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Abstract: The Italian Stone Pine (Pinus pinea L.) is one of the most employed ornamental trees in
towns with Mediterranean climates. For example, in the city of Rome, Pinus is the most common
genus, with more than 51,000 trees. This study investigates technical and economic features of
maintenance operations of Stone Pines and evaluates the productivity and costs of the observed
yards. Pruning and felling are the most frequent management operations of trees in towns and this
study analyzes the features of these operations carried out in 14 work sites. The operations were
carried out either with aerial platforms (19 trees) or ascending the crown by tree-climbing (6 trees).
The operations were sampled with time studies (12 trees for pruning and 13 for felling). Work time
was measured from the beginning of operations to the transport of the residual biomass to the
collection and loading point, using centesimal stopwatches and video recording. The total residual
biomass was weighed or assessed. Total observation time amounted to 63.1 hours. The evaluation
of the costs of each work site considered the fixed and the variable costs and the costs for the labor
force. A Multiple Linear Regression model (statistics: determination coefficient R% 0.74, adjusted R2:
0.67, p-value < 0.001) which utilizes four regressors easily evaluable before the work, was adopted
to predict the gross time of the operations. This paper can contribute to optimize trees maintenance
methods in urban sites and to assess the potential residual wood biomass attainable from urban
forestry maintenance in the city of Rome.
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1. Introduction

The Italian Stone Pine, or Umbrella Pine (Pinus pinea L.) is both a landmark of the Mediterranean
coastal areas and an ornamental tree widely used in parks, streets and gardens [1]. For example,
according to the data of Rome municipality, in the city of Rome (Italy) Pinus is the most common
genus, with more than 51,000 trees, corresponding to 16.4% of the total registered trees [2].

With its distinguishing crown shape, Stone Pine contributes to make unique and pictorial the
skyline of the city. This species was been widely planted especially between the 20s and 50s of the
last century [3], so that a great number of trees are now old or senescent. Various other issues bother
this species in town, like the threats deriving from climate change [4], which undermine the static
stability of plants and incite decline [5-7], from new pests and pathogens, such as Toumeyella
parvicornis and Heterobasidion spp. [8-10], from mismanagement (especially road maintenance and
management of underground facilities) [11]. Moreover, also pinewoods represent environmental
amenity areas at risk, being under siege from intensive urbanization [12]. In this framework the care
of pines is very urgent and complex, and a professional approach is needed to manage and maintain
trees in towns as well as to protect workers and residents during all phases of these work sites. Due
to the above-mentioned reasons, the maintenance of this species may constitute a serious issue for
the owners.

Pruning and felling are the most frequent management operations of trees in towns. Pruning is
performed throughout the lifetime of an urban tree for various reasons, including: improving growth
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form, alleviating structural problems (such as removal of deadwood), crown raising, managing pests
or diseases, decreasing failure risks and resolving conflicts with infrastructures (buildings, electric
cables, road signs and lights, etc.) [13]. An ideal pruning should be operated reducing to a minimum
the quantity of removed crown, to safeguard the photosynthetic apparatus of the plant and to reduce
the operative costs [14]. Stone Pines need to be ordinary pruned principally to remove the lower
branches that naturally tend to dry and fall and to eliminate died wood in the crown. Sometimes,
heavier cuts are necessary to equilibrate crowns that are assessed as source of failure risks [15]. Felling
of senescent, died or hazard trees has increased in the last years for the reasons mentioned above.

Pruning and felling operations can be carried out either utilizing an aerial lift or ascending the
crown with ropes, commonly named “tree-climbing”. The choice of the employed method largely
depends on the accessibility of the tree. Tree-climbing is preferred when targeted and selective
interventions on tree branches is demanded and where trees are in confined areas where machinery
cannot enter. In urban forestry, tree-climbing is often the only possible solution to maintain trees. The
scientific literature about the maintenance operation performed on urban trees by professional
arborists seems rather poor. Safety aspects of the method [16-18], technical approaches [19] and
economic aspects [20] were instead more extensively studied.

An additional interesting theme related to the maintenance of urban trees is the utilization of the
residual biomass, a potentially large and underutilized resource that could exploited at local level for
wood products and bio-based fuels for power and heat generation, after the volume has been reduced
by chipping [21-26]. It is also worth noticing that the possibility to reutilize the residuals allows the
tree owner to save the disposal charge usually payed (around 80 € Mg).

The purposes of this study are: (1) investigating technical and economic features of felling and
pruning of Stone Pines in urban environment, (2) evaluating the productivity and costs of the
observed yards and (3) assessing the potential residual biomass.

2. Material and Methods

This study analyzes works carried out in 14 work sites (with a total of 25 trees observed). The
operations were carried out either with aerial platforms (19 trees) or ascending the crown by tree-
climbing (6 trees). The felling operations involved 13 trees (observed in 9 yards) (Table 1) and the
pruning operations 12 trees (observed in 5 yards) (Table 2). In total, 13 work sites were in gardens
and parks and one was a tree-lined along a public road. Trunk diameters and heights of trees were
measured by means of a tree diameter tape and by a laser rangefinder (mod. TruPulse 360R, Laser
Technology Inc), respectively. The form and the size of the crown were evaluated by measuring its
projection on the soil.

The yards showed differences of accessibility and in the ease of carrying out the work. For this
aspect, a synthetic qualitative variable named “target”, ranging from 1 to 5, was specifically created.
This descriptor indicates the work easiness, especially in relation to the yard’s location. A work site
scoring “1” means that the tree is located close to a busy road, all the big logs must be secured with
a rope for their descent, etc. The distance of the trees to the loading point of residual biomass ranged
from 1 m (full accessibility, with the possibility to place a truck for loading very close to the tree) to
40 m (the collected biomass must be manually transported from the tree to the collection point).

Work time was measured for every operation carried out by a worker during his activity. In
particular, five main elements were identified and separated: (1) “setting and stacking” (which
includes yard’s preparation, time to wear personal protective equipment, transport to the collection
point and stacking of residual wood, cleaning of the site), (2) “cutting”, (time during the operator is
using either manual or motorized tools to cut branches or trunk), (3) “shift” (movement of the
operator inside the crown, by either ascending the crown by ropes or moving the platform), (4) “delay
time for avoidable time losses”, (5) “delay time for unavoidable time losses” [27-28]. Delays include
mechanical delays, (breakdowns, tools replacement, all maintenance outside the standard
preparation and so on); operator delays (rest, breaks, physiological, smoke, phone calls), and
organizational and other delays, including waiting for the platform, interference, reconnaissance and
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planning, refuel. In this study the time (and the cost) for loading and transportation of the obtained
biomass is not considered. The time elements were recorded by the same researcher using centesimal
stopwatches and video recording. Total observation time amounted to 63.1 hours.

In the case of tree removal, all the operations were carried out by dismantling the tree. The trunk
was cut up into pieces and the operator calculated the length of each piece based on diameter and
weight.

Five private companies carried out the works, operating both with their own equipment and
with rental aerial lifts. All the companies were formed by experienced professional arborists. The
residual biomass was either assessed by measuring the volume of cut branches stacked at the
collection point or weighing the wood with a hanging electronic weighing scale (Laumas, mod. Dten.
500/1). The volume data were converted in fresh weights according to conversion tables [29].

Four values were provided to summarize the data analyses: (1) gross time, i.e. the total time of
work carried out per each tree (h tree); (2) biomass productivity, i.e. the estimated or measured fresh
weight of residual obtained biomass (Mg h');  (3) hourly cost, i.e. the total cost per hour of work
(€h1); (4) cost per tree, the total cost of work per each tree (€ tree). These variables, the dendrometric
data of 19 trees and the site characteristics shown in Table 1 and 2 constituted the base of data
analysis.

The evaluation of the operating costs of each work yard was carried out by means of an analytical
method, considering the fixed costs, the variable costs and the costs for the labor force [30]. A Multiple
Linear Regression (MLR) modelling was adopted to predict the gross time per tree (h tree'’). MLR is
one of the most broadly applied methods for the estimation of forest structure variables. MLR is a
linear approach for modeling the relationship between a scalar dependent variable, the gross time
per tree in this case, and two or more explanatory variables. The variables that improve goodness of
fit were selected and included in the model. The predicting capacity of the equation is described by
the coefficient of determination (R?) and the independent variables were included in the model when
the p-value is < 0.05. The value 0 or 1 respectively for the absence or the presence of the specific
treatment was used [31]. The statistical analysis of the MLR was performed with the software SPSS
[32]. Since the working times data resulted non-normally distributed, to assess the differences among
work systems and type of operations, the Kruskal-Wallis nonparametric rank test was performed
with the software R [33].

3. Results

Dendrometric data of trees and main characteristics of studied yards were collected during the
study, for felling and pruning yards (Table 1 and 2, respectively). Regarding the growth stage, all
trees were mature, with the diameter at 1.3 m ranging from to 42 to 100 cm and the height from 11 to
27 m.
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Table 1. Characteristics and results for observed trees in felling yards (AL = aerial lift; TC = tree-
climbing; D.b.h. = diameter at 1.3 m from the ground level).
Obtained
Syst Heig D.b. Crown  Observed Gross Producti Unitary Hourly Cost per
Yard biomass
em ht h. diameter trees time vity time cost tree
per tree
(m) (cm) (m) N. h tree? Mg tree Mgh!  htree! €ht € tree'
FAN AL 20 65 10 3 0.74 1.60 2.18 0.46 118.3 29.0
AAl AL 27 100 15 1 8.08 15.00 1.86 0.54 107.9 870.9
AA2 AL 25 99 12 1 5.88 14.00 2.38 0.42 157.4 925.9
19.9 81 9 1 0.80 3.10 3.87 0.26 62.7 50.2
ITA AL 194 66 11 1 1.92 4.53 2.35 0.43 62.7 120.6
18 67 8 1 2.58 4.98 1.93 0.52 62.7 161.7
BUS AL 22 67 12 1 8.25 5.40 0.65 1.53 77.1 635.8
PIG TC 15 60 9 1 3.46 1.40 0.40 247 97.7 337.9
CLS TC 15 42 7 1 1.88 0.80 0.42 2.35 37.0 69.6
LEM TC 11 49 7 1 2.79 1.57 0.56 1.78 59.5 166.0
ANA TC 16 80 11 1 5.50 4.20 0.76 1.31 44.5 245.1
Aver
age 18.9 71 10 1.2 3.8 5.1 1.6 1.1 80.7 328.4
Table 2. Characteristics and results for observed trees in pruning yards (AL = aerial lift; TC = tree-
climbing; D.b.h. = diameter at 1.3 m from the ground level).
Crown Obtained
Syste Heig D.b. Observed  Gross Producti Unitary Hourly Cost per
diamet biomass
m ht h. trees time vity time Cost tree
Yard er per tree
(m) (cm) (m) N. h tree? Mg tree! Mg ht h tree? €ht € tree’!
LAT AL 16 72 14 5 1.03 2.10 2.03 0.49 86.2 17.8
19 67 11 1 0.86 0.29 0.34 2.96 52.8 454
21 60 10 1 0.97 0.33 0.34 294 52.8 51.1
ITP AL
195 66 10 1 1.13 0.38 0.34 2.98 52.8 59.7
172 57 9 1 1.60 0.43 0.27 3.71 52.8 84.1
ENE AL 198 79 14 1 3.28 1.44 0.44 227 54.6 178.9
INF TC 154 74 12 1 3.19 0.90 0.28 3.55 46.7 149.1
MAG TC 22 70 13 1 3.56 1.00 0.28 3.56 36.7 130.6
Avera
ge 18.7 68 12 15 2.0 0.86 0.5 2.8 54.4 89.6

The working times of the different work elements of the observed felling and pruning yards are
summarized in Figure 1. In general, the yards of felling take around the double time of the pruning
ones (4.2 and 2.4 h tree”, respectively), resulting statistically significant (p< 0.001) after the Kruskal-
Wallis test. The cutting operation (both in pruning and felling) is the main work time (about 32% of
total work time). Setting and stacking times are greater operating in tree-climbing (average 26.5%)
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than with aerial lift (average 17.5%). However, no significant difference was showed comparing the
gross operation time between felling and pruning operations (p-value = 0.6692).

Regarding the avoidable delay time, the tree-climbing shows an average of 2.5% while aerial lift
reaches an average of 16.5%.

mean + S.E. (nin)
mean + S.E. (min)
»
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Figure 1. Total working operation times (min + standard error), (a) by the operating method (TC =
tree climbing; Platform = aerial platform) and by (b) cultural operation (D.T.A = delay time avoidable;
D.T.U. = delay time unavoidable).

The values of gross time (h tree™), residual biomass productivity (Mg h-1), hourly cost (€ h') and
cost per tree (€ tree!), per each combination of work system (aerial lift and tree-climbing) and type of
operation (felling and pruning) are shown in Figure 2. Obviously, the results are different comparing
felling yards with pruning yards. For example, using the aerial lift, the cost per tree of felling is more
than six time greater than the cost for pruning (515 and 86 € tree’, respectively).
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Figure 2. Distribution values of systems by work operations in the 14 observed yards. (a) Productivity
(Mg h); (b) gross time (h tree); (c) hourly cost (€ h''); (d) unitary cost (€ tree’!). Sample size (n): aerial
lift by felling: n=5; tree-climbing by felling: n=4; aerial lift by pruning: n=3; tree-climbing by pruning;:
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n=2 (box limits represent: 25 and 75 percentiles; line within box: median; whisker ends: minimum
and maximum,; circles outside the box: outliers).
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Figure 3. (a) Unitary time (h tree!) and productivity (Mg h™) of the nine felling work yards; (b) cost
per tree (€ tree’’) and hourly cost (€ h!) (the subscript “p” means aerial platforms, the subscript “t”
means tree-climbing).
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Figure 4. (a) Unitary time (h tree”') and productivity (Mg h™) of the five pruning work yards; (b) cost

per tree (€ tree’) and hourly cost (€ h') (the subscript “p” means aerial platforms, the subscript “t”
means tree-climbing).

The Multiple Linear Regression (MLR) model to estimate the gross time per tree (h tree'’) showed
significant results (F test = 10.953; p-value < 0.001) (Fig. 5). The equation of the MLR model adopted
to estimate the unitary time (GTt) was the following:

GTt =-1,195 -1,587xwork -0,104xtarget + 2,046xsystem + 1,897xclass 1

The regression model individuated four independent regressors to predict the gross time: (1) “work”,
indicating the performed operation — felling or pruning; (2) “target,” a synthetic qualitative variable,
ranging from 1 to 5, indicating the easiness of the work, especially in relation to the location of the
yard; (3) “system”, which indicates if the work was carried out by aerial lift or by tree-climbing; (5)
“class”, indicating 5 dimensional classes of the tree as function of the estimated residual tons of
residual attainable biomass (1: <1; 2:1-3; 2:3-5; 4:5-7; 5:>7 Mg).
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Figure 5. Predicted and observed values of gross time (h tree™) on 19 analyzed trees (statistics:
determination coefficient R% 0.74, adjusted R% 0.67, p-value < 0.001).

Figure 6. The felling yards AA1 and AA2. Note in the AA2 the truck mounted crane employed to
descend the heaviest logs.

The obtained biomass amounted to an average value of 0.86 and 5.10 Mg tree™ for pruning and
felling, respectively (Table 1 and 2). These data allow to calculate the potential residual woody
biomass obtainable from Pines in the city of Rome. Given the estimated number of Stone Pines of
51,000 [2] and considering a rate of tree yearly mortality of 3% [34] and a 6-year pruning return time,
the obtainable biomass for a city like Rome, can be equal to ca. 7800 and 7450 Mg year-! from felling
and pruning, respectively.

4. Discussion

The study was conducted on commercial operations carried out in urban yards. The time work
analysis revealed numerous aspects of the technical features of maintenance of Pinus pinea.

As for time work elements it was noted that “setting and stacking” time is greater operating in
tree-climbing than with aerial lift. This is due to the time for wearing personal protective equipment,
slings, etc. and to the time needed to launch the throwline, which does not always succeed in the first
attempt. Moreover, it resulted decisive the difference in terms of distance from the tree and the
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collection point, significantly higher in tree-climbing yards than in the aerial lift ones (2 and 18 m,
respectively).

Regarding the “avoidable delay time”, the tree-climbing shows an average of 2.5% while aerial
lift reaches an average of 16.5%. This is likely due by the limited view of the crown of the lift operator,
causing occasionally the platform got stuck in the branches for a while. Moreover, the operator in the
aerial lift needs to communicate with the ground workers more often than the tree-climber, in order
to place the platform properly. On the contrary, the tree-climber tends to work more autonomously.

The cost per tree of felling is more than six time greater than the cost for pruning. This data is
largely influenced by two particular yards (AA1 and AA2) that involved the removal of two very
large trees (Fig. 6). However, also these two yards were included in the data set because they
represent real cases to complete the wide situations that can be found in urban trees work
maintenance.

In this study a regression model individuated four independent regressors to predict the gross
time. These variables fit the model and maximizes its goodness. Other variables tested in the model
construction (for example the diameter and crown size) were not capable to significatively contribute
to the model. It is also worth noticing that the selected variables can be easily estimated before the
work.

Regarding the residual biomass, it may represent a potential renewable resource, for example,
for energy production. Considering that the potential obtainable biomass amounts to about 15,200
Mg year of fresh wood (45% of humidity) can supply a plant of about 39,700 MWh. Moreover, the
possibility to reutilize the residuals allows the tree owner to save the disposal charge usually payed.

5. Conclusions

In the present study, urban trees yards of felling and pruning were studied. The research has
regarded a species, Pinus pinea, that is extensively utilized as ornamental tree in cities and that has
been threatened by several causes. A work time analysis was carried out from the setting of the yards
to the preparation for the loading of the residual wood. Time analysis can individuate weakness
points in the operations, and it contributes to study the work from a safety point of view. In the
observed cases, the gross time is slightly higher when the operations are carried out by tree-climbing,
both in pruning and felling (Figure 2). This seems due mainly to the “setting and stacking” operation
time (Figure 1) that is generally higher for tree-climbers. Since this time element includes several
operations, (preparation of the yard, dressing of the operator, preparation to ascend, transport of the
cut wood to the collection and its stacking), many factors can cause the observed difference. However,
it was shown that, in the case of tree-climber, the initial phases of the work are longer than the case
with aerial lift. Moreover, since the location of tree-climber sites of work is more problematic than
those of the places where an aerial lift can operate, it resulted crucial the distance from the tree and
the collection point, significantly higher in tree-climbing yards than in the aerial lift ones (2 and 18 m
in average, respectively). Consequently, the organization of the yard should take in account the
distance from the tree to the point where the wood is stacked before the loading, and the firm should
take decisions to optimize this point.

The potential residual wood biomass attainable from Stone Pines maintenance was merely
estimated, basing the study on the registered number of trees in the city of Rome. The preliminary
results indicated that a proper utilization of biomass can constitute a valuable source of renewable
energy, especially considering the hypothesis of an energy production plant fueled with biomass
originated from a short supply chain [35-36].

The adopted MLR model, which utilizes four regressors, has given interesting results about the
prediction of the gross time per tree. However, the limited number of observed yards prevents, so
far, a generalized conclusion about this point. Therefore, future studies are required, also to
individuate a model capable to effectively predict the cost.
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