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Abstract. Existing urban forest literature is strongest in its quantification and qualification of the benefits and care of trees, and not
in its ability to assess the results of lack of investment in trees. This paper presents the results of a literature review on the “Costs of
Not Maintaining Trees” commissioned by the ISA Science and Research Committee. The authors summarized the literature from within
the field of arboriculture/urban forestry to answer the questions: What are the costs of maintaining trees and the urban forest? And,
What are the costs of not maintaining trees? Present here is a detailed summary of the literature on the costs of maintenance and lack
of maintenance for types of tree care commonly included in municipal budgets (planting, pruning, removal, pest and disease manage-
ment) and a brief review of costs associated with less-studied types of tree care (including tree risk management; watering; mulching;
fertilizing and nutrient management; staking, cabling, and bracing; tree protection; and infrastructure repair). The authors suggest that
future literature should aim to examine the influence of maintenance regimes on costs and tree outcomes, including examining how
the frequency, intensity, duration, and extent of tree maintenance activities is connected to the structure, function, and benefits of trees.
Key Words. Cost of Not Maintaining Trees; Literature Review; Maintenance Costs; Pruning; Planting; Removal; Municipal Forestry;
Deferred Maintenance; Urban Forestry; Urban Tree Maintenance.

The benefits of trees are frequently monetized and
valued. Researchers and practitioners of urban for-
estry can put a value on the benefits of trees with
reasonable ease, using the i-Tree software (or its
precursors, STRATUM and UFORE, now the i-Tree
Streets and Eco modules, respectively) and other di-
rect or implied valuation methods [e.g., the Council
of Tree and Landscape Appraisers (CTLA) valuation
methods, replacement cost valuation, willingness-
to-pay surveys, hedonic property value methods].
The value of these benefits is frequently then used
to justify investments in trees (e.g., McPherson et
al. 2005; Peper et al. 2009). Ideally, an economic
analysis of urban tree benefits accounts for costs
associated with planting through removal to cre-
ate net benefit models (i.e., through benefit-cost
analysis). Net benefits occur when benefits ex-
ceed the costs incurred to obtain these benefits.

The costs of urban tree maintenance and manage-
ment are less understood. In a systematic review of
studies that examine the benefits and costs of urban

trees, Roy et al. (2012) found that only 15.6% (18) of
115 papers reviewed discussed the problems or costs
of urban trees. The most common type of problem
discussed was environmental (e.g., the release of
volatile organic compounds), while explicit costs
(e.g., money paid for tree pruning services) are
most frequently monetized only in terms of budget
outlays or expenditures by municipal urban forestry
programs (Roy et al. 2012). Studies that examine
the costs and benefits of the urban forest—in an
attempt to calculate the net value of urban trees,
for instance—frequently weigh municipal budgets
(“costs”) against the ecosystem services (“bene-
fits”) produced by public trees (e.g., McPherson et
al. 2005; McPherson et al. 2006; Peper et al. 2009).

Tree maintenance funding at the municipal level is
limited by the economic principle of scarce resources.
There are only so many resources (e.g., money, time)
available to allocate. Tree care budgets are frequently
considered non-essential or less-essential city ser-
vices when compared to police departments, fire
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departments, road projects, schools, and other pub-
lic services. Thus, tree maintenance can frequently
find itself on the chopping block during budgets.
Sometimes, entire urban forestry programs are
cut; for example, the entire urban forestry depart-
ment of Gary, Indiana, U.S., was eliminated dur-
ing the 2009 budget year as a result of the Great
Recession (Krause et al. 2010). And this was not a
new problem: a 1983 survey of 329 municipalities
reported that the most commonly cited limiting
factor to tree care was lack of funding (Tate 1984a).

Practitioners of urban forestry need tools to help
determine minimally sufficient levels of spending on
the provision and maintenance of trees in cities in
order to meet diverse urban forestry program goals.
With this in mind, the International Society of Arbo-
riculture commissioned a literature review to exam-
ine “The Costs of Not Maintaining Trees.” This paper
is the second of three resulting from this literature
review, and addresses the literature from within the
fields of arboriculture and urban forestry (includ-
ing municipal, commercial, and utility forestry), on
the topic of tree maintenance costs. [The first paper
was published in Arborist News in February 2015
(Hauer et al. 2015). The final paper will summarize
tools and strategies from other fields that may help
inform how arboriculture/urban forestry research-
ers and practitioners view the costs of maintenance.]

LITERATURE REVIEW METHODS
Researchers reviewed literature relevant to the costs
of maintenance contained in the published records
of the two main scholarly journals in the field of ur-
ban forestry—Journal of Arboriculture/ Arboriculture
& Urban Forestry (JOA/AUF; 1975 to June 2013) and
Urban Forestry & Urban Greening (UFUG; 2002 to
June 2013). To supplement the systematic reviews
of JOA/AUF and UFUG, researchers also performed
keyword searches of scholarly databases to obtain
literature from 1980 to June 2013 published in other
major English-language journals related to arbori-
culture/urban forestry. Databases queried during
the literature search included: Google Scholar™,
Web of Knowledge™, JSTOR®, SciVerse, and the
University of Minnesota Urban Forestry Database.

Criteria for selecting articles for inclusion in the
literature review included:

1. The article is within the discipline of urban
forestry and includes discussion (qualitative)
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or measurement (quantitative) of a “cost”
(monetary, opportunity, social, human, eco-
logical, environmental, forgone benefit, etc.)
or “benefit” (economic, social, human, eco-
logical, environmental, etc.) resulting from
some type of management of urban trees.

2. For articles not published in JOA/AUF or
UFUG, the article was published between
January 1980 and June 2013.

3. The article was published in English, or at
least an abstract was available in English.

4. Relevant review articles were included, and
the relevant original research articles dis-
cussed therein were also consulted.

5. Opinion pieces (or opinion pieces billed as
review articles — mostly from older issues of
JOA/AUF) without references were included
in the review, but were given less emphasis
in qualitative summaries of topic areas.

6. Books (textbooks, reference books, and pop-
ular books) and book chapters were excluded
from the literature search, except where these
provided sources of peer-reviewed articles.

7. Professional whitepapers and government
reports (e.g., those from the U.S. Forest
Service or other appropriate entity) were
included in the literature search, as long as
they were scholarly in nature.

Selected articles (or their abstracts, if full
text was unavailable) were added to a collabora-
tive citations folder using the Mendeley citation
software (Mendeley Ltd, New York City, New York,
U.S.). Each article was read by at least one inves-
tigator and coded for the list of attributes in the
Appendix using a Microsoft Excel® spreadsheet.

Dollar Values

All dollar values presented in this text are in real val-
ues [current-day equivalent, expressed as 2013 dol-
lars (U.S., Canadian, or Australian) or 2013 Euros],
with nominal values (numeric dollars/Euros from the
year the article was originally published) and year in
parentheses (e.g., 1986$). U.S. dollars were converted
from nominal to real values using the U.S. Bureau of
Labor Statistics Consumer Price Index inflation fac-
tors (BLS 2015). Canadian dollars were converted
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from nominal to real values using the Bank of Cana-
da Inflation Calculator (BOC 2015). The single study
from Australia that reported costs in local dollars
($AUD) was conducted in 2013 (Ryder and Moore
2013) and required no conversion from nominal to
real values. Euros were converted using European
Union Consumer Price Index inflation factors for
June 1 of beginning and end years (FXTOP 2015).

The Logic of Linking Maintenance to
the Benefits and Costs of Trees

It is useful to think about the logic of how main-
tenance is linked to the benefits and costs of trees
(Figure 1) before summarizing the literature on
the costs of maintaining and not maintaining trees.
Arborists and urban foresters intuitively know that
the level of care or maintenance performed on a
planted tree is linked to tree establishment, surviv-
al, growth, condition, and longevity (i.e., tree suc-
cess). Survival, growth, and condition are closely
connected to one another and to the structure of a
tree (e.g., tree size, leaf area) and of the urban for-
est (e.g., canopy cover, diversity, age distribution).
Tree structure, in turn, impacts the functions pro-

vided by the urban forest and ultimately the level
of benefits generated by the tree. Thus, less-than-
optimal maintenance may lead to decreased ben-
efits produced by the urban forest (Figure 2, dashed
lines). Theoretically, if one can determine how dif-
ferent levels of maintenance may differentially im-
pact the level of benefits provided then he or she
can determine the amount of benefits or value lost
by reducing or eliminating maintenance. The ben-
efits lost are the “costs” of not maintaining trees.

Note that because this literature review is not
a comprehensive review of the benefits of trees,
researchers have only included information about
tree benefits as it has been connected in the litera-
ture to tree maintenance activities, lack of mainte-
nance activities, or maintenance costs. The authors
acknowledge that when trees are not planted or main-
tained properly and then die, benefits of all types
these trees might have provided are lost—environ-
mental, social, economic, or otherwise. In the litera-
ture review that follows, researchers include mention
of specific types of benefits only when research has
explicitly and quantifiably linked those benefits or
loss thereof to a particular maintenance activity.

Less-than-optimal
MAINTENANCE
leads to fewer
BENEFITS
produced by the
urban forest.

» Ete.

MAINTENANCE
Activities
» Planting l
» Pruning
» Removal | Tree & Urban Forest
» Treatment STRUCTURE
» Ete. - i
» Establishment
» Survival
» Growth
» Condition =
» Size n
» Canopy Cover l
» Leaf Area
>

Etc. - FUNCTION

» Evapotranspiration
» Photosynthesis l

» Intercept Rain

BENEFITS

» Hold Stormwater VALUE
» Aesthetics -

» Carbon Stored $$$
» Etc.

Figure 1. Maintenance directly impacts tree structure, which in turn impacts the functions and benefits provided by the urban forest.
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Figure 2. Hypothetical cost and benefit profiles over the life-
time of an individual tree (street tree), with (solid lines) and
without (dashed lines) adequate maintenance. Benefits are
maximized during the mature phase of a tree, and decline
rapidly through senescence, while costs show an inverse
pattern. Compare the benefits and costs profiles over the
course of a tree’s life cycle in this figure to the profiles over
the tree size classes in Figure 5. Note that the benefits and
costs profiles for an individual tree will vary depending on
the tree’s location, the party benefiting from and incurring
costs of the tree, and other factors (weather, etc.). Figure
modified from Vogt et al. (2014).

Maintenance throughout a tree’s life

Maintenance can be linked to tree success both at
the beginning and end of its life span. Early in a
tree’s life, during the establishment and immature
(i.e., juvenile) phases, maintenance must be ade-
quate to ensure early survival and establishment in
the urbanlandscape. Presumably, any post-planting
maintenance performed on a tree that improves
its chances of survival to maturity or lengthens the
time that tree spends in its mature phase (where
benefits are produced in the greatest amount) in-
creases the monetary value of that tree (Figure 2).
The cost of not maintaining trees early in life may
translate to greater maintenance costs down the
road; this is deferring maintenance (and its costs)
to the future in order to save on maintenance costs
today. Later in a tree’s life, maintenance may aim
to extend the tree’s life span or prevent tree fail-
ure. In this way, late-stage maintenance can defer
removal costs. For instance, structural pruning or
crown thinning may aim to improve tree stability
and reduce canopy weight and thereby reduce the
likelihood of tree failure (although the research
supporting this connection is not well document-
ed; Clark and Matheny 2010). If maintenance does
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prolong a tree’s useful life (i.e., delays the onset of
senescence and a tree’s removal), it increases the
amount of benefits it produces over its life span.
Alternatively, removing the dangling limbs on an
aging tree can prevent these limbs from failing
(during a wind storm or otherwise) and damaging
people or property, and thereby avoiding subse-
quent repair- or liability-related costs (e.g., Bak-
ken 1995). Tree pruning to remove high-risk limbs
and removal of the entire tree can be considered
a type of maintenance that purportedly can save
money due to avoided litigation costs (depending
on frequency, likelihood, and costs of litigation).
The stylized benefits and costs curves presented in
Figure 2 are in reality influenced by tree location,
weather, pests/diseases, and many other factors
both controllable and not controllable by people.

Useful concepts from economics

Translating tree maintenance into urban forest
benefits can be informed by some key concepts
from economics. Accounting for the costs and
benefits of any activity—from a factory producing
widgets to the ecosystem services produced by
the urban forest—involves principles of effective-
ness and efficiency. Efficiency is the optimal use of
resources (inputs) to produce a given output, and
can be qualitatively or quantitatively expressed,
such as the number of dollars spent to prune trees
per one-diameter-inch of trunk size. Effectiveness
is less measurable, aiming considering whether
what is done actually works and achieves an ob-
jective or outcome. Evaluation of efficient and
effective use of resources also considers the ele-
ment of time (when the maintenance occurred
during a tree’s life cycle), the changing value of
money (e.g., due to inflation; see also the “dollar
values” in METHODS), as well as risk and un-
certainty in the use of resources (not to mention
human willingness to accept risk and uncertain-
ty). Researchers consider these concepts implic-
itly in the discussion of the literature that follows.

RESULTS & DISCUSSION

Summary of Publications Reviewed

Over 300 articles were compiled, of which 163 were
deemed useful for the literature review and includ-
ed in the annotated bibliography and summaries
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here. In this section, researchers briefly summa-
rize the themes from these articles, placing greatest
emphasis on those that were found most helpful
in elucidating the costs of not maintaining trees.

The cumulative number of articles pub-
lished on the costs of maintenance from the
two flagship journals in the field (JOA/AUF
and UFUG) by year of publication is shown
in Figure 3; the rate of publication of relevant
articles is relatively constant over the last four
decades. Other journals from which more than
one article were reviewed include the Journal
of Environmental Horticulture, Landscape &
Urban Planning, and Arboricultural Journal.
Most articles discussed one or two types of
maintenance, although some articles did dis-
cuss maintenance tasks in the aggregate or
did not specify types of maintenance (Figure
4). Many articles reviewed did not examine
costs in explicitly economic terms (59 articles)
or only discussed inferred economic costs
(34 articles). These inferred economic costs
include articles that primarily focus on labor
productivity or time-per-task (e.g., Pierce
1980), as this could be easily turned into mon-
etary costs if the cost of labor were specified.

Arboriculture &
Urban Forestry
(2006-2013)  Uban Forestry
| & Urban
Greening  Joumal of
Envirenmental
-Horticulture:

" Landscape and

Urban Planning

Arboriculture
Journal
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Figure 3. Sources of articles from within the field of arbo-
riculture/urban forestry (inset pie chart) and the number
of articles published per year (solid line) and cumulatively
(dashed line) in the two flagship journals in the field, Arbo-
riculture & Urban Forestry and Urban Forestry & Urban
Greening related to the costs of tree maintenance.
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Figure 4. Number of articles examining each type of main-
tenance. Articles examining more than two distinct types
of maintenance or in which maintenance activities were not
disaggregated are designated Multiple/Many. Maintenance
activities included in Other: staking, wrapping trees against
salt or frost damage, inventorying, and forest (stand) man-
agement practices.

What Are the Costs of Trees?

In order to evaluate the costs of not maintaining
trees, one needs to consider the benefits and costs
incurred over the lifetime of a tree under different
maintenance scenarios. Costs include the direct
costs of provision and maintenance of urban trees,
direct costs incurred as a result of infrastructure
interference, costs inferred from environmental
externalities, and opportunity costs (Table 1). The
first three of these are summarized briefly here-
after; the latter is not discussed in the current ur-
ban forestry and arboriculture literature. Note that
the costs of trees are the same neither for all types
of trees (e.g., different species) nor for all types of
planting situations (e.g., street versus park trees).

Table 1. Types of costs in urban forests.

Type of cost Examples

Direct costs (of provisioning Planting, pruning, watering, other
and maintaining trees) types of maintenance

Infrastructure interference Pavement and sewer repair, blockage
costs of signs, tree-initiated power outages
Externality-related costs Emissions of biogenic VOCs, release
of carbon dioxide during decompo-
sition, allergies due to pollen release,
leaf/debris clean-up

Space for trees cannot be used for
parking, bike lanes, etc.

Opportunity costs
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Direct costs associated with provisioning
the urban forest

Maintenance-related costs begin at the time of
planting (also called installation costs) and con-
tinue throughout a tree’s useful life through the
time of removal. Maintenance costs vary through-
out a tree’s lifetime and by species and location
(Schwarz and Wagar 1987; McPherson 2003; Leal
et al. 2008). Planting and establishment costs
can include the cost of purchasing the tree, any
costs associated with reworking infrastructure
around the tree (e.g., removing sidewalk or paving
stones, modifying or amending soil in the plant-
ing space), the cost of labor to install the tree, and
any subsequent at-planting maintenance, such
as staking, pruning, mulching, or watering. Tree
maintenance activities such as pruning, mulch-
ing, watering, and pest and disease management
also occur throughout the lifetime of the tree and
have costs during this time as well. Finally, dur-
ing senescence, tree maintenance costs related to
the removal of dead branches to reduce liability
and risk and eventually removal of the entire tree
could be substantial. This pattern of maintenance
is what drives the theoretical costs throughout a
tree’s life cycle that are seen in Figure 2, and dif-
ferent levels of maintenance at different points in
time may affect subsequent maintenance needs.

Costs associated with tree interference with
infrastructure

Costs that result from infrastructure interference,
damage, and repair are usually incurred when an
improperly selected tree is used, the tree is not
planted correctly, or is planted in an inappropriate
location. Vegetation improperly located may block
road signs, leading to vehicle accidents, or block
business signs, decreasing visibility of a store. Side-
walk or street repairs are commonly observed for
trees that are planted in too small of planting areas
and thus their root systems damage the pavement
(see section "Infrastructure repair”). Additionally,
costs can be incurred due to lack of service result-
ing from tree-initiated power outages (e.g., a tree
falling on a power line). Fire may result from tree
contacts with electrical lines. Tree-caused power
outages result in the costs of repairing the line
and restoring service as well as cause lost electric-
ity revenue during the outage (see section "Util-
ity pruning costs"). Tree or branch failures also
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have costs in terms of roads blocked either due to
the failed tree itself or to the tree crew cleaning-
up the failed tree or branch (Randrup et al. 2001).

Negative externalities as costs

Externalities are outcomes (benefits or costs) of a
good or service that are not accounted for in the
market price of that good or service. Most of the
benefits of urban trees (e.g., stormwater manage-
ment, aesthetic beauty) can be considered posi-
tive externalities. However, there are also negative
externalities of trees. Costs related to the negative
environmental externalities (occasionally called
“ecosystem disservices,” per Escobedo et al. 2011)
of trees include net emission of biogenic volatile or-
ganic compounds (BVOCs) during the life of some
tree species, leachate from foliar nutrients into sur-
face water, as well as release of carbon dioxide and
other greenhouse gases (e.g., methane) during de-
composition at the end of a tree’s life. Environmen-
tal costs can be related to the maintenance regime
used by urban foresters taking care of an urban tree
population. For instance, tree maintenance requir-
ing the use of equipment (e.g., a front end loader,
chip truck, aerial lift truck, wood chipper, or a
chain saw) that burn fossil fuels releases of car-
bon dioxide into the atmosphere [see, for instance,
Nowak et al. (2002), described in next section].

Life cycle assessment of costs

Life cycle assessment is one means of assessing the
externality-related costs of urban trees that takes
into account the entire life cycle of a tree from pro-
duction (i.e., nursery) to removal and disposal. One
common cost examined via life cycle assessment
is greenhouse gas or carbon emissions resulting
from urban forest activities. For instance, Nowak
et al. (2002) examine the impact of minimal (low-
carbon), “conservative” (i.e., deferred), and “inten-
sive” maintenance scenarios on the life cycle net
carbon balance of planted urban trees: Minimal
(low-carbon) maintenance involved no return visits
after tree planting, while conservative and intensive
maintenance scenarios involved pruning visits with
chain saws, an aerial-lift truck, and a wood chipper
every 15 and 7 years, respectively. Their analysis
revealed that conservative and intensive main-
tenance had a negative impact on a tree’s carbon
budget, resulting in a decrease in the length of time
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between tree planting and the last positive point at
which carbon sequestration no longer exceeded
carbon emission (Nowak et al. 2002). Kendall and
McPherson (2012) present a life cycle assessment
that measures the greenhouse gas emissions of tree
production. In the assessment, they consider all
sources of emissions, including those associated
with maintenance activities at the nursery, such as
materials needed for staking, or nutrients used to
amend soil (Kendall and McPherson 2012). In a
similar analysis, McHale et al. (2007) investigate the
carbon footprint of tree planting initiatives in the
context of carbon credit markets. This article sum-
marizes application of a set of guidelines for calcu-
lating carbon emissions and reductions associated
with urban tree plantings to Colorado, U.S. cities to
assess the cost effectiveness of tree planting in the
carbon trading market (McHale et al. 2007). Main-
tenance is considered in two parts of their analysis:
1) in terms of emissions generated by “tree care
activities” and 2) in total monetary costs of planting
and maintenance over a 40-year time frame (“how
often the trees are watered, pruned, or fertilized,
and whether or not volunteers are involved in these
processes”) (McHale et al. 2007, p. 52). However, as
maintenance rates were fixed and were not examined
as part of the analysis performed with either Kendall
and McPherson (2012) or McHale et al. (2007),
researchers cannot compare estimates of emissions
costs between maintenance scenarios. Other authors
have examined the costs of urban greenspace more
generally using a life cycle approach (e.g., Jo and
McPherson 1995; Jo 2002; Strohbach et al. 2012).

Costs not considered in current literature

Some costs of urban trees are largely ignored in
the current literature. Commonly omitted costs
include those incurred for leaf collection and the
release of biogenic volatile organic compounds
into the atmosphere. Where BVOC release is in-
cluded as a “cost,” it is usually included in the
estimation of air pollution or emissions reductions
rather than itemized as its own cost (e.g., McPher-
son et al. 2006). Pollen release from trees may
exacerbate costs of allergies and medical treatments.
A final important omitted cost is the opportunity
cost of alternative land uses for the tree planting
location. When trees are planted in the public right-
of-way, the space cannot be used for other things,

such as an outdoor café, a bike lane, parking, or ad-
ditional lanes of traffic (Loukaitou-Sideris 2011).

Assessing the costs of not maintaining trees
Ryan (1985) was one of the only authors to explicitly
mention the costs of not maintaining trees in light
of municipal tree budgets: “ . . trees that are not
maintained at regular intervals soon become haz-
ards due to deadwood and windthrow. This cannot
only upset your budget but may also cause consider-
able loss of life and property” (p. 114). In the paper,
Ryan presented a dialectic for construction of a mu-
nicipal tree maintenance budget and claims that
both the “Estimated Cost of NOT Doing Tree Work”
(emphasis original) and the “Estimated Savings by
Doing Work” are important parts of justifying bud-
gets (Ryan 1985). However, this article provides no
specific suggestions for how to estimate these costs.
Ryan (1985) argued that urban trees should be con-
sidered part of urban infrastructure (as what is, in
modern terms, “green,” or living, infrastructure,
to contrast with grey infrastructure, such as roads
and sewer systems), and uses this idea to describe
how the benefits of trees can be used to help justify
costs of city tree budgets. In a related article pub-
lished in the Journal of Arboriculture, Schwarz and
Wagar (1987) asked, “how much should you spend
now [on street tree maintenance] to save later?”
These authors presented three accounting frame-
works that can be used to determine when preven-
tative maintenance can result in decreased overall
tree maintenance costs (Schwarz and Wagar 1987).
However, the methods presented (discounted pres-
ent value of future benefits, internal rate of return,
and service-life extension value or useful-life value)
require that maintenance needs in the future be es-
timated (Schwarz and Wagar 1987), and the article
did not provide guidance on how exactly to predict
maintenance needs or estimate what they might
cost; the authors also choose a discount rate that
has large impacts on the conclusions of the study.

Maintenance Commonly Included in
Municipal Budgets

Costs of trees are frequently expressed in terms of
expenditures by the parties who commonly pay for
the care of trees. O’Bryan et al. (2007) estimated that
the private arboriculture industry (excluding munic-
ipalities, nonprofits, or other non-commercial firms,
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and excluding utility arboriculture) collected nearly
USD $9 billion in gross receipts in 2002 (although
this analysis is unable to disaggregate this figure into
types of tree care or maintenance). Municipality
expenditures on maintenance are more easily dis-
aggregated by type: the most well-established types
of tree maintenance activities—planting, pruning,
removal, infrastructure repair, and pest/disease
management—frequently appear as line items in
city budgets (Kielbaso et al. 1982; Kielbaso 1990;
Tschantz and Sacamano 1994; Kenney and Idziak
2000), while items like watering and mulching
appear far less frequently (e.g., Thompson et al.
1994). Municipal costs are also commonly reported
in benefit-cost analyses (studies that compare the
costs and benefits of urban forests (e.g., McPher-
son et al. 1997; McPherson et al. 1999; Maco and
McPherson 2003; McPherson 2003; McPherson
et al. 2005; Millward and Sabir 2010; Roy et al
2012). For example, McPherson (2003) reported
on the size-specific maintenance costs for plant-
ing, pruning, removal, root-related infrastructure
repair, pest management, and liability associ-
ated with 10 species of street trees in Modesto,
California, U.S. (results reproduced in Figure 5).

Surveys of municipalities in the United States (400
municipalities: Kielbaso et al. 1982; 1,534 munici-
palities: Kielbaso 1990; 419 municipalities: Tschantz
and Sacamano 1994), in Canada (92 municipalities:
Kenney and Idziak 2000), and in Santiago, Chile
(Escobedo et al. 2006) have reported on the total
tree-related expenditures of municipal governments.
In the United States, tree expenses were distributed
among street trees (61%) and park trees (24%; Kiel-
baso et al. 1982), and as a whole accounted for less
than one-half of one percent of total city budgets
(Kielbaso 1990). Average annual per-capita munici-
pal tree expenditures in the United State were $7.70
in 1974 ($1.63 in 1974$; Kielbaso 1990), $6.19 in
1980 ($2.19 in 19803%; Kielbaso et al. 1982), and $5.53
in 1986 ($2.60 in 1986$%; Kielbaso 1990). Annual
per-tree expenditures were $30.48 in 1980$ ($10.78
in 1980$%; Kielbaso et al. 1982) and $22.57 ($10.62
in 1986$; Kielbaso 1990). Kenney and Idziak (2000)
conducted a survey of Canadian municipalities
between 1996 and 1998 and reported that average
expenditures on tree maintenance were CAD $3.00
per capita and CAD $23.55 per tree annually ($2.20
and $17.29, respectively, in 1997%). Escobedo et al.
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(2006) report results of expenditures by Santiago’s
regional government on “green area management,’
finding that municipality-level spending varied
from $27,366 to $1,628,304 ($16,000 to $952,000 in
1991%) per year, while per-tree maintenance costs
ranged from $0.17 to $6.84 ($0.10 to $4.00 in 1991$).

Figure 5. Tree value increases as the size of trees increase
(top).The cost of tree maintenance varies by life stage of tree
and maintenance requirement (bottom). Figure reprinted
from McPherson (2003).

Pruning

Of all urban forest maintenance activities, prun-
ing is the most studied in terms of economics.
Pruning is performed throughout the lifetime of
a tree for various reasons, including: improving
growth form (Evans and Klett 1985; Ryder and
Moore 2013); alleviating structural problems, such
as removal of deadwood (Hensley 1979); crown
raising (Clark and Matheny 2010); and manag-
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ing pests or diseases (e.g., Dutch elm disease:
Himelick and Ceplecha 1976; Gregory and Allison
1979; Sherald and Gregory 1980; Baker and French
1985; see section "Pest and disease management").
Pruning costs are related to the type (and goals)
of pruning performed (Ryder and Moore 2013).

Municipal pruning costs
Tree pruning costs are typically the most expen-
sive maintenance item in municipal tree programs
(Kielbaso et al. 1982; Kielbaso 1990; Tschantz and
Sacamano 1994). Surveys in 1980 and 1986 reported
that pruning accounted for 28% and 30%, respec-
tively, of the municipal tree care budgets of U.S.
cities (Kielbaso et al. 1982; Kielbaso 1990). Tschantz
and Sacamano (1994) reported that tree pruning
accounted for an average of 36.9% of tree care op-
erations costs and mean pruning expenses were
$130.04 per tree ($82.73 in 1994%). In a benefit-
cost analysis for 10 street tree species in Modesto,
California, U.S. McPherson (2003) reported that
pruning was the greatest category of mainte-
nance costs for all species, ranging from $91 ($63
in 1997$) per tree pruned for London planetree
(Platanus acerifolia) to $328 ($226 in 1997$) per
tree for Modesto ash (Fraxinus velutina ‘Modesto).
Privatizing tree care operation is often suggested
as a method to reduce costs through potential effi-
ciencies (e.g., shared equipment and labor costs
across multiple jurisdictions) that the private mar-
ket place may bring into the public sector (Diller
1975; Tate 1986; Tate 1987; Tate 1993). The data to
support this was not found in peer-reviewed papers.
New York City, New York, U.S., found contract-
ing to improve flexibility and efficiency of tree care
operations (Lough 1991). Similarly in Los Angeles,
California, U.S., contracting tree-trimming services
in combination with in-house staft was found to
facilitate shifting from a 16.5- to 6-year tree pruning
cycle (Kennedy 1990). As reported in a local news-
paper at the time, the City of Saint Paul, Minnesota,
U.S., put the tree pruning operations out for bid
and found the city workforce submitting the low-
est bid of $35.64 per tree ($25.49 in 1999$) in com-
parison to private firm bids ranging from $53-$144
per tree ($38-$103 in 1999$) (Duchschere 1999). A
key to successful incorporation of private contrac-
tors is developing definitive specifications that are
inspected for compliance and enforced by city staff;

Henning (1990) and Klonowski (1991) provided
mechanisms to evaluate contractor performance.

Worker efficiency studies
Even though tree pruning typically receives the
greatest budget allocation of all municipal tree
maintenance activities, it is still often underfunded
in comparison to needs (Sievert 1988). For this rea-
son, efficient allocation of resources for pruning is
important. Tracking worker activities, productivity,
and performance over time (per O’'Brien and Jo-
ehlin 1992) could help develop models of species-
and size-specific required pruning time and esti-
mate pruning time for future work while allocating
maintenance resources appropriately (O'Brien et al.
1992). The size of the tree was found to be positively
correlated to the time required to prune, for dispos-
al, and the amount of woody debris collected during
pruning operations (O’Brien et al. 1992; Churack
et al. 1994; Zillmer et al. 2000). Thus, maintenance
needs and costs of trees increase as the size of the
tree increases (Miller et al. 2015; Nowak 1990).
From an early work in the 1960s, Wagner (1970)
reported that a three-person crew was most effi-
cient, requiring 54 work-minutes per trim in com-
parison to 59, 100, and 141 minutes for four-, five-,
and six-person crews performing utility line prun-
ing. In comparison, Overbeek (1979) reported that
the City of Grand Rapids, Michigan, U.S., found a
four-person crew to be most efficient. The challenge
is to maximize worker productivity by developing
standards for different operations and collecting
data that can be used to make management deci-
sions. Pierce (1980) reported that crews in Omaha,
Nebraska, U.S., spent 36% of work time on pruning
activities (although no information is provided on
the size of the urban forest maintained by tree crews).
Churack et al. (1994) authored the first study to
describe through mathematical formulas the time
requirements for pruning tree species in Milwau-
kee, Wisconsin, U.S. They found a strong positive
relationship between pruning time required and
tree diameter for four common species: green ash
(Fraxinus pennsylvanica), honeylocust (Gleditsia
tricanthos), littleleaf linden (Tilia cordata), and Nor-
way maple (Acer platanoides) (Churack et al. 1994).
Waste wood stack time and waste wood yield were
also quantified, as were trends similar to that as
discovered with pruning time were discovered for
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the four species (Churack et al. 1994). Zillmer et
al. (2000) presented an updated productivity tim-
ing system for tree climbing training in Milwaukee,
Wisconsin, U.S. The application of this technique in
other regions would yield robust estimates of costs of
pruning municipal tree populations, when combined
with tree growth rates, tree population characteris-
tics (e.g., tree size and tree species), and labor costs.

Utility pruning costs
Pruning is performed extensively by utility com-
panies and many articles discussing the economics
of pruning are from a utility forestry perspective.
O’Brien et al. (1992) reported that pruning takes
longer for trees under utility wires. The cost of not
pruning around utility wires or poles is clear: a lack
of tree pruning can result in tree or branch failures
or interference with utility lines (e.g., phone, elec-
tricity, cable, internet) during storm events, result-
ing in costly clean-up, repair, lost customer bill-
ing time, safety issues resulting in human injury
or death, and more (Medicky 1976; Perry 1977;
Dykes 1980; Ulrich 1983; Johnstone 1988; Kuntz
et al. 2002; Guikema et al. 2006). Utility pruning,
therefore, is frequently examined in the context of
“what can be purchased by budget expenditures for
tree trimming in terms of reliability” (Perry 1977,
p. 157). Concepts like the “minimum permissible
clearance” distance between tree branches and util-
ity infrastructure (Medicky 1976, p. 56), pole-miles
of line maintained (Ulrich 1983), “optimal” main-
tenance scheduling algorithms (Kuntz et al. 2002),
and other performance criteria [e.g., cost-effective-
ness of pruning efforts (David 1979; Holewinski and
Johnson 1983); time efficiency (Henning 1990)] in-
fuse the utility pruning literature. Ultimately, utility
companies have a strong economic incentive (i.e.,
profit margin) for optimal allocation of resources
toward pruning efforts. Avoiding fines for electrical
outages also factors into resource allocation.
Authors who have most comprehensively exam-
ined the costs of deferring utility pruning include
Browning and Wiant (1997), Kuntz et al. (2002),
and Goodfellow and Kayihan (2013). Browning and
Wiant (1997) analyzed the time and costs of pruning
utility trees in terms of time per tree as time varies
by several factors, including time since last pruning,
pre-work clearance distance, branch length, time
of pruning, and tree diameter. Results indicate that
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for each additional year maintenance is deferred
past the optimum pruning cycle length, USD $1
saved now will have to be replaced by $1.47-$1.69
of spending four years in the future, and will yield
approximately twice the amount of pruning waste
for disposal (Browning and Wiant 1997). Kuntz
et al. (2002) presented a “quantitative approach to
maintenance scheduling” aimed at reducing the
cost of maintenance activities and increasing the
reliability of utility service (p. 1164). The authors
used an optimization problem approach to mini-
mize or maximize one of three objective functions
with respect to maintenance crew availability: mini-
mize total cost of reliability, minimize cost per a
given reliability, or maximize reliability for a given
cost (Kuntz et al. 2002). The cost of reliability was
estimated as customer willingness-to-pay to avoid
a power outage; the cost of maintenance efforts
was computed as cost per mile of line maintained
(Kuntz et al. 2002). Results indicated that computer-
optimized maintenance schedules improved the
interruption frequency index (a measure of utility
system reliability where greater index values indi-
cate better performance) by 4%-6.5% over a fixed-
interval maintenance schedule (Kuntz et al. 2002).

Most recently, Goodfellow and Kayihan (2013)
conducted a comprehensive review of the models
used in scheduling utility pruning and identified
five commonly used models: clearance, cost of
deferral, reliability, annual increment, and regu-
latory mandate. These authors then presented a
probability-based “bow-tie analysis” model that
weighs an acceptable level of risk against a desired
level of performance in assessing causes and con-
sequences of an incident (Goodfellow and Kayihan
2013). In this light, preventative maintenance mea-
sures impact the likelihood of an incident occurring
(i.e., tree failure and power system interruption),
which mitigating maintenance efforts impact the
relationship between the incidence and the conse-
quence or result that occurs. The authors identified
a suite of variables that can be assessed in examin-
ing and weighing risk; see Goodman and Kayihan
(2013) for the complete literature review and model.

Utility rights-of-way also employ chemical means
of controlling growth and form of trees near util-
ity wires. Several authors in the late 1970s and early
1980s examined chemical growth control (Olenick
1977; Carvell 1975; Domir 1978; Domir and Rob-
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erts 1983). Flurprimidol provided effective growth
reduction; however, stem cracking, wood discolor-
ation, and injection site weeping led to the discon-
tinued use (Miller and Abbott 1990; Chaney 2005).
Paclobutrazol currently is used for tree growth
reduction through a soil application (Bai et al. 2004).
Costsfigures are not provided for any of these studies.

Interestingly, the cost of not properly maintain-
ing or planting trees near houses and buildings also
means that the energy savings that would result from a
mature tree may be forgone (e.g., due to early removal);
therefore, a utility company may have to install new
electricity-generating infrastructure or increase
capacity to cope with peak demand for electricity
(rather than maintaining trees near buildings, which
would offset peak demand (McPherson et al. 2006;
Donovan and Butry 2009). Trees planted and main-
tained on the west side of a house were found to pro-
vide annual cost savings of USD $15.50 (4% discount
rate) over a 50-year period (Donovan and Butry 2009).

Pruning cycles

Increasing the length of the pruning cycle, or the
number of years between pruning events, is a way
to reduce pruning costs up front. In the short term,
deferring the cost of pruning solves the immediate
problem of a limited budget. However, future costs
will likely be greater from increased responses to cit-
izen service requests, storm damage susceptibility,
reduced condition class, tree risk from deadwood,

rubbing branches leading to wounds, and more.
Structural defects (e.g., decay, poor branch attach-
ments, deadwood, cracked branches) become more
frequent as the numbers of years since last pruned
increases (Miller and Sylvester 1981; Luley et al.
2002). Reducing these factors along with structural
pruning of trees from a young age are considered
factors that make trees more resistant to failure
during ice storms (Hauer et al. 1993, Sisinni et al.
1995). Luley et al. (2002) compared service re-
quests, priority maintenance work, and incidence
of branch failures in street tree management ar-
eas that had been pruned or not pruned in the last
five years. They observed less priority maintenance
work in recently pruned areas, but did not perform
a complete economic analysis to compare cost sav-
ings resulting from less priority maintenance to
the costs of frequent pruning (Luley et al. 2002).

The relationship between pruning frequency
and tree failure may be less clear in rural areas than
for street trees. Kane (2008), however, found that
campsite tree failure during a wind storm was unaf-
fected by whether a tree had been recently pruned.

Ultimately, the length of pruning cycle impacts
the condition class ratings of trees. Miller and Syl-
vester (1981) developed a curvilinear model that
related the condition of street trees to the number
of years since last pruning in Milwaukee, Wiscon-
sin, U.S. (Figure 6a). The optimal pruning cycle was
based on the value of the tree resource in relation to
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Figure 6. a) Relationship between pruning cycle length (number of years since last pruning) and CTLA condition class rating.
Asterisk (*) indicates regression is significant at the 0.05 level. b) Marginal cost (loss of tree value) and marginal return (savings in
pruning costs) for pruning cycle lengths. Figure reprinted from Miller and Sylvester (1981).
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changes in pruning costs and condition class (Miller
and Sylvester 1981). Cost was generated as the
reduction in tree value as condition class declined
for each one-year increase in the pruning cycle
length; marginal return, or marginal benefit, was
generated based on the net decrease in pruning costs
as the pruning cycle was increased in increments of
one year (Miller and Sylvester 1981). Comparison
of savings in pruning costs versus reductions in tree
population value suggested the optimal pruning
cycle to be between four and five years (Figure 6b).

Costs of not pruning

The costs of not pruning trees have rarely
been examined outside of the context of utility
arboriculture or pruning cycles. The only study
this literature review found that explicitly
examines this question is Ryder and Moore
(2013, see sidebar The Costs of Not Pruning).

The Costs of Not Pruning

Ryder and Moore (2013) have authored one
of the few papers that explicitly examine
the costs of not maintaining trees (i.e., de-
ferring maintenance). These authors asked:
“If a tree is formatively pruned in the early
stage of life, what will the cost-saving be if
the same defects had not been rectified?”
(p. 17). Seventy-eight percent of all plant-
ed trees in their sample showed structural
defects that required formative pruning
(Ryder and Moore 2013). Formative pruning
costs (all currency is in AUDS$) averaged
$2.79 per tree, while structural pruning for
a mature tree averaged $44.59 (Ryder and
Moore 2013). The authors estimated that
using inflation rates of 3%-5%, trees not
formatively pruned today would cost $78 to
$112 to structurally prune in 20 years (Ryder
and Moore 2013). Thus, the cost of not per-
forming formative pruning on recently plant-
ed trees can be calculated as the difference
between the costs of formative pruning plus
normal structural pruning (~$48) and struc-
tural pruning for non-formatively pruned
trees ($78-$112), or between $30 and $64.
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Planting
Kielbaso et al. (1982) and Kielbaso (1990) attrib-
uted 14% of city forestry budgets expenditures
to planting costs (the cost of the tree, labor, ma-
terials, water, mulch, and other things at time of
planting). Tschantz and Sacamano (1994) reported
planting at 13.9%. Time-of-planting costs can
account for 80% or more of total maintenance-
related costs during the life of a tree (McPherson
et al. 1997). Pauliet et al. (2002) reported results
from a survey of cities in 17 European coun-
tries that revealed street tree planting and estab-
lishment costs range widely from EUR €250 to
€1,875 (200-1,500 in 2002€). McPherson (2003)
reported that planting and establishment costs
vary by species, and range from USD $0.01 annu-
ally per tree for hackberry (Celtis sinensis) ($0.01
annually in 1997$) to $3.16 annually per tree for
ginkgo (Ginkgo biloba) ($2.18 annually in 19978$).
McPherson et al. (1997) and others have argued
that time-of-planting costs can be reduced signit-
icantly by properly matching the tree to the site,
which calls to mind the urban forest management
axiom: right tree, right time, right place. Plant-
ing and establishment practices can influence
subsequent maintenance needs and costs. Harris
(1985) argued that adequate root conditions for
healthy establishment could make trees easier to
maintain later in life. Chapman (1981) specified
that proper tree selection could reduce annual
maintenance costs “by 20 to 50 percent” (p. 316),
a significant potential savings where mainte-
nance costs can range “from 20 to 50 percent of
the planted price” (p. 313); however, Chapman
provided no numerical data to support purported
monetary savings. McPherson (1992) stated that
“funds spent initially to promote tree establish-
ment, rapid growth and strong crown structure
can reduce long-term tree care costs by prolonging
the serviceable life of the tree” (McPherson 1992,
p. 47); however, this article provided no long-term
data to back this conclusion. McPherson (1992)
suggested a specific accounting approach for tree-
planting projects, and demonstrates the utility of
the approach using the city of Tucson, Arizona,
U.S. The author found that costs of planting ini-
tially exceed the benefits of planted trees, but
within five years of planting, benefits exceed costs
at a rate of 3-to-1 or greater (McPherson 1992).
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Costs of not planting

The costs of not planting trees have been explic-
itly quantified in only a few studies. McPherson
(2001) quantified “benefits forgone” (e.g., air-
conditioning savings, stormwater management)
to express the difference between the current level
of shading benefits provided by trees on parking
lots in Sacramento, California, U.S., and the ben-
efits to be expected if all parking lots conformed
to the 50% shaded area required by ordinance.
This “benefits forgone” metric can be interpret-
ed as the cost of not planting trees, equal to USD
$1.9-3.4 million annually as calculated in this
study ($1.4-2.5 million in 2000$; McPherson
2001). However, McPherson (2001) notes that
this figure is strictly benefits forgone, rather than
net benefits forgone, and does not include the full
costs associated with planting and maintaining
the greater number of trees to provide benefits
(e.g., repair to pavements due to tree damage).
Miller and Morano (1984) also provided data
that enables calculating the costs of not plant-
ing trees (see sidebar The Costs of Not Planting).

Removal

Tree removal is a tree maintenance activity
necessitated by a variety of circumstances in
urban areas: failure to establish in the land-
scape; old age; pest or disease attack; construc-
tion of roads or buildings; ice, wind, or other
storm damage; risk that exceeds what managers
are willing to accept; and more (Nowak 1990).
Tree removal is often the second-most costly
expense for municipal tree program operations
after pruning (Kielbaso et al. 1982; Kielbaso
1990; Tschantz and Sacamano 1994). Kielbaso
and colleagues reported that tree and stump
removal accounted for 28% of the municipal tree
budgets on average in 1980 (Kielbaso et al. 1982)
and 1986 (Kielbaso 1990). Tschantz and Saca-
mano (1994) reported an average of 20.1% of
the tree care budget was allocated solely for tree
and stump removal. In a benefit-cost analysis by
McPherson (2003), removal costs ranged from
26% of total tree costs for ginkgo (mostly due
to high mortality rates during establishment)
to 2% for Modesto ash and sweetgum trees.

The Costs of Not Planting

In a 1984 article in Journal of Arboriculture, Miller and Morano presented a computerized urban forest
management simulation or game designed to model changes in a street tree population over time as a result
of maintenance activities. The program, entitled URFOR/SIMULATION, used actual street tree data from a
city in Wisconsin, U.S., and allowed a user to select management plans to set planting, pruning, and remov-
al rates (Miller and Morano 1984). The simulation ran on an annual basis for the number of years specified
by the user, and the program output described the impact of management plans on the street tree popula-
tion, calculated the value of the trees, and summarized management costs. The simulation also included
the ability to introduce any of six random events: wind storm, ice storm, new disease, drought, budget
increases, and budget cuts. Data from an example simulation presented in Miller and Morano (1984) illus-

trated the impact of planting on the net value of trees
in the urban forest. While a fully-stocked urban for-
est was initially the most costly management scenario,
over the 40-year run of the simulation, it resulted in
the greatest net benefits (see Figure 7). The difference
between the fully-stocked or repacement scenarios
and the no-planting scenario can be interpreted as
the costs (benefits forgone) of not planting trees. The
URFOR/SIMULATION program was a DOS-based
program. CityTrees! Lite v1.0 is an updated version
that operated under Microsoft Windows 3.1 (Miller
1997). The program has not been updated since 1996.
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Economics of removal decisions
Two recent studies examine the economics of
tree removal. Scott and Betters (2000) presented
a method for evaluating on an economic basis
whether to remove and replace a tree, or retain
and maintain a tree. The authors advocated use
of the individual tree appraisal methods (re-
placement) developed by the Council of Tree
and Landscape Appraisers (CTLA) to calculate
the replacement value of a single tree as a type
of capital asset, taking into account species, lo-
cation, and condition. To extrapolate the benefits
of a replacement tree (i.e., the value of a future
tree), the authors used a discount rate of 2.5%
per year. In considering only whether to remove
a tree (regardless of replacement), they proposed
calculating the present net value of the existing
tree as the difference between benefits now and
benefits in the future, less the discounted stream
of periodic maintenance costs incurred over the
time period between the present and the time at
which the tree would be removed. In determining
whether to remove and replace the tree, these au-
thors added to the present net value of the existing
tree the discounted “land expectation value,” or
the value of a replacement tree with a given life
expectancy assuming replacement recurs into the
infinite future. Scott and Betters (2000) presented
an example of applying their methods to a single
elm tree (Ulmus americana) on the Colorado State
University campus. Present net value of retaining
the existing elm and engaging in maintenance
(annual treatment) for a period of eight years
was USD $95 ($70 in 2000$) (Scott and Betters
2000). Replacing the existing tree immediately
yielded present net benefits of $92 ($68 in 2000$),
while retaining and maintaining the tree for eight
years and then removing and replacing yields
benefits of $413 ($305 in 2000$) (Scott and Bet-
ters 2000). Thus, for this example, the greatest
benefit was to retain and treat the elm tree for
eight years and then replace the tree with a Dutch
elm disease- (DED) resistant elm (Scott and Bet-
ters 2000). In this example, the “cost” of removal
and replacement was the lost stream of benefits
resulting from premature removal of the tree.
Tinus and LaMana (2013) reframed tree removal
costs by quantifying the economics of harvesting
urban trees and recovering, as lumber and other
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wood products, the wood waste that would other-
wise have been disposed of in a landfill. Tinus and
LaMana (2013) compared the value of recovered
forest products and avoided landfill disposal costs
to standard tree removal and disposal costs. They
found an average avoided disposal cost per job site
of USD $877, compared to an average hauling cost
of $842, yielding only a marginal difference of $35
to landowners (excluding additional milling costs
and the value of secondary products (Tinus and
LaMana 2013). However, this analysis omitted the
costs of hauling wood to a disposal site, although the
cost of hauling wood to a milling site was included.

In addition to the studies cited here, several
others have examined the economic costs of tree
removal and replacement decisions in the con-
text of diseased trees or those threatened by pests
or disease (see section "Pest and disease manage-
ment" for a more complete discussion of pest costs).

Non-economic costs of removal
A non-economic (i.e., non-monetizable) cost of tree
removal may be impacts on the remaining trees in
the landscape. An interesting study by Kane (2008)
examined the impact of recent maintenance activi-
ties at a campsite, including pruning and removal of
other trees, on the likelihood of the failure of trees
at that site. He found that removal of other trees at
a campsite increased the likelihood of root-related
tree failures due to increased root exposure and
increased exposure to winds and decreased crown
contact with neighboring trees (Kane 2008). While
this study did not explicitly examine costs, it can be
inferred that an additional cost of tree removal, at
a site where trees are in close proximity, increased
risk of failure for the remaining trees at that site.
Unlike the tree pruning in which pruning
cycles can be increased (time between pruning
events lengthened) during periods of budget
crisis, the removal of dead and high-risk trees
should never be deferred unless property dam-
age and personal injury can be avoided by
closure of areas with high-risk trees (e.g., closing
a park area to avoid human contact). Of course,
there are often costs to these alternative actions
as well. If tree removal is deferred and alternate
precautionary steps are not taken, the costs can
include injury liability and damages paid in court
settlements (see section "Tree risk management").
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Infrastructure repair
Infrastructure repair costs occur when trees in-
terfere with other parts of the built environment
in a way that damages the infrastructure, neces-
sitating its repair. Infrastructure damaged by
trees most commonly includes curb and side-
walks (or other concrete surfaces, such as roads
or parking lots), but also can include sewer lines
and gutters. Common repair activities for dam-
age associated with trees includes removing and
replacing concrete and root pruning. A survey
of 15 cities conducted between 1992 and 1994 by
McPherson and Peper (1995) indicated that total
concrete and sewer repair costs, for damage
attributed to trees, was on average USD $7.11 per
street tree annually ($4.28 in 1992§%), or 25% of
annual total tree program expenses. Sidewalk and
curb repair costs averaged $5.63 per tree ($3.39 in
1992%), while sewer repair costs averaged $2.76
per tree ($1.66 in 19928) (McPherson and Peper
1995). Many cities may require the local property
owner to cover the cost of these repairs. In a
related later study, McPherson (2000) estimated
that approximately $95.6 million ($70.7 million
in 2000$) is spent annually in the state of Cali-
fornia to repair damage resulting from conflicts
between tree root systems and infrastructure.
Hauer et al. (1993) found infrastructure repair
activities near street trees led to 5.7% reduction
in tree condition and a 4.1% increased mor-
tality. This resulted in a nearly USD $800,000
annual loss in urban forest value. A program to
reduce the effects of construction on street trees
was developed and this reduced the impacts
of construction on tree health and survival
with no greater mortality and only 2.6% dif-
ference in tree condition (Koeser et al. 2013).
Infrastructure repair itself is a cost of
improper tree location or species selection (i.e.,
neither the “right tree” nor the “right place”;
Wagar and Barker 1983). However, not repair-
ing infrastructure damaged by trees can yield
worse damage; Randrup et al. (2001) noted that
tree roots reportedly cause more than 50% of
all sewer blockages. In the case of total sewer
collapse, repair costs can eclipse the costs of
new construction, where the cost of proper
root pruning and removal is only one-sixth
of total replacement (Randrup et al. 2001).

Pest and disease management

The clear management goal of maintenance prac-
tices related to pest and disease management—
namely, control of the pest or disease—has yielded
well-documented economics of pest/disease man-
agement. Additionally, there is a clear counterfac-
tual case for many types of pests/diseases; if lack
of pest management actions results in pest infes-
tation and eventually tree mortality, the cost of
management actions can be directly compared to
the value of trees lost (e.g., VanNatta et al. 2012).

The beginnings of pest economics: Dutch
elm disease

Several models exist to examine the costs and
benefits of different pest management scenarios.
The economics of controlling Dutch elm disease
(Ophiostoma novo-ulmi) was examined by many
authors between the 1960s to mid-1980s. An early
example of a paper on the economics of pest man-
agement is a 1976 U.S. Forest Service report on the
economics of Dutch elm disease control (Cannon
and Worley 1976). Cannon and Worley (1976) ob-
served tree sanitation approaches to project tree
mortality rates for “Best,” “Fair;” and “Poor” pest
control scenarios. They found removing diseased
elms promptly through sanitation was the most
cost-effective approach. Intensive sanitation (three
annual inspections) was 25% less costly than con-
ventional sanitation (one annual inspection) with
prevention of tree mortality and associated tree re-
moval costs. Himelick and Ceplacha (1976) reported
the costs of treating trees infected with DED by
pruning compared to the costs of removal and
replacement: when less than 5% of the crown is
showing DED symptoms, USD $1,216 ($297 in
1976$) can be saved by pruning ($233; $57 per tree in
1976$) instead of removing ($1,499; $354 in 1976%)
DED-infected trees. Kostichka and Cannon (1981)
analyzed the costs of DED management for cities in
Wisconsin, U.S., and attributed 79% of all costs to
tree removal and disposal, 14% of costs to treatment
(11% to fungicide injection and 3% to root-graft
barriers), and 7% to inspection activities. Sherwood
and Betters (1981) performed a benefit-cost analysis
of DED control scenarios with the goal of deter-
mining which scenario yields the highest return on
investment (highest benefit-cost ratio). They found
that an “intensive consistent sanitation” manage-
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ment scenario consisting of two inspections per year,
prompt removal of infected trees, and deadwood
pruning of all trees yielded the highest benefit-cost
ratio of the examined alternatives (Sherwood and
Betters 1981). These authors also provided a step-
by-step method for assessing the benefits and costs
of alternative DED management programs for a
municipality considering undertaking DED control
(Sherwood and Betters 1981). Other authors over the
years have examined the biological costs (e.g., mor-
tality of trees, development of fungicide-resistant
DED strains) of DED control and treatment efforts
without matching economic data to treatment
options (Wilson 1976; Campana 1977; Gregory
and Allison 1979; Sherald and Gregory 1980).

Economics of other pests
Studies examining the economics of pest manage-
ment include Dreistadt and Dehlsten (1986; costs
of aphid honeydew pest management), Jetter et al.
(1997; costs of ash whitefly biological control), Ko-
vacs et al. [2010; economic damage potential of the
emerald ash borer (EAB), Agrilus planipennis], and
VanNatta et al. (2012; cost of EAB management).
Dreistadt and Dahlsten (1986) described a study
undertaken to determine the costs of aphid hon-
eydew pest management for tuliptrees (Lirioden-
dron tulipifera) compared to removal and replace-
ment of diseased trees. Costs of pest management
were estimated as direct costs by city arborists and
parks supervisors and included structural and clear-
ance trimming, removal and replacement of 1%
of trees each year, and sidewalk repair and modi-
fications necessitated by tuliptree trunk growth
(Dreistadt and Dahlsten 1986). Removal and re-
placement of 400 tuliptrees with London plane-
trees (Platanus acerifolia) was only 63% of the cost
of continued maintenance of the tuilptrees (USD
$223,000 compared to $354,000 in 1984$; Dreis-
tadt and Dahlsten 1986). Costs excluded from this
analysis include potential liability costs, tempo-
rarily lost aesthetic value, and other tree benefits.
Jetteretal. (1997) performedabenefit-costanalysis
of the use of a parasitic wasp (Encarsia inaron) to
biologically control the ash whitefly (Siphoninus
phillyreae), which attacks ash (Fraxinus spp.) and
ornamental pear (Pyrus spp.) trees. They compared
the change in appraised value due to pest dam-
age (benefits) to the costs incurred by the entities
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conducting the biological control (including per-
sonnel, travel expenses, and materials; Jetter et al.
1997). Given total program costs of only USD $2.0
million ($1.2 million in 1992$), total net benefits
of the program were almost $536 million whole-
sale ($323 million in 1992$) and $682 million retail
($411 million in 1992$) for street trees only (Jet-
ter et al. 1997). In other words, if biological control
efforts had not occurred, over a half billion dollars
in street tree appraisal value would have been lost.

Current pest threat: Emerald ash borer
Kovacs et al. (2010) examined the costs that will be
incurred for municipalities as a result of emerald ash
borer damage in municipalities in a 25-state region
centered on Detroit, Michigan, U.S. (the epicen-
ter of North America’s EAB infestation), between
2009 and 2019. Using simulations of the spread
of EAB and costs of various treatment options
or removal and replacement for trees of different
sizes, the authors estimated the costs of EAB man-
agement (Kovacs et al. 2010). The analysis assumed
that homeowners and tree managers act optimally
and “[maximize] the present value of a stream
of benefits and costs associated with each tree by
choosing among four actions—1) do nothing, 2)
remove, 3) remove and replace, or 4) treat with an
insecticide that prevents injury from EAB” (Ko-
vacs et al. 2010, p. 573). They concluded that EAB
will cost U.S. communities an estimated $11.4 bil-
lion ($10.7 billion in 2010%$) in discounted terms
between 2009 and 2019 (Kovacs et al. 2010). Note
that the Kovacs et al. (2010) scenario was an optimal
one, assuming completely rational actors acting op-
timally in the face of EAB infestation, and does not
allow for calculation of the costs of doing nothing.
VanNatta et al. (2012) provided more detailed
EAB management scenarios based on the projected
management costs and tree value. They simulated
the costs of four management scenarios for the ash
tree population on the University of Wisconsin-
Stevens Pointcampus: 1) doingnothingand removing
ash trees as they die; 2) immediately removing all
ash trees over a five-year period; 3) immediately
removing and replacing ash trees with non-ash
trees; and 4) minimizing mortality by treating all
ash trees with approved insecticide treatments
(VanNatta et al. 2012). The costs of doing noth-
ing to combat EAB (scenario 1) yielded an annual
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present value of benefits nearly equal to the costs
of removing ash trees as they die (benefit-cost ratio
of 1.02). However, the net value of remaining trees
after a 20-year period in the do-nothing scenario
ranged from USD $868 (using i-Tree Streets to
value the benefits of trees) to $44,913 (using CTLA
appraisal methods to assess tree values; VanNatta
et al. 2012). This was compared to the best-case
scenario (based on CTLA appraisal values) of treat-
ing all trees (scenario 4; yielding $84,610 net value
remaining after 20 years; VanNatta et al. 2012).

The economic analyses of EAB detailed here
have yielded tools available for managers fac-
ing decisions about managing EAB. These tools
include the EAB Calculator (Sadof et al. 2011;
Purdue 2015) and the EAB PLANning Simulator
(VanNatta et al. 2012; UWSP 2015), both of which
allow urban forest managers to calculate costs of
different control methods for emerald ash borer.

Integrated pest management

Integrated pest management (IPM) and monitor-
ing of pest and disease populations rose in promi-
nence for urban areas in the late-1970s as a means
of reducing the risk of economically damaging pest
outbreaks in urban areas and the costs of control-
ling outbreaks. IPM methods are not unique to
urban forestry and arboriculture but originated in
the field of agriculture to monitor and manage crop
pests. In 1978, Olkowski and Olkowski introduced
the idea of an urban IPM to arborists as a means
of more effectively dealing with the diversity of
vegetation pests found in cities and to enable cost-
effective dissemination of practices to homeowners.
These authors introduced the concept of injury
level, or the level of pest infestation (in number
of insects per unit of vegetation; e.g., leaf area) at
which damage to the tree is unacceptable and treat-
ment of the pest becomes desirable (Olkowski
and Olkowski 1978). Establishing injury levels for
urban pests and trees helps minimize application
of pesticides (i.e., costs of pesticide use) and make
effective use of limited resources for treating pests
in the urban forest (Olkowski and Olkowski 1978).
Ball and Marsan (1991) advocated for the estab-
lishment of an action threshold, as the level of pest
infestation or incidence just below the injury level at
which economic or aesthetic thresholds are reached,
and at which treatment should begin. In economic

terms, the economic injury level occurs at the point
at which the marginal benefits obtained when trees
are treated for a pest (i.e., the increased benefits
due to prolonged tree lifespan) equal the marginal
costs of the treatment (i.e., the dollars and time
spent treating trees). An aesthetic action threshold
is a management approach with treatment meant
to avoid surpassing an unacceptable injury level,
which is a point that vitality is reduced detrimen-
tally. Subsequent authors have encouraged proac-
tive monitoring (including visual inspection of trees
for damage and pest incidence, locating vulnerable
populations of trees, trapping and baiting of pests,
and monitoring of environmental conditions suit-
able for specific pests or for pest outbreaks; Raupp
1985; Ball 1987), preventative maintenance (to pro-
mote tree health; Nielsen 1986), and minimizing
periods of tree stress to reduce susceptibility to pest
or disease infestation (Moorman 1985). Reardon et
al. (1987) provided a description of implementing
an IPM program to control gypsy moth infestation
(although results of the program are not provid-
ed). However, beyond statements asserting that
IPM and monitoring practices are economical, no
authors advocating IPM provide explicit informa-
tion about its costs or compare costs to traditional
management of pest populations with pesticides.

Maintenance Not Commonly Quantified
in Municipal Budgets

Some types of tree maintenance are much less
completely quantified and studied. The costs as-
sociated with risk management, watering, mulch-
ing, soil and nutrient management, staking, tree
support systems (e.g., cabling, bracing, and prop-
ping), and protection during construction are less
explicit in literature from the field of arboriculture
and urban forestry. These tend to be tasks that do
not earn line items in city budgets, and so do not
appear as clearly quantified in records. These types
of maintenance may occur less systematically across
a population of trees in the urban forest, and may
be more likely borne by a nonprofit organization,
neighborhood, or citizen in charge of tree care.

Tree risk management

One of these less-studied costs of not maintaining
trees is related to tree risk and liability management.
If a lack of maintenance results in a tree that fails
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and injures person or property, damages may be
awarded to the injured party, payable by the in-
dividual liable for the tree (Ryan 1985; Anderson
and Eaton 1986; Merullo and Valentine 1992). Sys-
tematic inspection of trees for tree risks and docu-
menting inspection efforts can help minimize the
potential for liability suits that may happen due to
tree-related damage, injury, or casualty (Anderson
and Eaton 1986; Sharon 1987; Sreetheran et al.
2011). The risks of harm posed by an assessed
tree can be compared to the costs and benefits of
removal or other risk-mitigating actions (Ryan
1985; Stewart et al. 2013). Additionally, preemp-
tively adopting practices to promote urban tree
and forest health—including best management
planting practices and regular maintenance, main-
taining a mixture of age classes and species, and
promptly removing declining trees—can also help
minimize potential costs incurred due to tree fail-
ure (Anderson and Eaton 1986). Several authors
have discussed proper management of individual
mature trees at risk of decline (Shigo 1975; Shigo
1982; Clark and Matheny 1991), or groups of mature
trees in forest settings (Bakken 1995). Yamamoto
(1985) argued that programmed tree maintenance
(whereby tree pruning is performed for a certain
geography within the city every year) is defen-
sible in negligence and liability claims of personal
injury or property damage caused by street trees.
Insuring against these risks can also help mini-
mize liability-related tree costs (Carpenter 1987).
Storm events are one particular source of concern
in assessing risk in the urban forest; although a
few authors surveyed damage caused to urban
trees by storms (Gibbs and Greig 1990; Gibbs
and Palmer 1994; Escobedo et al. 2009; Hauer et
al. 2011). Escobedo et al. (2009) and Hauer et al.
(2011) provided cost estimates for debris clean-up
from storm damage. An understanding is needed
on how and if early maintenance leads to a costs
savings from tree damage resulting from storms.

Watering

Watering and irrigation of trees accounted for ap-
proximately 4.0% of municipal tree expenses (Kiel-
baso 1990). Watering is widely acknowledged to be
crucial to planted tree establishment and survival.
The biological costs of not watering are clear: trees
that receive inadequate water exhibit decreased con-
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dition, and if moisture levels are low for a sufficiently
lengthyperiod oftimethetree mayevendie (Kozlows-
ki and Pallardy 1997). Many authors have examined
the importance of watering for urban trees (e.g.,
Pellet et el. 1980; Kramer 1987; Costello et al. 2005;
Costello 2013; Symes and Connellan 2013); how-
ever, few have examined the economics of watering.

Costs of not watering

If watering leads to greater tree survival, there is
a clear cost to not watering. If the cost is less than
the benefit, then the net benefit value added result-
ing from irrigation could then be calculated as the
lifetime benefits produced by the additional trees
that survive as a result of irrigation. For instance, if
irrigation results in 15 of 20 planted trees surviving
over the 10 of 20 trees that survive without irriga-
tion, the lifetime benefits of these five additional
trees is the value added by irrigation. The net ben-
efit of irrigation is the total added benefits less the
cost of irrigation. Conversely, if forgoing irrigation
results in a loss of five trees that otherwise would
have survived, the costs of not irrigating are equal to
the benefits forgone less the avoided costs of irriga-
tion. Gilman (2001) authored one of the few studies
that collected data that enables measurement of
the costs of not watering trees in terms of cost per
live, established tree (see sidebar The Costs of Not
Watering). Outside of this study, to the knowledge
of the authors, there are no other complete stud-
ies on the economic costs of not watering trees.

Mulching

Mulching is a type of tree maintenance frequent-
ly employed at the time of planting. Mulching
decreases tree root competition with turf grass
(Samyn and de Vos 2002), weeds or other veg-
etation (Watson 1988; Green and Watson 1989),
can improve soil moisture content (Watson 1988),
and may protect a tree from damage by lawn-
mowers or weed trimmers. Mulching improves
the health of a tree, increasing both above- and
belowground growth, and trees mulched dur-
ing establishment may require less maintenance
later in life (Green and Watson 1989). However,
few articles have empirically demonstrated the
long-term benefits of mulching trees. Most stud-
ies have been conducted during the course of a
single (e.g., Gilman and Grabosky 2004) or few
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The Costs of Not Watering

Gilman (2001) examined the impacts of watering throughout the first six months (the whole sum-
mer) after transplanting, compared to only watering for five weeks (no summer irrigation). For four
of six packaging and transplanting treatments, higher mortality rates of trees not irrigated follow-
ing transplanting led to a greater cost due to replacing dead trees and thus a higher cost per-live tree
(Table 1, based on data from Gilman 2001). In only one case (root pruned ball-and-burlap trees)
was there not a financial advantage of water. However, in all cases the watered trees grew more. Un-
fortunately, the research conducted by Gilman (2001) was one of the few papers to provide data
that afford calculation of the cost per live tree of maintenance practices related to establishment.

Table 2. Cost savings (in 2013$) resulting from watering during establishment for six different planting packaging
types. (Based on data presented by Gilman 2001. Original costs in Gilman (2001), from which these values were
calculated, were assumed to be published in 2000$.) All currency is in USDS.

Treatment Cost per live tree

Summer No summer Savings Percent

irrigation irrigation (per tree) savings
Plastic container $602 $795 $193 32.1
Plastic container with SpinOut $602 $1,061 $459 76.2
Air root-pruning (ARP) $602 $909 $307 51.0
Low-profile ARP container $602 $1,591 $989 164.3
Root-pruned, field-grown B&B $518 $371 -$147 -28.4
Non-root-pruned, field-grown B&B $518 $518 $0.00 0.0

growing seasons (e.g., Green and Watson 1989).
Furthermore, no studies have reported on the
costs of mulching. Municipal budgets almost
never include mulching as a specific line item.

Soil and nutrient management
Soils in urban environments may lack adequate
nutrients for trees to grow (Scharenbroch and
Catania 2012). Fertilizing trees—either at the time
of planting or later in their life—can help correct
damage or poor conditions resulting from im-
proper nutrient management (both deficiencies and
excesses; e.g., Himelick and Himelick 1980; Smith
1988). Fertilization to correct deficiencies and pro-
mote growth could also theoretically increase the
number of established trees in the urban forest
to a rate at which they reach an “environmentally
functional size” and provide benefits (Harris et al.
2008, p. 195). If nutrient management would lead
to survival or improved condition of the trees man-
aged, the benefits forgone due to lack of nutrients
that support reaching these objectives are the
“costs” of this decision. Examples to illustrate this
have been documented by examining tree decline.
One particular type of nutrient management—
nitrogen fertilization—has been examined by a few

studies. Nitrogen fertilization in general promotes
tree growth (Scharenbroch and Lloyd 2004). In an
early example, Neely (1984) conducted a controlled
experiment that found that application of nitrogen
fertilizer (both in isolation or in combination with
glyphosate herbicide) increased tree growth rate of
black walnut (Juglans nigra), sycamore (Platanus
occidentalis), Norway maple, and honeylocust, rela-
tive to untreated control trees. However, Harris et al.
(2008) compiled five studies that tested the effects of
several nitrogen fertilization rates on 10 tree species
in both field- and container-growth settings, and
found no impact of nitrogen fertilization on tree
growth or establishment. Gilman (2004) tested six
types of soil backfill amendments but also found no
benefits to growth or survival of any of these treat-
mentsduringthefirstfour monthsaftertransplanting.

Early maple decline studies

Maple decline and methods of treatment was studied
by several authors in the late 1970s and early 1980s.
Maple decline was assumed to be a result of mul-
tiple stress factors, such as manganese deficiency
(Smith and Mitchell 1977; Funk and Peterson
1980) or excessive exposure to road salts (Rich
and Walton 1979; Funk and Peterson 1980). Ru-
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bens (1978) outlined four direct costs of maple
decline: “1) periodic deadwood removal, 2) even-
tual removal cost, 3) replanting or replacement
cost, and 4) loss in value of the mature tree” (p. 33).
Rubens (1978) declared that, “The cost of soil
desalination on a continuous basis to protect
healthy sugar maples (Acer saccharum) not af-
fected by other environmental or man-made
stresses is less than the costs attributable to non-
provision of this maintenance” (p. 41), although
specific costs were not determined empirically.
Other authors have noted additional methods
of mitigating maple decline without providing
dollar figures, including application of manga-
nese compounds directly to the trunk or foliage
(Smith and Mitchell 1977), and soil injection or
dry application of manganese sulfate monohy-
drate (Funk and Peterson 1980); applications of
nitrogen were ineffective (Rich and Walton 1979).

Fixing chlorosis

Himelick and Himelick (1980) analyzed meth-
ods of ameliorating chlorosis in several species via
iron treatments, noting that excessive application
of calcium or phosphorous in turf fertilizers or too
much soil moisture could contribute to chlorosis.
These authors observed that injecting the tree with
ferric citrate or ferric ammonium citrate is a “rea-
sonably effective and economical” method of treat-
ing chlorosis in pin oak (Quercus palustris) and
sweetgum trees (Liquidambar styraciflua) (Hime-
lick and Himelick 1980), although again no costs
figures were provided. Smith (1988) also discussed
methods for ameliorating nutrient-deficiency-
related leaf chlorosis, but did not link chlorosis to
tree performance, benefits, or other maintenance
needs outside of the chlorosis treatment itself.

Costs of not managing soils or nutrients

None of the aforementioned studies provided
empirical estimates of the costs of nutrient treat-
ments. Additionally, few studies have quantified
the impacts of nutrient treatments on tree struc-
ture (e.g., survival or growth), function, or benefits.
Studies that did provide estimates of the im-
pact of treatments on tree survival (Gilman 2004;
Rich and Walton 1979) and growth (Harris et al.
2008) found no effect of fertilization, or a small
impact on root growth (Percival et al. 2004).
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Tree support systems

Several tree support systems, including staking, ca-
bling, bracing, and propping serve the purpose of
supporting a tree and improving strength during
periods of vulnerability. Staking serves to support
small or recently planted trees or trees in windy
areas (Smiley and Lily 2006). Bracing, cabling, and
propping serve as methods of supporting weakened,
old, or severely damaged trees that would otherwise
fail, thereby prolonging their useful life. Relatively
few studies have discussed the economic benefits of
staking trees. Black (1978) discussed staking young
trees as a means of reducing vandalism. Bracing and
cabling as methods of supporting mature trees were
discussed by Mayne (1975) and others, but the cur-
rent literature review yielded no articles on the eco-
nomics—benefits or costs—of cabling and bracing.

Protection during construction

Protecting trees during construction is a means of
preserving many of the benefits provided by trees
that otherwise might be damaged or removed during
construction of a building or road. Protection ac-
tivities theoretically have costs. Koeser et al. (2013)
found that trees near road construction activities
were twice as likely to succumb to mortality as trees
not adjacent to road construction. Tree protection
during building construction can include estab-
lishing a barrier between the tree and construc-
tion activities, creating “disturbance-free zones”
around wooded areas to limit root disturbance,
and grading construction areas to guide potentially
contaminated construction runoff away from root
zones (Anderson and Barrows-Broaddus 1989).
Tree protection during road construction or utility
installation can include tunneling and boring
with an aim to avoid root damage (Yingling et
al. 1979; Jim 2003). Tree protection and preser-
vation during construction is a specialized field
composed of consulting arborists and contractors
who rarely publish, and thus few studies explicitly
examining the economics of tree protection exist.

Economics of tree protection

The loss of forest benefits due to inadequate pro-
tection of existing trees or forests from damage
during construction or other activities results
in a number of types of costs: costs to the final
homeowner, who might otherwise benefit from
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preserved trees, costs to the contractor or de-
veloper who pays to remove trees, and, where
preserved trees would have increased final sale
price, lost revenue for the developer or home-
builder (Anderson and Barrows-Broaddus 1989).
Additional costs not mentioned in the tree pro-
tection literature include: decreased home equity;,
loss of additional tax revenues that would have
accrued due to increased property values of lots
with mature trees, and costs to homeowners to
remove trees not sufficiently protected. A survey
of residential homebuilders in Amherst, Mas-
sachusetts, and Athens, Georgia, U.S., revealed
that the costs of removing trees on a heavily
wooded lot during development averaged USD
$3,844 ($1,000 in 1977%) in Ambherst but only
$707 ($250 in 1980%) in Athens (Siela and An-
derson 1982). Costs of preserving trees on lots
averaged $6,535 ($1700 in 1977$) in Amherst
and only $792 ($280 in 1980$) in Athens (Seila
and Anderson 1982). The authors reported that
in both Amherst and Athens, builders recovered
the higher cost of preservation in an increased
final home price (Seila and Anderson 1982),
although real estate data were not provided.

Tree protection efforts can also take the form of
establishing boundaries around wooded areas near
residential yards to protect them from substantial
human intrusion in the form of yard extension,
waste disposal, forest clearing activities, or more
(McWilliam et al. 2010). McWilliam et al. (2010)
estimated that approximately 20%-50% of the first
20 m of the edges of municipal forests in Ontario,
Canada, were disturbed due to human encroach-
ment. Although encroachment could yield a sig-
nificant loss in benefits provided by these forests,
McWilliam et al. (2010) did not provide data about
magnitude of lost benefits, nor the costs of enforce-
ment that could curb encroachment activities.

Other types of care and maintenance

The costs of other types of tree care are even less
certain than the types of maintenance costs pre-
viously examined: nursery management (Tate
1984a); use of growth control chemicals (Carvell
1975; Olenick 1977; Domir 1978; Domir and
Roberts 1983; Holewinski and Johnson 1983);
topping (Carvell 1978; Karlovich et al. 2000);
root pruning (Gilman 1990; Achinelli et al. 1997);

applying herbicides to control weeds (Smith 1975);
general grass and turf management (Dawson et
al. 2001); tree site (Berrang et al. 1985) or spe-
cies (Miller and Miller 1991) selection; wrapping
trees (intended to prevent frost crack, Hart and
Dennis 1978; Hvass 1985); compaction and other
soil remediation efforts (Day et al. 1995); manag-
ing woodlots or patches of forest in urban areas
(e.g., Tyrvainen et al. 2003); and inventorying or
monitoring trees to determine maintenance needs
(e.g., Tate 1985; Sreetheran et al. 2011). This lit-
erature review did not find literature on the costs
of not performing these types of maintenance.

Tree Appraisal and Valuation
Tree appraisal and valuation efforts are not a type
of maintenance per se (although the de facto
monitoring of trees that occurs during on-site ap-
praisal is certainly connected to tree maintenance
efforts in the most holistic of tree management
situations). However, tree appraisal and valua-
tion is intimately connected to assessing the costs
of maintenance and the value lost or benefits
forgone due to inadequate maintenance of trees.
If a lack of adequate maintenance results in the
complete loss of the tree, appraisal value is one
measure of the cost of not maintaining the tree.
Many authors have examined tree appraisal and
valuation, or methods of attributing value to a land-
scape tree. Methods include expert appraisal value
(e.g., Mayne 1978; Chadwick 1980; Watson 2002;
Ponce-Donoso et al. 2009), replacement cost (cost
of replacing the tree with one of similar size and spe-
cies, e.g., Felix 1978; Mayne 1978), amenity value
(property value change due to addition or removal
of the tree, e.g., Mayne 1978; Morales et al. 1983;
Tyrvainen 1997; Ishikawa and Fukushige 2012),
current value (value of the benefits produced annu-
ally, e.g., Brown and Boogaerdt 2006), stated prefer-
ence approach (willingness-to-pay for a preserved
tree, e.g., Notaro and De Salvo 2010), and various
accounting methods (that take into account dis-
counting streams of benefits to their present value,
e.g., McPherson 1992; Brown and Boogaerdt 2006;
Peterson and Straka 2011), among other methods.
Different methods of appraisal can attribute dra-
matically different values to the same trees (Watson
2002; Price 2003; Ponce-Donoso et al. 2009), and all
methods have at least some limitations (Price 2003).
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Incorporation of maintenance into tree
appraisal

Most common methods of appraisal do not
take into account the explicit value of main-
tained compared to unmaintained trees, or
the direct value of maintenance performed on
trees, although Felix (1978) mentioned that a
lack of maintenance can affect appraisal value.
Condition and location—factors that may be
correlated with past maintenance activities or
current maintenance needs—are frequently
included in appraisal values (Davis 1983).

A few appraisal methods include maintenance
costs. For example, the Standard Tree Evaluation
Method used in New Zealand includes estima-
tion of maintenance costs at 14% of the retail tree
and planting costs (Watson 2002). The CTLA
Guide for Plant Appraisal Cost-of-Cure Method
also includes long-term maintenance costs. The
capital gains method also includes maintenance
costs; this method combines the cost of plant-
ing a replacement tree, the interest accrued on
capital investments equivalent to the price of the
tree during the time period in which it takes the
replacement to grow to the size of the original
tree, and the costs of maintenance over this time
period into a more accurate assessment of the
value of a tree (Mayne 1978). Ponce-Donoso et al.
(2009) reviewed seven methods used by individual
Chilean municipalities. They found three meth-
ods that explicitly incorporate the value of annual
maintenance performed on the tree, quantified
as average municipal maintenance cost per tree
for all trees maintained in a given year (although
the authors note that this places a higher value on
trees maintained by inefficient or more expensive
maintenance practices; Ponce-Donoso et al. 2009).
Notaro and De Salvo (2010) conducted a contin-
gent valuation analysis to uncover people’s will-
ingness to pay for efforts to preserve and protect
cypress (Cupressus sempervirens L.) trees from a
threatening disease in the landscape of northern
Italy. They discovered that together, people would
be willing to pay between EUR €122-€141 mil-
lion over a 100-year tree life span (discounted to
present value at 2%) for research and treatment
efforts; unfortunately, the article presumed “eco-
nomic viability of caring for the cypresses in order
to maintain the current landscape” (Notaro and
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De Salvo 2010, p. 80), but did not present actual
costs of disease control that could be compared
to the willingness-to-pay values to determine
the costs of not controlling the cypress canker.

GAPS IN THE LITERATURE

As the literature reviewed here demonstrates,
studies explicitly examining the costs of not
maintaining trees and the urban forest are scarce.
A few authors discuss the impacts of foregoing
maintenance entirely: McPherson (2001) quan-
tified the “benefits forgone” due to not planting
trees to sufficiently shade parking lots in compli-
ance with ordinance in Sacramento, California,
U.S. Ryder and Moore (2013) compared the costs
of formative pruning on recently planted trees
to the much greater costs of structural pruning
on mature trees that had not been formatively
pruned (see sidebar The Costs of Not Pruning).
Studies from utility arboriculture examined the
costs of insufficiently maintained utility rights-
of-way as manifested in lost billable customer
service hours and the extra time and money
required to restore service, including time spent
on reactive or corrective tree maintenance.
Using data from Gilman (2001), researchers can
infer the costs of not watering newly-planted trees
based on high mortality rates for non-irrigated
trees (see sidebar The Costs of Not Watering).

What the urban forestry and arboriculture
literature lack are studies that allow research-
ers and practitioners to infer the effects of differ-
ent levels of maintenance. In other words, what
are the costs of maintaining trees just a little less
than optimally? What about a lot less than opti-
mally? For instance, what are the costs incurred
by watering newly-planted trees only once per
month rather than once a week during the first
growing season after transplanting? For cash-
strapped municipalities, nonprofits, or companies
with limited resources to care for trees, knowing
the impacts of ratcheting up or winding down
maintenance activities from current levels is
important to efficient allocation of public funds.

Levels of Maintenance
It is often not the difference between mainte-
nance and no maintenance that urban foresters
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are interested in, but the difference between
more maintenance and less maintenance. In this
vein, future experimental research should track
the impacts of different levels of maintenance or
maintenance regimes (Table 3). Borrowing lan-
guage ecologists use to talk about disturbance
(e.g., Walker and Willig 1999), the level of urban
forest maintenance can be described as occurring
at a particular intensity (how much), frequency
(how often), duration (for how long), and extent
(what part of a tree or which trees). Who per-
forms the maintenance (e.g., an adjacent home-
owner, municipal forestry crews, contractor) and
what type of maintenance they perform (e.g.,
watering, pruning) also matters. The combina-
tion of the types of maintenance activities per-
formed with any given frequency, intensity, and
duration across a particular area of the urban
forest (extent) can be called a maintenance re-
gime. For example, city forestry crews will water
the trees on 3rd Street with 56.78 L of water
each week that it does not rain at least 2.54 cm,
for three summers after transplanting. It would
be helpful to be able to compare the economic
costs (e.g., dollar expenditure) of different main-
tenance regimes with the tree outcomes (e.g.,
structure, function) and benefits produced.
This would allow urban forest managers to de-
termine ideal maintenance regimes, given the
available budget resources and desired goals
(e.g., benefits). [Note that this concept of main-
tenance regime is similar to the “maintenance
intensity” idea used by Escobedo et al. (2011).]

Long-Term Data on Maintenance
A final piece of information that is lacking in
the current literature is long-term data about

Table 3. Key elements of an urban forest maintenance regime.

the impacts of levels of maintenance on tree
longevity or lifetime-benefits produced. Al-
though municipal or other tree inventories
commonly include maintenance recommen-
dations of some sort, these inventories are
rarely updated to capture performed main-
tenance activities or the costs of these activi-
ties. Incorporating procedures for captur-
ing costs into repeated inventories would
help provide long-term data on maintenance
regimes and their impact on tree populations.

CONCLUSION

A wealth of approaches and studies document the
benefits of urban trees, forests, and greenspaces;
research on costs has yet to catch up. Several take
home messages emerged through this literature re-
view. First, the costs of maintaining trees are clearer
than are the costs of not maintaining trees in the
urban forest. Municipal budget expenditures are
the primary source of dollar figures used in benefit-
cost analyses of tree populations, and so the mon-
etary costs of maintenance commonly tracked by
municipalities (planting, pruning, removal, pest
management, and sometimes infrastructure repair)
are fairly well understood. It is rare to find figures
reported in the literature for types of maintenance
not featured as line items in municipal budgets.

Second, the costs of not maintaining trees
does not only equate to deferring maintenance
to a later date; rather, urban forest managers at
the municipal level must often make the deci-
sion (or non-decision) to not care for trees,
and there can be a resultant cost much later in a
tree’s life span that was not anticipated. These
costs are then left for the next generation of
urban foresters and city residents to deal with.

Element Explanation Examples
Type The particular maintenance activity Prune, mulch, stake, etc.
Who Party physically performing City tree crews, contracted certified arborist,
maintenance activity nonprofit, adjacent homeowner, etc.
Intensity How much 20% of the crown, 18.9 L or 57.8 L of water, etc.
Frequency How often A four- or six-year pruning cycle, once per week, etc.
Duration How long For just the first growing season after transplanting,
throughout a trees life, etc.
Extent What part of a tree or which trees Branches below 4.3 m clearance level, all trees in a city, trees on

heavily traveled road corridors, trees in a downtown area, etc.

©2015 International Society of Arboriculture
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Third, some particular maintenance non-actions
stand above the rest: 1) not caring for trees in early
establishment (i.e., not watering; see sidebar The
Costs of Not Watering); 2) not managing for diseases
or pests, suchas DED or EAB, and the subsequentloss
of net benefits; 3) not maintaining the urban forest
as a whole by not planting trees (and, again, the loss
of net benefits resulting therefrom; see sidebar The
Costs of Not Planting); and 4) instances where lack of
tree care may result in decline in tree condition and/
or future liability issues. Of these, points two and
three are most clearly addressed in the literature.

Fourth, partnerships between researchers and
those who plant and care for trees—municipalities,
consulting arborists, nonprofits, utility arborists,
and more—could expand the information avail-
able for examining the costs of maintaining and
not maintaining trees (e.g., The Costs of Not
Maintaining Trees summit, March 2015, which
involved both researchers and practitioners).
Future research partnerships should aim to exam-
ine the influence of maintenance regimes on costs
and tree outcomes, including examining how the
frequency, intensity, duration, and extent of dif-
ferent types of tree maintenance activities are con-
nected to the structure, function, and benefits of
trees. Large, long-term data sets, with lots of vari-
ables, are one way to begin to understand more
fully the marginal causal impact of different levels
and combinations of maintenance activities on tree
and urban forests outcomes, benefits, and costs.

Additional research priorities under the banner
of “the costs of not maintaining trees” could include
questions, such as comparing maintenance pri-
orities for practitioners of municipal, utility, and
commercial arboriculture; the difference between
optimal maintenance (i.e., maintenance that maxi-
mizes net tree benefits) and adequate maintenance
(i.e., the minimally sufficient amount of mainte-
nance necessary to secure tree survival for a desired
length of time, or to provide a desired minimum
amount of benefits); and the need of different tree
species for different levels of maintenance. Con-
sensus on specific research priorities will be identi-
fied in an upcoming paper emerging from the ISA
Costs of Not Maintaining Trees research sympo-
sium and summit held in March 2015 (both inclu-
sive of researchers and practitioners from within the
fields of arboriculture and urban forestry, including

©2015 International Society of Arboriculture

municipal and utility foresters, consulting arbor-
ists, forest economists, and social-ecological sys-
tems and governance scholars). One outcome of the
summit is a planned retrospective study to exam-
ine tree growth and longevity, and to model if and
how tree maintenance may explain tree growth and
longevity. Another prospective study to develop
an international network of sites for long-term
urban forest monitoring and tracking of mainte-
nance of trees at these sites is being recommended.
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Résumé. La littérature actuelle concernant les foréts urbaines
est abondante en ce qui a trait aux données quantitatives et qua-
lificatives des bénéfices et des soins octroyés aux arbres, mais plus
rare sur les conséquences résultant d'un sous-investissement dans
les arbres. Cet article présente les résultats d'une revue de littéra-
ture sur les «cotits du non-entretien des arbres» ordonnée par I
ISA Science and Research Committee (comité sur la science et la
recherche de 'ISA). Les auteurs ont résumé la recherche documen-
taire au domaine de l'arboriculture et de la foresterie urbaine en
cherchant des réponses aux questions suivantes: quels sont les cotits
d'entretien des arbres et de la forét urbaine? quels sont les cofits
du non-entretien de ces arbres? Il en découle un résumé détaillé
de la littérature traitant des cotits d'entretien et du non-entretien
selon diverses pratiques arboricoles couramment incluses dans
les budgets municipaux (plantation, élagage, abattage, gestion des
ravageurs et des maladies) et un bref résumé des cotts associés a
certaines pratiques arboricoles moins considérées (incluant la ges-
tion des risques liés aux arbres, larrosage, le paillage, la gestion de
la fertilisation et des éléments nutritifs, le tuteurage, le haubanage
flexible et rigide, la protection des arbres et la réparation des in-
frastructures). Les auteurs suggeérent que la documentation future
devrait porter sur l'influence des stratégies dentretien arboricole
sur les cotts et les impacts pour les arbres, incluant la maniére dont
la fréquence, de l'intensité, de la durée et de l'ampleur des opéra-
tions d'entretien sont reliés a la structure, a la fonction et aux béné-
fices générés par les arbres.

Zusamenfassung. Die existierende Literatur zum Thema: Ur-
bane Forstwirtschaft ist am stdrksten in jhrer Quantifizierung und
Qualifikation der Vorteile der Bdume und ihrer Pflege, aber nicht in
ihrer Fahigkeit, die Resultate mangelnder Investitionen zu untersu-
chen. Dieser Bericht présentiert die Resultate einer Literaturrecher-
che iiber die ,,Kosten von nicht gepflegten Baumen', herausgegeben
von dem ISA Wissenschaft und Forschungsausschuss. Die Auto-
ren sammelten Literatur aus dem Bereich Arboristik und Urbaner
Forstwirtschaft, um diese Frage zu beantworten: ,Was sind die Er-
haltungskosten von Stadtbaumen und urbanen Forstflichen? und
»Was sind die Kosten von nicht gepflegten Baumen?* Hier liegt eine
detaillierte Ubersicht der Literatur zu Kosten der Erhaltung und

Kosten zum Ausgleich von Pflegemingeln fiir typische Pflegearbei-
ten, wie sie in den Budgets der Verwaltungen gewohnlich vorkom-
men (Pflanzung, Schnittmafinahmen, Entsorgung, Krankheits-
und Schidlingsbekimpfung) und eine kurze Ubersicht der damit
assoziierten Kosten fiir weniger untersuchte Typen der Baumpflege
(einschlieflich Baumrisiko-Management, Bewasserung, Mulchaut-
trag, Diingung, Baumanbindung, Kronensicherung, Baumschutz
und Reparaturen an der umgebenden Infrastruktur). Die Autoren
schlagen vor, dass zukiinftige Literatur sich zum Ziel setzen sollte,
die Einfliisse von Pflegekonzepten auf die Kosten und die Wirkung
auf die Baume zu untersuchen, einschliefllich einer Untersuchung,
wie die Haufigkeit, Intensitat, Daure und Ausmafl der Baumpflege-
aktivititen verbunden ist mit der Struktur, Funktion und Leistun-
gen der Baume.

Resumen. La literatura existente sobre el bosque urbano es
fuerte en la cuantificacion y cualificacion de los beneficios y cuidado
de los arboles y no tanto en su capacidad de evaluar los resultados de
la falta de inversién en los drboles. Este trabajo presenta los resulta-
dos de una revision de literatura sobre los "Costos de No Mantener
los Arboles", encargados por el Science and Research Committee de
la ISA. Los autores resumen la literatura desde el campo de la arbo-
ricultura/dasonomia urbana para responder a las preguntas: ;Cudles
son los costos de mantenimiento de los 4rboles y el bosque urbano?
Y, ;Cuéles son los costos de no mantener los arboles? Se presenta
aqui un resumen detallado de la literatura sobre los costos de man-
tenimiento y la falta de mantenimiento de los tipos de cuidado de los
arboles que se suelen incluir en los presupuestos municipales (plant-
acién, poda, remocién, manejo de plagas y enfermedades) y una
breve revision de los costos asociados con los cuidados de los arboles
menos estudiados (incluyendo la gestién de riesgos; riego, acolcha-
do, fertilizacién y manejo de elementos minerales; tutoreo, cableado
y refuerzo; proteccion de los arboles; y reparacion de infraestructu-
ra). Los autores sugieren que la literatura futura deberia tener como
objetivo examinar la influencia de los regimenes de mantenimiento
en los costos y los resultados de los arboles, incluyendo el examen de
cémo la frecuencia, intensidad, duracion y alcance de las actividades
de mantenimiento de los arboles estdn conectados a la estructura,
funcién y beneficios de los mismos.
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