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THE ECONOMIC IMPACTS OF DEFERRING
ELECTRIC UTILITY TREE MAINTENANCE

by D. Mark Brewning and Harry V. Wiant

Abstract, A study was conducied to axaming the
aconomics of defarring ine clearance tree promng. The cosl
of pruming a fres was found 1o increasa significantly as it grows
closer fo, and beyond, the conduciors. The amaount of Siomass,
and thus dizposal cost, also inoreases with the length of ime
2 tree s allowed 1o grow, Predictive models were developed
far three utilities to provide & means of projecting the tolal
impact of postpaning line clearance work on grew time and
casts assodiated with pruming trees, For every rouline
maintenance doliar deferred. substantially more than one
doliar must be spent in subsaquent years o re-astabhsh the
praterrad cycle. The specific amount of this increase is utility
dependent and is aflected by production costs. fresa growin
rates, site charactesistics (dbh and type of pruning), elo, An
additional adustment wauld be necessary to gllow for an
Increase in disposal costs resulling from a larger amount of
bicmazs removed. If funding reductons are not offsal with
larger expenditures in subsegquent years, ree maintenance
cyclos are rapidly axtended. Modeling a 20 percent-annua
funding decraasa resulted in extending one ulility's cyola from
Dowaars lo 3 years over a 12-year period, These estimates do
rat take into account the impact that delerred line clearance
wirk hasz an service reliatility, service rastaration cosls, and
ther amount of ime spenf on hotspatting and respending to
cusiomer requests for unscheduled maintenance.

Electric utility line clearance programs typically
approach tree management through a pregram of
maintenance cycles where trees are pruned at
regularly scheduled intervals. Unfortunately, marmy
utilities fund their programs in such a way that trees
are not pruned in time and they begin to overgrow
the conductors,

The impact of deferring utility tree maintenance
is generally evaluated in terms of service reliability.
Anecdotal evidence suggests that deferred tree
maintenance alsc impacts a utility's maintenance
costs, One implication is that the cost to prune
trees on a more frequent basis (i.e., when
implementing a sherter pruning cycle) may be
offsel by reduced per-tree costs. Another
implication is that when utilities reduce line
clearance funding, there is a disproportionate
impact on the cycle. Understanding these

relationships would enable utility arborists to better
identify and justify the optimum line clearance cycle
in their service area.

The Intarnational Society of Arboriculture
Research Trust provided funding in an effort to
better understand the economic impacts of the
widespread practice of deferring utility tree
maintenance. The study was conducied on three
utility properties in the United Siates by
Ervironmental Cansultants, Inc. (ECI), The three
utilities that paricipated in the study are Northern
States Power Company (MMN), Puget Scund Power
& Light Company, and West Penn Power Company.

Study Methodology

Each utility was responsible for selecting 5
areas or circuils last pruned during the dormant
seascn 2, 3, 4, 5, and 6 years prior to the study,
The sites were similar in terms of the following
criteria:

= Accassibilily toa lift truck

« Tres dansity

«General age of the tree population

« Type of pruning required (e.g., percent top trims)
« Bpecies composition

+Voltage, number of phases, and construction
type.

Each site contained between 50 and 80 trees,
All of the sites were located in urban/suburban
areas on:3-phasea circuils accaessible to a lift truck.
Owver 1,000 trees were included in the study.

The utilities began pruning the study trees in
the spring of 1996, Pruning was performed in a
manner consistent with the utilities’ normal line
clearance operations. The following data was
collected by the crews complating the work:
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«Time (years) since last pruned

« Type of work completed

«Tree diameler class

=Time and equipment lo complete the wark
«Clearance prior to pruning

«Clearance obtained

«Weight of chipped debris.

Study Results

The data collected by the crews were analyzed
lo determine how deferring line clearance work
impacts the cost of tree pruning. The amaount of
tree-to-conductor clearance pror o pruning, the
average branch length removed. diameter at
breast height (dbh), and work type (lop or side
trim) were included in the analysis. The weight of
each load of chipped debris was also determined
end lracked by study site.

Factors Affecting Maintenance Cost

Years since last pruned The utilities selected
five study areas based on the number of years
sincia the trees at the site were last pruned. Figure
1 llustrates the relationship between the average
time required 1o prune trees for line clearance and
the reported number of years since they were last
pruned by one of the utilities: A highly significant,
positive curvilinear relationship was found to exist
between the number of years a tree is allowed 1o
grow and the amount of time required to prune it
As the period of growth is lengthened, the amount
of time required for maintenance increases.

Pre-work clearance. Figures 2. 3, and £ show
fhe average labor time (worker-minutes) required
to prune a tree based on the proximity of the trees
lo the conductors. As shown, an inverse
relationship exists between proximity of the
branches to the conductors and the average time
required to complete line clearance work. As the
amount of pre-trim clearance decreases. the
average labor time required for tree pruming
increases.

The correlation coefficients (r) between pre-
work clearance and the time 1o prune the trees
are -0.30 for utility A, -0.51 for utility B, and -0.55
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Figure 1. Average worker-minutes to prune lrees
by the number of years since they were last pruned.

Minytes Far - Tiee

.. r= 030, significant a

An X tha .01 lavel

L 5

B . . )

AL ¥ -

| ! =

e = oo 150 200 244 At
Pre-Wor Clearanca jom)

Figure 2. Relatinship between proximity to the
conductars and time (worker-minutes) to prune
trees al ultility A,
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Figure 3. Relationship between proximity to the
conductors and time (worker-minutes) to prune
trees at utility B,

for utility C_ In all cases, the relationship is highly
significant at the 0.0 |evel
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Figure 4. Relationship beetween proximity to the
conductors and time (worker-minutes) to prune
trees at utility C.
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Figure 5. Average time (worker-minutles) to prune
trees based on their location.
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Figure 6. Average per-tree pruning time (worker-
minutes) by diameter class.

Branch length. The average branch length
removed from a iree is also correlated to the time
and cost of ine clearance tree pruning. The data
from all three utilities showed a strong positive

correlation baetween the average branch length
removed and the time required to prune the lree
The correlation ceefficients (r) were 0.57 for utility
A, 0.47 for utility B, and 0.44 for utility. ©. All
correlations were significant at the .01 level,

Type of pruning. Electric utilities frequently
categorze line clearance trée pruning by tree
location. Trees located beneath the conductors are
typically referred to as requiring “top” pruning while
those beside the conductor require "side” pruning
Figure 5 shows the relationship between tree
location and the average time needed to completa
the work, The time required 1o prune a trea located
beneath the conductors is significantly greater than
the ime needed lor trees beside the conductors
at utiities B and C. 1.77 and 1.94 times greater
raspectively, Al utility A, trees beside the
conductors took longer, on average, than those
beneath the conductor. The difference, however,
was not statistically significant at the 0,05 level,

Tree diameter. Three size calegories werg
used to classily the study trees based on their
diameter at breast height. The three diameter
classes were 1010299 cm (4 10 11.9 in), 30 10
609 cm (12 10 24.3 in), and 61 cm (24.4 In) and
larger. The amount of ima reguired to prune trees
varied significantly by diameter class at all three
utilities (Figure )

Impact of Deferred Maintenance on Cost

Pruning costs. Hegression analysis was used
10 develop predictive models for worker-minutes
('Y) of pruning time fer the paricipating utilities.
Variables (X1, X2 , ..., Xn) and interactions of
variables were screened using stepwise
regression techniques to determing which
significantly contributed fo the model. Each
variable, each significant interaction, and each
variable in the significant interactions were used
ta develop the final regression medels. Hegression
coefficients and the model correlations are
previded in Table 1. The form of the model is-as
foliows:

¥Y=8B0 +B1X1 +. 4 Bn¥Xn

These models can be used to project the
economic impact of allowing trees to grow longer



than the optimum cycle,
Since tree diameter, type

Table 1. Regression coetficients for models to predict average time to prune
trees based on significant variables and interactions.

of pruning, and clearance

areeach significantfactors, | variaple Regression Coefficients (B, )

itis clear that the impact will Number Variable/interaction Litility A Utility B Litility C
vary for different sites, Any Intercept 1586105 895,735 135.044
specific set of site con- he Pre-work Clearance -11.388 7.928 -14.078
ditions can be modeled X (Pra-wark Clearance)’ -0.160 0262
using the data presented in Ky Length Removed 4275 2431

Table 1, X %eng[rf Removed) [.059 -0.062 0,113

ree Diameter”

One of the studly sites X, 1 if Small, else 0 B4, 144 4234  -5E8&2
which met this criteria S 1if Mediumn, else 0 4,819 5064 -40.995
was chosen as a model ) Pruning Type*
site. This provided a Xy 11f Side, else 0 -22.220 2 021 2 166
specific set of conditions Interactions
for comparing the cost of g Kyt X, 7056 8910
pruning at different points Xg b S 3803
in time. The results are 1o Xa® K_‘- -0.263

; . A1 b i 0.039
presentad in Table 2, which .. XX 0 250
shows the projected impact X, % 3628 5,852
of deferring mantenance X.. Koot K 3804
at each of the utilities, K REH 017

Table 3 shows the e Ko "X -0.222
relative impact of deferring . & 0227 0.213
maintenance in terms of | Model Degrees of Freedam 12 g 11
dollars at each of the | Error Degrees of Freedom 327 330 3zg
utilities. As an example, Carrelation Cosfficient 0.63 083 084
if L!Iilit'y' B's tree pop- “Categonical data was coded as gither a 1 ora zers

ulalion, growth rates and
clearance standards ind- Taple 2. The im
icate that the optimum trees for
cycle length is 5 years,

pact of deferred maintenance an the average time to prune
line clearance as projected by the regression equation,

deferring pruning past 5

Length of
years will have a Cptimum Line
substantial impact on line iy Etigles Syklo
clearance costs, Each 8 5 Years
dollar “saved” by not ¢ Bl P

pruning ftregs at the
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referenced n 'Ihig takde as "Af The Conductor®

Average Time [Workar Minutes) To Prung Troes At A Site That ks

1-%r. 2¥rs, 3¥rs, 4 Yrs.

At The Paat Past Past Past
Conductor” Cpptimim Qptimumy Oplimum  Optimum

G849 4.5 987 1096 162
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appropriate time (year 5)
will have to be replaced with $1.21 (plus inflation
adjustment) one-year iater in order to get back on
schedule. If trees are allowed to grow past the
conductors for 2 years, it will cost $1.39 for every
$1 of pruning which was deferred.

Biomass. Chipped debris abitained by tree
pruning was collected by utility B to gain insight
into the relationship between the age of branch
regrowth and the amount of biomass removed from

2 tree. The weight of chipped debris was not
obtained for individual trees. Rather, the total
weight of chipped biomass was determined for
each site and an average per-tree weight of
biomass was calculated. As shown in Table 4, the
average weaight of chippad biomass rises
significantly with time, The average weight of
chipped debiris increasad from about 7.5 kilograms
per-tree for the 2-year old site to over 129



Table 3. Projected impact of deferred maintenance on the average cost of (.2, after 5 years) pro-

pruning trees for line clearance.

ducad an average of
about 62 kilograms of

Excludes an adjustmant forinflation

refergncad in this table-as “Af The Conducior

Fefative Cost® To Prune Trees At A Site That |s;
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pruning debris per tree.

Length of 1-¥r 3 Wrs, 4 Yrs. The site which had been
Optimum Ling At The Past Past Past ¥ ;
. allowed to grow 1- i
Urility Clearance Cycle  Conductor™  Optimum  Optimum  Optimum Sptimum o 9810 yea
A 5 Years 51 5124 5159 31589 longer produced approx-
i 5 pars 31 51.21 5143 3154 Frately b =
o Pt b Bire 1 b ately twice the amount

of debiris,
Many utilities that
reduce their line clearance

Table 4, Weight of biomass removed by the number of years since last pruned

for trees at Utility B.

budget donot replace the
funds in subseqguent
vears, Therefore, it is
Impartant to know the

Last Pruned MHumber of Trees Total Weight {Keg)
dyrs 3% 463
Jyrs 73 1,488
4 yrs, 76 3,882
Syrs B0 4 g4
Hoyrs 65 H4a10)

Weight Per-Tree (ka) Iung.-lerm impact "?‘i
T4 funding reduclions. This
204 can be also assessed
;: using the models pre-
1204 sented in Table 1.

kllograms per-trae for the G-year old site. Figure 7
illustrates the close relationship found between the
average weight of the biomass removed and the
average time required 1o prune a lree,

Discussion

The time and cost associated with pruning a
tree to maintain safe and reliable clearance from
the electric system increases as it grows foward
and beyond the conductors, Every dollar of
spending deferred until a later date must be
replacad with mare than one dollar in order to
restore the program to the original cyclical
maintenance schedule. How much more depends
on the characteristics of the tree (dbh and type of
pruning), the specified clearance standards, tree
growth rates, and the numberof years that pruning
is deferrad, For Utility B, each dollar withheld from
the pruming budget would nead to be replaced with
£1.21 (plus inflation) the following year in order {o
et back on schedule. A 2-year delay in pruning
would increase this to $1.39, Similar results wera
obtained from the models developed far utilities A
and C

Fostponing maintenance beyend the aptimum
time also results inincreased disposal costs, Data
frarm Liility B showed that the site pruned on cycle

For example, assume
that Utility B, which has an optimum 5-year cycle,
undergoes a 20 percent raduction in its annual
budget for tree pruning. Imitially, it would appear
that the cycle length would merely increase by 20
percent, from 5 years 10 6.25 years, The impact,
however, would actually be much larger. One year
of reduced funding would allow 4 percent of the
trees to grow beyond the optimum scheduled
maintenance time (5 years). After 4 years of a
reduced budget, over 21 percent of the trees will
have grown for mare than the optimum 5 years.
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Figure 7. Comparison of time (work-minutes) to
prune a tree and the biomass removed by the
number of years since trees were last pruned at
Litility B.



Some trees will have 7 years of regrowth. After 12
years, nearly one-half of all the trees on the system
will nave gone mare than 5 years without receiving
maintenance, and some will not have been pruned
in 9 years,

This example, which is illustrated in Figure 8,
shows how a 20 percent reduction in funding would
result in an 80 percent change in cycle. moving
the utility from a 5-year cycle lo a 9-year cycle
(l.e., 4 years ocver cycle) In just 12 years, I is
Impartant to note that this change is likely to be
accelerated as service reliability declines and
hotspotting and responding to customer requests
becomes more comman, further reducing the
funds avallable for scheduled, cyclical maintenance.

A decline in service reliability also results in
lost revenue while service is down, and an increase
in the amount of time spent on service restoration,
Although service restoration is not a vegetation
management cost, it can still be directly related to
vegetation conditions and shauld therefore be
considered when making decisionz on defarring
the maintenance of scheduling units.

Deferred maintenance can also alter the
vegetation canditions of scheduling units beyond
increasing the amount of regrowlh on the trees.
Lenger intervals of maintenance can allow
hazardous trees and imbs to develop, further
jeopardizing system re-

the system and significantly affects future maintenance
costs.
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Figure 8, Projected impact on a S-year cycle of a 20 percent annual funding



Résumé. La colt d'élagage de dégagement
d'un arbre s'accroit significativement lorsgue
I'arbre pousse de plus en plus prés et au-dessus
des fils électrigues. Le volume de biomassa, &t
par consequent les colts de disposition,
augmentent eux aussi avec la pericde de temps
ol il est permis a l'arbre de croitre. Des modéles
de prediction ont ete developpes pour projeter les
codlts associes a un report du dégagement des
fils electriques: Pour chague dollar de depense
dans l'entretien cycligue qui est reporie, c'est
substantiellement plus $un dollar qui doit étre
dépense au cours des années suivantes pour
raatablir fe oycie préférentiel de degagement.

Zussammenfassung. Die Kosien {ir das
Freischneiden von Baumen steigen deutlich an,
wenn die Baums dicher heran und (ber die
Leiturigen hinaus wachsen. Die Menge an
Biomasse und dia Entsorgungskosten steigen
ebenfalls mit der Zeit, in der die Bdume ungeastin
wachsen kdnnen. Es wurden aussagekraftige
Modelle entwickelt, um die Kosten fir die
verzégerten MaBnahmen zum freischneaiden der
Leitungen zu demonstrieren. Fir jeden
Zurlickbehaitenen Dollar fir die Routinepflege mul3
demzufolge mehrals ein Dallar in den Folgejahran
aufgegeben werden, um den gewudnschten
Kraislauf wiederherzustellen.



