used fo estimate the value
of “other” benefits provided by trees. The hedonic pricing
approach relies on differences in sales prices or property
values of similar houses with good tree cover and no or little
tree cover. The dollar difference should reflect the willingness
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of buyers to pay for the sconomic, social, and environmental
benefits that trees provide. Some limitations o using this
approach for this study include the difficulty associated with
determining the value of individual trees on a property; the
need to exirapolate resuits from studies done years ago in
the east and south to Chicago; and the need to extrapolate
results from trees on residential properties to trees in other
locations (e.g., streets, parks, highways, public housing).

A second approach is to estimate the compensatory value
of a tree using techniques developed by the Council of
Landscape and Tree Appraisers and described by Neely
(1992). Tree valuation is used by appraisers to calculate the
replacement cost of a tree of similar size and kind as one
that has been damaged or destroyed. The replacement value
of smaller trees is estimated using local market prices for a
transplantable tree of similar size and species. For larger
trees, a basic value is calculated based on the local market
price for the largest normally-available transplantable tree.
This value is then adjusted downward to account for the
species, condition, and location. A trunk adjustment factor is
applied to trees larger than 30 inches d.b.h. based on the
premise that a mature tree will not increase in value as
rapidly as its trunk area will increase (Figure 1).

A good overview of the tree valuation method is provided by
Miller (1988). The approach is used with street tree inventory
data to estimate the asset value of street free populations.
The tree valuation was used in an economic analysis of the
optimum pruning cycle for Milwaukee, Wisconsin by compar-
ing the marginal cost of pruning to its marginal return (Miller
and Sylvester 1981). Street tree inventory data regarding
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Figure 1. —Trunk area is adjusted for trees greater than 30 inches d.b.h. to more
realistically estimate their replacement value. Estimated trunk diameter for a typical
green ash used o caloulate trunk area and tree replacement value is shown.
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pruning intervals and tree condition were used with regression
analysis 10 determine relations between pruning and condi-
tion class. Marginal costs were calculated as the loss
in tree value associated with lower condition classes and
extended pruning cycles. Thus, Miller and Sylvester (1981)
applied the tree valuation formula to estimate the economic
value of benefits forgone as tree condition deteriorates. This
study adopts a similar approach to estimate the total value of
benefits trees produce at a given time. Then the vaiue of
energy, air quality, carbon, and hydrologic benefits are sub-
tracted from this total to caiculate the remaining “other ben-
efits™. Tree replacement value (Neely 1988) is estimated as:

Replacement Value = Basic Value x Species Factor x
Condition Factor x Location Factor

where Basic Value = $27 x (0.789 x dp} and dis tree d.b.h. in
inches, Because in this analysis benefits begin accruing in
1992, basic value is calculated using $27 per square inch of
trunk area, the value used in 1992 (Neely 1988). Currently, it
costs about $33 to $35 per square inch of trunk area to
purchase and install a typical 4-inch (10 cm) tree in the
Chicago area {George Ware, Morton Arboretum, 1993, pers.
commun.). Species and condition factors are assumed to be
70 percent for all trees, corresponding with species that are
fairly well adapted to local growing conditions and in fair to
good condition (Table 3). Locations factors range from 65
percent for highway and public housing trees to 75 percent
for street trees based on the site context, functional contribu-
tion of trees, and likely placement (Table 3).

As described previously, annual tree-replacement value is
calculated as the incremental value associated with the yearly
increase in trunk diameter of each age class. To avoid
double-counting the environmental benefits already discussed
{e.g., energy and carbon savings, improvement in air quality,
hydrologic benefits), these benefits are totaled and subtracted
frorn the incremental tree replacement value each year. Theo-
retically, the amount remaining after the environmental ben-
efits aiready accounted for are deducted represents the value
of benefits such as aesthetic value, improved heaith, wildlife
value, and social empowerment.

Discount Rates

C-BAT was designed to estimate annual costs and benefits
over a 30-year period. This is long enough to reflect benefits
from maturing trees and still be within the planning horizon
of policymakers. With a tree-planting and care program,
benefits and costs are incurred at various points in time.
Because decisionmakers have other uses for the dollars that
they invest in the tree program as well as the ones they
receive, it is important that the analysis reflect the cost of
other foregone investment opportunities. This usually is done
by discounting all benefits and costs to the beginning of the
investment period using a rate of compound interest. The
discount rate incorporates the time value of money and
inflation. The former refers to the fact that a dollar received in
the future is worth less than one received in the present
since the present dollar can earn interest. Inflation is the
anticipated escalation in prices over time. For studies such
as this, selecting a discount rate is problematic because
the cost of capital for 2 municipality is different than for a
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resident or a nonprofit organization, all of whom are invest-
ing in the planting and care of trees. The net present value
(NPV) of investments will be higher for decisionmakers with
lower discount rates, but lower for those who face a higher
cost of capital. At higher discount rates, NPV decrease
several fold because most costs are incurred during the first
five years when trees are planted, while most benefits ac-
crue later as the trees mature and are discounted heavily. To
assess how C-BAT tindings change in response to different
discount rates simulations were conducted using rates of 4,
7, and 10 percent. The NPV estimates (benefits minus costs)
in this study can be interpreted as yield on the investment in
excess of the cost of capital (discount or interest rate).

Investment in tree planting is evaluated using NPV and ben-
efit-cost ratios. The former is the present value of benefits
minus the present value of costs; the latter is the ratio of the
present value of benefits and costs. If the benefit-cost ratio is
greater than one, net benefits are produced. Higher ratios
and NPV indicate greater returns relative to dollars invested.

Model Limitations

The application of C-BAT yields results that must be inter-
preted with care because of the limitations associated with
the available data and with C-BAT itself. There is consider-
able variability in the quality of information upon which
C-BAT results are based. For instance, cost data for tree
planting, pruning, and removal are thought to be quite
reliable, but information on litigation/tiability, infrastructure
repair, and administration costs was difficult to obtain and is
less reliable. Second, there is a high degree of uncertainty
associated with some parameters used to model benefits,
For example, a stronger empirical basis is needed to esti-
mate benefits not explicitly accounted for, such as “other”
benefits. Limitations of the tree valuation method include
1) the need to exirapolate value to large trees for which
transplants of similar size are unavailable, 2) the lack
of research-based guides for adjusting the basic value by
species, condition, and location, and 3) the fact that the
amount one demands as compensation for a damaged or
destroyed tree may be greater than what one is willing to pay
for the same tree prior to the casualty (Randall 1981).

Limited urban forest research makes it necessary to base
some assumptions on professional observation and data
from forest trees rather than on research results for urban
trees. Carbon sequestration benefits may be understated if
open-growing urban trees have relatively more biomass than
forest trees.

C-BAT accounts for only a few of the many benefits and
costs associated with trees. Far example, some benefits and
costs not explicitly considered in this study include effects of
trees on human heaith and wildlife habitat, as well as costs
of pick-up and disposal of tree litter,

This is pioneering research that awaits thorough testing and
validation with field data. Results are first-order approxima-
tions and some error is to be expected. As our understanding
of urban forestry increases better methods will be available
to estimate benefits and costs.
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Results and Discussion

Growth, Mortality, and Leaf Area

Growth curves for the typical trees are shown in Figure 2.
The green ash in park, yard, and public housing sites display
similar growth rates. Growth rates for trees along highways
and residential sireets are slower because less favorable
growing conditions are assumed.

Mortality rates reflect anticipated loss associated with grow-
ing conditions, care, and likely damage from cars, vandalism,
pest/disease, and other impacts. Loss rates are projected to
pbe greatest along residential streets (42 percent), where
trees are exposed to a variety of human and environmental
abuse (Table 5). A 39-percent loss rate is projected for trees
planted in parks, on public housing sites, and along highways.
About 18 percent of the trees planted in residential yards are
expected to die. Of the 95,000 trees planted, 33,150 (35
percent) are projected to die, leaving 61,850 trees alive at
the end of the 30-year analysis (Figure 3).

The total amount of leaf area varies according to tree num-
hers and size. Although twice as many trees are projected to
be planted along residential streets than in yards, total leaf
area is similar because yard trees are faster growing (i.e.,
larger trees) and have a lower mortalily rate (Figure 4).
Because relatively few trees are projected to be planted in
highway and public housing locations, their projected total
leaf area is smail.

Future Tree Cover

Patterns of growth and mortality that influence total leaf area
fiave a similar impact on new tree cover {Table 5). Planting
of 85.000 tees is projected to add approximately 1,204
& (487 ha) of future tree covor 30 vears after planting
began Yd trees account for 26 percent of all trees planted

Tabla 5.—C-BAT rasulie

and 38 percerit of new tree cover. Togeiher, park and strest-

ree plantings contribute 56 percent of total future tree cover;
trees planted along highways and on public housing sites
account for the remaining 6 percent.

To place the magnitude of future tree cover in perspective it
was compared to the amounts of current tree cover and total
land area of Chicago. Based on our analysis of aerial photo-
graphs, trees and shrubs cover about 18,608 acres (7,530
haj or 11.1 percent of total land area in Chicago (McPherson
et al. 1993a). The addition of 1,204 acres (487 ha) of new
tree cover due to planting of 95,000 trees increases overall
tree cover by about 1 percent, assuming no other change in
land cover. This future tree cover amounts to 7 percent of
existing tree cover, so it is not an insignificant contribution.

Another way to assess the relative impact of these proposed
piantings is to project their effect on the current canopy-
stocking levels. We found that about 32 percent of land in
Chicago that is actively managed is Available Growing Space
(AGS), meaning land that can be planted with trees because
it is not covered with paving and buildings (McPherson et al.
1993a). The proportion of AGS occupied by trees is called
the Canopy Stocking Level (CSL), and is about 25 percent in
Chicago. By comparison, CSL for 12 other U.S. cities ranged
from 19 to 65 percent (McPherson et al. 1993b). The relatively
low CSL for Chicago implies that there is space available for
new tree planting, though some of this space should not be
planted with trees (e.g., prairie, playfields). The additional
1,204 acres (487 ha) of future tree cover would increase
CSL from 25 percent to 28 percent.

Net Present Values and Benefit-Cost Ratios

The NPV reflects the magnitude of investment in tree planting
and care at each location, as well as the flow of benefits and
costs over time. The projected NPVs were positive at ai]

No. trees

Mortality New tree NPV in Benefit Per planted tree (dollars)®
_.If??f‘?‘?fi’_‘ﬁ planted e ()8 cover? $1,000¢ Jeostd PV benefit PV cost NPV
Park 12,500 38 150 5,592 2.14 840 393 447
Yard 25,000 18 433 14,637 3.51 818 233 585
Street 50,000 42 489 15,160 2.81 471 168 303
Highway 5,000 39 58 1,806 2.32 564 243 321
Housing 2500 k) 34 1,158 3.52 645 184 461
e SO 95000 35 1,204 38,150 2.83 621 219 402

8 Parcentage of trees

Estimate of new tre
years,

planted expected 16 die during 30-vear planning pariod.

€ cover in acses provided by plantings in 30 years (2022) assuming fisted mortality and no replacement planting after §

c . . .
p Net present values assuming 7-percent discount rate and 30-year analysis period,

Discourted benefit-cost ratic assuming 7-

Present value of benafits and costs pet pl
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pereent discount rate and 30-year analysis period.
anted e assuming 7-percent discount rate and 30-year analysis period.
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Figure 2. —Growth curves modeled for the typical green ash tree at each
planting location.
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Figure 4. —Projected leaf-surface area for trees at ®ach planting location.

discount rates, ranging from $638,153 at public housing sites
with a 10 percent discount rate to $30.6 milfion for street
trees with a 4 percent discount rate. Ata 7 percent discount
rate, the NPV of the entire planting (95,000 trees) is projected
to be $38 miflion or about $402 per planted tree (Table 5).
This means that on average the present value of the yield on
investment in tree planting and care in excess of the cost of
capital is $402 per tree. The NPV of street and yard trees is
projected to be about $15 million each, while the NPV for

. park tree plantings is $5.6 million. The NPVs are lower for
planting and care of trees along highways ($1.6 million) and
at public housing sites ($1.2 million) because fewer trees are
projected to be planted than in the other locations.

The discounted benefit-cost ratio (BCRY, or the present value
of benefits divided by costs, is greater than 1.0 at all discount
rates. The BCRs range from 1.49 for park trees with a 10-
percent discount rate, to 5.52 for residential yard trees with a
4-percent discount rate. At a 7-percent discount rate, the BCR
for alf focations is 2.83, meaning that $2.83 is returned for
every 81 invested in tree planting and care in excess of the 7-
percent cost of capital (Table 5). BCRs are projected o
be greatest for residential plantings (3.5 for yard and public
housing at 7-percent] and least for park trees (2.14), although
actual BCRs will vary with the mix of Species used and other
factors influencing growth, mortafity, and tree performance.

Although NPy and BCRs vary considerably with discount
'ate. these regyitg indicate that economic incentives for
nvesting tree ptan!mg and care exist, even for
g:)cxsmnmakers who face relatively high discount rates. While

® 138 of return on vestment in tree planting and care is
oss a1 Pugher discount fates. benefits gtif exceed costs for

i Chapter g

this 30 year analysis. Given this result, a 7 percent discount
rate is assumed for findings that foliow.

The estimated bresent value of total benefits ang cosis is
$58 and $21 million, respectively (Tables 6 -7). Expenditures
for planting alone are projected to account for more than 80
percent of alt costs except for trees at public housing sites,
where program administration costs are substantial. “Other”
scenic, social, and ecological benefilg fepresent 52 to 78
percent of total benefits. Energy savings, removal of atmo-
spheric CO,, and hydrologic benefits are the next most
important benefits produced by the trees.

Heating savings associated with reductions in windspeed
from the maty ring trees are projected to account for about 70
percent of total energy savings (Table 6). This trend, noted
in the previous section of this report, can be attributed to
Chicago's relatively long heating season and the pervasive-
ness of space-heating devices compared to air conditioners.
The present value of carbon emissions avoided due to heat-
ing and cooling energy savings is about 3 to 6 times the
value of carbon Sequestered by trees (Table 6). in several
other studies, savings from avoided emissions were 4 to 15
times greater than savings from direct carbon uptake and
storage in tree biomass (Huang et al. 1987. Nowak 1983:
Sampson et al. 1892). Smaller avoided emissions for Chicago
can be explained by several factors. First, 80 percent of
Chicago's base-load electricity is generated by nuclear power,
with refatively litle emissions of COz. Second, Chicago has
a short cooling season, so savings in air«conditioning energy
are less than the national average or regions with warmer
weather. Thirgd, although heating savings are substantial in
Chicago, natural gas is a relatively clean buming fuel, so
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Table &.~-Projected present vaiue of benefits for tree plantings in Chicago (30 year analysis, 7-percent discount rate, in

thousands of dollars}

Tree location

Benefit category Park Yard Street Highway Housing Total
Energy®

Shade 233 984 1,184 91 75 2,567

ET cooling 340 1,286 1,676 135 105 3,552

Wind reduction 1,479 5,648 7,302 586 457 15,472

Subtotal 2,052 7,928 10,162 812 637 21,591
Air quality?

PM10 8 11 11 2 1 33

Ozone 1 2 1 0 0 4

Nitrogen dioxide 8 19 18 2 2 49

Sulfur dioxide 8 23 21 2 2 56

Carbon monoxide 1 1 1 0 0 3

Subtotal 26 56 52 6 5 145
Carbon dioxide®

Sequestered 37 65 82 12 5 201

Avoided 92 359 465 37 27 980

Subtotal 129 424 547 49 32 1,181
Hydrologicd

Runoff avoided 46 170 494 24 15 749

Saved at power plant 6 26 32 3 2 69

Subtotal 52 196 526 27 17 818
Other benefits® 8,242 11,854 12,262 1,926 923 35,207

Total 10,501 20,458 23,548 2,820 1,614 58,942

& Net heating and cooling savings estimated using Chicago weather data and utility prices of $0.12 per kWh and $5 per MBiu. Heating costs dus

to winter shade from trees are included in this analysis.

Implied values calculated using traditional costs of pollution control (see Table 4).
€ implied values calculated using traditional costs of control ($0.011/1b) and carbon emission rates of 0.11 Ib/kWh aind 28.9 ib per MBtu.
d Implied values calculated using typical retention/detention basin costs for stormwater runoff control (80.02/galy and potable water cost of

($0.00175/gal) for avoided power piant water consumption.
€ Based on tree replacement costs (Neely 1988),

carbon savings are not great. Thus, care must be taken in
comparing results from Chicago with other communities.
Savings in air-conditioning energy and associated removal
of atmospheric CO» could be higher in communities served
by utilities more reliant on coal, oil, and gas than Common-
wealth Edison, or in cities with longer cooling seasons.

Present Values of Costs and Benefits Per
Planted Tree

Differences in return on investment can be understood by
examining the present value of costs and benefits per planted
tree at different planting locations (Figures 5-6). Despite the
fact that trees of similar size and wholesale price are projected
for planting in all locations, the present value of planting costs
varies markedly, ranging from $109 per tree at public housing
sites where volunteer assistance kept costs down to $341 in
parks where costs for initial irrigation added to planting expen-
ditures. Participation by residents of public housing in tree
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planting and care can reduce initial tree loss to neglect
vandalism. Similarly, initial watering of park trees can increas
survival rates by reducing tree ioss to drought.

The present value of pruning costs is only $12 per plante
street tree even though trees are assumed to be pruned mol
frequently along streets than at other locations {every 6 years
in fact, the present value of total costs is only $168 per tre
for street trees (Figure 5). Cost-effective planting and care
street trees is important because they account for about on
third of Chicago's overall tree cowver (McPherson et al. 1993z

The present value of removal costs is projected 1o be highe
for trees planted in parks and public housing sites ($16
$22 per tree). Costs for infrastructure repair, pest and d
ease control, and liability/litigation are relatively small. Tl
present value of program administration costs for tree plantin
by Openlands and trained volunteers is $35 per planted tre
A similar finding was noted for other U.S. cities (McPhers
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ible 7.—Projected present vaiue of costs for tree plantings in Chicago {30 year analysis, 7-percent discount rate, in
ousands of dollars)

Tree location

Cost category Park Yard Street Highway Housing Total
Planting® 4,258 5,484 7,107 1,097 272 18,218
Pmningb 348 192 585 75 57 1,255
Removal®
Tree 221 105 547 18 36 927
Stump 27 15 80 4 4 145
Subtotal 248 120 637 27 40 1,072
Tree waste disposal® 31 Y Y 0 0 3
inspection® 3 Y 13 0 1 17
Infrastruciure repali i
Sewerfwater 3 14 8 0 1 26
Sidewalk/curb 5 7 27 1 1 41
Subtotal 8 21 35 1 2 67
Liability/litigation9 0 6 11 1 0 18
Program administration” 15 0 0 13 87 115
Total 4,809 5,823 8,388 i,214 459 20,793

! Reported cost of trees, site preparation, planting, and initial watering (see Table 2),
! Reported cost of standard Class Il pruning, Pruning frequency varied by location (see Table 2).
' Reported cost of tree and stump removal. Frequency of removals varied by location (see Table 2).

I Tree waste disposal fee $40fon. Value of wood waste recycled as compost and mulch assumed 1o offset recycling costs where no net cost shown,
? Reported labor and material costs for systematic tree inspection {see Table 2).
Cost of infrastrusture repair due to damage from tree roots assumed to vary by location (see Table 2).

3 Cost of lifigationliability as reported or based on data from other cities (McPherson et al. 1993) when unavailable.

" Salaries of administrative personnel and other program administration expenditures. Administrative costs were incorporated in other reported costs
tor residential street rees.
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Figure 5. —Present value of costs per tree planted at each location, assuming a
30-year analysis period and 7-percent discount rate.
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Figure 6. —Present value of benefits per tree planted at each location, assum-
ing a 30-year analysis period and 7-percent discount rate.

et al. 1993b). Generally, nonprofit tree groups have higher
administrative costs than municipal programs using in-house
or contracted services because of their small size and amount
of funds spent organizing and training volunteers. These
additional expenditures somewhat offset savings associated
with reduced labor costs for planting and initial tree care
compared to municipal programs.

The projected present value of benefits per planted free is
$471 and $564 for street and highway plantings, respec-
tively, $645 for public housing sites, and more than $800 for
trees planted in parks and residential yards (Figure 8). Lower
benefits for street and highway trees can be attributed to
their slower growth (Figure 2), smaller total leaf area (Figure
3), and relatively smaller energy and other benefits due to
locational factors.

The amount of annual benefits the typical tree produces
depends on free size as well as relations between location
and functional performance. Larger trees can produce more
benefits than smaller trees because they have more leaf-
surface area. Because yard trees exert more influence on
building energy use than highway trees, they produce greater
energy savings per unit leaf area. To illustrate how these
factors influence benefits, nondiscounted annual benefits
are estimated for the typical tree at year 30 in each typical
location (Table 8). Estimated savings in annual air-condition-
ing energy from the 36-foot tall (14-inches d.b.h.) yard tree
are 201 kWh (0.7 GJ) ($24 nominal) compared to 102 kWh
(0.4 GJ) (312 nominal) for a 34-foot tall (13-inches d.b.h.)
tree along a highway. Differences in benefits from the uptake
of air pollutants by trees, including carbon sequestered, are
assumed to be solely due to differences in tree size, be-
cause litte is known about spatial variations in pollution
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concentrations that influence rates of vegetation uptake.
However, location-related differences in cooling energy sav-
ings translate into differences in avoided emissions and
water consumed in the process of electric power generation.
Forinstance, trees are projected to intercept more particulate
matter and absorb more O3 and NO; directly than in avoided
power-plant emissions. But energy savings from the same
trees result in greater avoided emissions of SO, CO, and CO;
than is gained through direct absorption and sequestration.
Street trees are projected to provide the greatest annual
reductions in avoided stormwater runoff, 327 gallons (12.4
ki) for the 32-foot tall tree (12-inches d.b.h.) compared to 104
gallons (3.9 ki) avoided by a park iree of larger size. More
runoff is avoided by street trees than by trees at other sites
because street tree canopies intercept rainfall over mostly
paved surfaces. In the absence of street trees, rainfall on
paving begins to runoff quickly. Trees in yards and parks
provide less reduction in avoided runoff because in their
absence, more rainfall infiltrates into soil and vegetated areas;
thus, less total runoff is avoided. Assumed differences in
economic, social, aesthetic, and psychological values attached
to trees in different locations are refiected in the projected
value of “other” benefits (Table 8).

Discounted Payback Periods

The discounted payback period is the number of years be-
fore the benefit-cost ratio exceeds 1.0 and net benefits begin
to accrue. Assuming a 7 percent discount rate, projected
payback periods range from 9 years for frees giamefd aqd
maintained at public housing sites to 15 years for plantings in
parks and along highways (Figure 7). Yard and street trees
are projected to have 13- and 14-year discounted ’payback
periods, respectively. As expected, payback periods are
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Table 8. —Projected annual benefits produced 30 years after planting by the typical green ash tree at typical locations

Tree location

Benefit category Park Yard Street Highway Housing
Tree size (height in feet) 39 36 32 34 37
d.b.h. (inches) 16 14 12 13 14.5
Energy
Cooling {kKWh} 116 201 152 102 179
Heating (MBtu) 5.1 8.3 6.5 4.5 7.7
PM10 (Ib)
Direct uptake 2.1¢ 1.8 1.41 1.67 1.93
Avoided emissions 0.02 0.30 0.02 0.01 0.02
Ozone {ib)
Direct uptake 0.7¢ 0.65 0.51 0.60 0.70
Avoided emissions ] 0.01 0.01 0 0.01
Nitogen dioxide (Ib)
Direct uptake 0.55 0.45 0.36 0.42 0.48
Avoided emissions 0.15 0.26 0.19 0.13 0.23
Sulphur dioxide (Ib)
Direct uptake 0.51 0.42 0.33 0.39 0.45
Avoided emissions 0.79 1.37 1.03 0.69 1.22
Carbon monoxide (ib)
Direct uptake 0.04 0.03 0.03 0.03 0.04
Avoided emissions 0.08 0.13 0.10 0.07 0.12
Carbon dioxide (Ib)
Direct uptake 112 94 77 87 49
Avoided emissions 166 271 212 145 241
Hydrology (gal)
Runoff avcided 104 177 327 132 187
Water saved 69 120 91 61 102
Other benefits (dollars) 196 234 248 231 190
4
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Figure 7. —Discounted payback periods depict the number of years before the

benefit-cust ralio exceeds 1.0. This analysis assumss a 30-year planning period and
7-percent discount rate.
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slightly fonger at the 10 percent discount rate (11 to 18
years), and shorter at most locations with a 4-percent dis-
count rate (9 to 13 years).

Early payback at public housing sites can be attributed to
several factors. Trees are projected o add leaf area at a
relatively rapid rate due to low initial mortality and fast growth
compared to irees at other locations. These trees are rela-
tively inexpensive to plant and establish due to participation
by residents and volunteers. Thus, the payback period is
shortened because upfront costs, which are heavily dis-
counted compared to costs incurred in the future, are low.

Conclusions

Are trees worth it? Do their benefits exceed their costs? If
$0, by how much? Our findings suggest that energy savings,
air-pollution mitigation, avoided runoff, and other benefits
associated with trees in Chicago can outweigh planting and
maintenance costs. Given the assumptions of this analysis
{30 years, 7-percent discount rate, 95,000 trees planted),
the projected NPV of the simulated tree planting is $38
mitlion or $402 per planted tree. A benefit-cost ratio of 2.83
indicates that the vaiue of projected benefits is nearly three
times the value of projected costs.

In what iocations do trees provide the greatest net benefits?
Benefit-cost ratios are projected to be positive for plantings
at park, yard, street, highway, and public housing locations
at discount rates ranging from 4 to 10 percent. Assuming a
7-percent discount rate, BCRs are largest for trees in resi-
dential yard and public housing (3.5) sites. The following
traits are associated with trees in these locations: relatively
inexpensive to establish, low mortality rates, vigorous growth,
and large energy saving. Because of their prominence in
the landscape and existence of public programs for their
management, street and park trees frequently receive more
attention than yard trees. By capitalizing on the many oppor-
tunities for yard-tree planting in Chicago, residents can gain
additional environmental, economic, social, and aesthetic
benefits. Residents on whose property such trees are located
receive direct benefits (e.g., lower energy bills, increased
property value), yet benefits accrue to the community as
well. In the aggregate, private trees improve air quality,
reduce stormwater runoff, remove atmospheric CO», enhance
the local landscape, and produce other benefits that extend
well beyond the site where they grow.

How many years does it take before trees produce net
benefits in Chicago? Payback periods vary with the species
planted, planting location, and level of care that trees receive.
C-BAT findings suggest that discounted payback periods for
trees in Chicago can range from 9 to 18 years. Shorter
payback periods are obtained at lower discount rates, while
higher rates lengthen the payback periods. These payback
periods compare favorably with those for similar plantings in
other U.S. cities (McPherson et al. 1993b).

What tree planting and management strategies will increase

net benefits derived from Chicago’s urban forest? Findings
from the C-BAT simulations suggest several strategies to
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maximize net benefits from investment in Chicago’s urbz
forest. These concepts are not new and many current
are being applied in Chicago. Most of the following recon
mendations also have application in communities outsid
Chicago as weli.

1. Select the right tree for each location. Given that plantin

and establishment costs represent a large fraction of tot:
tree expenditures, investing in trees that are well suited t
their sites makes economic sense. Matching tree to sit
should take advantage of local knowledge of the tolerance
of various tree species. Species that have proven to be we
adapted should be selected in most cases, though limite:
testing of new introductions increases species diversity ani
adds new horticultural knowledge (Richards 1993). Whe
selecting a tree an important first question is: will this tres
survive the first 5 years after transplanting? A second ques
tion is: what are the long-term maintenance requirements o
this tree and do they match the leve!l of maintenance likely
be delivered? Fast starters that have short life spans or higt
maintenance requirements are unlikely to maximize net ben
efits in the long term. A third question is: what functiona
benefits does a tree produce and will this species providi
them? For example, if summer shade and winter sunlight ar
desired benefits, then a “solar friendly” species should b
given high priority (McPherson 1994: Chapter 7, this report)

2. Weigh the desirability of controlling initial_planting cost
with the need to provide growing environments suitable fc
healthy, long-lived trees. Because the costs of initial inves'
ments in a project are high, ways fo cut up-front costs shoul
be considered. Some strategies include the use of traine
volunteers, smaller tree sizes, and follow-up care to increas
survival rates. When unamended growing conditions ar
likely to be favorable, such as yard or garden settings, it me
be cost-effective to use smaller, inexpensive stock that n
duces planting costs. However, in highly urbanized setting
money may be well spent creating growing environmen
to improve the long-term performance of irees. Freque
replacement of small trees in restricted growing space m
be less economical than investing initially in environmen
conducive to the culture of long-lived, vigorous shade tree

3. Plan for long-term tree care. Benefits from trees increa
as they grow, especiafly if systematic pruning and mainf
nance result in a healthy tree population (Miller and Sylves!
1981). The costs of providing regular tree care are sm
compared to the value of benefits forgone when maturi
trees become unhealthy and die (Abbott et al. 1981). E
ciently delivered tree care can more than pay for itself
improving health, increasing growth, and extending longev
A long-term tree care plan should include frequent visits
each tree during the first 10 years after planting to develo
sound branching structure and correct other problems, ¢
less frequent but regular pruning, inspection, and treatm
as needed. Mature trees in Chicago provide substar
benefits today. Maintenance that extends the life of th
trees will pay dividends in the short term, just as rou
maintenance of transplants will pay dividends in the futu

Clearly, a healthy urban forest can produce fong-term bens
that all Chicagoans can share. This study has devele
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initial estimates of the value of some of these benefits, as
well as the costs. To improve the health and increase the
productivity of Chicago’s urban forest will require increased
support from agencies and local residents. information from
this chapter could be part of a public education program
aimed at making more residents aware of the value their
trees add to the environment in which they live.
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Chapter 9

Sustaining Chicago’s Urban Forest:
Policy Opportunities and Continuing Research

E. Gregory McPherson, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Davis, CA
David J. Nowak, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Chicago, IL
Rowan A. Rowntree, Program Leader, USDA Forest Service, Northeastern Forest Experiment Station, Berkeley, CA

Abstract

Chicago's trees are a community resource that provide a
myriad of benefits. Obtaining and sustaining higher levels of
net benefits from Chicago’s urban forest will require more
active participation by residents, businesses, utilities, and
governments. Opportunities for policies and programs that
forge new links between city residents and city trees are
outiined. They address issues such as economic develop-
ment, environmental planning, public housing, energy con-
servation, and management of the region’s air, water, and
land resources.

Although this report marks completion of the 3-year Chicago
Urban Forest Climate Project, scientists will continue to study
many aspects of Chicago’s urban environment. Ongoing
research that measures and models the effects of trees on
urban climate, air quality, and carbon flux is summarized. A
book that will document results of this research is planned
for publication in 1996.

introduction

Research findings presented in this report describe relations
between the structure of Chicago’s urban forest and environ-
mental and ecological processes that influence hydroclimate,
carbon flux, energy use, and air quality. The value that
Chicagoans’ place on tree-related services is estimated by
accounting for annual benefits and costs associated with
their planting and long-term care. Strategies are presented
that can maximize return on investment.

Chicago’s trees are a community resource that provide a
myriad of benefits, Obtaining and sustaining higher levels
of net benefits from Chicago’s urban forest will require
more active participation by residents, businesses, utilities,
and governments. Whether they know it or not, each of
these entities has a vested interest in Chicago’s urban
forest and stands to gain from the increased benefits it can
produce. Policies and programs that could expand the
current role of these participants in the planning and man-
agement of Chicago’s future urban forest are described in
the following section.

USDA Forest Service Gen. Tech. Rep. 186. 1994,

Policy and Program Opportunities

Green Infrastructure and Development

The 1909 Plan of Chicago envisioned a continuous greenbett
of forest preserves, parks, and boulevards around the city. As
this “green infrastructure” developed, it added value to nearby
properties, provided accessible recreational opportunities,
improved local environments, guided growth, and contributed
to Chicago’s unique character as a “City in a Garden.” Today,
Chicagoans enjoy many of the benefits that this greenspace
provides. As Chicago evolves into the 21st century, the green
infrastructure can continue to play a prominent role. Urban
forest planning and management can address issues such as
job training, conservation education, neighborhood revitaliza-
tion, mitigation of heat islands, energy conservation, stormwater
management and water quality, biological diversity, wildlife
habitat, and outdoor recreation.

A comprehensive set of urban forest planning principles could
position greenspace once again as a value-adding magnet for
econcmic development. Through planning, greenspaces cre-
ated as a part of development can be linked and connected to
Chicago’s historic network of greenbelts and the region's
system of greenways. The design of Chicago’s new green
infrastructure can integrate values that residents demand of
greenspace with the most recent advances in urban forest
science. In this way, Chicagoans can redefine the greenspace
legacy they have inherited to fit the social, economic, and
environmental needs of current and future generations.

Partnerships for Tree Planting and Care at
Public Housing Sites

CUFCP research results suggest great potential net benefits
from tree planting and care at public housing sites. Rela-
tively large energy savings could accrue to persons in low-
income areas who now spend larger than average percent-
ages of their income to heat and cool their homes. Because
residents of public housing incur a disproportionate health
risk due to exposure to air pollution, tree piantings designed
to improve air quality could provide substantial heaith bert
efits. Also, local residents who participate in the planting and
care of trees can strengthen bonds with both neighbors and
nature. Seasonal job training in arboriculture and fuli-time
employment opportunities could result from a substantial
commitment to the restoration of urban forests in areas wit?
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the greatest need for increased tree cover. Finally, business
opportunities for local entrepreneurs might be increased in a
more serene and attractive retail environment associated
with a healthy urban forest.

Potential partners for shade tree programs in public housing
sites include the Chicago Housing Authority, Chamber of
Commerce, Openlands, Commonwealth Edison, People’s
Gas, Center for Neighborhood Technology, and other local,
state, and federal organizations that manage public housing,
energy, water, and air resources.

Urban Forest Stewardship Program

Chicago's street and park trees account for more than one-
third of the city’s tree cover. The health, welfare, and pro-
ductivily of these public trees is important to the heaith,
welfare, and productivity of all city residents. The responsi-
bility for stewardship of street and park trees rests with
Chicago’s Bureau of Forestry and the Chicago Park District.
To increase and sustain benefits from public trees, these
organizations require adequate funding for tree care opera-
tions. Other partners can assist with an urban forest stew-
ardship effort. For example, urban greenspace influences
the quantity and guality of stormwater runoff. Thus, there are
opportunities for water resource agencies to expand their
role from management of local restoration sites to steward-
ship of the urban-forest canopy. Stewardship programs sup-
ported by organizations responsible for managing water, air,
and energy resources could provide financial assistance for
professional care of existing trees and funds to develop and
distribute educational materials for use by residents and
design professionals.

Yard-Tree Planting Program

Electric utilities are beginning to factor the external costs of
supplying power into their resource planning process. Exter-
nal costs are costs for reclaiming land, cleaning air, and
miligating other impacts of power production that are not
fully reflected in the price of electricity. As generating sta-
tions come due for replacement, more utilities are evaluating
the potential of shade trees to cool urban heat isiands and
reduce the demand for air conditioning. Utilities such as
Potomac Electric Power Company, Tucson Electric Power,
and the Sacramento Municipal Utility District have initiated
shade-tree programs because the value of energy saved
exceeds the cost of generating new electricity. Each of these
programs is a joint effort between the utility and a local
nonprofit tree group. The utility provides funding to the group,
which impiements the vard-tree planting and care program.
Urban foresters are employed and trained io ensure that
trees are selected and planted where they will provide the
greatest energy savings. To save money and promote inter-
actions at the neighborhood level. each planting usuaily
involves residents in the same block or neighborhood. Work-
shops and educational matenals are used to train residents
in proper planting and tree-care practices.

Initial economic analyses described by McPherson {Chapter
8, this report) suggest that the present value of benefits
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produced by vard trees in Chicago can be 3 1/2 times their
cost. Trees provide benefits other than energy savings that
should interest utilities, such as removal of air poliutants angd
atmospheric carbon dioxide (Chapters 5 and 8, this report),
Such economic incentives can provide new opportunities for
local utilities to take a more active role in the planting and
care of Chicago's urban forest.

In Chicago and surrounding communities steps have been
taken to make the most of funds available for urban forestry,
Partnerships like Gateway Green bring together municipal
foresters, representatives of highway departments and non-
profit tree groups, and professional arborists to create and
share resources in new ways. Volunteer-based groups like
TreeKeepers work with local residents to ensure that trees
receive the care they need to survive after planting. The
Chicago Bureau of Forestry has invested in a training pro-
gram and now employs more than 100 certified arborists,
each more knowledgeable than ever about tree care. The
Chicago Park District is systematically inventorying trees
and developing urban-forest management pians for its his-
toric parks. However, the continued support of all Chicago-
ans is needed to forge new links between city residents and
city trees. A public education program that informs residents
about the benefits of a healthy and productive urban forestis
one way to strengthen this connection.

Continuing Research

The CUFCP has created an extensive database on urban
forest structure and function. Although completion of the 3-
year CUFCP is marked by this report, scientists will continue
to study many aspects of Chicago’s urban environment. A
book that will document results of CUFCP work is planned
for publication in 1996. Also, methods and tools developed
as part of the CUFCP are being improved and disseminated
to address urban-forest planning and management issues in
other U.S. cities. A brief description of on-going research in
Chicago follows.

Modeling the Effect of Urban Trees on Ozone
Concentrations

This cooperative research with the Lake Michigan Air Direc-
tors Consortium is investigating the effect of increasing or
decreasing the amount of urban trees in Cook and DuPage
Counties on concentrations of ozone in the Chicago area.
This research will incorporate data on emissions of volatile
organic compounds by trees, as well as information on ozone
depaosition and modifications in air temperature due to trees.

Emissions of Volatile Organic Compounds by
Vegetation

This research is estimating the amount of isoprene, monot-
erpenes, and other volatile organic compounds emitted by
vegetation in the Chicago area in 1991 and comparing these
emissions with anthropogenic emissions in the same area.
Resulis will be used to help quantify the overall effect of
urban trees on ozone and test the applicability of the U.S.
Environmental Protection Agency's Biogenic Emission In-
ventory System in two heavily urbanized counties. Many
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crganizations use the Biogenic Emission Inventory System
o estimate emissions of non-methane hydrocarbons as part
of state implementation plans.

Measuring and Modeling the Effect of Urban Trees

on Microclimate

Research continues 1o analyze microclimatic data collected
at 39 sites to better understand tree influences on climate as
a function of area-wide tree and building attributes, nearby
tree and building characteristics, and general weather condi-
tions. Validated mathematical models will predict how differ-
ent building and tree configurations affect air temperature
and wind speed in Chicago. Input for the models will consist
of hourly weather data from an airport and estimates of
characteristics of tree and building structure. The modeis will
be applied to evaluate further how trees influence energy
use in houses, air quality. and human comfort outdoors.

Modeling the Effect of Urban Trees on Local Scale
Hydroclimate

This study continues to investigate relations between ob-
served fluxes, in particular latent heat flux (energy going into
evaporation) and sensible heat flux (energy going into warm-
ing the air) with tree-cover density. A geographic information
system, which has been developed, will provide a basis for
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interpreting the representativeness of flux measurements
and for objectively determining model input for surface pa-
rameters. Numerical boundary layer models will be used to
predict the effects of different tree-planting scenarios on
local scale energy and water exchanges.

Landscape Carbon Budgets and Planning Guidelines
This study guantifies landscape-related carbon storage and
annual carbon fluxes for two residential blocks in Chicago.
Landscape planting and management guidelines based on
increased rates of carbon removal due to direct sequestra-
tion by trees and reduction of indirect emissions associated
with energy savings for residential heating and cooling will
be presented.

Use of Airborne Videography to Describe Urban
Forest Cover in Oak Park, lilinots

Computer image processing technologies provide new tools
for assessing urban forest structure and health. This study
compares data on land cover from two types of airbormne
videography in terms of accuracy, cost, and compatibility
with geographic information systems. Information on forest
cover obtained from black and white and color infrared pho-
tographs aiso are being cornpared. Potential uses and limita-
tions associated with each type of imagery will be outlined.
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Table 1. —Average shading coefficients (percentage of
sunlight intercepted by foliated tree canopies) used in
regression model for leaf-surface area of individual urban
trees {derived from McPherson 1984)

Common name Shading coefficient
American elm 0.87
Amur maple 0.91
Ash (average) 0.83
Beech 0.88
Birch 0.82
Catalpa 0.76
Cottonwood 0.85
Crabapple 0.85
Elm {average) 0.86
Ginkgo 0.81
Golden-rain tree 0.81
Green ash 0.83
Hackberry 0.88
Hawthom 0.84
Honeylocust 0.67
Horsechesinut 0.88
Kentucky coffeetree 0.86
Linden 0.88
Maple (average) 0.86
Norway maple 0.88
Oak (average} 0.79
Pear 0.80
Pin oak 0.78
Poplar (average) 0.78
Red maple 0.83
Red oak 0.81
Russian olive 0.87
Serviceberry 0.77
Shagbark hickery 0.77
Siberian elm 0.85
Silver maple 0.83
Sugar maple 0.84
Sycamore 0.86
Tuliptree 0.90
Walnut/hickory 0.84
White oak 0.75
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Table 2. —Sclentific namss of tres species or genera

Common name Scientific name Common name Scientific name
Ailanthus Ailanthus altissima Magnolia Magnolia spp.
Alder Alnus spp. Maple (other)® Acer spp.
American elm Ulmus americana Mountain ash Sorbus spp.
Amur maple Acer ginnala Mulberry Morus spp.
Apple Malus pumila Norway maple Acer platanoides
Arborvitae Thuja occidentalis Norway spruce Picea abies
Ash (other)3 Fraxinus spp. Oak (other)d Quercus spp.
Austrian pine Pinus nigra Other®
Basswood Tilia americana Pear Pyrus spp.
Beech Fagus grandifolia Pin oak Quercus palustris
Biack focust Robinia pseudoacacia Popiar (other)f Populus spp.
Blue spruce Picea pungens Prunus spp.9 Prunus spp. (including
Amygdalus persica)
Boxelder Acer negundo Redbud Cercis canadensis
Buckthomn Rhamnus spp. Red maple Acer rubrum
Bur cak Quercus macrocarpa Red/black cak Quercus rubra/Q. velutin
Catalpa Catalpa speciosa Red pine Pinus resinosa
Chinese elm Ulmus parvifolia Red/black spruce Picea rubens/P. mariana
Cottonwood Populus deltoides River birch Betula nigra
Crabapple Malus spp. Russian olive Elaeagnus angustifolia
Cypress/cedar Cupressocyparis spp./ Sassafras Sassafras albidum
Charmaecyparus spp.
Dogwood Comus spp. Scotch pine Pinus sylvestris
Elm (other)? Ulmus spp. Serviceberry Amelanchier spp.
Euonymus Euonymus spp. Shagbark hickory Carya ovala
Fir Abies spp. Siberian elm Ulmus pumila
Ginkgo Ginkgo biloba Silver maple Acer saccharinum
Green/white ash Fraxinus pennsylvanica/ Slippery elm Ulmus rubra
F. armericana
Golden-rain tree Koelreuteria paniculata Smoketree Cotinus spp.
Hackberry Celtis occidentalis Spruce (other)! Picea spp.
Hawthom Crataegus spp. Sugar maple Acer saccharum
Hemlock Tsuga canadensis Sumac Rhus spp.
Hickory Carya spp. Swamp white oak Quercus bicolor
Honeylocust Gleditsia triacanthos Sycamore Platanus spp.
Honeysuckle Lonicera spp. Tuliptree Liriodendron tulipifera
Horsechestnut Aesculus spp. Vibemum Vibernum spp.
fronwood Ostrya virginiana Walnut Juglans spp.
Jack pine Pinus banksiana White birch Betula papyrifera
Juniper Juniperus spp. White oak Quercus alba
Kentucky coffeetree Gymnocladus dioica White pine Pinus strobus
Larch Larix spp. White poplar Populus alba
Lilac Syringa spp. White spruce Picea glauca
Linden Tilia spp. {(exclusive of Willow Salix spp.
T. americana)
Lombardi poplar Populus nigra italica Yew Taxus spp.

2 Exclusive of Fraxinus pennsyivanica and F. americana.

b Exclusive of Ulmus americana, U. parvifolia, U. pumile, and U. rubra.
© Exclusive of Acer ginnala, A. negundo, A. platanoides, A. rubrum, A. sacchaium, and A. saccharinum.

Exclusive of Quercus macrocarpa, Q. rubra, Q, velutina, Q. bicolor, and Q. alba.
? Includes 12 minor individual species (sample size = 1) and unknown specles that are not included in other species-identification categories.
Exclusive of Populus deltoides, P. alba, and P. nigra italica.

9 Cheries, plums, peaches.

P Exclusive of Picea abies, P. rubens, P. mariana, and P. glauca.
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Table 3. —Tree composition in Chicago based on number and percentage of tress, and species dominance based on percentage
of total leaf-surface area

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
Cottonwood 535,900 303,100 13.0 1 15.8 1
Green/white ash 495,500 132,100 12.0 2 12.9 2
American elm 297,100 167,200 7.2 3 4.3 6
Prunus spp. 268,200 108,100 6.5 4 2.4 11
Hawthom 259,500 105,500 6.3 5 1.8 17
Buckthorn 232,100 101,100 5.6 6 0.8 27
Honeylocust 189,000 43,800 4.6 7 3.4 8
Boxelider 178,900 86,700 4.3 8 2.0 15
Mulberry 166,600 49,600 4.0 9 23 13
Silver maple 124,700 26,800 3.0 10 7.2 3
Norway maple 122,600 30,800 3.0 11 6.7 5
Yew 112,000 87,700 2.7 12 1.6 20
Ash (other) 107,500 58,100 2.6 13 1.5 21
Ailanthus 89,200 29,900 2.2 14 4.2 7
Crabapple 77,700 28,500 1.9 15 1.9 18
Elm (other) 64,900 49,000 1.6 16 1.0 23
Hackberry 62,100 33,200 1.5 17 2.3 12
Chinese elm 60,000 30,000 1.5 18 0.9 26
Blue spruce 58,800 25,200 i4 19 1.6 19
White oak 49,600 29,700 1.2 20 7.0 4
Swamp white oak 47,500 34,100 1.2 21 2.3 14
Siberian elm 45,000 27,500 1.1 22 0.7 29
Walnut 41,600 34,700 1.0 23 1.3 22
Honeysuckle 38,700 25,300 0.9 24 0.5 32
Hickory 30,100 10,300 0.7 25 0.3 33
Norway spruce 29,200 17,900 0.7 26 0.7 28
Red/black oak 28,000 26,000 0.7 27 2.5 9
Basswood 26,800 13,600 0.6 28 1.9 16
Arborvitae 25,300 12,200 0.6 29 0.1 44
Shagbark hickory 20,700 14,500 0.5 30 0.1 43
Linden 18,600 8,900 0.5 31 2.5 10
Lilac 17,800 8,900 0.4 32 0.1 42
Sugar mapie 17,700 9,600 0.4 33 0.9 25
Pear 14,800 10,500 0.4 34 0.2 40
White pine 14,300 8,200 0.3 35 0.5 31
Other 13,800 7,700 0.3 36 0.0 50
Juniper 13,100 10,200 0.3 37 0.0 47
Catalpa 11,600 8,200 0.3 38 0.3 36
White spruce 11,000 7,800 0.3 39 0.3 35
Austrian pine 10,600 7,800 0.3 40 0.0 46
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Table 3.~—continued

Tree population

Species domine
Species Number SE Percent Rank Percent
White birch 9,600 9,600 0.2 41 0.5
Golden-rain tree 8,700 8,700 0.2 42 0.2
Poplar (other) 8,700 8,700 0.2 43 0.2
Red maple 8,700 8,700 0.2 43 0.0
Horsechestnut 8,200 6,200 0.2 45 0.2
Willow 7,800 7,800 0.2 46 0.1
Cypress /cedar 6,700 6,700 0.2 47 0.3
Bur oak 6,500 6,500 0.2 48 1.0
Black locust 5,200 5,200 0.1 49 0.2
Dogwood 5,200 3,600 0.1 49 0.0
Euonymus 5,200 5,200 0.1 49 0.0
Sumac 4,500 4,500 0.1 52 0.0
Apple 3,800 3,800 0.1 53 0.0
Spruce (other) 2,600 2,600 0.1 54 0.0
Viburnum 2,600 2,600 0.1 54 0.0
Red pine 2,000 2,000 0.0 56 0.0
Fir 1,500 1,500 0.0 57 0.0
White poplar 1,300 1,300 0.0 58 0.0
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Table 4. —Tree composition in suburban Cook County based on number and percentage of trees, and species dominance
»ased on percentage of total leaf-surface area

Tree popuiation Species dominance
Species Number SE Percent Rank Percent Rank
Buckthorn 4,601,600 1,430,800 14.5 1 2.9 12
Green/white ash 3,181,900 745,300 10.0 2 9.6 3
Prunus spp. 2,619,300 660,100 8.2 3 4.0 9
American elm 2,126,400 741,700 6.7 4 9.8 2
Boxelder 1,757,800 447,200 5.5 5 4.6 6
Hawthom 1,715,600 440,100 5.4 6 3.6 10
Alder 1,337,200 1,130,400 4.2 7 0.8 33
Silver maple 1,220,200 287,900 3.8 8 108 1
Red/Miack oak 1,044,100 328,200 3.3 9 5.2 4
Poplar (other) 841,400 527,800 2.6 10 1.3 21
Black locust 831,000 618,200 2.6 " 0.4 38
Slippery elm 732,900 582,800 2.3 12 1.2 23
Cottonwood 715,700 352,600 2.3 13 3.0 11
Sugar maple §90,400 507,600 1.9 14 1.4 20
White oak 540,100 236,200 1.7 15 4.5 7
Crabapple 490,800 100,300 1.5 16 1.8 15
Honeylocust 430,400 81,200 1.4 17 1.7 16
Mulberry 414,500 132,200 1.3 18 1.2 22
Bur oak 408,000 211,400 1.3 19 1.6 18
Norway maple 407,900 110,700 13 20 4.3 8
Basswood 395,300 302,400 1.2 21 0.6 31
Juniper 366,700 135,700 1.2 22 0.2 50
Arborvitae 335,200 148,800 1.1 23 0.3 41
Shagbark hickory 323,200 245,700 1.0 24 0.8 26
Blue spruce 321,100 85,500 1.0 25 0.8 27
Willow 317,400 99,800 1.0 26 5.0 5
Ash (other) 290,600 113,100 0.9 27 0.2 48
Hickory 281,200 139,300 0.9 28 0.3 42
Other 271,000 120,600 0.9 29 1.5 19
Eim (other) 262,400 119,600 0.8 30 0.5 34
Siberian elm 216,600 76,100 0.7 31 1.6 17
Apple 146,200 58,800 0.5 32 0.5 35
Maple {other) 140,400 118,700 0.4 33 0.2 47
Norway spruce 138,500 42,400 0.4 34 2.7 13
Litac 137,300 §7.500 0.4 35 0.1 52
Dogwood 127,500 69,100 0.4 36 0.1 60
River birch 124,300 91,800 0.4 a7 0.4 40
Swamp white oak 123,100 55,100 0.4 38 25 14
Scoich pine 109,700 42,600 0.3 39 0.4 37
Red maple 106,700 67,600 0.3 40 0.6 32
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Teble 4. —continued

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
Linden 99,300 44,200 0.3 41 0.7 28
White birch 82,400 28,200 0.3 42 0.4 36
Yew 90,200 42,200 0.3 43 0.1 58
Pin oak 84,100 34,000 0.3 44 0.9 25
Red pine 76,300 34,800 0.2 45 0.8 24
Pear 64,200 32,300 0.2 48 0.2 44
fronwood 63,300 48,500 0.2 47 0.2 49
White spruce 62,500 27,500 0.2 48 0.1 57
Hackberry 56,400 30,000 0.2 49 0.8 28
Sycamore 54,300 40,300 0.2 50 0.1 55
Redbud 52,700 31,100 0.2 51 0.2 48
Honeysuckle 48,500 29,900 0.2 52 0.1 61
Magnolia 47,900 18,600 0.2 53 0.1 51
Amur maple 40,400 26,500 0.1 54 0.1 54
Sassafras 35,200 28,300 0.1 55 0.1 &3
Walnut 32,500 17,300 0.1 56 0.4 39
Austrian pine 29,900 14,800 0.1 57 0.1 56
Catalpa 27,100 14,100 0.1 58 0.6 30
Spruce (other) 21,800 15,400 0.1 58 0.0 64
Russian olive 18,700 13,000 0.1 60 0.1 59
Smoketree 17,300 11,100 0.1 61 0.0 69
Larch 16,400 10,400 0.1 62 0.0 67
White poplar 14,800 10,400 0.0 63 0.0 62
White pine 14,500 10,800 0.0 64 0.2 45
Fir 13,600 10,500 0.0 65 0.0 63
Lombardi poplar 11,600 11,600 0.0 66 0.0 72
Cypress/cedar 9,000 9,000 0.0 67 0.0 68
Kentucky coffeetree 9,000 8,000 0.0 67 0.0 74
Qak {other) 9,000 9,000 0.0 67 0.0 83
Sumac 9,000 9,000 0.0 67 0.0 70
Vibumum 8,000 2,000 0.0 67 0.0 71
Ginkgo 7.400 5,200 0.0 72 0.0 73
Tuliptree 7,400 5,200 0.0 72 0.0 66
Euonymus 6,600 6,600 0.0 74 0.0 65
Serviceberry 5,700 5,700 0.0 75 0.0 75
Horsechestnut 5,500 5,500 0.0 76 0.3 43
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sition in DuPage County based on number and percentage of trees, and species dominancs hased on
-surface area

Tree population Species dominance

Number SE Percent Rank Percent Rank
1,819,400 1,754,000 12.2 1 2.3 15
1,630,200 454,500 10.9 2 6.2 3
1,619,400 572,600 10.9 3 3.7 8
1,253,100 333,100 8.4 4 4.3 7
950,200 381,400 6.4 5 52 5
658,600 442,500 4.4 6 3.4 10
650,800 175,000 4.4 7 1.2 22
520,700 295,800 3.5 8 2.6 13
458,200 168,300 3.1 9 4.5 6
299,300 88,300 20 10 2.5 14
299,100 131,100 2.0 11 1.9 16
295,700 92,900 2.0 i2 1.9 17
286,800 47,900 1.9 13 9.4 2
275,700 109,700 1.9 14 5.7 4
243,500 144,400 1.6 15 1.3 20
236,900 157,300 1.6 16 0.9 25
234,300 169,800 1.6 17 0.2 39
218,200 66,900 1.5 18 17.3 1
211,200 28,800 1.4 19 1.6 19
190,100 121,100 1.3 20 3.4 9
162,800 63,500 1.1 21 0.3 37
161,700 31,100 1.1 22 31 11
136,300 86,500 0.9 23 0.1 59
133,700 28,800 0.9 24 0.9 27
112,200 41,600 0.8 25 2.8 12
108,500 58,800 0.7 26 0.5 31
108,200 79,200 0.7 27 0.7 30
107,800 47,300 0.7 28 0.4 32
102,200 58,100 0.7 29 0.1 57
98,800 54,500 0.7 30 1.7 18
97,700 32,400 0.7 31 0.7 29
74,400 22,300 0.5 32 0.8 28
71,400 56,000 0.5 33 0.1 50
71,300 29,200 0.5 34 1.2 23
59,300 19,600 0.4 35 0.2 38
56,200 16,100 0.4 36 0.4 33
49,400 29,900 0.3 37 0.2 42
48,300 16,500 0.3 38 0.1 60
48,000 16,400 0.3 39 0.8 26
46,000 24,900 0.3 40 0.2 45
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Table 5. —continued

Tree population Species domin:
Species Number SE Percent Rank Percent
Scotch pine 45,200 15,200 0.3 41 0.1
Red maple 41,200 17,000 0.3 42 1.2
Linden 40,200 17,800 0.3 43 0.3
White birch 40,200 16,300 0.3 43 0.2
Pear 39,300 13,000 0.3 45 0.1
White spruce 39,100 198,200 0.3 46 0.1
Hickory 36,900 21,200 0.2 47 0.1
Yew 35,600 17,200 0.2 48 0.0
Poplar (other) 35,600 16,700 0.2 48 0.9
Vibumum 34,000 18,700 0.2 50 0.0
Dogwood 33,000 11,400 0.2 51 0.1
Red spruce 31,000 29,200 0.2 52 0.1
Amur maple 26,700 14,500 0.2 53 0.1
Redbud 23,300 7,100 0.2 54 0.1
River birch 21,100 7,800 0.1 55 0.3
Russian olive 19,900 16,600 0.1 56 0.2
Lilac 18,500 8,100 0.1 57 0.0
Fir 16,000 8,900 0.1 58 0.0
Euonymus 14,300 11,400 0.1 59 0.0
Maple (other) 12,600 6,800 0.1 60 0.1
Ash (other) 11,800 8,300 0.1 61 0.0
Tuliptree 10,300 9,700 0.1 62 0.0
Hemilock 10,100 6,200 0.1 63 0.0
Horsechestnut 8,100 5,800 0.1 64 0.2
Catalpa 7,400 4,700 0.0 65 0.1
Oak (other) 5,800 4,800 0.0 66 0.0
White poplar 5,100 3,700 0.0 67 0.2
Mountain ash 5,000 3,500 0.0 68 0.0
Kentucky coffeetree 4,400 3,400 0.0 69 0.1
Sycamore 3,500 2,100 0.0 70 0.3
Alder 3,500 3,500 0.0 70 0.0
Beech 3,400 2,900 0,0 72 0.0
Serviceberry 2,700 2,700 0.0 73 0.0
Spruce {other) 1,200 1,200 0.0 74 0.0
Swamp white oak 1,100 1,100 0.0 75 0.0
Ginkgo 800 200 0.0 76 0.0
Smoketree 500 500 0.0 77 0.0
Ailanthus 500 500 0.0 77 0.0
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Table 6. —Tree composition in study area based on number and percentage of irees, and species dominance based on
percentage of total leaf-surface area

Tree poputation Species dominance
Species Number SE Percent Rank Percent Rank
Buckthormn 6,453,100 1,544,400 2.7 1 2.9 11
Green/white ash 4,627,500 847,600 8.1 2 8.7 2
Prunus spp. 4,140,600 746,500 8.1 3 3.8 9
Boxelder 3,567,600 643,500 7.0 4 4.8 5
American elm 2,881,700 778,700 5.7 5 7.6 4
Hawthom 2,626,000 485,300 5.2 6 2.7 13
Willow 2,144,600 1,756,800 4.2 7 3.6 10
Cottonwood 1,910,200 641,900 3.8 8 4.6 6
Silver maple 1,631,600 293,100 3.2 e 10.0 1
Red/black oak 1,372,200 354,400 27 10 3.9 8
Alder 1,340,700 1,130,400 26 11 0.3 41
Black locust 1,073,000 637,800 241 12 0.5 35
Poplar (other) 885,600 528,200 1.7 13 1.0 25
Mulberry 880,300 166,500 1.7 14 1.7 17
Shagbark hickory 864,600 384,800 1.7 15 1.2 22
Slippery elm 841,100 588,200 1.7 16 0.9 28
Whita oak 807,800 247,300 1.6 17 8.5 3
Crabapple 779,700 108,200 1.5 18 1.8 15
Honeylocust 753,100 96,700 1.5 19 1.7 18
Norway maple 692,300 119,000 1.4 20 4.2 7
Bur oak 690,200 238,300 1.4 21 2.7 i2
Sugar maple 682,500 508,200 1.3 22 1.2 23
Blue spruce 675,800 128,700 1.3 23 1.2 24
Basswood 665,600 335,400 1.3 24 1.0 26
Arborvitae 523,300 162,200 1.0 25 0.3 45
Eim (other) 435,800 142,000 0.9 26 0.6 34
Juniper 428,200 137,100 0.8 27 0.1 58
Ash (other) 409,900 127,500 0.8 28 0.3 44
Other 387,100 134,500 0.8 29 0.9 27
Hickory 348,300 141,300 0.7 30 0.2 48
Siberian elm 332,800 86,100 0.7 31 1.4 20
Norway spruce 265,400 56,300 0.5 32 1.8 14
Walnut 264,100 127,100 0.5 33 1.4 19
Yew 237,800 98,800 0.5 34 0.3 47
Jack pine 234,300 169,800 0.5 35 0.1 65
Apple 206,300 62,000 0.4 36 0.4 39
Pin oak 196,300 53,700 0.4 37 1.4 21
Hackberry 189,900 71,700 0.4 38 0.8 30
Honeysuckle 186,100 67,100 0.4 39 0.6 33
Lilac 173,700 58,700 0.3 40 0.1 59
Swamp white oak 171,700 64,800 0.3 41 18 16
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Table 8. —continued

Tree population Species dominance

Species Number SE Percent Rank Percent Rank
Dogwood 165,700 70,100 0.3 42 0.1 64
Linden 158,100 48,500 0.3 43 0.8 29
Red maple 156,500 70,300 0.3 44 0.7 31
Scotch pine 154,800 45,300 0.3 45 0.3 43
Maple (other) 152,800 118,800 0.3 46 0.1 55
Sumac 149,900 87,100 0.3 47 0.0 72
Austrian pine 148,300 50,200 0.3 48 0.2 49
River birch 145,400 92,200 0.3 49 0.3 42
White birch 142,200 33,900 0.3 50 0.4 40
Red pine 124,300 42,800 0.2 51 0.6 32
Pear 118,200 36,300 0.2 52 0.2 50
White spruce 112,500 34,800 0.2 53 0.1 56
Chinese elm 108,400 42,400 0.2 54 0.2 51
Magnolia 107,200 27,000 0.2 55 0.2 53
Aijlanthus 89,800 29,800 0.2 56 0.5 36
White pine 76,800 21,300 0.2 57 0.5 37
Redbud 76,000 31,800 0.1 58 0.2 54
Amur maple 67,100 30,200 0.1 59 0.1 61
fronwood 63,300 48,500 0.1 60 0.1 60
Sycamore 57,800 40,300 0.1 61 0.2 52
Catalpa 46,100 17,000 0.1 62 0.4 38
Vibumum 45,600 21,000 0.1 63 0.0 76
Russian olive 39,600 21,100 0.1 64 0.1 57
Sassafras 35,200 28,300 0.1 65 0.1 63
Fir 31,000 13,900 0.1 65 0.0 69
Red spruce 31,000 29,200 0.1 65 0.0 67
Euonymus 26,000 14,100 0.1 68 0.0 71
Spruce (other) 25,600 15,700 0.1 69 0.0 73
Horsechestnut 22,700 10,100 0.0 70 0.3 46
White poplar 21,300 11,100 0.0 71 01 62
Smoketree 17,800 11,100 0.0 72 0.0 78
Tuliptree 17,700 11,000 0.0 73 0.0 74
Larch 16.400 10,400 0.0 74 0.0 79
Cypress/cedar 15,800 11,300 0.0 75 0.0 66
Qak {other) 14,800 10,200 0.0 76 0.0 81
Kentucky coffeetree 13,500 8,700 0.0 77 0.0 €8
Lombardi poplar 11,600 11,600 0.0 78 0.0 84
Hemlock 10,100 6,200 0.0 78 0.0 77
Golden raintree 8,700 8,700 0.0 80 0.0 70
Servicaberry 8,400 6,300 0.0 81 0.0 83
Ginkgo 8,300 5,300 0.0 82 0.0 80
Mountain ash 5,000 3,500 0.0 83 0.0 75
Beech 3,400 2,800 0.0 84 0.0 82
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Table 7. —Tree composition on institutional lands dominated by buildings in Chicago, DuPage County and entire study area (no
trees were sampled for this land use in suburban Cook County) based on number and percentage of trees, and species
dominance based on total leaf-surface area in each sector

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
CHICAGO
Green/white ash 45,600 45,600 62.5 1 36.8 2
Honeylocust 18,200 18,200 25.0 2 245 3
Hawthom 9,100 9,100 12.5 3 38.6 1
DUPAGE COUNTY
White oak 14,300 14,300 25.0 1 60.0 1
Cottonwood 14,300 14,300 25.0 i 35.4 2
Boxelder 14,300 14,300 25.0 1 4.5 3
Other 14,300 14,300 25.0 1 0.0 4
STUDY AREA
Green/white ash 45,600 45,600 35.0 1 8.5 4
Honeylocust 18,200 18,200 14.0 2 5.6 5
White oak 14,300 14,300 11.0 3 46.3 1
Cottonwood 14,300 14,300 11.0 3 27.3 2
Boxelder 14,300 14,300 11.0 3 3.5 6
Other 14,300 14,300 11.0 3 0.0 7
Hawthom 9,100 9,100 7.0 7 8.9 3
150 Appendix A
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Table 8. —Tree composition on transportational lands in Chica
on transportational lands in suburban Cook County) based on
on total leaf-surface area in each sector

go, DuPage County and entire study area (no trees were sampled
number and percentage of trees, and spscies dominance based

Tree population Species dominance

Species Number SE Percent Rank Percent Rank

CHICAGO
Yew 86,700 86,700 385 1 252 2
Green/white ash 86,700 86,700 38.5 1 61.7 1
Chinese eim 26,000 26,000 11.5 3 55 3
Honeylocust 17,300 11,800 7.7 4 2.1 5
Silver maple 8,700 8,700 3.8 5 5.5 4

DUPAGE COUNTY
Sumac 13,900 13,900 50.0 1 1.1 2
White oak 6,900 6,900 25.0 2 98.1 1
Buckthorn 6,900 6,900 25.0 2 0.8 3

STUDY AREA
Yew 86,700 86,700 34.2 1 17.1 3
Green/white ash 86,700 86,700 34.2 1 41.9 1
Chinese elm 26,000 26,000 10.3 3 3.8 4
Honeyiocust 17,300 11,800 6.8 4 1.4 6
Sumac 13,900 13,900 5.5 5 0.4 7
Silver maple 8,700 8,700 3.4 6 3.7 5
Buckthorn 6,900 6,900 2.7 7 0.2 8
White oak 6,900 6,900 2.7 8 314 2

Table 9. —Tree species composition on agricultural lands in DuPage County (no trees were sampled on agricultural lands in other
sectors of the study area) based on number and percentage of trees, and species dominance based on total leaf-surface area

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
Prunus spp. 138,200 138,200 31.3 1 115 3
Mulberry 110,600 75,400 25.0 2 33.7 2
Other 55,300 55,300 12.5 3 2.8 6
Hackberry 55,300 55,300 125 3 74 4
Chinese elm 27,600 27,600 6.3 5 52 5
Boxeider 27,600 27,600 6.3 § 2.6 7
Silver maple 27,600 27,600 6.3 5 36.8 1

USDA Forest Service Gen. Tech, Rep. NE-186. 1994, Appendix A 151



n on multifamily residential lands in Chicago, suburban Cook County, DuPage County, and entire
r and percentage of trees, and species dominance based on percent of total leaf-surface area in

Tree population Species dominance
Number SE Percent Rank Percent Rank
68,700 68,700 34.5 1 23.3 3
34,400 34,400 17.2 2 34.9 1
34,400 34,400 17.2 2 7.7 5
20,600 20,600 10.3 4 8.5 4
20,600 20,600 10.3 4 25.0 2
20,600 20,600 10.3 4 0.7 6
XOK COUNTY
64,500 33,400 27.8 1 20.5 2
51,600 51,600 222 2 10.4 5
25,800 25,800 11.1 3 115 4
12,900 12,900 5.6 4 2.7 8
12,900 12,900 5.6 4 25.4 1
12,900 12,900 5.6 4 2.2 2]
12,900 12,900 5.6 4 14.3 3
12,900 12,900 5.6 4 6.0 7
12,900 12,900 5.6 4 6.4 6
12,900 12,900 5.6 4 0.6 10
NTY

29,600 24,600 19.4 1 8.6 3
24,600 11,200 16.1 2 334 1
14,800 14,800 9.7 3 7.6 4
9,800 9,800 6.5 4 4.3 [
9,900 6,600 8.5 4 25.8 2
9,900 9,900 6.5 4 1.2 10
9,900 6,600 6.5 4 2.2 8
4,900 4,900 3.2 8 04 16
4,900 4,900 3.2 8 4.0 7
4,900 4,900 3.2 8 1.1 13
4,900 4,900 3.2 8 1.3 9
4,900 4,900 3.2 8 0.6 15
4,900 4,900 3.2 8 1.1 12
4,900 4,500 3.2 8 6.7 5
4,800 4,800 3.2 8 1.1 11
4,900 4,800 3.2 8 0.6 14
125,300 86,100 21.4 1 14.0 3
95,000 403,500 16.3 2 12.1 4
58,200 26,800 10.0 3 19.8 1
44,200 35,000 7.6 4 8.6 8
42,500 27,800 7.3 5 2.8 9
38,500 24,800 6.6 6 9.9 5
34,400 34,400 5.9 7 14.8 2
25,800 25,800 4.4 8 4.2 8
14,800 14,800 2.5 9 1.6 11
12,800 12,900 2.2 10 5.3 7
12,900 12,900 2.2 10 2.2 10
12,800 12,800 2.2 10 0.2 19
12,800 12,900 2.2 10 0.8 13
2,800 9,800 1.7 14 0.3 16
9,900 6,600 1.7 14 0.5 15
4,800 4,800 0.8 16 0.2 18
4,900 4,900 0.8 16 0.1 20
4,800 4,900 0.8 16 0.1 22
4,800 4,900 0.8 16 1.4 12
4,800 4,800 0.8 16 0.1 21
4,800 4,900 0.8 16 0.2 17
4.800 4,900 0.8 16 0.8 14
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Table 11. —Tree composition on commaerciatindustrial lands in Chicago, suburban Cook County, DuPage County, and entis

study area based on number and percentage of trees, and species dominance based on percent of tota! leaf-surface area i
each sector ‘

Tree population Species domin
Species Number SE Percent Rank Percent
CHICAGO
Cottonwood 16,700 16,700 50.0 1 B4.1
Allanthus 16,700 16,700 50.0 1 15.8
SUBURBAN COOK COUNTY
Green/white ash 634,800 548,200 62.2 1 77.3
Poplar (other) 109,500 109,500 10.7 2 0.4
Boxeider 109,500 109,500 10.7 2 1.7
Other 109,500 108,500 10.7 2 8.1
Prunus spp. 57,600 57,600 5.6 5 25
DUPAGE COUNTY
Russian olive 16,300 16,300 20.0 1 202
Siberian elm 16,300 16,300 20.0 1 04
Norway maple 16,300 16,300 20.0 1 41.0
Green/white ash 16,300 16,300 20.0 1 5.6
Magnolia 16,300 16,300 20.0 1 2.7
STUDY AREA
Green/white ash 651,200 549,400 57.3 1 47.9
Boxelder 109,500 109,500 9.8 2 8.9
Poplar {other) 109,500 109,500 9.6 2 0.2
Other 108,500 109,500 9.6 2 4.8
Prunus spp. 57,600 57,600 5.1 5 1.5
Ailanthus 16,700 16,700 1.5 6 0.7
Cottonwood 16,700 16,700 1.5 6 38
Russian olive 16,300 16,300 1.4 8 7.3
Siberian eim 16,300 16,300 1.4 8 11.0
Norway maple 16,300 16,300 1.4 8 14.8
Magnolia 16,300 16,300 1.4 8 1.0
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osition on vacant lands in Chicago, suburban Cook County, DuPage County, and entire siudy area
35 in number and percentage of trees, and species dominance based on percent of tolal isaf-surface area

Tree population Species dominance

Number SE Percent Rank Percent Rank

)

178,300 96,800 36.1 1 68.3 1
52,000 52,000 10.5 2 1.3 5
47,700 47,700 9.7 3 7.6 3
41,600 34,700 8.4 4 12.9 2
39,000 34,500 7.9 5 1.1 6
21,700 21,700 4.4 6 1.0 8
17,300 13,300 3.5 7 0.5 14
17,300 13,300 3.5 7 0.8 10
17,300 13,300 3.5 7 0.6 13
13,000 8,300 2.6 10 0.7 11
13,000 13,000 2.6 10 0.5 15

8,700 8,700 1.8 12 1.8 4

8,700 5,800 1.8 12 1.0 7

8,700 8,700 1.8 12 0.2 16

4,900 4,800 1.0 15 0.9 8

4,300 4,300 0.9 16 0.6 12
JAN COOK COUNTY

870,400 514,700 17.4 1 23.3 1

606,600 606,600 15.7 2 1.7 11

399,100 334,500 10.3 3 20.4 2

367,100 317,600 9.5 4 3.5 7

335,200 208,600 8.7 5 33 8

271,400 155,400 7.0 6 12.6 4

239,400 208,200 6.2 7 71 [

207,500 90,000 5.4 8 2.2 9

191,500 191,500 5.0 9 57 6

143,700 87,900 37 10 16.0 3

127,700 96,500 3.3 11 1.7 10
95,800 69,800 2.5 i2 0.8 i3
79,800 64,300 2.1 13 0.9 12
63,800 63,800 1.7 14 0.5 14
31,800 21,900 0.8 15 0.2 15
16,000 16,000 0.4 16 0.0 16
16,000 16,000 0.4 16 0.0 17

Z COUNTY
1,767,900 1,753,300 27.4 1 5.6 i0
958,00 366,700 14.8 2 19.3 1

602,400 377,300 9.3 3 10.0 2

602,400 377,300 9.3 4 8.5 3
408,00 392,100 6.3 5 6.7 7
406,00 291,000 6.3 5 5.8 8

340,450 188,300 5.3 7 4.0 11

187,100 107,100 2.4 8 57 Q

157,100 130,300 2.4 8 6.8 8

144,100 144,100 2.2 10 1.3 14

131,000 117,700 2.0 11 7.0 4

117,800 91,500 1.8 i2 6.8 5

117,800 117,800 1.8 12 3.8 12

104,800 50,200 1.6 14 0.8 18
§1,700 78,700 1.4 15 1.8 13
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Table 12. —continued

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
Elm (other) 78,600 56,900 i.2 16 0.6 21
Honeysuckle 65,500 53,100 1.0 17 0.7 20
Sumac 39,300 39,300 0.6 18 0.1 24
Austrian pine 39,300 39,300 0.6 i8 1.1 16
Pin oak 26,200 26,200 0.4 20 1.3 15
Mulberry 13,100 13,100 0.2 24 0.7 19
Linden 13,100 13,100 0.2 24 0.9 17
STUDY AREA
Willow 1,911,500 1,756,100 17.7 1 8.2 3
Boxeider 1,227,300 398,200 11.4 2 14.3 2
Cottonwood 983,300 524,500 9.1 3 20.3 1
Green/white ash 954,900 431,400 8.8 4 6.4 5
Buckthorn 827,200 388,100 7.7 5 52 7
Biack locust 750,600 623,400 7.0 ] 1.2 16
Prunus spp. 707,600 369,300 6.6 7 3.2 12
Poplar (other) 679,100 514,800 6.3 8 7.9 4
Shagbark hickory 406,000 291,000 3.8 9 3.1 13
American elm 392,100 240,100 36 10 6.2 6
Red/black oak 252,900 127,800 2.3 11 3.3 11
Silver maple 209.000 192,000 1.9 12 2.1 14
Ash (other) 179,700 109,600 1.7 13 0.7 18
Walnut 159,400 122,900 1.5 14 3.8 8
Basswood 157,100 130,300 1.5 15 3.5 10
Elm (other) 126,200 74,200 1.2 16 1.4 15
Bur oak 117,800 91,500 1.1 17 3.6 9
Hawthom 117,800 61,600 1.1 18 0.5 22
Slippery elm 91,700 78,700 08 19 1.0 17
Dogwood 79,800 64,900 0.7 20 0.3 25
Pin oak 58,100 34,200 0.5 23 0.7 19
Austrian pine 39,300 39,300 0.4 26 0.8 20
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ition on residential fands in Chicago, suburbap Cook Qounty, DuPage County, and entire sludy area
in number and percentage of trees, and species dominance based on percent of total leal-surface area

Tree population Species dominance
Nurmber SE Percent Rank Percent Rank
116,100 43,600 9.2 1 11.8 2
112,000 34,400 8.9 2 2.8 12
108,400 29,800 8.6 3 4.6 7
96,800 22,800 7.7 4 12.7 1
78,000 18,400 6.2 5 8.0 5
76,700 25,700 6.1 6 1.6 15
58,900 25,200 4.7 7 3.2 10
55,200 20,800 4.4 8 8.4 4
45,200 23,800 3.6 9 1.5 17
42 300 33,800 3.4 10 3.6 9
38,700 25,300 3.1 11 1.0 22
34,800 21,300 2.8 12 2.7 13
33,800 15,000 2.7 13 0.9 23
29,200 17,900 2.3 14 1.5 16
27,300 14,400 2.2 15 0.4 29
25,400 12,900 2.0 16 0.3 34
25,300 12,200 2.0 17 0.2 35
18,400 11,500 1.5 18 1.1 198
17,800 8,800 1.4 19 0.3 33
14,800 10,500 1.2 20 0.4 31
14,100 11,600 1.1 22 8.5 3
12,500 8,900 1.0 24 1.5 18
10,800 7,800 0.9 27 45 8
10,800 7,800 0.9 27 7.4 6
2,600 9,600 0.8 31 1.0 20
B, 700 8,700 0.7 33 3.0 11
6,500 6,500 0.5 38 2.0 14
JAN COOK COUNTY
603,300 124,300 9.0 1 18.1 1
474,500 117,700 74 2 9.4 2
423,500 93,600 6.3 3 3.3 10
394,900 118,700 59 4 0.7 25
357,800 70,900 5.3 5 3.2 11
357,700 135,400 53 6 0.3 40
347,300 127,200 52 7 2.2 15
326,200 143,500 4.9 8 0.7 27
299,200 84,000 4.5 9 1.5 17
285,500 73,000 4.4 10 58 4
285,800 115,900 4.3 1" 6.6 3
238,200 51,900 36 12 2.8 13
168,600 71,100 25 13 3.3 9
149,100 55,600 22 14 2.2 14
146,200 59,800 2.2 15 1.1 21
129,400 41,400 1.9 16 4.9 6
114,300 114,300 1.7 17 4.1 8
111,500 51,400 1.7 18 0.1 48
108,700 87,600 1.6 19 1.2 20
101,400 31,000 1.5 20 5.6 5
85,800 31,100 1.0 24 1.4 18
46,000 19,100 0.7 31 3.1 iz
29,300 22,200 0.4 38 1.6 16
23,600 20,500 0.4 40 4.7 7
18,100 10,800 0.3 44 1.3 19
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Table 13. -—continued

Tree population e e
Species Number SE Percent Fionk P:f::;?ﬁ domina
DUPAGE COUNTY e
Buckthorn 655,600 398,800 145 1 2.0
Bilue spruce 266,200 89,600 59 2 3'3
Siiver maple 246,000 36,900 5.4 a fsea
Green/white ash 242,300 37,400 5.3 4 47
Prunus spp. 207 500 43,100 4.6 5 2”&
Crabapple 162,000 23,200 3.6 & 22
Arborvitae 142,700 62,400 32 v 04
Norway maple 133,000 25,500 29 8 5{3
Red/black oak 130,600 75,400 2.9 9 19
White oak 128,900 58,300 28 10 128
Mulberry 118,900 37,400 2.6 1 1.1
Hawthomn 115,300 40,000 25 12 07
American elm 108,100 33,400 2.4 13 3.8
Bur oak 105,000 43,200 2.3 14 58
Shagbark hickory 102,400 52,400 2.3 15 22
Honeylocust 101,200 22,000 2.2 16 1.3
Boxelder 95,200 23,800 241 17 1.5
Black locust 92,800 63,200 2.0 18 1.3
Norway spruce 92,800 32,000 2.0 19 1.9
Pin oak 82,200 32,100 1.8 20 4.8
Siberian elm 51,200 23,900 1.1 23 1.5
Willow 47,800 12,500 1.1 25 26
Red maple 41,200 17,000 0.9 28 2.3
White pine 38,200 13,100 0.8 32 1.8
Poplar (other) 31,800 16,200 0.7 37 1.6
Cottonwood 30,400 13,100 0.7 40 15
STUDY AREA

Buckthorn 1,050,400 416,100 8.4 1 1.4
Silver maple 927,400 131,400 7.4 2 18.3
Green/white ash 832,900 131,000 6.7 3 8.1
Prunus spp. 642,000 86,900 5.1 4 2.9
Biue spruce 624,300 125,400 5.0 5 2.3
Crabapple 619,400 97,600 5.0 € 2.7
Mulberry 578,200 137,000 4.6 7 1.9
Norway maple 525,300 80,600 4.2 8 6.1
Arborvilae 494,300 161,600 4.0 8 0.5
Honeylocust 448,800 63,800 3.6 10 2.5
American elm 439,000 123,000 35 11 5.1
Juniper 419,100 136,800 3.4 12 0.2
Boxelder 271,600 62,200 2.2 13 1.8
White cak 254,000 128,600 2.0 14 7.3
Norway spruce 251,400 55,300 2.0 15 3.3
Siberian elm 231,200 75,300 1.8 16 2.4
Apple 206,300 62,000 1.7 17 0.8
Hawthom 169,300 45,600 1.4 18 0.4
Red/black oak 161,700 78,700 1.3 18 1.1
Yew 151,200 47,300 1.2 20 0.2
Willow 149,200 33,400 1.2 21 4.0
Red maple 147,900 69,700 1.2 22 1.4
Bur oak 121,300 44,800 1.0 26 2.5
Pin oak 107,200 36,000 0.9 32 1.7
Swamp white oak 67,000 39,600 0.5 40 3.0
Other 59,000 18,800 0.5 42 1.8
Cottonwood 44,500 17,500 0.4 50 15
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Table 14. —Tree composition on institutional lands dominated by vegetation in Chicago, suburban Cook County, DuPage
County, and entire study area based on top 20 species in number and percentage of trees, and species dominance based on
percent of total leaf-surface area in each sector

Tree population Species dominance
Species Number SE Percent Rank Percent Rank
CHICAGO
Cottonwood 292,300 284,500 15.8 1 8.2 5
American elm 230,300 164,000 12.5 2 11.9 1
Hawthormn 230,300 104,100 12.5 2 4.8 9
Buckthorn 214,700 100,200 11.6 4 2.8 11
Green/white ash 195,400 67,700 10.6 5 9.6 4
Prunus spp. 191,400 99,900 10.4 6 5.5 8
Boxelder 82,800 50,800 4.5 7 2.5 12
Hackberry 62,100 33,200 3.4 8 8.0 7
White oak 38,800 28,700 2.1 g 11.6 2
Silver maple 33,600 16,800 1.8 10 10.0 3
Red/black oak 28,500 26,000 1.5 11 8.6 6
Siberian elm 25,900 25,900 1.4 12 1.1 16
Crabapple 23,300 12,700 1.3 13 0.9 18
Shagbark hickory 20,700 14,500 1.1 14 0.5 24
Ash (other) 20,700 15,000 1.1 14 0.2 26
Hickory 20,700 8,600 1.1 14 0.7 21
Honeylocust 19,400 10,500 1.1 17 0.8 19
Basswood 18,100 10,500 1.0 i8 1.5 15
Mulberry 15,500 9,500 0.8 18 2.8 10
Other 12,800 7,600 0.7 20 0.1 31
Linden 7,800 4,400 0.4 22 1.0 17
Norway maple 5,200 3,600 0.3 24 1.6 14
Sugar maple 5,200 3,600 0.3 24 0.7 20
Swamp white oak 5,200 3,600 0.3 24 1.8 13
SUBURBAN COOK COUNTY
Buckthorn 3,998,200 1,423,000 20.0 1 5.3 7
Prunus spp. 1,836,800 571,400 9.2 2 4.9 8
Green/white ash 1,737,200 443,300 8.7 3 9.6 3
Hawthorn 1,655,700 439,400 8.3 4 7.2 4
American eim 1,601,200 702,400 8.0 5 13.7 1
Alder 1,330,100 1,130,400 6.7 6 1.1 20
Boxelder 1,176,300 397,600 59 7 6.0 5
Red/black oak 904,800 319,600 4.5 8 10.0 2
Slippery elm 732,800 582,800 3.7 9 2.5 14
Sugar maple 524,800 506,600 2.6 10 1.7 16
Silver maple 425,300 175,100 2.1 11 4.5 9
Bur oak 398,100 211,200 2.0 12 2.6 13
Basswood 380,000 302,300 1.8 13 1.0 21
White oak 361,900 196,600 1.8 14 5.4 (]
Cottonwood 316,700 111,500 1.6 15 4.4 10
Shagbark hickory 316,700 245,600 1.6 15 1.7 17
Hickory 271,400 138,900 1.4 17 0.6 25
Eim (other) 262,400 119,600 1.3 18 1.1 19
Black locust 190,000 117,100 1.0 19 0.3 33
Ash {other) 162,900 59,000 0.8 20 0.2 36
Norway maple 99,500 82,200 0.5 24 2.9 12
Willow 72,400 35,500 0.4 27 3.4 11
Pin oak 27,100 20,100 0.1 36 1.7 15
Red pine 27,100 27,100 0.1 36 1.6 18
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Table 14. —continued

‘ Tree population o Species dominan
Species Number SE Percent  Rank N ﬁé?«%?wwwwgzﬁy
DUPAGE COUNTY R
Prunus spp. 566,800 233500 17.9 1 8.1 4
Boxelder 532,800 285,600 18.8 P 55 2
Hawthom 430900  159.400 136 3 29 -
Buckthorn 349,600 162,500 1.1 4 3.1 '
Jack pine 226 800 169,700 7.2 5 Q:g 18
American elm 218,200 118,800 68 6 7 8
Cottonwood 207,800 204,100 6.6 7 4.1 a
Sumac 83,200 75,800 28 8 6.1 o]
Green/white ash 78,400 36,800 25 g a3 '%
White oak 68,000 28,700 2.2 10 KER 1
Basswood 60,500 60,500 1.6 11 0.8 15
Mutberry 56,700 23,300 1.8 12 58 ¥
Bur oak 52.900 42,200 1.7 13 61 %
Walnut 26,500 17,100 0.8 14 8.4 4
Sugar maple 26,500 12,200 0.8 14 o9 14
Crabapple 24,800 13,000 08 16 (131 V7
Honeylocust 22,700 15,800 0.7 17 0.4 HE
Arborvitas 15,100 10,600 0.5 18 0.2 14
Scotch pine 12,700 9,600 0.4 19 0.1 28
Vibumum 11,300 11,300 0.4 20 .0 31
Shagbark hickory 11,300 8,400 0.4 20 2.2 12
Norway maple 7,600 5,300 6.2 25 1.7 $3
Siperian elm 3,800 3,800 0.1 29 0.2 2V
STUDY AREA
Buckthom 4563500 1,435,700 18,3 5 4.7 9
Prunus spp. 2,595,100 625,300 10.4 2 5.6 7
Hawthom 2,316,800 478,800 9.3 3 6.2 &
American elm 2,050,600 730,500 8.2 4 12.0 3
Green/white ash 2,012,000 450,000 8.1 5 8.4 3
Boxelder 1,791,900 480,800 72 B 6.4 5
Alder 1,330,100 1,130,400 53 7 0.8 23
Red/black oak 944 600 320,800 3.8 8 8.0 4
Cottonwood 816,900 367,400 33 9 4.8 B
Slippery eim 740,500 582,800 3.0 10 1.8 14
Sugar maple 556,400 506,800 2.2 11 1.5 18
White oak 468,800 200,700 1.9 12 11.4 2
Silver maple 458,800 175,800 1.8 13 42 10
Basswood 458,600 308,400 1.8 14 0.8 23
Bur oak 451,000 215,400 1.8 15 3.0 11
Shagbark hickory 348,700 246,200 1.4 16 1.7 18
Hickory 292,100 139,200 1.2 17 0.8 29
Elm (other) 272,700 120,100 1.1 i8 08 2z
Jack pine 226,800 169,700 0.9 19 0.1 40
Black locust 195,200 117,300 0.8 20 0.3 31
Mulberry 126,500 41,800 0.5 24 1.6 17
Norway maple 112,300 82,400 0.4 26 2.6 i2
Witlow 83,800 36,500 0.3 a2 25 1
Walnut 35,500 19,400 0.1 40 1.7 1
Pin oak 30,900 20,500 0.1 a1 1.3 ¥
Red pine 27,100 27,100 0.1 43 i@
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Table 17. —Distribution of ground-surface materials in Chicago, suburban Cook County, DuPage County, and entire study area,
by land use

Chicago Cook County DuPage County Study Area
Surface type Percent2  SE Percent? SE Percent?  SE Percent? SE
INSTITUTIONAL (vegetation)

Grass (maintained) 46.6 5.8 32.1 4.7 41.8 6.1 35.9 34
Herbaceous 119 3.5 15.8 2.8 12.0 2.9 14.5 2.0
Shrub 3.7 1.5 154 2.9 14.4 3.5 13.7 2.1
Dutf 6.1 2.8 10.9 2.7 3.9 1.8 8.9 1.9
Soil 10.5 3.4 7.7 2.0 3.3 1.4 7.1 1.4
Grass (unmaintained) 0.4 0.4 6.3 1.9 12.2 3.7 6.8 1.5
Tar 14.6 3.9 1.4 0.7 5.8 2.4 4.0 0.8
Water 1.5 1.3 4.0 1.8 4.2 2.5 3.7 1.3
Rock 0.6 0.6 2.3 1.4 1.7 0.7 2.0 1.0
Building 0.5 0.4 1.3 1.1 0.4 0.4 1.0 08
Other structure 1.7 0.8 1.0 0.5 0.1 0.1 0.9 0.3
Cement 14 0.6 0.8 0.5 0.0 0.0 0.7 0.3
Other impervious 0.0 0.0 0.9 0.4 0.2 0.2 0.6 0.3
Wood 0.5 0.3 0.1 0.1 0.0 0.0 0.2 0.1

All surfaces 100.0 100.0 100.0 100.0

AGRICULTURAL

Herbaceous 0.0 0.0 60.6 12.5 76.3 9.6 67.8 8.0
Soil 100 0.0 37.8 1.7 2.7 1.6 21.4 6.2
Grass (unmaintained) 0.0 0.0 1.1 1.1 10.7 6.8 5.7 3.3
Grass (maintained) 0.0 0.0 0.6 0.6 7.3 5.2 3.8 2.5
Tar 0.0 0.0 0.0 0.0 2.0 2.0 0.9 0.9
Rock 0.0 0.0 0.0 0.0 0.6 0.6 0.3 0.3
Duff 0.0 0.0 0.0 0.0 0.3 0.3 0.2 0.2
Shrub 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0
Building 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cement 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other impervious 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other structure 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wood 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All surfaces 100.0 100.0 100.0 100.0

INSTITUTIONAL (building)

Grass (maintained) 17.3 8.0 59.7 13.7 40.2 24.4 46.5 9.6
Tar 516 14.8 15.2 8.1 3.0 3.0 20.4 57
Building 20.6 13.6 19.4 13.0 16.0 16.0 19.0 8.7
Grass (unmaintained) 0.0 0.0 0.0 0.0 200 200 4.2 4.2
Cement 4.8 2.7 2.6 1.3 0.6 0.6 2.6 1.0
Herbaceous 0.0 0.0 0.0 0.0 10.0 10.0 2.1 2.1
Rock 3.1 3.1 1.0 1.0 2.0 2.0 1.7 1.0
Soil 0.6 0.6 0.3 0.2 6.0 6.0 1.6 1.3
Other structure 0.9 0.6 1.7 1.2 0.2 0.2 1.2 0.7
Dutt 0.0 0.0 0.0 0.0 2.0 2.0 0.4 0.4
Shrub 0.5 0.5 0.1 0.1 0.0 0.0 0.2 0.1
Other impervious 0.6 0.6 0.0 0.0 0.0 0.0 0.1 0.1
Water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wood 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All surfaces 100.0 100.0 100.0 100.0
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Table 17. —continued

Chicago Cook County DuPage County Study Area
Surface type Percent? SE Percent®  SE Percent?  SE Percenf? SE
COMMERCIAL/INDUSTRIAL
Tar o 35.1 8.9 27.6 8.8 35.3 9.9 30.8 58
Grass (maintained) 1.0 0.7 227 7.7 14.7 58 15.8 4.6
Building 1.5 6.0 121 6.2 237 9.9 187 42
Other impervious 21.0 8.1 5.6 5.6 0.0 0.0 8.7 3.9
Rock 9.6 5.0 53 3.2 0.6 0.3 57 2.3
Cement 7.9 2.7 3.9 1.5 7.1 3.4 5.4 1.2
Other structure 2.6 1.2 6.8 5.1 0.5 0.4 47 3.0
Soil 1.7 1.2 2.9 28 157 104 4.6 2.3
Water 0.7 0.7 5.6 5.6 0.0 0.0 3.4 3.2
Herbaceous 4.4 2.4 3.1 28 0.8 08 3.1 1.7
Shrub 0.0 0.0 46 28 1.5 05 2.9 1.6
Grass (unmaintained) 3.8 2.7 0.0 0.0 0.0 0.0 1.0 0.7
Wood 0.7 0.7 0.0 0.0 0.0 0.0 0.2 0.2
Duff 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0
All surfaces 100.0 100.0 100.0 100.0,
MULTIRESIDENTIAL
Building 42.0 14.2 15.6 10.8 26.1 10.6 30.1 8.0
Grass (maintained) 19.3 9.3 29.3 8.9 39.7 9.5 26.4 57
Tar 6.7 6.7 44.9 10.7 16.1 8.4 218 5.1
Cement 15.1 7.1 3.1 1.8 2.4 0.7 8.7 3.5
Shrub 7.9 4.2 3.1 1.3 42 1.6 5.8 2.1
Other impervious 4.9 4.9 0.0 0.0 0.0 0.0 2.3 23
Sail 1.4 1.4 2.9 1.3 0.4 0.3 1.7 0.8
Duft 2.4 2.1 0.2 0.2 1.1 0.9 1.4 1.0
Water 0.0 0.0 0.0 0.0 7.7 43 1.4 0.8
Rock 0.0 0.0 0.3 0.3 1.2 0.5 0.3 0.1
Herbaceous 0.3 0.3 0.0 0.0 0.8 0.6 0.3 0.2
Other structure 0.0 0.0 0.6 0.4 0.4 0.2 0.3 0.1
Grass (unmaintained) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wood 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
All surfaces 100.0 100.0 100.0 100.0
TRANSPORTATION
Tar 42.7 121 23.5 12.3 37.2 10.1 314 7.8
Grass (maintained) 124 6.6 285 14.6 14.4 58 215 8.2
Cement 15.3 7.8 15.1 9.8 12.2 8.1 14.8 6.1
Rock 20.0 9.0 11.0 7.4 1.4 0.6 127 54
Grass (unmaintained) 3.6 3.6 1.1 8.2 22.8 8.7 10.1 4.t
Soil 0.9 0.7 10.3 7.3 0.4 0.4 6.0 4.
Herbaceous 2.3 1.9 0.0 0.0 5.6 3.8 1.4 0.1
Other structure 1.9 1.6 0.5 0.5 0.2 0.2 0.9 0.l
Shrub 0.3 0.3 0.0 0.0 3.8 2.8 0.6 0.
Other impervious 0.6 0.4 0.0 0.0 2.0 1.6 0.5 0.
Water 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.
Building 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
Dutf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
Wood 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
All surfaces 100.0 100.0 100.0 100.0
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Table 17. —continued

Chicago Cook County DuPage County _‘m
Surface type Percent?  SE Percent*  SE Percent?  SE Percent> SE
VACANT
Herbaceous 4.9 3.3 41.0 8.0 25.7 6.1 32.4 4.8
Grass (unmaintained) 32.8 11.4 25.0 6.5 31.7 10.3 28.1 5.3
Shrub 8.2 5.4 14.7 3.9 20.9 5.3 16.4 29
Grass (maintained) 13.6 8.3 8.7 6.4 3.9 2.7 8.0 3.7
Soil 148 6.7 5.7 3.1 8.3 5.6 7.5 2.7
Duff 8.6 6.9 0.6 0.5 4.3 2.3 2.7 1.1
Water 0.0 0.0 1.6 1.1 1.7 1.4 1.5 0.8
Rock 4.1 3.6 1.6 1.1 0.5 0.5 1.4 0.7
Tar 3.6 3.6 0.0 0.0 3.0 2.7 1.4 1.0
Cement 8.3 4.1 0.0 0.0 0.0 0.0 0.7 0.4
Wood 0.9 0.6 0.0 0.0 0.0 0.0 0.1 0.1
Other structure 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Other impervious 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Building 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
All surfaces 100.0 100.0 100.0 100.0
RESIDENTIAL
Grass {maintained) 29.0 1.4 42.0 2.1 52.3 1.7 42.4 1.3
Building 21.6 0.7 14.4 0.8 104 0.5 14.6 0.5
Tar 1.3 0.7 14.2 1.5 12.4 1.0 13.2 0.9
Cement 17.0 0.7 10.3 1.0 6.1 0.7 10.4 0.6
Other structure 7.9 0.5 5.3 0.5 4.4 0.5 5.8 0.3
Shrub 2.4 0.3 4.9 0.4 6.2 0.9 4.8 0.3
Soit 5.7 0.7 2.7 0.6 1.7 0.2 3.0 0.3
Herbaceous 2.3 0.3 2.4 0.5 25 0.4 2.4 0.3
Rock 1.2 0.2 2.2 0.4 1.9 0.3 1.9 0.2
Other impervious 0.7 0.2 0.8 0.3 0.5 7.1 0.7 1.9
Duff 0.4 0.2 0.3 0.1 0.9 0.2 0.5 0.1
Water 0.0 0.0 0.4 0.3 0.4 0.3 0.3 0.2
Grass (unmaintained) 0.5 0.3 0.2 0.1 0.3 0.3 0.2 0.1
Wood 0.1 0.1 0.2 0.1 0.1 0.0 0.2 0.0
All surfaces 100.0 100.0 100.0 100.0
8 parcentage of land-usa population in sector.
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Trees for Energy-Efficient Landscapes in Chicago
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Trees for energy-efficient landscapes in the Chicago area .

Tree species Solar friendly Fom Growth rate Longevity
Small (< 20 feet)
Dogwood, Comeliancherry  Comus mas NA R S i
Filbert, European Corylus avellana NA S M |
Hawthom Crataegus spp.
Cockspur C. crus-galli Y L M I
Dotted C. punctata Y L M L
Downy C. mollis N L M L
Lavelle C. x lavallei N R M I
Vaughn C. Vaughn' NA L M |
Washington C. phaenopyrum N \") M I
Winter King C. viridis 'Winter King' N L M |
Lilac, Japanese Tree Syringa reticulata Y R S |
Maple, Amur Acer ginnala Varies R M i
Redbud Cercis canadensis Y B M I
Smoketree, Common Cotinus coggygria Y S M i
Willow, French Pussy Salix caprea NA S R S
Crabapples Malus spp. Varies Varies M i
Medium (20-40 feet)
Alder Alnus spp.
European Black A. glutinosa N O R |
White A. incana NA O R I
Catalpa Catalpa spp.
Chinese C. ovata NA R M L
Northern or Western C. speciosa NA 0] R |
Southem C. bignonioides NA R M I
Corktree, Amur Phellodendron amurense Y R M L
Elm, Lacebark Ulmus parvifiora N R M |
Linden, Littleleaf Tilia cordata Varies P M !
Maple Acer spp.
Hedge A. campestre Varies B M I
Miyabe A. miyabel NA R M L
Tartarian A. tataricum NA R M L
Osage-orange Maclura pomifera NA R M L
Pagodatree, Japanese Sophora japonica Y R M L
Poplar, Quaking Aspen Populus tremuloides Y (0] M I
Yellowwood Cladrastis lutea Y R M i
Large (>40 feet)
Ash Fraxinus spp.
Green F. pennsylvanica Y (0] R L
White F. americana Y (0] M L
Birch Betula nigra N 0] R |
Coffeetree, Kentucky Gymnocladus dioica Y R M L
Elm Ulmus spp.
English U. carpinifolia N P R L
Regal U. ‘regal’ NA P M L
Ginkgo Ginkgo biloba Y o] M L
Hackberry, Common Celtis occidentalis Y v R L
Honeylocust, Thornless Gleditsia triacanthos v. Y R R l
inermis
Horsechestnut, Common Aescuius hippocastanum N R M L
Larch Larix spp.
European L. decidua Y P R L
Japanese L. kaemnpferi NA P R L
Linden Tilia spp.
American (Basswood) T. americana N o] M L
Bigleaf T. platyphylios N (0] M |
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Trees for energy-efficient landscapes in the Chicago area (continued).

Tree species

Solar friendly Fom

Growth rate Longevity
Large (>40 feet)
Maple Acer spp.
Balck A. nigrum Y 0 M L
Norway A. platanoides Y R M L
Oak Quercus spp.
Bur Q. macrocarpa N B M L
English Q. robur N R M L
Pin or Swamp Q. palustris N P R L
Red Q. rubra N R M L
Sawtooth Q. acutissima NA P M L
Shingle Q. imbricaria NA P M L
Southern Red Q. flacata NA (o} M L
Swamp White Q. bicolor NA R M L
White Q. alba N R M L
Willow Q. phelios N P R L
Persimmon, Common Diospyros virginiana Y 0 M L
Redwood, Dawn Metasequoia Y P R L
glyptostroboides
Sourgum (Black Tupelo) Nyssa sylvatica Y P M L
Sycamore Platanus occidentalis N o) R L
Medium Evergreens (<40 feet)
Arbovitae Thuja spp.
Criental T. orientalis N P S 1
White Cedar T. occidentalis N P M |
Juniper Juniperus spp.
Chinese J. chinensis N P M 1
Eastern Redcedar J. virginiana N P M L
Rocky Mountain J. scopulorum N P M 1
Large Evergreens (>40 feet)
Pine Pinus spp.
Austrian or Black P. nigra N P M I
Red P. resinosa N P M |
White P. strobus N P M L
Spruce, Colorado Picea pungens N P M L
Legend
Solar triendly Form Growth rate Longevity
Y=Yes R=Rounded L=Layered S=Slow (<10"/year) S=Short (<25 years)
N=No P=Pyramidal W=Weeping = M=Moderate (10-20"year) I=intermediate (25-50 yea
NA=Data not available V=Vase shaped = O=Oval R=Rapid (>20"/year) L=Long (>50 years)
Varies=with cultivar B=Broad S=Shrubby
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Standard Reports for Brick Base Case Buildings
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70

Chicago, lliinois

Tree Shade Only

1 Stary, Brick Construction - 2,125 sq ft Residence (Front Facing East)

Source Energy Use (kBtu/ sq ft)

Tree Height and Distance from Building

Nat. Gas
Electricity

($/therm):
($/kWh):

0.5
0.12

% Saved from Base Case

Small (24 ) Med. (36 t) Large (50ft) Large (50 ft) Small (24 ft) Med. (36ft) Large (50 ft) Largs (50 1t)
East Tree Base Case 12ftAway 22ftAway 22ftAway 3ditAway EastTree 12ftaway 22ftAway 22ftAway 34 ft Away
Total Heating Use 82.50 82.88 82.99 83.06 82.96 -0.46 -0.59 -0.68 -0.56
Total Cooling Use 9.29 9.04 8.82 8.47 8.66 2.68 5.03 8.88 6.75
Total Energy Use 91.79 91.92 91.81 91.53 91.63 -0.14 -0.02 0.29 0.18
Peak Cool (kW) 449 4.49 4.49 449 4.49 0.01 0.01 0.02 0.02
South Tree South Tree
Total Heating Use 82.50 82.99 83.22 83.70 83.23 -0.59 -0.86 -1.45 -0.88
Total Cooling Use 9.29 9.25 924 9.01 9.24 0.47 0.51 3.06 0.49
Total Energy Use 91.79 92.24 92.46 92.71 92.48 -0.48 -0.72 -1 -0.75
Peak Coal (kW) 4.49 449 4.49 449 4.49 0 0 0 0
West Tree West Tree
Total Heating Use 82.50 82.62 82.66 8278 8267 -0.14 -0.19 -0.34 0.2
Total Cooling Use 9.29 9.10 8.93 8.57 8.81 2.05 384 775 5.21
Total Energy Use 91.79 91.72 91.60 91.35 91.47 0.08 0.21 0.48 0.35
Peak Cool (kW) 4.49 438 4.29 4.02 4.21 247 4.45 10.4 6.17
Annual Energy Use Tree Height and Distance from Building $ Saved from Base Case
Small 24 1t) Med. (361t) Large (50 ft) Large (50 ft) Small 24 ft) Med. (361t) Large (50ft) Large (50 ff)
East Tree Base Case 12ftAway 22ftAway 22ftAway 34 ft Away 12ftAway 22ftAway 22ftAway 34 ft Away
Heating (kBtu) 170101 170878 171107 171256 171051 East Tree -4 -5 -6 -5
Cooling (kWh) 1928 1876 1831 1757 1798 8 12 21 16
South Tree Total 2 o e B o
Heating (kBtu) 170104 171106 171569 172574 171605 South Tree -5 -7 -12 -8
Cooling (kWh} 1928 1919 1918 1869 1919 1 1 7 1
Wast Tree Total 4 -8 e 8 L T
Heating (kBtu) 170101 170341 170430 170676 170439 West Tree -1 -2 -3 -2
Cooling {(kwh) 1928 1889 1854 1779 1828 5 9 18 12
Total - L S A [ T 1 4
Annual Hours of Use Tree Height and Distance from Building % Saved from Base Case
Small (24 ) Med. (361t) Large (S0ft) Large (50 1t) Small 24 ft) Med. (36ft) Large (50ft) Large (50 ft)
East Tree Base Case 12ftAway 22ftAway 22ftAway 34ftAway East Tree 12ftAway 22ftAway 22ftAway 34 ft Away
Heating (hrs) 4310 4331 4348 4355 4349 -0.49 -0.88 -1.04 -0.9
Cooling (hrs) 987 971 951 927 941 1.62 3.65 6.08 4.66
South Tree South Tree
Heating (hrs) 4310 4335 4356 4394 4360 -0.58 -1.07 -1.95 -1.16
Cooling (hrs) 987 986 985 974 985 0.1 02 1.32 0.2
Waest Tree Waest Tree
Heating (hrs) 4310 4317 4321 4330 4323 -0.16 -0.26 -0.46 -0.3
Cooling (hrs) 987 984 980 979 980 0.3 0.71 0.81 0.71
Annual Heating and Cooling Savings From Base Case
Due to Shade from One Deciduous Tree
50
40
30

Appendix C

South
S 24-A1 tall, 12-ft away 36-fi tall, 22-ft away [ 50-ft tall, 22-ft away
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East)

West
50-1t tall, 34-ft away

USDA Forest Service Gen. Tech. Rep. NE-186. 1994.



Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

-20

East South West
288 Heating Cooling [ Total Savings
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15 ¢

% kWh Savings

East South West
24-ft tall, 12-ft away 36-ft tall, 22-ft away

[ 150-ft tall, 22-ft away B S0-ft tall, 34-ft away
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East)

Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

10

% kW Savings

East South West
24-ft tall, 12-ft away 36-ft tall, 22-ft away

[ 3 50-fttall, 22-ft away W2 50-ft tall, 34-ft away
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East)

USDA Forest Service Gen. Tech. Rep. NE-186. 1994. Appendix C



Chicago, Hlinois Energy Analysis

Nat. Gas ($/therm); 05
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East) Electricity ($/kWh): 0.12
Deciduous tree, 36-ft tall and 24-ft crown spread, 22-ft away from building Avoided Peak Electricity  ($/Avoid kW) 65
Annual Unshaded Shade ET Reduced EastShade South Shade West Shade
Energy Use Base Case East South West Cooling Wind +ET +Wind +ET + Wind + ET + Win
Heat (MBtu) 170.10 171.11 171.57 170.43 170.10 162.49
$ 850.50 855.55 857.85 852.15 850.50 812,45
MBtu diff / tree -1.01 -1.47 -0.33 0.00 2.54 1.53 1.07 224
$ diff / tree - 5508 735 485 . 000 12.68 7863 533 11.03
% diff / tree -0.60 -0.90 -0.20 0.00 1.49 0.89 0.59 1.29
Cool (kWh) 1928 1831 1918 1854 1789 1909
$ 231.37 219.74 230.19 222.49 214,65 229.02
kWh diff / tree a7 10 74 46 7 150.00 63.00 127.00
$ diff / tree 1183 118 888 ‘557 - . 078 17.98 ©7.53 15.23
% diff / tree 5.03 0.51 3.84 241 0.34 7.78 3.26 6.59
Totai (MBtu) 195.06 195,11 196.47 194.64 193.64 187.01
$ 1081.87 1075.29 1088.04 1074 64 1065.15 1041.47
MBtu diff / tree -0.05 -1.41 0.42 047 2.68 3.10 1.74 3.57
$ diff / tree 6.58 617 723 . 557 1347 © 2682 12.87 2627
% diff / tree -0.03 -0.72 0.22 0.24 1.38 1.59 0.90 1.84
Peak Cool (kW 4.49 4.49 449 429 424 4.41
Avoided $ 292.00 292.00 292.00 279.00 276.00 287.00
Kw diff / tree 0.00 0.00 0.20 0.08 0.03 0.41 0.11 0.31
Avoided § diff / tree 0.00 0.00 13.00 533 1.67 700 . 7.00 2000
% diff / tree 0.01 0.00 4.45 1.83 0.60 244 243 6.88

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

100

vt

20 Vo
East South West
Shade EXYET Cooling [ Reduced Wind %2

1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing East)
1 tree 22-fi from wall

/i Total Savings

Appendix C USDA Forest Service Gen. Tech. Rep. NE-186. 1994,



Chicago, lllincis Energy Analysis

Nat. Gas ($/thermy): 0.5

1 Story, Brick Corstruction - 2,125 sq ft Residence (Front Facing East) tectricity ($/kWh): 042

Decduous tree 32-% 1all and 24-ft crown spread, 22-f away from building Avoided Peak Electricity  {$/Avoid kW): 65

Annual unshaded Shade ET Reduced EastShade South Shade Wes! Shade
Energy Use Base Case East South West _ Cooling Wind +ET +Wind +ET + Wind + ET + Win
Heat (MBtu) 170.10 17141 171.57 17043 777640 16249

$ 850.50 855.55 857 .85 852.15 850.50 812.45

MBtu diff / tree -1.01 -1.47 -0.33 0.00 2.54 1.53 1.07 221

$ diff / tree -5.05 -7.38 -1.65 Q.00 12.68 763 533 11.03

% diff / tree -0.60 -0.80 -0.20 0.00 1.49 0.89 0.59 1.29

Cool (kWh} 1928 1831 1918 1854 1789 1809

s 23137 219.74 230.19 22249 214.65 228.02

KWh diff / tree 97 10 74 46 7 150.00 83.00 127.00

$ diff / tree 11.63 1.18 8.88 5.87 0.78 17.98 7.53 15.23

% diff / tree 5.03 0.51 3.84 241 0.34 7.78 326 6.59
Total (MBtu) 195.06 195.11 196 47 194 .64 193 .64 187.01

$ 1081.87 107529 108804 1074.64 1065.15 104147

MBtu diff / tree -0.05 -1.41 042 0.47 2.68 3.10 1.74 3.57

3 diff / tree 6.58 -6.17 723 5.67 13.47 25.62 12.87 26.27

% diff / tree -0.03 0.72 0.22 0.24 1.38 1.59 0.90 1.84

Peak Cool (kW 4.49 449 449 429 424 441

Avoided $ 292.00 292.00 292.00 279.00 276.00 287.00

W diff / tree 0.00 0.00 0.20 0.08 0.03 0.11 0.1 0.31

Avoided § ¢i® T=e 0.00 0.00 13.00 5.33 1.67 7.00 7.00 20.00

% diff / tree 0.01 0.00 445 183 0.60 2.44 243 6.88

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

166 —~

$hyr
+a
<

|

East South West
=~ Shade SWET Cooling  [__J Reduced Wind %22 Total Savings
1 Stors. Boick Construction - 2,125 sq fi Residence (Front Facing East)
1 ree 22 from wall
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Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

East South West
Heating Cooling [ Total Savings
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing North)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

% kWh Savings

South West
B 24-ft tall, 12-ft away 36-ft tall, 22-ft away
(1 50-ft tall, 22-ft away 50-t tall, 34-ft away
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing North)

Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

10 +~

% kW Savings

East South West
24-ft tall, 12-ft away Y 36-ft tall, 22-ft away

(T3 50- tall, 22-ft away 50-1t tall, 34-ft away
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing North})
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Chicago, lllinols Energy Analysis

l1) Story, Brick Construction - 2,125 sq ft Residence (Front Facing North) ggdﬁy (tmg: 05
eciduous tree, 36-ft - X i1 . R . 0.12

ree tall and 24-ft crown spread, 22-ft away from building Avoided Peak Electricity  ($/Avoid kw): &5
Annual Unshaded Shade ET Reduced Ea

st Shade

Energy Use Base Case East South West Cooling Wind  + ET + Wind i"g}‘ ?:vm West Shade
Heat (MBtu) 17336 17440 17460 17355 17336 165.70 nd » BT+ o
$ 866.80 87245 873.00 867.75 866.80 828.50
MBtu diff / tree -1.13 -1.24 -0.19 0.00 255 14
$ diff / tree Js 585 . 6200 0 0 085 . 000 1277 7'.13. 133; 13‘3
% diff / tree 070 -0.70 0.1 0.00 1.47 017 077 e
Cool (kWh) 1795 1690 1787 1759 1661 1776
$ 21545 202.76 214 47 211.04 199.28 213.08
KWh diff / tree 106 8 a7 45 7 158,00 60.00
$ diff / tree L1269 098~ 4M 5.39 0.79 18.87 716 3%053
% diff / tree 5.89 0.46 2.05 250 037 8.76 332 R
Total (MBtu) 197.06 197.15 198.26 196.89 195.68 188.97
$ 1082.25 107521 1087.47 107879 1066.08  1041.58
MBtu diff / tree 0.09 -1.20 047 046 2.70 3.07 1.96 113
$ diff / tree o704 -0 822 0 346 5.39 13.56 2599 13.13 2244
% diff / tree -0.05 -0.61 0.09 023 1.37 1.58 099 169
Peak Cool (kW 4.20 4.19 420 4.09 3.95 411
Avoided $ 273.00 273.00 273.00 266.00 257.00 267.00
Kw diff / tree 0.00 0.00 0.11 0.08 0.03 0.11 0.1 022
Avoided $ diff / tree Co 0000 -0.00 . 1.0 533 2.00 7.33 133 1433
% diff / tree 0.02 0.00 2.60 1.96 0.64 262 260 530

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

e i -

H

100

$/yr

East South - West
Shade ET Cooling | Reduced Wind Total Savings

1 Story, Brick Construction - 2,125 sq fi Residence (Front Facing North)
1 tree 22-ft from wall

175
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Chicago, lliinois

Tree Shade Only

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing Easf)

Nat. Gas

($/therm);
Electricity 0.5

($/kWh): 042

Source Energy Use (kBtu/ sq fi) Tree Height and Distance from Building o
hd Smalt (24 ) Med. (361t) Large (50ft) Large (50 t) Smali (24 t) AMS;W(;; :;) ":_aBra: (esg : se
East Troe Base Case 12ftAway  22ftAway 22ftAway 34 ftAway East Tree 1oq Away 2 o Away 2 g o ) Large (50 f)
Total Heating Use 10855 10886 10898 10912  109.02 %W—fﬁ——*ﬁ%m
Total Cooling Use 10.71 10.58 10.45 10.12 10.31 119 2.46 5.51 o
Total Energy Use 11926 11944 11942 11924 11933 015 014 002 08
Peak Cool (kW) 1009 1009 1009 1009 1009 0 6.01 oo oo
South Tres o South Tree - E 0.01
Total Heating Use 108.55 109.01 109.29 109.96 34 -0. N )
Total Cooling Use 1071 1068 1068 1043 1067 0% o a6y o
Total Energy Use 11926 11969 11997 12039 12001 Q.36 06 005 0-27
Peak Cool (kW) 1009 1009 1009 1008 1009 0 0 0 A
West Tree Waest Tree
Total Heating Use 10855 10864 10869 10882  108.71 008  -043 025 045
Total Cooling Use 10.71 1056 1038 985 1019 1.42 308 709 488
Total Energy Use 11926 11919 11907 11868  118.89 0.05 015 0.49 031
Peak Cool (kW) 10.10 9.95 9.80 912 9.63 154 3.04 975 466
Annual Energy Use Tree Height and Distance from Building $ Saved from Base Case
Smalt 24ft) Med. (36 ) Large (SOTt) Large (S01t) Small (24 1) Med. (361t) Large (501) Large (50 ft)
East Tree Base Case 121t Away  22ftAway 22 ftAway 34t Away 12ftAway  22ftAway  22ftAway 34l Away
Heating (kBtu) 375511 376573 377002 377485 377153 East Tree -5 -7 -10 8
Cooling (kWh) 3725 3681 3634 3520 3586 5 11 25 17
South Tree Total 0 4 15 . 9
Heating (kBtu) 375511 377104 378083 380400 378252 South Tree -8 -13 24 14
Cooling (kWh) 3725 3715 3714 3627 3712 1 1 12 2
Waest Tree Total -7 -12 -12 -12
Heating (kBtu) 375511 375812 376014 376465 376059 West Trae -2 -3 -5 -3
Cooling (kWh) 3725 3673 3611 3428 3544 6 14 36 22
Total 4 11 3 19
Annual Hours of Use Tree Height and Distance from Building % Saved from Base Case
Small 241t) Med, (361) Large (S0ft) Large (50 ft) Srmall (24 1) Mad. (361) Large (501t) Large (50 f)
East Tree Base Case 12t Away 22ftAway 22#tAway 34ftAway East Tree 12ftAway 22ftAway 22ftAway 34 t Away
Heating (hrs) 4419 4433 4442 4449 4442 -0.32 -0.62 -0.68 -0.52
Cooling (hrs) 765 762 749 733 739 0.39 209 4.18 34
South Tres South Tree
Heating (hrs) 4419 4439 4456 4493 4458 -0.45 -0.84 -1.67 -0.88
Cooling (hrs) 765 765 765 756 764 0 0 1.18 013
Waest Tree West Tree
Heating (hrs) 4419 4424 4428 4437 4427 -0.11 -0.2 -0.41 -0.18
Cooling (hrs) 765 765 765 757 763 0 0 1.05 0.26

Annual Heating and Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

24t tall, 12-ft away 36-ft tall, 22-ft away

L) 50-ft tall, 22-ft away P2

Appendix C

50-ft tatl, 34-ft away
2 Story. Brick Construction - 3,562 sq ft Residence (Front Facing East)



Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

-20
East South West
eating S Cooling (3 Total Savings

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing East)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15 €]

% kWh Savings

South
A-fi tall, 12-ft away 36-fi tall, 22-ft away
(7 50-ft tall, 22-ft away 50-ft tall, 34-ft away
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing East)

Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

10

% kW Savings

East South

4-ft tall, 12-ft away 36-ft tall, 22-ft away
‘ U1 50-ft talt, 22-fk away @A 50-fi tall, 34-ft away
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing East)
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Chicago, lliinois Energy Analysis

Nat. Gas ($/therm): 0.5
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing East) Electricity ($/kWhy: 0.12
Deciduous tree, 36-ft tall and 24-ft crown spread, 22-ft away from building Avoided Peak Electricity  ($/Avoid kW): 65
Annual Unshaded Shade ET Reduced EastShade South Shade West Shade
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wind + ET + Win
Heat (MBtu) 375.51 377.00 378.08 376.01 375.52 360.28
$ 1877.55 188500 189040  1880.05 1877.60  1801.40
MBtu diff / tree -1.49 -2.57 -0.50 0.00 5.08 3.59 251 4.58
$ diff / tree © 745 1285 0 . 250 002 2588 17.917 L. 1251 0 2286
% diff / tree -0.40 -0.70 -0.10 0.00 1.35 0.95 0.65 1.25
Cool (kWh) 3725 3634 3714 3611 3438 3690
$ 447.06 436.04 445,65 43329 412.56 442 82
kWh diff / tree 92 12 115 96 12 200.00 120.00 223.00
$ diff / tree 1102 0 At e BT UUATER . LnAdt o 23930 . 14320 12688
% diff / tree 2.46 0.32 3.08 2.57 0.32 5.35 3.20 5.97
Total (MBtu) 25342 253.78 254.93 253.03 251.67 243.85
$ 232461 2321.04 2336.05 231334 2290.16  2244.22
MBtu diff / tree -0.36 -1.51 0.39 0.58 3.19 3.44 226 4.16
$ diff / tree 357 144 0 1127 C.1148 2680 ' 4185 | 2684 . [A955
% diff / tree -0.14 -0.60 0.15 0.23 1.26 1.35 0.89 1.64
Peak Cool (kW 10.09 10.09 10.09 9.80 9.54 9.93
Avoided $ 656.00 656.00 656.00 637.00 620.00 645.00
Kw diff / tree 0.00 0.00 0.30 0.19 0.06 0.24 024 054
Avoided $ diff / tree 000 - 000 49.00: 12000 0 367 <1667 .. 1587 . 3467
% diff / tree 0.01 0.00 293 1.83 0.55 2.39 2.38 5.31

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

100

80

$ivr

East South West
Shade ET Cooling [_J Reduced Wind %

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing East)
1 tree 22-f from wall

178 A ‘
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Chicago, Hlinois Tree Shade Only

. ) ) . Nat.Gas  ($/therm): 05
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South) Electricity ($/kWh): 0.42
Source Energy Use (kBtu/ sq ft) Tree Height and Distance from Building % Saved from Base Case

Small (24 ft) Med. (36%) Large (50ft) Large (50 f) Small 241t) Med. (361) Large (S01) Large (501

East Tree Base Case 12ftAway  22ftAway 22ftAway MftAway EastTree 12fiAway  22ftAway 22fiAway 34n Away
Tatal Heating Use 111.32 111.62 111.75 111.90 111.79 -0.27 -0.38 0.52 .42
Total Cooling Use 10.68 10.47 1034 10.05 10.21 1.02 2.27 5.03 3.48
Total Energy Use 121.91 122.10 12209 121.95 122.01 -0.16 -0.15 -0.04 0.08
Peak Cool (kW) 10.60 10.60 10.60 10.60 10.60 0 0.01 0.01 0.01
South Tree South Tree
Total Heating Use 111.32 111.61 11179 11222 111.82 6.26 -0.42 0.8 .45
Total Cooling Use 10.58 10.56 10.56 1042 10.56 0.23 0.25 1.54 025
Total Energy Use 12191 12247 122.35 12264 12238 022 036 06 0.39
Peak Cool (kW) 10.60 10.60 10.60 10.60 10.60 0 0 0 0
Waest Tree West Tree
Total Heating Use 111.32 111.45 111.53 11172 111.55 0.1 -0.18 -0.38 02
Total Cooling Use 10.58 10.36 1042 9.44 9.86 208 436 10.83 6.8
Total Energy Use 12191 12181 12165 12116 12141 0.08 0.21 061 0.41
Peak Cool (kW) 10.60 10.41 10.21 9.30 999 1.81 3.7 12.22 577

Annual Energy Use

Tree Height and Distance from Building
Small (241%) Med. (361t) Large (SOM) Large (50 1)

§ Saved from Base Case
Small 241 Med. (361) Large (S0#) Large (501)

East Tree Bage Case 12ftAway 22 ftAway 22 ftAway 34 ft Away 12fAway  22ftAway  22ftAway 34 i Away
Heating (kBtu) 385113 386152 386584 387106 386740 East Tree -5 -7 -10 8
Cooling (kWh) 3682 3644 3598 3496 3553 5 10 22 15
South Tree Total . o .8 {2 4
Heating (kBtu) 385113 386116 386728 388208 386832 South Tree -5 -8 -15 -9
Cooling (kWh) 3682 3673 3672 3625 3673 1 1 7 1
Waest Tree Total -4 7 -8 8
Heating (kBtu) 385113 385544 385820 386491 385882 West Tree 2 -4 -7 -4
Cooling (kWh) 3682 3606 3521 3283 3431 9 19 48 30
: Total 1. 6 - M 26

Annual Hours of Use Tree Height and Distance from Building % Saved from Base Case

Small 24 ft) Med. (35 11) Large (S01t) Large (50 ) Small (24 1t) Med. (36) Lerge (S011) Large (S01)
East Tree Base Case 12ftAway  22ftAway 22ftAway 34ttAway EastTree 12ftAway 22flAway  22fiAway 34 fl Away
Heating (hrs) 4538 4551 4560 4573 4562 -0.28 -0.48 0.77 -0.53
Cooling (hrs) 745 738 736 721 728 0.84 121 322 228
South Tree South Tree
Heating (hrs) 4538 4549 4559 4580 4563 -0.24 -0.46 -0.93 -0.55
Cooling (hrs) 745 744 T44 740 744 0.13 043 067 0143
West Tree Wast Tree
Heating (hrs) 4538 4542 4544 4561 4548 -0.09 013 -0.51 022
Cooling (hrs) 745 743 742 734 740 0.27 0.4 148 067

Annual Heating and Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

West

South
24t tall, 12-ft away 36-ft tall, 22-ft away
U1 50-f tall, 22-ft away ) 50-ft tall, 34-ft away

East

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South)
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Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

East South West
 Heating Cooling (] Total Savings
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15 ¢

% kWh Savings

South West
24-ft tall, 12-ft away X 36-ft tall, 22-ft away
150t tall, 22-ft away P2 SO-i tall, 34-ft away

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South)

Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

SO —

—
wn

% kW Savings

wn

East South West
4-ftall, 12-ft away EXXN 36-ft tall, 22-ft away

(7 150- tall, 22-0 away BZ SO-ft tall, 34-ft away
2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South)

[

<
L cumans Ww——'{‘_/.—“’_r T~ -
- e
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Chicago, llinois Energy Analysis

és:;w, Brick Construction - 3,562 8q ft Residence (Front Facing South) :?:cfi’:y im; 0G ;

eciduous tree, 36-ft tall and 24-fi €rown spread, 22-ft away from buiding Avoided Paagk Blectricy  ($/Avond kW) ;g
Annual Unshaded Shade ET  Red Shade

uced  East Shade

oot ey~ SSCame sl Souh _ wes  Cooing | Wied L £1 o SO Shate West Shace
Heat (MBtu) 38511 38658 38673 3582 T agh1n ey ) L e
$ _ 192555  1932.90 193365 192910 192560 184865
MBtu diff/ tree -1.47 -1.62 0.71 000 513 166 351 §42
$ diff / tree 735 810 355 002 2563 1826 75 220
% diff / tree -0 40 -0.40 -0.20 000 e om om 113
Cool (kWh) 3682 3598 3672 3521 3400 3647
$ 44179 43177 44069 42255 40785 43761
KWh diff / tree 84 ] 180 ™ 12 190 00 11400 ;
$ diff / tree 10.02 110 1924 11.28 139 2% 1377 lx,ﬁ
% diff / tree 227 0.25 436 258 012 514 112 ta
Totat (MBtu) 25905 25945 25089 25853 25733 24019
$ 2367.34 236467 237434 235165 233355 2286 260
MBtu diff / tree -0.40 -0.94 0.54 057 k¥ 339 285 4B
$ diff / tree 287 -7.00 15.68 1126 2703 4096 3129 (23"
% ditf / tree 0.15 £0.36 021 027 174 1 130 14
Peak Coal (kW 10.60 10.60 10.60 10.24 1005 10,43
Avoided $ 689.00  689.00 68900 66300 65300 67800
Kw diff / tree 0.00 000 0.39 0.19 008 024 024 nuy
Avoided $ diff / tree 0.00 0.00 26.00 12.00 347 1567 1587 arer
% diff/tree . 001000 371 174 053 28 Pt o8

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Taht and 24-8 Wade Tree

et e i+ s i e e

100 ¢

80

$hr

40

East 7 South West
JET Cooling . .. Reduced Wind T8 Total Savings

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South)
1 tree 22-ft from wall
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Chicago, illinois

Tree Shade Only

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)

Source Energy Use (kBtw/ sqfl)  Tree Height and Distance from Building

East Tree

Total Heating Use
Total Cooling Use
Total Energy Use
Peak Cooi (kW)
South Tree

Total Heating Use
Total Cooling Use
Total Energy Use
Peak Cool (kW)
Woest Tree

Total Heating Use
Total Cooling Use
Total Energy Use
Peak Cool (kW)

Annual Energy Use

East Tree
Heating (kBtu)
Cooling (kWh)
South Tree
Heating (kBtu)
Cooling (kWh}
West Tree
Heating (kBtu)
Cooling (kWh)

Annual Hours of Use

Small (24 fty Med. (361t) Large (50t) Large (50 ft)
Base Case 12ftAway 22ftAway 22ftAway 34 ftAway East Tree
121.35 121.69 121.85 122.08 121.95
11.80 11.69 11.55 11.18 11.37
133.16 133.39 133.40 133.26 133.32
16.15 16.15 16.15 16.15 16.15
South Tree
121.35 121.61 121.77 122.29 121.83
11.80 11.79 11.79 11.67 11.79
133.16 133.39 133.56 133.96 133.62
16.15 16.15 16.15 16.15 16.15

West Tree
121.35 121.40 121.44 121.54 121.46
11.80 11.74 11.66 11.39 11.57
133.16 133.14 133.10 132.93 133.02
16.15 16.06 15.97 15.44 15.86

Tree Height and Distance from Building
Small (24 ft) Med. (36ft) Large (501t) Large (50 ft)
Base Case 12ftAway 22ftAway 22 ftAway 34 ft Away
715653 717658 718598 719945 719151 East Tree
6970 6906 6822 6602 6717

Total .. -

715653 717130 718102 721180 718467 South Tree
6970 6962 6961 6891 6962

Total -

715653 715913 716141 716769 716259 West Tree
6970 6937 6889 6725 6832

Total

Tree Height and Distance from Building
Small (24 1t) Med. (36t) Large (S01t) Large (50 1)

Nat. Gas ($/therm): 05
Electricity ($/kWh): 0.12

% Saved from Base Case
Smali (24 ft) Med. (36ft) Large (50ft) Large (50 ft)
12ftAway  22ftAway 22 ftAway 34 ft Away

-0.28 -0.41 -0.6 -0.49
0.92 214 529 3.64
-0.17 -0.19 -0.08 -0.12
0 0 0 0
-0.21 -0.34 -0.77 -0.39
0.12 0.13 1.14 012
-0.18 -0.3 -0.6 -0.35
0 0 0 0
-0.04 -0.07 -0.16 -0.08
0.48 1.18 3.52 1.99
0.01 0.04 0.17 0.1
0.55 112 4.39 1.76

$ Saved from Base Case
Small (24 ft) Med. (36 ft) Large (501t) Large (50 ft)
12ftAway  22ftAway 22 ft Away 34 ft Away

-10 -15 -21 -17
8 18 44 30
2 8 ;e @
7 12 28 -4
1 1 10 1
P R ¥ TSR 0 SR
- -2 -6 -3
4 10 29 17
3 8 123 44

% Saved from Base Case
Small (24 fty Med. (361) Large (S0 ft) Large (50 1)

East Tree Base Case 12ftAway  22ftAway 22ftAway 34ftAway EastTree 12ftAway 22 ftAway 22ftAway 34 ft Away
Heating (hrs) 4500 4508 4521 4535 4526 .18 047 078 058
Cooling (hrs) 972 964 952 935 943 0.82 2.06 3.81 298
South Tree South Tree
Heating (hrs) 4500 4506 4514 4548 4517 013 0.31 107 -0.38
Cooling (hrs) 072 972 972 954 971 0 0 0.82 0.1
‘Wast Tree West Tree
Heating (hrs) 4500 4500 4504 4512 4506 0 -0.09 027 0.13
Cooling (hrs) 972 972 971 967 971 0 0.1 0.51 0.1
Annual Heating and Cooling Savings From Base Case
Due to Shade from One Deciduous Tree
50
40
30
5 20
&3
10
0
-10 w
20

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)

East South

West

24-ft tall, 12-ft away 36-ft tall, 22-ft away

[ 50-ft tall, 22-ft away 24 50-fi tall, 34-ft away

Appendix C
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Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

East South West
Heating Cooling 0 Total Savings
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

&
£
g
175}
2
X
0 W R
South West
24-ft tall, 12-ft away 36-t tall, 22-ft away
(1 50-fu tall, 22-ft away B2 50-f tall, 34-f away
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)
Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree
)
2
vl
B
]
X

0 g e
East South
B 24-1t tall, 12-ft away 36-ft tall, 22-ft away
1 50-ft tall, 22-ft away 50-ft tal, 34-ft away
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)
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Chicago, litinois Energy Analysis

Nat. Gas ($/therm): 0.5
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East) Electricity ($/kWhy: 0.12
Deciduous tree, 36-ft tall and 24-ft crown spread, 22-ft away from building Avoided Peak Electricity  ($/Avoid kw): 65
Annual Unshaded Shade ET Reduced EastShade South Shade West Shade
Energy Use Base Case East South West Cooling Wind +ET +Wind +ET + Wind + ET + Win
Heat (MBtu) 715.65 718.60 718.10 716.14 715.67 684.56
$ 3578.25 3593.00 3590.50  3580.70 357835  3422.80
MBtu diff / tree 285 -245 049 -0.01 1036 7.40 7.90 9.86
$ diff / tree 4T 225 248 o003 T i BAi82: U370 L 39.69 4934
% diff / tree -0.40 -0.30 -0.10 0.00 1.45 1.05 1.15 1.35
Cool (kWh) 6970 6822 6961 6889 6456 6873
$ 836.46 818.60 835.36 826.62 77477 824.76
kWh diff / tree 49 9 82 71 32 352.00 212.00 285,00
$ diff / tree CUU4T86 . 1100 T gBA o 2056 13800 0 4232 - . 2558 3430
% diff / tree 214 0.13 1.18 246 0.47 5.06 3.06 410
Total (MBtu) 282.96 28348 283.81 282.84 281.11 271.40
$ 441471 441160 442586  4407.32 435312  4247.56
MBtu diff / tree -0.52 -0.85 0.12 0.62 3.85 3.95 3.62 4.59
$ diff / tree U B AR e T88TT T 2068 T 8572 . FOB6: L . 6510 8364
% diff / tree -0.18 -0.30 0.04 0.22 1.36 1.40 1.28 1.62
Peak Cool (kW 16.15 16.15 16.15 16.97 15.16 15.82
Avoided $ 1049.00 1049.00 1049.00 1038.00 986.00 1028.00
Kw diff / tree 000 000  0.18 033 0.11 044 044 0.62
Avoided $ diff / tree o080 T 008 T 140000 92400 7 V700 0 T 2800 Lo 2806 G 18900
% diff / tree 0.00 0.00 112 2.03 0.68 2.71 2.71 3.83

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

100

80

60

$iyr

40

20

East South
Shade ET Cooling [ Reduced Wind

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East)
1 tree 22-ft from wall
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Chicago, {flinois Tree Shade Only

3 Story, Brick Construction - 6,048 i i Nat. Gas  ($/therm)-
,048 sq ft Residence (Front Facing South) Eloctricity ( A I&Wh;: 0(’1;
Source Energy Use (kBtu/ sq ft) Tree Height and Distance from Buildin
9 % Saved from Base C
Small (241t) Med. (361) La ase
East Trea Base Case 121t Away 22 tt(Away) 2?:(;:2::3 Las?: (:Ow: ) East T SMal @4 Mod 361 Lae (501 Large (501
Total Heating Use 12068 13101 12196 12136 T319% OO BAESY DAy 2znawny  anA
Total Cooling Use 1219 1208 1194 1150 1178 o2 04 " 058 047
Total Energy Use 13287 13340 13341 13297 13303 0 e 4w 3.34
Peak Cool (kW) 1660 1669 1669 1660 1669 R S S
South Tree ™ South Tree 0 0 0 0
Total Heating Use 120.68 120.94 12141 121.65 121.18 0.21
Total Cooling Use 12.19 12.16 12.16 1203 1216 018 036 0.8 -0.41
Total Energy Use 13287 13341 13327 13368 13334 oy M2 o o0
Peak Cool (kW) 1669 1669 1660 1660  16.69 "o 03 08 035
Waest Tree West Tree 0 0 0
Total Heating Use 120.68 120.76 120.80 120.95 120.83 005 0
Total Cooling Use 1249 1200 1198 1160 1184 077 1oy 1R o1
Total Energy Use 13287 13284 13278 13255 13267 002 o0t om a5
Peak Cool (kW) 1660 1657 1644 1572 1630 _or2 58 234
Annual Energy Use i i i
TeetetmOs O | S g
East Tree Base Case 12ftAway  22ftAway 22 ftAway 34 ft Away 12ftAway 22 Away 22 R Awsy m A
Heating (kBtu) 711700 713623 714521 715797 715051 East Tree 10 14 k= S
Cooling (kWh) 7199 7138 7055 6848 6959 7 17 42 29
South Tree Total -3 3 V.24 12
Heating (kBtu) 711700 713229 714235 717403 714607 South Tree -8 A3 -29 15
Cooling (kWh) 7199 7185 7183 7106 7186 2 2 11 2
Waest Tree Total -6 -11 <18 13
Heating (kBtu) 741700 712062 712382 713258 712542 West Tree 2 3 8 4
Cooling (kWh) 7199 7143 7077 6854 6994 7 1% 41 25
Total 5 12 »¥on
Annual Hours of Use Tree Height and Distance from Building % Saved from Base Case
Small (24 ft) Med. (36ft) Large (50ft) Large (50 ft) Small (24 1t) Med, (38 1) Large (500 Large (S0#)
East Tree Base Case 12ftAway  22ftAway 22ftAway 34ftAway EastTree 12ftAway 22fAway 221 Awly 34 #t Away
Heating (hrs) 2470 4483 4492 4504 4497 029 049 08
Cooling (hrs) 977 968 956 943 949 0.92 215 3 48 287
South Tree South Tree
Heating (hrs}) 4470 4479 4483 4519 4487 0.2 0.29 -1.1 -0.38
Cooling (hrs) 977 975 973 964 974 02 0.41 1,33 031
Wast Tree Waest Tree
Heating (hrs) 4470 4479 4479 4488 4482 02 02 0.4 027
Cooling (hrs) 977 974 973 968 972 0.31 041 092 051

Annual Heating and Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

East South

i 24-ft tall, 12-ft away m 36-ft tall, 22-ft away

[:] 50-ft tall, 22-ft away 2 50-ft tall, 34-ft away

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South)
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Annual Heating and Cooling Savings From Base Case
Due to Shade from A Large Deciduous Tree - 22 ft Away

East South West
Heating Cooling 1 Total Savings
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South)

Annual Percentage Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

% kWh Savings

0
East South West
BEEE 24-ft tall, 12-ft away 36-ft tall, 22-ft away
[ 50-fttall, 22-ft away 2B SO-i tall, 34-ft away
3 Story, Brick Construction - 6,048 sq ft Resjdence (Front Facing South)

Percentage Peak Cooling Savings From Base Case
Due to Shade from One Deciduous Tree

15

% kW Savings

East South West
B2 24-ft tall, 12-ft away 36-ft tall, 22-ft away

) 50+t tall, 22-ft away B 50-ft tall, 34-ft away
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South)
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USDA Forest Service Ge

Chicago, lilinois Energy Analysis

3 Story, Brick Construction - 6,048 sq ft Residence (Fro i Nat. Gas ($7herm) 0
ory, ) nt Facing South) ' i . 5

Deciduous tree, 36-ft tall and 24-ft ¥ idi : Llectricity (3%why 017

crown spread, 22-ft away from building Avoided Paak Elactricity  {$/Avost kW), 84

Annual Unshaded Shade Shade Shack -

Energy Use Base Case East South West coouﬁT Redm .Eé’?‘ + South & we?“ )

Heat (MBtu) 7170 71452 71423 71238 ’”’ﬁf??“““ééd'sa‘ R, 2T 4 Wind o B W

$ ) 355850 357260 357115 3561.90 3558.55 3403'40

MBtu diff / tree -2.82 -2.53 -0.68 0.00 10‘34 752 7

? diff / tree -14.10 -12.85 -3.40 -0.02 51:70 37 58 39 g:; 43 ;}g

% diff / tree -0.40 -0.40 0.10 0.00 1.45 1.05 104 53

Cool (kWh) 7193 7055 7183 7077 6696 7113

$ ] 863.85 846.63 861.92 849.25 803.53 85334

kW.h diff / tree 143 16 122 168 29 340 00 21300 naon

$ dlff / tree 17.22 1.93 14.60 20.11 3.50 40 83 25 54 da 2

% diiff / tree 1.99 0.22 169 233 041 a7 296 a4y

Total (MBtu) 28235 282.85 283.21 282.16 280.55 27086

$ 442235 441923 443307 441115 4362.08  4256.74

MBtu diff / tree -0.50 -0.86 0.19 0.60 3.83 38 357 482

$ diff / tree 3.12 ~10.72 11.20 20.08 §5.20 1841 B4 57 B 49

% diff / tree -0.18 -0.34 0.07 0.21 136 139 127 1 B4

Peak Cool (kW 16.69 16.69 16.69 16.44 1871 16.36

Avoided $ 108500 1085.00 108500  1069.00 1021.00 106400

Kw diff / tree 0.00 0.00 0.25 0.33 0.11 044 044 Qa0

Avoided $ diff / tree ) 0.00 0.00 16.00 21.33 7.00 2833 B33 44 31

% diff / tree 0.00 0.00 148 196 0866 262 262 410

Annual Savings from Base Case - 1 Deciduous Tree
Due to Shade, ET Cooling, and Reduced Wind Speed from 36-ft Tall and 24-ft Wide Tree

100

80

60

$iyr

40

20

East South West
Shade ET Cooling L Reduced Wind B8l Total Savings
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South)
1 tree 22-ft from wall

[
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Standard Reports for Wood-Framed Base Case Buildings
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Chicago, lllinois Tree Shade Only Nat. Gas ($/therm):' 0.5
1 Story9 V\’lood Frame Residence (1 ,530 sq I{gtul ft Electricity ($/kWh): 0.12
e se S

Space Conditioning Source Energy ( q ft) % Saved from Base Case

Year5 Base Case 1 Tree 2 Tree 3 Tree Year § 1 Tree 2 Tree 3 Tree
Total Heating Use 89.59 89.79 89.83 89.92 -0.23 -0.28 -0.37
Total Cooling Use 20.07 19.68 19.41 19.23 1.95 3.32 4,17
Total Energy Use 109.66 109.47 109.24 109.15 0.17 0.38 0.46
Peak Cool (kW) 7.43 7.03 6.63 6.63 5.38 10.76 10.76
Year 10 Year 10

Total Heating Use 89.59 89.85 89.96 90.11 -0.29 -0.41 -0.59
Total Cooling Use 20.07 19.27 18.60 18.06 4 7.35 10.04
Total Energy Use 109.66 109.12 108.55 108.17 0.49 1.01 1.36
Peak Cool (kW) 7.43 6.60 5.83 5.83 11.13 21.55 21.55
Year 15 Year 15

Total Heating Use 89.59 89.91 90.03 90.29 -0.36 -0.5 -0.78
Total Cooling Use 20.07 18.88 18.02 17.10 5.95 10.23 14.79
Total Energy Use 109.66 108.79 108.05 107.39 0.8 1.46 2.07
Peak Cool (kW) 7.43 6.33 5.43 543 1474 26.93 26.93
Year 20 Year 20

Total Heating Use 89.59 89.92 90.09 90.32 -0.37 -0.56 -0.82
Total Cooling Use 20.07 18.80 17.91 16.93 6.33 10.78 15.66
Total Energy Use 109.66 108.72 108.00 107.25 0.85 1.51 2.19
Peak Cool (kW) 7.43 6.28 5.37 5.37 15.42 27.74 2775
Annual Energy Use

1991 $ Saved from Base Case
Year 5 Base Case 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3 Tree
Heating (kBtu) 129735 130031 130093 130214 Year § -1 -2
Cooling (kwWh) 2941 2883 2843 2818 7 3 15
Year 10 Total "l U@ AR 5 ¢
Heating (kBtu) 129735 130115 130271 130498  Year 10 2 -4
Cooling (kwh) 2941 2823 2724 2645 14 - 35
Year 15 Total . 12 i )
Heating (kBtu) 129735 130200 130384 130752 Year 15 -2 -5
Cooling (kWh) 2941 2766 2640 2506 ) 21 52
Year 20 Total =" TG T AT
Heating (kBtu) 129735 130218 130466 130803 Year 20 -2 -5
Cooling (kWh) 2941 2754 2624 2480 22 55
Total - -": . .20 50
Heating and Air Conditioning Hours of Use
% Saved from Base Case

Year 5 Base Case 1 Tree 2 Tree 3 Tree Year 5 1 Tree 2 Tree 3 Tree
Heating (hrs) 4081 4090 4090 4090 -0.21 -0.21 -0.21
Cooling (hrs) 1240 1232 1232 1214 0.69 0.69 2.1
Year 10 Year 10

Heating (hrs) 4081 4099 4099 4099 -0.42 -0.42 -0.42
Cooling (hrs) 1240 1232 1232 1214 0.69 0.69 2.1
Year 15 Year 15

Heating (hrs) 4081 4099 4115 4115 -0.42 -0.83 -0.83
Cooling (hrs) 1240 1232 1232 1206 0.69 0.69 2.79
Year 20 Year 20

Heating (hrs) 4081 4099 4115 4115 -0.42 -0.83 -0.83
Cooling (hrs) 1240 1232 1232 1206 0.69 0.69 279
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Chicago, ltlinois Energy Analysis Nat Gas ($ftherm): 05

ft Electricity (3/kWh): 0.12
1 Story - Wood Frame 1500 sg . L . :
Year 20 - 25 ft trees Avoided Peak Electricity  ($/Avoid KW): 65
Annual Unshaded Shade ET Reduced 3 Tree+ET Avg. Savings
Ew'Base Case 1Tree 2 Trees 3 Trees Cooling Wind +Wind  TreefYr.
Heat (MBtu) 129.74 130.22 130.47 130.80 129.81 124.91
$ 648.70 651.10 652.35 654.00 649.05 624.55
Vet i Qdo mes S0 0% 2415 80 o n
$ dif 2400 1385 5307700 4035 2415 500 BAT
% diff -0.40 -0.60 -0.80 -0.10 370 2.80 0.93
Cool (kWh) 2941 2754 2624 2480 2770 2922
$ 352.87 330.53 314.82 207.62 332.36 350.62
kWh diff L ‘3117 4,60_‘_“‘ ’ 1‘71_‘:‘ . 19 _ , 659 216;67
$ diff CU223400 3805 - 8528 vR0STI L0 2250 0 780 L 26.00:
% diff 6.33 10.78 15.66 5.81 0.64 22.11 7.37
Totat (MBtu) 164.49 163.08 162.00 160.88 162.82 159.30
$ 1001.57 981.63 967.17 951.62 981.41 975.17
MBtu diff 1.41 249 381 1.67 519 1047 - 348
§$ diff Con19:94 v 34480 5 4996 120,467 0 1 26:40 L 9BBY. T 1 32T
% diff 0.86 1.51 2.20 1.02 3.16 6.37 212
Peak Cool (kW 7.43 6.28 5.37 5.37 7.19 7.38
Avoided $ 483.00 408.00 349.00 343.00 467.00 480.00
Kw diff 1.15 2.06 2.06 024  0.05 2.35 0.78
Avoided $ diff ©78.00 0 134000 < D134:007 ¢ T AB.00 0 300 - L 130D L /61007
% diff 15.42 27.74 27.75 3.26 0.67 31.68 10.56

Annual Dollar Savings From Base Case - 3 Trees (25 ft tall)

Due to Shade, ET Cooling, and Reduced Wind Speed

A sade-3Trees  SSY £7 Cooling "7 Reduced Wind

1,500 5f. 1 story wood frame home

Average Annual Dollar Savings From Base Case - 1 Tree (25 ft tall)

Duc to Shade, ET Cooling, and Reduced Wind Speed

e i

3,500 5, ¥ story wood frame home

192
Avoend
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. Annual Dollar Savings From Base Case
o 1 Mal Dolar Saving e e

5
3
T

S
T T 7

0 e T

it b ey
Shade } - Tree Shade - 2 Trees Shade - 3 Treer ET Coolmg Reduced Went

1,500 £, 1 story wood frame home in Chicago

Annual Dollar Savings From Base Case
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Chicago, lllinois

2 Story - Wood Frame Residence (1,761 sq )
Space Conditioning Source Energy Use (kBtul sq ft)

Tree Shade Only

Nat. Gas ($/therm); 0.5
Electricity ($/kWh): 0.12

% Saved from Base Case

Year § Base Case 1 Tree 2 Tree 3 Tree Year 5§ 1 Tree 2 Tree 3 Tree

Total Heating Use 4224 42.37 42.39 4244 -0.29 -0.36 -0.46
Total Cooling Use 10.80 10.66 10.57 10.53 1.29 2.19 2.56
Total Energy Use 53.05 53.03 52.96 52.97 0.03 0.16 0.15
Peak Cool (kW) 5.10 493 478 478 3.27 6.36 6.36
Year 10 Year 10

Total Heating Use 42.24 42.44 42.52 42.64 -0.46 -0.64 -0.93
Total Cooling Use 10.80 10.43 10.13 9.94 35 6.28 8.04
Total Energy Use 53.05 52.86 52.64 52.57 0.35 0.77 0.89
Peak Cool (kW) 5.10 461 420 420 9.52 17.6 176
Year 15 Year 15
Total Heating Use 42.24 42.51 4263 4283 -0.62 -0.91 -1.39
Total Cooling Use 10.80 10.14 9.67 9.28 6.15 10.49 14.13
Total Energy Use 53.05 52.65 52.30 52.11 0.76 1.42 1.77
Peak Cool (kW) 5.10 4.29 375 375 15.87 26.45 26.46
Year 20 Year 20
Total Heating Use 42.24 42.52 42,63 42.87 -0.65 -0.91 -1.48
Total Cooling Use 10.80 10.07 9.67 9.17 6.8 10.49 15.09
Total Energy Use 53.05 52.59 52.30 52.04 0.87 1.42 19
Peak Cool (kW) 5.10 4.23 3.75 3.69 16.98 26.45 27.66
Annual Energy Use

1991 $ Saved from Base Case
Year 5 Base Case 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3 Tree
Heating (kBtu) 71538 71746 71793 71871 Year 5 -1 -1 -2
Cooling (kWh) 1858 1834 1817 1811 3 5 6
Year 10 Total wi 2 - 44
Heating (kBtu) 71538 71867 71999 72206  Year 10 2 -2 -3
Cooling (kWh) 1858 1793 17414 1709 8 14 18
Year 15 Total i v @ ry 20 T 1B
Heating (kBtu) 71538 71982 72187 72535 Year 15 -2 -3 -5
Cooling (kWh) 1858 1744 1663 1596 14 23 32
Year 20 Total - i 200 7l 27
Heating (kBtu) 71538 72004 72187 72596  Year 20 -2 -3 -5
Cooling (kWh) 1858 1732 1663 1578 15 23 - 34
Total © . ey 2000 . 28
Heating and Air Conditioning Hours of Use
% Saved from Base Case
Year 5 Base Case 1 Tree 2 Tree 3 Tree Year 5 1 Tree 2 Tree 3 Tree
Heating (hrs) 3281 3289 3289 3289 -0.26 -0.26 -0.26
Cooling (hrs) 1188 1179 1179 1179 0.76 0.76 0.76
Year 10 Year 10
Heating (hrs) 3281 3298 3306 3306 -0.52 -0.78 -0.78
Cooling (hrs) 1188 1179 1179 1170 076 . 0.76 1.5
Year 15 Year 15
Heating (hrs) 3281 3306 3315 3323 -0.78 -1.05 -1.3
Cooling (hrs) 1188 1179 1171 1153 0.76 1.48 2.95
Year 20 Year 20
Heating (hrs) 3281 3306 3315 3323 -0.78 -1.05 -1.3
Cooling (hrs) 1188 1171 1171 1127 1.48 1.48 5.18
Appendix D USDA Forest Service Gen. Tech. Rep. NE-186. 1994.
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Chicago, lllinois Energy Analysis Nat. Gas ($Atherm): 05
2 Story - Wood Frame 1761 sqft Electricity ($/kKWhy); 0.12
Year 20 - 25 ft trees Avoided Peak Electricity  ($/Avoid kW) 65
Annual Unshaded Shade ET Reduced 3 Tree+ET Avg. Savings
Energy Use Base Case 1Tree  2Trees 3 Trees Cooling Wind +Wind  Tree/Yr.
Heat (MBtu) 71.54 72.00 72.19 72.60 71.59 68.65
$ 357.70 360.00 360.95 363.00 357.95 343.25
MBtu diff -046  -065 -1.06 -0.05 2.89 1.78 0.59
$ diff con o R2:30  -326 . 630 . x02§ 0 1445 - . 830 2.97,
% diff -0.60 -0.90 -1.50 -0.10 4.00 2.40 0.80
Cool (kWh) 1858 1732 1663 1578 1743 1845
$ 222.98 207.80 199.58 189.32 209.10 221.34
kWh diff 126 195 280 116 14 410 136.67
$ diff 1548/ ... 2840 o 3366 ¢ 01388 U164 0 L4918 . 1639
% diff 6.81 10.50 15.09 6.22 0.73 22.05 7.35
Total (MBtu) 93.42 92.61 92.10 91.65 92.29 90.28
$ 580.68 567.80 560.53 552.32 567.05 564.59
MBtu diff 0.81 132 177 113 3.14 6.04 2.01
$ diff T 42881 2045 ¢ 2836 .0 .. 1383 ... 1609 - | - 58.08 © 19,36
% diff 0.87 1.41 1.90 1.21 3.36 6.47 2.16
Peak Cool (kW 5.10 423 375 369 4.94 5.07
Avoided $ 331.00 275.00 244.00 240.00 321.00 330.00
Kw diff 0.87 1.35 1.41 0.16 0.03 1.60 0.53
Avoided $ diff . 5600 - 87.00 ... 91007 - . 1000 1.00 - 102.00 34.00
% diff 16.98 26.45 27.66 3.04 052 31.23 10.41
Annual Dollar Savm%s From Base Case - 3 Trees (25 ft. tall)
to Shiade, BT Cooling. and Reduced Wind Speed

70—

60

40 }— \

B Shade - 3 Trees
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Appendix E

Initial Analysis of the Cost-Effectiveness of Shade Trees in Chicago
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IECONOMIC ANALYSIS OF SHADE TREE PROGRAM IN CHICAGO, ILLINOIS

1) 20 year analysis from 1993 - 2012

do not have space cooling device).

2 Story Wood Frame Building (West-facing) Avoided kWh: $0.015 Adjustments:
1 household, 3 occupants Avoided kW: $89.00 Tree Mortality per Year
1,761 sq ft floor area Cost / tree: $50.00 Years 1-2 : 5%
Cooling: 1,858 kWhiyr ($223), Peak: 5.1 kW  Trees Planted: 10,000 Years 3-20: 1%
Heating: 71.5 MBtulyr ($358) Discount Rate: 11% AC Present: 50%
Inflation Rate: 4.5%
Adjusted Savings Adjusted Nominail Savings (All Trees) SUMMARY OF ECONOMIC ANALYSIS
Per Planted Tree kWh Saving kW Savings KWh+kW
kWhitree  kwitree Yr Total § Total $ Total $ PV of PV of
0 0.00 1 $78 $2,529 $2,607 Benefits Costs
2 0.01 2 $294 $9,551 $9,846 Fixed: na $500,000
4 0.02 3 $649 $21,058 $21,707 Variable: na na
7 0.04 4 $1,125 $36,529 $37,655 Capacity: $918,267 na
11 0.06 5 $1,709 $55,461 $57,170 Energy: $28,321 na
15 0.08 6 $2,381 $77,275 $79,656 TOTAL: $947588  $500,000
20 0.11 7 $3,122 $101,333 $104,455
25 0.14 8 $3,911 $126,857 $130,868 Net Present Value: $447,588
30 0.16 9 $4,727 $153,441 $158,168 (Benefits -Costs)
35 0.19 10 $5,548 $180,077 $185,625
41 0.22 11 $6,352 $206,165 $212,516 Benefit to Cost Ratio: 1.90
45 025 12 $7.118 $231,033 $238,151 (Benefits / Costs)
50 0.27 13 $7.827 $254,053 $261,880
54 0.30 14 $8,462 $274,657 $283,119 Estimated Savings (All Trees):
57 0.31 15 $9,007 $292,344 $301,351 Average Peak Capacity: 1,948 kW-yr
60 0.33 16 $9,449 $306,699 $316,147 Average Energy: 356,084 kWh/yr
62 0.34 17 $9,778 $317,393 $327,171
64 0.35 18 $9,988 $324,197 $334,185 Estimated Savings (Per Tree Planted):
64 0.35 19 $10,074 $326,981 $337,055 Average Peak Capacity: 0.18 kW-yr
64 0.35 20|  $10,035 $325,717 $335,751 Average Energy: 35.61 kWh/yr
712 3.90 $111,632 $3,623452 $3,735,084
Assumptions:

2) 10,000 trees planted in 1993, 1 per residence, at $50/tree, which includes costs of the tree, stakes and other planting materials,
program administration, overhead, and 3 year follow-up for tree care and public education (assumes residents plant trees).

Costs of Shade Tree Program to SMUD have dropped from $49/ tree in 1990-91 to $35/tree in 1993-94 (Rich Sequest).

3) Assume typical tree planted to shade the west wall is 3-ft wide and tall when planted and reaches 25-ft wide and tali by year 20.

4) Assume annual savings of 170 kWh and 0.93 kW for the 20-year old tree based on previously cited energy simulations.

5) Assume annual energy savings pattem is linked to tree growth, for years 1-20 follows an "S" shaped growth curve.

6) Assumae the ratio of savings due to direct shade and indirect effects remains constant over time (as modeled for year 20).

7) Assume adjustment to both energy and capacity savings based on tree mortality at 5% per year during the first 2 years of establishment
and 1% per year for the remaining 18 years (25% mortality over 20 years).
|8) Assume adjustment to both energy and capacity savings for air conditioning saturation of 50% (half of the homes where tree is planted

9) Assume nominal discount rate of 11%, avoided energy and capacity costs of $.015/kWh and $89/kW-yr, and a 4.5% inflation rate
(from Gary Rehof, Least-Cost Planning Dept., Commonwealth Edison).
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ECONOMIC ANALYSIS OF SHADE TREE PROGRAM IN CHICAGO, ILLINOIS

1) 20 year analysis from 1993 - 2012

2) 10,000 trees planted in 1893, 1 per residence, at $50/tree, which includes costs of the tree, stakes and other planting materials,
program administration, overhead, and 3 year follow-up for tree care and public education (assumes residents plant trees).
Costs of Shade Tree Program to SMUD have dropped from $49/ tree in 1990-91 to $35/tree in 1993-94 (Rich Sequest).

3) Assume typical tree planted to shade the west wall is 3-ft wide and tall when planted and reaches 24-ft wide and 36-ft tall by year 20.

4) Assume annual savings of 266 kWh and 0.64 kW for the 20-year old tree based on previously cited energy simulations.

5) Assume annual energy savings pattem is linked to tree growth, for years 1-20 follows an "S" shaped growth curve.

6) Assume the ratio of savings due to direct shade and indirect effects remains constant over time (as modeled for year 20).

7) Assume adjustment to both energy and capacity savings based on tree mortality at 5% per year during the first 2 years of establishment
and 1% per year for the remaining 18 years (25% mortality over 20 years).

8) Assume adjustment to both energy and capacity savings for air conditioning saturation of 50% (half of the homes where tree is planted
do not have space cooling device).

9) Assume nominal discount rate of 11%, avoided energy and capacity costs of $.015/kWh and $89/kW-yr, and a 4.5% infiation rate
(from Gary Rehof, Least-Cost Planning Dept., Commonweaith Edison).

2 Story Brick Building (South-facing) Avoided kWh: $0.015 Adjustments:
2 households, 6 occupants Avoided kW: $89.00 Tree Mortality per Year
3,562 sq ft floor area Cost/tree: $50.00 Years 1-2 : 5%
Cooling: 3,682 kWhiyr ($442), Peak: 10.6 kW  Trees Planted: 10,000 Years 3-20: 1%
Heating: 385 MBtulyr ($1,925) Discount Rate: 11% AC Present. 50%
Inflation Rate: 4.5%
Adjusted Savings Adjusted Nominal Savings (All Trees) SUMMARY OF ECONOMIC ANALYSIS
Per Planted Tree kWh Saving kW Savings KWh+kW
kWhitree  kwitree Yr Total $ Total $ Total $ PV of PV of
1 0.00 1 $122 $1.740 $1,862 Benefits Costs
3 0.01 2 $460 $6,573 $7.034 Fixed: na  $500,000
6 0.02 3 $1,015 $14,491 $15,506 Variable: na na
11 0.03 4 $1,761 $25,138 $26,899 Capacity: $632,614 na
17 0.04 5 $2,674 $38,167 $40,841 Energy: $44,314 na
24 0.08 6 $3,725 $53,179 $56,904 TOTAL:  $676,928  $500,000
31 007 7 $4,885 $69,735 $74,620
39 0.08 8 $6,120 $87,368 $93,488 Net Present Value: $176,928
47 0.11 9 $7.397 $105,594 $112,991 (Benefits -Costs)
55 0.13 10 $8,681 $123,924 $132,605
63 0.15 11 $9,938 $141,877 $151,815 Benefit to Cost Ratio: 1.35
7 0.17 12| $11,137 $158,980 $170,127 (Benefits / Costs)
78 0.19 13| $12,247 $174,833 $187,079
84 0.20 14 $13,240 $189,011 $202,251 Estimated Savings (All Trees):
90 0.22 15 $14,093 $201,183 $215,276 Average Peak Capacity: 1,341 kW-yr
94 0.23 16| $14,785 $211,061 $225,846 Average Energy: 557,166 kWh/yr
98 0.23 17{ $15300 $218,421 $233,721
100 0.24 18 $15,628 $223,104 $238,732 Estimated Savings (Per Tree Planted):
101 024 19] $15,762 $225,019 $240,782 Average Peak Capacity: 0.13 kW-yr
100 0.24 20f $15701 $224,149 $239,851 Average Energy: 55.72 kWh/yr
1,114 268 $174,672 $2,493,558 $2,668,230
Assumptions:
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