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Abstract: This paper presents a comparison of the structure, function, and value of street
and park tree populations in two California cities. Trees provided net annual benefits val-
ued at $2.2 million in Modesto and $ 805,732 in Santa Monica. Benefit-cost ratios were
1.85:1 and 1.52:1 in Modesto and Santa Monica, respectively. Residents received $ 1.85
and $1.52 in annual benefits for every $ 1 invested in management. Aesthetic and other
benefits accounted for 50% to 80% of total annual benefits, while expenditures for prun-
ing accounted for about 50% of total annual costs. Although these results were similar,
benefits and costs were distributed quite differently in each city. Variations in tree sizes
and growth rates, foliation characteristics, prices, residential property values, and climate
were chiefly responsible for different benefits and costs calculated on a per tree basts.
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Introduction

Cities need to grow to maintain vigorous local
economies, but their ability to grow is influenced by en-
vironmental constraints and competition with other re-
gions in terms of quality of life. Research quantifying
the benefits of healthy municipal urban forests is show-
ing that trees can mitigate impacts of development on air
quality, climate, energy for heating and cooling build-
ings, and stormwater runoff. Healthy street trees in-
crease real estate values, provide neighborhoods with a
sense of place, and foster psychological well-being
(Dwyer et al. 1992). Street and park trees are associated
with other intangible benefits such as increased commu-
nity attractiveness and recreational opportunities that
make cities more enjoyable places to work and play.
The motivation for this study is to provide cities with
a comprehensive accounting of municipal forest bene-
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fits and associated management costs. We build upon
previous benefit-cost analyses in Chicago, IL and
Modesto, CA (McPherson et al. 1997, 1999a) that were
applied to:

* assess the adequacy of management programs and
justify their funding,

o provide baseline information for the evaluation of
program cost-efficiency,

* highlight the relevance of the urban forest to local
quality of life,

* develop alternative funding sources through electric
utilities, air quality districts, federal or state agen-
cies, legislative initiatives, or local assessment fees.
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This paper compares the structure, function, and
value of municipal urban forests in Modesto and Santa
Monica, CA.

Operational Definitions of Structure, Function,
and Value

The ‘structure’ of an urban forest is defined as the
species composition and spatial array of vegetation in
relation to other objects such as buildings (Rowntree
1934). Urban forest structure reflects historic interac-
tions between a host of cultural and ecological factors
(Sanders 1984). Ecological measures of the structure of
street and park tree populations include species and age
diversity, stocking level, health, and importance value
(Barbour et al. 1980; McPherson & Rowntree 1989).

The term urban forest ‘function’ refers in general to
the services that urban forests provide such as pollution
removal, temperature modification, and property value
increase (Rowntree 1986). Tree location and type (i.e.,
structure) influence function. For instance, a tree locat-
ed south of a building can increase heating costs, but
the same tree west of the building will reduce cooling
costs and provide substantial net energy benefits. We
measure function in terms of resource units (RU) —
kilograms of pollutant uptake, kilowatt-hours of elec-
tricity savings for cooling, etc.

‘Value’ refers to the benefits and costs society derives
from the urban forest. Tyrvainen (2001) reviewed dif-
ferent approaches to determine the value of urban forest
benefits. Hedonic pricing relies on differences in hous-
ing prices to reflect the value of nearby greenspace.
Contingent valuation is based on surveys that ask what
people are willing to pay for greenspace. Average will-
ingness to pay is multiplied by the total number of con-
sumers to estimate greenspace value. The travel-cost
method uses the costs of travel as a proxy for the price
that people are willing to pay for recreational benefits
of greenspace. Each of these methods have their advan-
tages and limitations (Tyravinen 2001). However, these
approaches have not been applied to street and park tree
populations because they do not isolate the benefits of
individual trees within forest stands.

Several methods have been developed to value ben-
efits from individual trees. The most common ap-
proach calculates asset value, the current worth of pre-
vious investments, using the cost of replacing trees.
Prices for individual trees are summed to calculate the
total asset value for all street and park trees. This
method is also called the depreciated cost approach
because the tree’s replacement cost is depreciated to
account for the difference in benefits that would result
from a new tree compared to the existing tree. The
cost of replacing a tree may be more or less than what
people are willing to pay for the existing tree. Because
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this approach is cost-based it does designate prices for
individual benefits produced by the existing tree pop-
ulation.

External benefit valuation quantifies specific im-
pacts of trees on the urban environment, such as cli-
mate modification and air pollutant removal (McPher-
son 1992). Benefits are priced through alternative costs
of environmental control that reflect people’s willing-
ness to pay for air pollution control or stormwater
runoft reduction. Energy savings for heating and cool-
ing are calculated directly using marginal prices for
electricity and natural gas. This approach excludes
non-environmental values such as aesthetics, recre-
ation, environmental education, stress reduction, and
spiritual renewal. Also, it requires large amounts of
data for numerical modeling, and these models simpli-
fy the complex interactions between trees and the sur-
rounding urban environment.

Performance Variables for Structure, Function,
and Value

Performance variables provide a standard metric to
measure and compare urban forest structure, function,
and value across cities. These indicators should address
factors that are most important to efficient management
of street and park trees. Also, they should be based on
information that-is widely available through standard
tree inventories, surveys of municipal services, model-
ing algorithms and output, and other sources. To facili-
tate comparisons across cities in this study, findings are
presented on a per tree basis. As knowledge grows with
future research, more definitive sets of performance
variables will be identified.

Study Sites

The cities of Modesto and Santa Monica were chosen
for this study because of their extensive tree invento-
ries and detailed information on tree program expendi-
tures. Their tree programs are not typical of most U.S.
cities, but rather examples to emulate. Modesto, Cali-
fornia (latitude: 37°38"10” N, longitude: 121°11"10” W)
is located in the Central Valley and has a population of
182,260 within the 9,065 ha city limits. The City of
Santa Monica (latitude: 34°02°00” N, longitude:
118°29°00” W), is located along the Pacific Ocean and
adjacent to the City of Los Angeles. A population of
92,578 reside in the 2,176 ha city. The average eleva-
tion of both cities is about 10 m. For purposes of com-
parison, the trees and climate in Santa Monica are sim-
ilar to coastal Mediterranean cities such as Lisbon, Va-
lencia, and Naples, while conditions in Modesto more
closely resemble those of inland cities like Madrid and
Florence.
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Methods

Data collection and computer modeling procedures
have been described in previous publications (McPher-
son et al. 1999a, 1999b). Therefore, this paper summa-
rizes the modeling approach and identifies salient dif-
ferences between its application in Modesto and Santa
Monica.

[ Tree inventories and growth curves. Modesto’s tree
inventory database contained 75,649 street trees and
184 species. Because park trees were not inventoried
the city surveyed trees in 23 parks and estimated the
total park tree population to be 15,550. Santa Monica’s
inventory contained 21,698 street trees, 3,721 park
trees, and 215 species.

After stratifying by age/size class, a sample of ap-
proximately 30 randomly selected trees from each of
the 22 most abundant species were surveyed in each
city to 1) establish relations between tree age, size, leaf
area and biomass for important species, 2) estimate
growth rates, and 3) collect other data on tree health,
site conditions, and sidewalk damage. Measurements
were taken of diameter at breast height (dbh), tree and
bole height, crown radius, tree condition and location,
severity of pruning, etc. for 648 trees in Modesto and
606 in Santa Monica.

Crown volume and leaf arca were estimated from
computer processing of digital images of tree crowns
(Peper & McPherson 1998). Curve fitting models were
tested for best fit to predict dbh as a function of age for
each species. Tree leaf area, crown diameter, and tree
height were then modeled as a function of dbh (Peper
et al. 2001a, 2001b). Dimensional measurements of
park trees indicated that their growth rates were similar
to street trees.

To infer from the 22 species sampled to the remain-
ing species, called Other Trees, each species was cate-
gorized based on life form and mature size. Twelve tree
type categories were created with 3 size classes (large
(>15 m), medium (8-15 m), small (<8 m) mature
height) for each of 4 life forms: broadleat deciduous,
broadieaf evergreen, conifer, and palm.

1 Importance values. The Tmportance Value (IV) for
each species was calculated as the sum of relative
abundance, crown projection area (CPA), and leaf sur-
face area (LA), divided by three. The IV provides a
more robust indicator of a species importance than
does relative abundance or size alone.

L1 Annual costs. Expenditures reported by the Commu-
nity Forestry Divisions during fiscal years 19971998
in Modesto and 1998-1999 in Santa Monica were com-
piled. Tree related expenses captured by other depart-

ments for sidewalk and curb repair, leaf clean-up, and
trip and fall claims were also included.

1 Annual benefits. Growth rate information was used
to “grow” the tree population for one year. Population
numbers were assumed to remain constant. The model-
ing approach directly connected benefits with tree size
variables such as dbh and LA (Fig. 1). Prices were as-
signed to each benefit through direct estimation and
implied valuation of benefits as environmental exter-
nalities.

[1 Energy savings. Changes in building energy use
from tree shade were based on computer simulations
that incorporated building, climate, and shading effects
(McPherson and Simpson 1999). Building characteris-
tics (e.g., cooling and heating equipment saturations,
floor area, number of stories, insulation, window area,
etc.) were differentiated by building vintage. In
Modesto the analysis was limited to three single family
vintages (date of construction: pre~1950, 1950-1980
and post-1980). In Santa Monica, where more resi-
dents live in apartments, it was extended to include
multifamily residences, commercial/industrial, and in-
stitutional buildings. Typical meteorological year
(TMY) weather data for Fresno (Modesto) and Los An-
geles International Airport (Santa Monica) were used.
The distribution of street trees with respect to buildings
was based on analysis of aerial photos for both cities. It
was assumed that street trees within 18 m of homes
provided direct shade on walls and windows. In addi-
tion to localized shade effects from street trees, climate
effects on energy use, air temperature, and wind speed
reductions were estimated as a function of neighbor-
hood canopy cover following McPherson & Simpson
(1999). The dollar value of electrical energy and natu-
ral gas savings were based on marginal electricity and
natural gas prices supplied by local utilities.

[l Ammospheric carbon dioxide reductions. Sequestra-
tion, the net rate of CO, storage in above- and below-
ground biomass over the course of one growing season
(kg/tree), was calculated with tree growth data and
biomass equations for urban trees (Pillsbury et al.
1998). To calculate CO, released through decomposi-
tion of dead woody biomass we conservatively esti-
mated that dead trees were removed and mulched in the
year that death occurred, and that 80% of their stored
carbon was released to the atmosphere as CO, in the
same year. To estimate CO, released due to tree mainte-
nance activities, annual consumption of gasoline and
diesel fuel by the community forestry divisions was
converted into CO, equivalent emissions.

Reductions in building energy use result in reduced
emissions of CO,. Emission reductions were calculated
as the product of energy savings and CO, emission fac-
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tors for electricity and heating. Heating fuel was natu-
ral gas, while the fuel mixes for electrical generation in
Modesto and Santa Monica were substantially differ-
ent. The price of CO, reductions was based on the im-
plied value of external costs associated with increased
global  warming (California Energy Commission
1994).

L Air quality benefits. The hourly pollutant dry deposi-
tion per tree was expressed as the product of a deposi-
tion velocity V, = I/(R,+ R,+ R), a pollutant concen-
tration C, a canopy projection area CPA, and a time
step. Hourly deposition velocities for ozone (0,), nitro-
gen dioxide (NO,), and particulate matter of <10 mj-
cron diameter (PM, ) were calculated using estimates
for the resistances R, R,, and R, for each hour through-
out a “base year” (Scott et al. 1998). A 9-month in-leaf
Season was assumed for all trees in Modesto (89% of
LA was deciduous) and a 12-month in-leaf season for
all trees in Santa Monica (93% of LA evergreen). A
50% re-suspension rate was applied to PM,, deposi-
tion. Hourly meteorological data for wind speed, solar
radiation and precipitation, as well as hourly concen-
trations for NO,, O,, and PM,, were obtained from

local monitoring stations. 1991 was selected as the
base year for both cities because the number of days
when pollutant concentrations exceeded federal stan-
dards was near average for 1991-2000.

Energy savings result in reduced emissions of crite-
ria air pollutants (volatile organic hydrocarbons
[VOC’s], NO,, PM,,) from power plants and space
heating equipment. These avoided emissions were cal-
culated using utility-specific emission factors for elec-
tricity and heating fuels.

Emission of biogenic volatile organic carbon
(BVOCs, sometimes called biogenic hydrocarbons)
were included in the Santa Monica analysis because of
local concerns about their impact on ozone formation
(McPherson et al. 1998). The hourly emissions of car-
bon as isoprene and monoterpene were expressed as
products of base emission factors and leaf biomass fac-
tors adjusted for sunlight and lemperature (isoprene) or
temperature (monoterpene). This approach did not ac-
count for the benefit associated with lowered summer-
time air temperatures and the resulting reduced hydro-
carbon emissions from anthropogenic and biogenic
sources.
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Air quality benefits were priced based on emission
reduction transaction costs specific to each city’s air
quality management district (California EPA 1998,
Cantor Fitzgerald Environmental Brokerage Services,
1999). Because O, credits are not traded, NO, costs
were used for O;. Ozone control measures are primari-
ly aimed at NO, reduction.

1 Stormwater runoff reductions. A numerical intercep-
tion model accounted for the amount of annual rainfall
intercepted by trees, as well as throughfall and stem
flow (Xiao et al. 1998). The volume of water stored in
tree crowns (m’/tree) was calculated from crown pro-
jection areas (area under tree dripline), leaf areas, and
water depths on canopy surfaces. Hourly meteorologi-
cal and rainfall data for 1995 (Modesto) and 1996
(Santa Monica) were used as input. Total precipitation
during 1995 in Modesto was 315 mm, close to the aver-
age annual amount of 310 mm. In Santa Monica, pre-
cipitation during 1996 was 570 mm, somewhat greater
than the average annual amount of 451 mm (U.S. Dept.
of Commerce 1968).

Pricing stormwater reduction benefits involved im-
pacts on water quality and flood control. In Modesto,
water quality benefits were priced based on annual
costs for water quality monitoring and education, while
flood control benefits were based on local costs for
constructing and maintaining stormwater retention/de-
tention basins (McPherson et al. 1999a). In Santa Mon-
ica, water quality benefits were based on the cost of
treating sanitary waste water, while flood control bene-
fits were based on the amount of money spent to con-
trol local flooding during a 25-year storm event (Con-
don & Moriarty 1999).

[0 Aesthetics and other benefits. Many benefits at-
tributed to urban trees are difficult to price (e.g., beauti-
fication, privacy, wildlife habitat, sense of place, well-
being). However, the value of some of these benefits
can be captured in the differences in sales prices of
properties that are associated with trees. Anderson &
Cordell (1988) found that each large front-yard tree
was associated with a 0.88% increase in sales price
($336 or $508 in 1998 dollars). Initially for Modesto,
$ 508 was used as an indicator of the additional value a
Modesto resident would gain from the sale of residen-
tial property with a large street tree in front of their
home (McPherson et al. 1999b). However, subsequent
analysis showed that differences in residential property
values among cities and associated tree benefits were
best modeled by applying the 0.88% sales price in-
crease to the city’s median home sales price. Hence, in
this analysis aesthetic (A) benefits ($/tree/year) reflect
differences in the contribution to residential sales

each city. These relationships are expressed for a single
street tree as:

A=L*P

Where
L = annual increase in tree LA
P = adjusted price ($/m*LA),

P=(TxO)/M
where

T = Large tree contribution to home sales

price = 0.88% X median sales price

Tree location factor that depreciates the benefit for
trees in non-residential sites

M = Large tree leaf area.

C

In August 1998 the median sales prices of homes in
Modesto and Santa Monica were $102,000 and
$450,000, respectively (California Association of Re-
altors 1999). The value T of a large tree that added
0.88% to the sales price of such homes was $900 and
$3,969. Based on growth data for 40-year old plane
(Platanus acerifolia in Modesto) and camphor (Cin-
namomum camphora in Santa Monica) trees, such a
tree was about 13-m tall, with 50-cm trunk diameter,
and 250 m? (2,675 ft?) of leaf surface area M. C was
calculated to be 0.87 in Modesto and 0.84 in Santa

Monica due to differences in street tree distribution by

land use. After reviewing the literature and recognizing
an absence of data, C was arbitrarily assumed to be
0.50 for park trees.

[l Total benefits. To capture the total value of annual
benefits B, each benefit was summed:

B=E+AQ+CO,+H+ O

where

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

AQ = price of annual air quality improvement
(pollutant uptake, avoided power plant emissions,
BVOC emissions in Santa Monica)

CO,= price of annual carbon dioxide reductions

H = price of annual stormwater runoff reductions
O = price of aesthetics and other benefits.
Results

Municipal forest structure

[1 City demographics. The population of Modesto
(182,260) is about two times greater than the popula-
tion of Santa Monica (92,578). However, population



