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COMPENSATORY VALUE OF URBAN TREES IN THE

UNITED STATES

by David J. Nowak', Daniel E. Crane?, and John F. Dwyer?

Abstract. Understanding the value of an urban forest can
give decision makers a better foundation for urban tree man-
agement. Based on tree-valuation methods of the Council of
Tree and Landscape Appraisers and field data from eight cities,
total compensatory value of tree populations in U.S. cities
ranges from $101 million in Jersey City, New Jersey, to $5.2
billion in New York, New York. Compensatory values rep-
resent compensation to owners for the loss of an individual
tree and can be viewed as the value of the tree as a structural
asset. Based on national urban forest tree cover data, the total
compensatory value for the urban forests of the 48 adjacent
United States is estimated at $2.4 trillion.
Key Words. Urban forestry; urban forest value.

Understanding the value of an urban forest can give
managers and planners a basis on which to develop and
evaluate programs for managing urban trees. In North
America, the most widely used method for estimating
the compensatory value of trees was developed by the
Council of Tree and Landscape Appraisers (1992). Com-
pensatory values represent compensation to owners for
the loss of an individual tree. Compensatory values can
be used for estimating compensation for tree losses, jus-
tifying and managing resources, and/or setting policies
related to the management of urban trees.

Urban forest compensatory values can be used to esti-
mate actual or potential loss caused by catastrophic agents.
For example, the loss to the urban forest in Oakland,
California, U.S., from a large fire in 1991 was estimated at
$26.5 million (Nowak 1993b). Compensatory value of
potential loss from Asian longhorned beetle (Anoplophora
glabripennis) infestation in various U.S. cities ranges be-
tween $72 million (Jersey City, New Jersey) and $2.3 bil-
lion (New York, New York) (Nowak et al. 2001c). The
estimated maximum potential national urban impact of
infestations by A. glabripennis is $669 billion.

Though some data on compensatory values have
been established for individual cities (e.g., Nowak
1993b), individual street tree populations (e.g., Miller
and Morano 1984), trees in residential areas (e.g., Martin
et al. 1989), and for the total U.S. street tree population

($30 billion; Kielbaso 1990), no data exist on the total
compensatory value of the entire urban forest resource
of the United States. Based on recently collected field
data from selected U.S. cities (Nowak and Crane 2000)
and analysis of national urban tree cover (Dwyer et al.
2000; Nowak et al. 2001b), this paper estimates total
compensatory value of the urban forest resource of the
coterminous United States, as well as for eight indi-
vidual U.S. cities. These data reveal how urban forest
structure and value differ across the United States and
how wvaluable the urban forest resource is in terms of its
compensatory or structural value. The compensatory
value can be viewed as the value of a tree in place in the
urban landscape to its owner (i.e., the value of the tree as
a structural asset).

METHODS
Field data were collected to determine the entire urban
forest structure (e.g., tree species composition and num-
ber of trees on all land uses) of eight cities: Atlanta,
Georgia; Baltimore, Maryland; Boston, Massachusetts;
Jersey City, New Jersey; New York, NewYork; Oakland,
California (Nowak 1993a, b); Philadelphia, Pennsylvania;
and Syracuse, New York. Trees in these cities were
sampled based on methods developed by the USDA
Forest Service for a number of urban forest research
projects (e.g., Nowak 1993a, b; Nowak et al. 1998, 2000;
Nowak and Crane 2000). These data represent the entire
set of comprehensive urban forest structure and monetary
value data available for the United States. City tree data
[except for Oakland (1989)] were collected between 1996
and 1999 and analyzed using the Urban Forest Effects
(UFORE) model based on a stratified random sample of
approximately 200 0.04-ha (0.1-ac) plots per city (Nowak
and Crane 2000). Data collection included location, spe-
cies, stem diameter at 1.37 m (4.5 ft) above the ground
(dbh), tree and crown height, crown width, and canopy
condition.

The compensatory value of the trees was calculated
based on procedures prescribed by the Council of Tree and
Landscape Appraisers (CTLA 1992). Compensatory value
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derived using these procedures is regularly used to deter-
mine monetary settlement for damage or death of plants
through litigation, insurance claims, loss of property value
for income tax deductions, and real estate assessments. It is
based, in part, on the replacement cost of a similar tree
and is an estimate of the amount of money the tree owner
should be compensated for tree loss.

CTLA compensatory value calculations are based on
four tree and site characteristics: tree trunk area [cross-
sectional area at 1.37 m (4.5 ft) above the ground], spe-
cies, condition, and location. Tree trunk area and species
are used to determine the basic value, which is then
multiplied by condition and location ratings (0-1) to
estimate the final compensatory value of the tree.

For transplantable trees, average replacement cost and
transplantable size were obtained from local International
Society of Arboriculture publications to determine the ba-
sic replacement price ($ per square unit of cross-sectional
area) for the tree. Basic replacement price was multiplied by
tree trunk area and species factor (0—1) to determine the
tree’s basic value. Minimum basic value for a tree [dbh =
2.54 cm (1 in)], prior to species adjustment, was set at
$150. Local species values (0—1) were obtained from In-
ternational Society of Arboriculture publications. If no
monetary or species data were available for the state in
which the tree was located, data from the closest state
were used.

For trees larger than transplantable size:

Basic Value = Replacement Cost +
[Basic Price x (TA, —TA,) x Species Value]

where replacement cost is the cost of a tree at the largest
transplantable size, basic price is the local average cost
per unit trunk area ($ per cm?),TA, is trunk area of the
tree being appraised, and TA, is trunk area of the largest
transplantable tree. Local average replacement cost, trans-
plantable size, basic price, and species values (0-1) were
obtained from International Society of Arboriculture
publications. If no data were available for the state, data
from the closest state were used.

For trees larger than 76.2 cm (30 in.) in trunk diam-
eter, trunk area was adjusted downward based on the
premise that a large mature tree would not increase in
value as rapidly as its trunk area would increase. The
following adjusted trunk area formula was determined
empirically based on the perceived increase in tree size,
expected longevity, anticipated maintenance, and struc-

tural safety (CTLA 1992):

Adjusted Trunk Area = —0.3354* + 1764 — 7,020

where d = trunk diameter in cm.

Basic value was multiplied by condition and location
factors (0—1) to determine the tree’s compensatory value.
Condition factors were based on crown dieback: excellent
(<1% dieback) = 1.0; good (1%—10% dieback) = 0.95; fair
(11%—25% dieback) = 0.82; poor (26%—50% dieback) =
0.62; critical (51%—75% dieback) = 0.37; dying (76%—
99% dieback) = 0.13; dead (100% dieback) = 0.0.

Available data required using location factors based on
land use type (ISA 1988): golf course = 0.8; commercial/
industrial = 0.75; cemetery = 0.75; institutional = 0.75;
parks = 0.6; residential = 0.6; transportation = 0.5; forest
= (.5; agriculture = 0.4; vacant = 0.2; wetland = 0.1.

As an example of compensatory value calculations, if
a 40.6-cm (16-in.) diameter tree (1,295 cm? trunk area)
has a species rating of 0.5, a condition rating of 0.82, a
location rating of 0.4, a basic price of $7 per cm® (§45
per in?), and a replacement cost of $1,300 for a 12.7-cm
(5-in.) diameter tree (127 cm?® trunk area), then the
compensatory value would equal:

[1,300 + (7 x (1,295 — 127) x 0.5)] x 0.82 x 0.4
= $1,767

Data for individual trees in each city were used to deter-
mine the total compensatory value for the city. To esti-
mate the compensatory value of urban forests nationally,
total compensatory value of each city that had field data
was divided by total city tree cover (m*) to determine
average compensatory value per unit tree cover ($ per m?).
The median standardized compensatory value ($ per
m?) was multiplied by total urban tree cover in the coter-
minous United States (Dwyer et al. 2000; Nowak et al.
2001b) to estimate the national compensatory value of
urban trees. Tree cover estimates were based on 1991 ad-
vanced, very high-resolution radiometer (AVHRR) data
(Zhu 1994). Lowest and highest standardized values were
used to estimate the potential range of national values.
State urban tree cover estimates were multiplied by the
median standardized compensatory value to estimate the
compensatory value of urban forests in each state.

RESULTS

Total urban forest compensatory values ranged from
$101 million in Jersey City, New Jersey, to $5.2 billion
in New York, New York (Table 1). Average value per
urban tree ranged from $394 in Atlanta, Georgia, to
$1,187 in Baltimore, Maryland. Averag. value per m? of
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Table 1. Estimated compensatory value ($), number of trees, tree density (trees/ha), percentage of tree cover,
and value per tree and m’ of tree cover for eight U.S. cities.

Dollar value No. trees Trees per
(millions) (thousands) hectare* Tree cover Dollars per:
City Total SE Total SE Avg SE % SE tree cover”
New York, NY 5189 688 5212 719 65 9 209 2.0 996 31.00
Atlanta, GA 3,710 320 9,415 749 276 22 %7 20 394 29.58
Baltimore, MD 3,365 378 2,835 605 136 29 252 2.2 1,187 63.72
Philadelphia, PA 1,751 172 2,113 211 62 6 187 1.3 829 32.66
Boston, MA 1,253 143 1,183 109 83 8 223 1.8 1,058 29.29
Oakland, CA* 757 30 1,588 51 120 4 21.0 0.2 477 27.23
Syracuse, NY 525 54 891 125 137 19 244 2.0 590 33.13
Jersey City, NJ 101 12 136 22 36 6 11.5 1.2 742 22.98

*Multiply by 2.471 to convert to trees per acre.

*Dollars per square meter of tree cover (multiply by 0.093 to convert to $/fi* of cover).
*Based on original estimates for entire tree population (1.587 million trees; $385 million) (Nowak 1993b) using a basic price of $4.18 per cm?® ($27 per in?)
that was adjusted upward based on a more recent basic price of $8.22 per cm?® (53 per in®) for California.

tree cover ranged from $22.98 in Jersey City to $63.72 in
Baltimore (Table 1). Based on the individual city com-
pensatory values per m? of tree cover, the total compensa-
tory value of urban trees in the coterminous United
States is estimated at $2.42 trillion, with bounds on the
estimation between $1.75 trillion and $4.85 trillion.
States with the highest estimated urban forest compensa-
tory values are Georgia, Alabama, and Ohio (Table 2).

DISCUSSION
The urban forests of the United States are a valuable
resource with approximately 3.8 billion trees (Dwyer et
al. 2000; Nowak et al. 2001b) and an average compensa-
tory value of approximately $630 per tree. Total tree val-
ues for a city will vary based on the total number and
location of trees in the city, species composition, dia-
meter distribution, and tree condition. Increased number
of trees and a greater proportion of healthy trees, large-
diameter trees, high-value species, and/or trees in more
valuable locations (e.g., golf courses, institutional lands)
will lead to greater urban forest compensatory values.
State compensatory tree values (Table 2) are based on
extrapolations of median sample values ($ per m? of tree
cover) to state tree cover estimates (Dwyer et al. 2000;
Nowak et al. 2001b). These state values are approxima-
tions based on limited samples; actual state values could
vary significantly from these estimates based on specific
species, diameter distribution, and tree health found
within urban areas in the state. More data are needed to
help quantify urban forest structure, health, functions,
and value at the state level, as well as how urban forests
are changing through time. A USDA Forest Service Na-
tional Urban Forest Monitoring Program is being pro-

posed and tested to help obtain these necessary long-
term data (Nowak et al. 2001a).

Extrapolations of compensatory values to urban for-
ests at the city or neighborhood scale based on data
provided in this manuscript should be done with cau-
tion because individual forest structures and values can
vary considerably at the local scale. Based on the data
from the eight cities analyzed, overall citywide compen-
satory values ranged between $23 to $64 per m? ($2.1 to
$5.9 per ft?) of tree cover. However, 75% of the city
values were between $27 and $39 per m? (2.5 and $3.6
per ft?) of cover. Extrapolation of values to other cities
should be based on values from cities in the same region
with similar structural characteristics.

Compensatory values are one of several ways by
which urban forests can be valued. Compensatory values
are based, in part, on replacement costs and are related to
compensation of owners for tree loss. The estimates of
compensatory value are an approximation of the struc-
tural asset value of a tree with a specific species, size,
condition, and location.

The values of urban forests can also be estimated
based on the functions that they perform (e.g., aesthet-
ics, pollution removal, temperature modification). These
functional values are only ina‘irectly related to the com-
pensatory value of the tree. In general, the greater the
compensatory value of the forest (i.e., increased num-
bers of trees, tree size, and better tree health), the greater
the ability of the forest to produce functional benefits.

As an illustration of these two types of tree value
(compensatory and functional), consider a factory (with
a replacement cost of $1 million) that produces 10,000
widgets per year with a net profit of $100,000 per year.






