Calculating Avoided CO, Emissions

Reducing building energy use reduces emissions of
CO,. Emissions were calculated as the product of
energy use and CO, emission factors for electricity
and heating. Heating fuel is largely natural gas and
electricity in New York. The fuel mix for electri-
cal generation included mainly natural gas (51.4%)
and nuclear energy (34.8%) (U.S. EPA 2003).

Emissions factors for electricity (Ib/MWh) and nat-
ural gas (Ib/MBtu) fuel mixes are given in Table D4.
The monetary value of avoided CO, was $6.68/ton
based on the average value in Pearce (2003).

Table D4—Emissions factors and monetary implied val-
ues for CO, and criteria air pollutants.

Emission factor Implied

Electricity Natural gas value®

(IbMWh)*  (Ib/MBtu)® ($/1b)

Co, 3,012 118 0.00334
NO, 4.826 0.1020 4.59
SO, 4.367 0.0006 3.48
PM,, 0.281 0.0075 8.31
VOCs 0.131 0.0054 2.31

“U.S. EPA 2003, except Ottinger et al. 1990 for VOCs

°U.S. EPA 1998

°CO, from Pearce (2003), values for all other pollutants are based
on methods of Wang and Santini (1995) using emissions concentra-
tions from U.S. EPA (2003) and population estimates from the U.S.
Census Bureau (2003)

Improving Air Quality

Calculating Avoided Emissions

Reductions in building energy use also result in
reduced emissions of criteria air pollutants (those
for which a national standard has been set by the
EPA) from power plants and space-heating equip-
ment. This analysis considered volatile organic hy-
drocarbons (VOCs) and nitrogen dioxide (NO,)—
both precursors of ozone (O,) formation—as well
as sulfur dioxide (SO,) and particulate matter of
<10 micron diameter (PM, ). Changes in average
annual emissions and their monetary values were
calculated in the same way as for CO,, again us-
ing utility specific emission factors for electricity
and heating fuels (U.S. EPA 2003). The prices of
emissions savings were derived from models that

calculate the marginal cost of controlling differ-
ent pollutants to meet air quality standards (Wang
and Santini 1995). Emissions concentrations were
obtained from U.S. EPA (2003, Table D4), and
population estimates from the U.S. Census Bureau
(20006).

Calculating Deposition and Interception

Trees also remove pollutants from the atmosphere.
The hourly pollutant dry deposition per tree is ex-
pressed as the product of the deposition velocity V,
=1/(R +R +R ), pollutant concentration (C), canopy
projection (CP) area, and time step. Hourly deposi-
tion velocities for each pollutant were calculated
using estimates for the resistances R, R, and R_
estimated for each hour over a year using formula-
tions described by Scott et al. (1998). Hourly con-
centrations for 2003 for NO,, SO,, O, and PM, , for
New York City and the surrounding area were ob-
tained from the U.S. EPA. Hourly air temperature
and wind speed data were obtained from the Na-
tional Oceanic and Atmospheric Administration,
and solar radiation data were calculated using the
Northeast Regional Climate Center’s solar radia-
tion model based on weather data from JFK airport
(for a description of the model, see DeGaetano et
al. 1993). The year 2003 was chosen because data
were available and it closely approximated long-
term, regional climate records.

Deposition was determined for deciduous species
only when trees were in-leaf. A 50% re-suspension
rate was applied to PM, deposition. Methods de-
scribed in the section “Calculating Avoided Emis-
sions” were used to value emissions reductions;
NO, prices were used for O, since O, control mea-
sures typically aim at reducing NO,,.

Calculating BVOC Emissions

Emissions of biogenic volatile organic carbon
(sometimes called biogenic hydrocarbons or
BVOCs) associated with increased O, formation
were estimated for the tree canopy using meth-
ods described by McPherson et al. (1998). In this
approach, the hourly emissions of carbon in the
form of isoprene and monoterpene are expressed
as products of base emission factors and leaf bio-
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mass factors adjusted for sunlight and temperature
(isoprene) or simply temperature (monoterpene).
Annual dry foliar biomass was derived from field
data collected in New York, NY, during September
2005. The amount of foliar biomass present for each
year of the simulated tree’s life was unique for each
species. Hourly air temperature and solar radiation
data for 2003 described in the pollutant uptake sec-
tion were used as model inputs. Hourly emissions
were summed to get annual totals (Table D4).

The ozone-reduction benefit from lowering sum-
mertime air temperatures, thereby reducing hy-
drocarbon emissions from biogenic sources, was
estimated as a function of canopy cover following
McPherson and Simpson (1999). Peak summer air
temperatures were reduced by 0.2°F for each per-
centage increase in canopy cover. Hourly changes
in air temperature were calculated by reducing this
peak air temperature at every hour based on the
hourly maximum and minimum temperature for
that day, the maximum and minimum values of to-
tal global solar radiation for the year. Simulation
results from Los Angeles indicate that O, reduction
benefits of tree planting with “low-emitting” spe-
cies exceeded costs associated with their BVOC
emissions (Taha 1996). This is a conservative ap-
proach, since the benefit associated with lowered
summertime air temperatures and the resulting re-
duced hydrocarbon emissions from anthropogenic
sources were not accounted for.

Reducing Stormwater Runoff

The social benefits that result from reduced peak
runoff include reduced property damage from
flooding and reduced loss of soil and habitat due
to erosion and sediment flow. Reduced runoff also
results in improved water quality in streams, lakes,
and rivers. This can translate into improved aquatic
habitats, less human disease and illness due to con-
tact with contaminated water and reduced storm-
water treatment costs.

Calculating Stormwater Runoff Reductions

A numerical simulation model was used to estimate
annual rainfall interception (Xiao et al. 1998). The
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interception model accounts for rainwater inter-
cepted by the tree, as well as throughfall and stem
flow. Intercepted water is stored on canopy leaf and
bark surfaces. Once the storage capacity of the tree
canopy is exceeded, rainwater temporarily stored
on the tree surface will drip from the leaf surface
and flow down the stem surface to the ground.
Some of the stored water will evaporate. Tree can-
opy parameters related to stormwater runoff reduc-
tions include species, leaf and stem surface area,
shade coefficient (visual density of the crown), tree
height, crown diameter, and foliation period. Wind
speeds were estimated for different heights above
the ground; from this, rates of evaporation were es-
timated.

The volume of water stored in the tree crown was
calculated from crown-projection area (area un-
der tree dripline), leaf area indices (LAI, the ratio
of leaf surface area to crown projection area), the
depth of water captured by the canopy surface, and
the water storage capacity of the tree crown. Tree
surface saturation was 0.04 inch (1 mm). Species-
specific shading coefficient, foliation period, and
tree surface saturation storage capacity influence
the amount of projected throughfall.

Hourly meteorological and rainfall data for 2000
at the JFK International Airport climate monitor-
ing station (National Oceanic and Atmospheric Ad-
ministration/National Weather Service, COOP ID:
305803, latitude: 40° 38’ N, longitude: 73° 46’ W,
elevation: 11 feet) in Queens County, New York,
were used in this simulation. The year 2000 was
chosen because it most closely approximated the
30-year average rainfall of 41.97 inches (1,065.9
mm). Annual precipitation in New York during
1998 was 41.0 in (1,041.9 mm). Storm events less
than 0.1 in (2.5 mm) were assumed not to produce
runoff and were dropped from the analysis. More
complete descriptions of the interception model
can be found in Xiao et al. (1998, 2000).

Treatment of runoff is one way of complying with
federal Clean Water Act regulations by prevent-
ing contaminated stormwater from entering local
waterways. Lacking data for New York City, we



relied on stormwater management control costs
for Washington, D.C., as the basis for calculating
the implied value of each gallon of stormwater in-
tercepted by trees. In Washington, D.C., the mon-
etized benefit value is $0.04/gal based on projected
costs and water savings from the Water and Sewer
Authority’s 2002 Long-Term Control Plan (Gree-
ley and Hansen 2002).

Property Value and Other Benefits

Trees provide a host of aesthetic, social, economic,
and health benefits that should be included in any
benefit—cost analysis. One of the most frequently
cited reasons for planting trees is beautification.
Trees add color, texture, line, and form to the land-
scape softening the hard geometry that dominates
built environments. Research on the aesthetic qual-
ity of residential streets has shown that street trees
are the single strongest positive influence on scenic
quality (Schroeder and Cannon 1983). Consumer
surveys have shown that preference ratings in-
crease with the presence of trees in the commer-
cial streetscape. In contrast to areas without trees,
shoppers indicated that they shopped more often
and longer in well-landscaped business districts,
and were willing to pay more for goods and servic-
es (Wolf 1999). Research in public-housing com-
plexes found that outdoor spaces with trees were
used significantly more often than spaces without
trees. By facilitating interactions among residents,
trees can contribute to reduced levels of violence,
as well as foster safer and more sociable neighbor-
hood environments (Sullivan and Kuo 1996).

Well-maintained trees increase the “curb appeal”
of properties. Research comparing sales prices of
residential properties with different numbers and
sizes of trees suggests that people are willing to
pay 3-7% more for properties with ample trees
versus few or no trees. One of the most compre-
hensive studies on the influence of trees on resi-
dential property values was based on actual sales
prices and found that each large front-yard tree was
associated with about a 1% increase in sales price
(Anderson and Cordell 1988). Depending on aver-

age home sale prices, the value of this benefit can
contribute significantly to property tax revenues.

Scientific studies confirm our intuition that trees
in cities provide social and psychological benefits.
Humans derive substantial pleasure from trees,
whether it is inspiration from their beauty, a spiri-
tual connection, or a sense of meaning (Dwyer et
al. 1992; Lewis 1996). Following natural disasters,
people often report a sense of loss if the urban for-
est in their community has been damaged (Hull
1992). Views of trees and nature from homes and
offices provide restorative experiences that ease
mental fatigue and help people to concentrate (Ka-
plan and Kaplan 1989). Desk-workers with a view
of nature report lower rates of sickness and greater
satisfaction with their jobs compared to those hav-
ing no visual connection to nature (Kaplan 1992).
Trees provide important settings for recreation and
relaxation in and near cities. The act of planting
trees can have social value, for community bonds
between people and local groups often result.

The presence of trees in cities provides public
health benefits and improves the well being of
those who live, work and play in cities. Physical
and emotional stress has both short-term and long-
term effects. Prolonged stress can compromise the
human immune system. A series of studies on hu-
man stress caused by general urban conditions and
city driving showed that views of nature reduce the
stress response of both body and mind (Parsons et
al. 1998). City nature also appears to have an “im-
munization effect,” in that people show less stress
response if they have had a recent view of trees
and vegetation. Hospitalized patients with views
of nature and time spent outdoors need less medi-
cation, sleep better, have a better outlook, and re-
cover quicker than patients without connections to
nature (Ulrich 1985). Trees reduce exposure to ul-
traviolet light, thereby lowering the risk of harmful
effects from skin cancer and cataracts (Tretheway
and Manthe 1999).

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

Urban forests can be oases, sometimes containing
more vegetative diversity than surrounding rural
areas. Numerous types of wildlife inhabit cities and
are generally highly valued by residents. For ex-
ample, older parks, cemeteries, and botanical gar-
dens often contain a rich assemblage of wildlife.
Street-tree corridors can connect a city to surround-
ing wetlands, parks, and other greenspace resourc-
es that provide habitats that conserve biodiversity
(Platt et al.1994).

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

Calculating Changes
and Other Benefits

In an Athens, GA, study (Anderson and Cordell
1988), a large front-yard tree was found to be as-
sociated with a 0.88% increase in average home
resale values. In our study, the annual increase in
leaf surface area of a typical mature large tree (30-
year-old zelkova, average leaf surface area 4,256
ft?) was the basis for valuing the capacity of trees

in Property Values

to increase property value.

Assuming the 0.88% increase in property value
held true for the city of New York, each large tree
would be worth $4,728 based on the 4th quarter,
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2005, median single-family-home resale price in
New York ($537,300) (National Association of Re-
altors 2005). However, not all trees are as effective
as front-yard trees in increasing property values.
For example, trees adjacent to multifamily hous-
ing units will not increase the property value at the
same rate as trees in front of single-family homes.
Therefore, a citywide reduction factor (0.88) was
applied to prorate trees’ value based on the assump-
tion that trees adjacent to different land uses make
different contributions to property sales prices. For
this analysis, the reduction factor reflects the dis-
tribution of municipal trees in New York by land
use. The overall reduction factor for street trees re-
flects tree distribution by land use. Reduction fac-
tors were single-home residential (100%), multi-
home residential (75%), small commercial (66%),
industrial/institutional/large commercial (50%),
vacant/other (50%) (McPherson et al. 2001). Trees
in parks were assigned a reduction factor of 0.50.

Estimating Magnitude of Benefits

Resource units describe the absolute value of the
benefits of New York City’s street trees on a per-
tree basis. They include kWh of electricity saved
per tree, kBtu of natural gas conserved per tree, Ibs
of atmospheric CO, reduced per tree, lbs of NO,,
PM,, and VOCs reduced per tree, cubic feet of
stormwater runoff reduced per tree, and square feet
of leaf area added per tree to increase property val-
ues. A dollar value was assigned to each resource

unit based on local costs.

Estimating the magnitude of the resource units pro-
duced by all street trees in New York City required
four steps: (1) categorizing street trees by species
and DBH based on the city’s street-tree inventory,
(2) matching other significant species with those
that were modeled, (3) grouping remaining “other”
trees by type, and (4) applying resource units to
each tree.

Categorizing Trees by DBH Class

The first step in accomplishing this task involved
categorizing the total number of street trees by rel-
ative age (as a function of DBH class). The inven-



tory was used to group trees into the DBH classes
described at the beginning of this chapter.

Next, the median value for each DBH class was
determined and subsequently used as a single value
to represent all trees in each class. For each DBH
value and species, resource units were estimated
using linear interpolation.

Applying Resource Units to Each Tree

The interpolated resource-unit values were used to
calculate the total magnitude of benefits for each
DBH class and species. For example, assume that
there are 300 London planetrees citywide in the 30-
to 36-inch DBH class. The interpolated electricity
and natural gas resource unit values for the class
midpoint (33 inch) were 199.3 kWh and 6,487.9
kBtu per tree, respectively. Therefore, multiplying
the resource units for the class by 300 trees equals
the magnitude of annual heating and cooling ben-
efits produced by this segment of the population:
59,790 kWh of electricity saved and 1,946,370
kBtu of natural gas saved.

Matching Significant Species
with Modeled Species

To extrapolate from the 21 municipal species mod-
eled for growth to the entire inventoried tree popu-
lation, each species representing over 1% of the
population was matched with the modeled species
that it most closely resembled. Less abundant spe-
cies that were not matched were then grouped into
the “Other” categories described below.

Grouping Remaining “Other” Trees by Type

The species that were less than 1% of the popula-
tion were labeled “other” and were categorized ac-
cording into classes based on tree type (one of four
life forms and three mature sizes):

* Broadleaf deciduous: large (BDL), medium
(BDM), and small (BDS).

* Broadleaf evergreen: large (BEL), medium
(BEM), and small (BES).

» Coniferous evergreen: large (CEL), medium
(CEM), and small (CES).

* Palm: large (PEL), medium (PEM), and small
(PES).

Large, medium, and small trees were >50 ft, 35-50
ft, and < 35 ft in mature height, respectively. A typ-
ical tree was chosen to represent each of the above
12 categories to obtain growth curves for “other”
trees falling into each of the categories:

BDL Other = Japanese zelkova (Zelkova serrata)
BDM Other = Red maple (4cer rubrum)

BDS Other = Kwanzan cherry (Prunus serrulata)
BEL Other = none in inventory

BEM Other = Southern magnolia (Magnolia gran-
diflora)

BES Other = American holly (Ilex opaca)
CEL Other = Eastern white pine (Pinus strobus)

CEM Other = Eastern red cedar (Juniperus virgin-
iana)

CES Other = Bolander beach pine (Pinus contorta
var. bolanderi)

PEL Other = Canary Island date palm (Phoenix ca-
nariensis)

PEM Other = Cabbage palm (Sabal palmetto)
PES Other = Jelly palm (Butia capitata)

When local data were not measured for certain cat-
egories (e.g., CES, PES), growth data from similar-
sized species in a different region were used.

Calculating Net Benefits
and Benefit-Cost Ratio

It is impossible to quantify all the benefits and
costs produced by trees. For example, owners of
property with large street trees can receive bene-
fits from increased property values, but they may
also benefit directly from improved health (e.g.,
reduced exposure to cancer-causing UV radiation)
and greater psychological well-being through visu-
al and direct contact with trees. On the cost side, in-
creased health-care costs may be incurred because
of nearby trees, due to allergies and respiratory ail-
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ments related to pollen. The values of many of these
benefits and costs are difficult to determine. We
assume that some of these intangible benefits and
costs are reflected in what we term “property value
and other benefits.” Other types of benefits we can
only describe, such as the social, educational, and
employment/training benefits associated with the
city’s street tree resource. To some extent connect-
ing people with their city trees reduces costs for
health care, welfare, crime prevention, and other
social service programs.

New York City residents can obtain additional eco-
nomic benefits from street trees depending on tree
location and condition. For example, street trees
can provide energy savings by lowering wind ve-
locities and subsequent building infiltration, there-
by reducing heating costs. This benefit can extend
to the neighborhood, as the aggregate effect of
many street trees reduces wind speed and reduces
citywide winter energy use. Neighborhood prop-
erty values can be influenced by the extent of tree
canopy cover on streets. The community benefits
from cleaner air and water. Reductions in atmo-
spheric CO, concentrations due to trees can have
global benefits.

Net Benefits and Costs Methodology

To assess the total value of annual benefits (B) for
each park and street tree (i) in each management
area (j) benefits were summed (Equation 3):

where
B =Zf{zi(ey- ta;+e;+hy +p,~,~)}
1 1

e = price of net annual energy savings = annual
natural gas savings + annual electricity sav-
ings

a = price of annual net air quality improve-
ment = PM, | interception + NO, and O,
absorption + avoided power plant emissions
—BVOC emissions
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¢ = price of annual CO, reductions = CO, se-
questered — releases + CO, avoided from
reduced energy use

h = price of annual stormwater runoff reduc-
tions = effective rainfall interception

p = price of aesthetics = annual increase in
property value

Total net expenditures were calculated based on all
identifiable internal and external costs associated
with the annual management of municipal trees
citywide (Koch 2004). Annual costs for the mu-
nicipality (C) were summed:

C=p+tt+r+d+ets+cl+l+a+gq

p = annual planting expenditure

¢t = annual pruning expenditure

r = annual tree and stump removal and dis-
posal expenditure

d = annual pest and disease control expenditure

e = annual establishment/irrigation expenditure

s = annual price of repair/mitigation of infra-
structure damage

¢l = annual price of litter/storm clean-up

[ = average annual litigation and settlements
expenditures due to tree-related claims

a = annual expenditure for program adminis-
tration

g = annual expenditures for inspection/answer
service requests

Total citywide annual net benefits as well as the
benefit—cost ratio (BCR) were calculated using the
sums of benefits and costs:
Citywide Net Benefits =B — C
BCR=B/C

Equation 4
Equation 5
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