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ABSTRACT

Background and Purpose: Bark thickness and its share in the volume of roundwood are the most important characteristics
of the bark, particularly in the process of timber harvesting, and during scaling of processed logs. Therefore it is very
important to have at disposal relatively accurate data regarding these characteristics of bark for particular tree species.
The main goal of this paper is to investigate the thickness of the bark and its share in the volume of roundwood of Norway
spruce.

Materials and Methods: The research was carried out in the area of the Canton 10 of the Federation of Bosnia and
Herzegovina and it encompassed 393 trees of Norway spruce from 10 cm to 115 cm of thickness at breast height. Measuring
of the mean diameter and double thickness of bark was conducted by section method. In total, 4,647 diameters and bark
thicknesses were measured in different relative lengths of stems or in average 10.6 measurements per one stem.

Results: As an optimal model for the evaluation of double thickness of the bark of Norway spruce depending on mean
diameter of roundwood the function with designated determination coefficient of 0.7142 was selected.

The obtained results have confirmed the previously defined relations of investigate characteristics, which are as following:
a) with the increase of mean diameter of roundwood (section) double bark thickness is increased from 9.26 mm (thickness
class 12.5 cm) to 31.65 mm (thickness class 92.5 cm); b) with the increase of mean diameter of roundwood the share of
bark in its volume decreased from 14.26% (thickness class 12.5 cm) to 6.73% (thickness class 92.5 cm).

Conclusions: By the actual method of estimating bark thickness or the share of bark in the volume of roundwood of Norway
spruce in the forestry of the Federation of Bosnia and Herzegovina a significant error was created which increases with
the increase of mean diameter. The obtained results point to the necessity of investigation of these bark characteristics in
Bosnia and Herzegovina and represent an inevitable starting point for making adequate tables of bark thickness and its
percentage share in the volume of roundwood of Norway spruce.

Keywords: bark thickness, bark share, mean diameter, roundwood, relative length

INTRODUCTION

Bark is the layer of tree consisted of an external
and internal part. External bark (lub) consists of the
dead protection layer of the bark, and it spreads from
internal bark to the peripheral layer of the tree. Internal
bark (floem) includes the living part of the bark which
performs physiological and protection functions, and

spreads from cambial ring to the internal zone of dead
bark. The importance of bark as the external layer of the
trunk consists of several important aspects: (1) it provides
protection for trunk growth, (2) it can be used as the source
of energy or in production of special products (malch,
tannin, dye, pharmaceutical products, etc.), and (3) it has
impact on the realized income since technical roundwood
is, as standard, delivered and sold based on volume without
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bark. Therefore, knowledge regarding bark thickness and
the possibility of most accurate assessment of its share in
the trunk and timber assortments is extremely important
in the present wood trade. Inaccurate assessments may,
for the forest owner, result in loss of value even up to 11%
[1]. Studies on bark thickness and its percentage share in
the volume of the trunk or roundwood were conducted
for the needs of forest management and exploitation, and,
among other things, were inspired by the progress of the
commercial importance of bark from unwanted residue to
important fuel and a source of bio-material of high value [2].

First studies on bark thickness and bark volume were
conducted by Flurry in Switzerland at the end of the 19"
century. The goal was to identify factors for the conversion
of the volume of the trunk with bark into volume without
bark, and it represented the beginning of some still accurate
studies of bark of different tree species in many parts of
the world [3]. Previous studies were mainly focused on
the assessment of bark thickness at the breast height [4-
6] since total volume of the trunk bark can be calculated
approximately based on its thickness at breast height.
However, recently researchers have more dealt with the
impact of other factors on the thicknes of the bark, such as
relative height of the trunk, quality of the habitat, altitude
above the sea level, age, etc. [7-12].

The first comprehensive studies were conducted by
Altherr et al. [13] in Baden-Wirttemberg. The sample
covered a surface of 35.752 km? and a very wide scope of
habitat and stand conditions. Data collected from 7.712
trees resulted in identification of functional dependence of
bark thickness (mm) and percentage share of bark (%) in the
trunk volume for 33 tree species. Implementation of these
results is recommended by Pollanschiitz for Austria as well
[14]. However, for the region of Tyrol, Kirschner made tables
for bark thickness and its share for main tree species in
Tyrol, while Gide made tables for thickness and its share of
bark of spruce which can be implemented in Forstdirektion
Mayr-Melnhof Frohnleiten [14].

In the area of former Yugoslavia, research on bark
thickness was first conducted on deciduous tree species [4,
5, 15]. Namely, regulations on methods of measuring and
identification of quantities, and regulations on methods of
delivering roundwood of deciduous species have caused
reasonable and justified interest for the most accurate
identification of bark thickness and the percentage share
in the volume of the trunk or roundwood. Studies on
coniferous trees’ bark were mainly devoted to fir [16, 17].
Bark thicknes of spruce was researched in Slovenia by Turk
and Lipoglavsek [18], and also by Rebula [19]. Rebula [19]
obtained slightly larger values of bark thickness than Turk
and Lipoglavsek [18], noting that the results should be
checked by a larger sample and in locations where spruce
is a more significant tree species (Alpine area). Also, Rebula
[19] stated that the bark of spruce in Slovenia is thinner for
1-2 mm compared to Upper Schwabia (Germany), and that
these differences are particularly expressed in thicker trees
in upper parts of the trunk.

By analyzing different sources of losses in volume for
roundwood of spruce due to the prescribed method of
measuring in Croatia, Porsinsky and Vujeva [20] identified
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the deduction of double thickness of bark (from 16.9 vol. %
to 5.8 vol. %) to be the source of highest loss.

For numerous coniferous species it was identified
that bark thickness can be well described by the following
variables: diameter with bark, total height of the trunk and
measuring height [21]. For spruce it was identified that bark
thickness depends on diameter with bark and relative height
of the trunk, and that it is also conditioned by the age of the
tree, its height and shape [9].

All studies so far have identified some generally accepted
facts [22]:

- bark thickness is directly proportional to diameter of
the trunk or roundwood,

- bark thickness decreases from the stump towards
the top of the trunk,

- bark thickness increases with the thickness of
roundwood, and its relative share in the volume
decreases.

Assortment tables which are used in Bosnia and
Herzegovina for the most important tree species, apart from
numerous wood assortments, also contain the category
"waste". From practical point of view this category can be
divided to real waste and losses. Real waste in that sense
consists of several unprocessed parts of large wood and
sawdust, while losses are made due to prescribed methods
of measuring of dimensions and identification of quantities
and deducted double thickness of bark. According to the
above-mentioned, it is extremely important for forest
enterprises that such losses are as low as possible, or
that they have at disposal the most accurate data on bark
thickness of particular tree species. Evident differences in
thickness of spruce bark between particular countries, even
between different regions in the same country, which were
identified by some authors, impose the need to research
this characteristic in Bosnia and Herzegovina as well. In
Sweden, for example, according to the instructions of
Timber Measurement Council [23], it is recommended to
use of as many as 11 different functions for the calculation
of bark thickness for spruce, depending on geographical
origin of the tree. This was one of the crucial motives for
this research.

MATERIALS AND METHODS

Spruce (Picea abies Karst) is, from the economic and
ecological aspect, one of the most important coniferous
tree species in Europe. In optimal conditions it can reach
the height of over 40 m and diameter of over 1 m. The bark
is relatively thin and greyish. At the beginning, on young
branches and young trunk the bark is smooth, and later on
older trees it peels and falls off in the form of round scales
and is coloured dark-reddish. Large area (Figure 1) has caused
the occurrence of numerous forms variable per habitat,
including branch forming, needles and cones [24]. Spruce
wood is valuable construction timber, and it is also used for
the production of premium veneers, different types of wood
plates, in the production of cellulose, paper and other. It is
also popular as a Christmas tree, and especially valuable is
as resonance spruce wood for making musical instruments.
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Spruce is one of the most significant forest tree species
in Bosnia and Herzegovina. According to the preliminary
results of the Second National Forest Inventory in Bosnia
and Herzegovina, the total surface of available high forests
of production character where spruce is grown amounts to
589,700 ha, where its share in the total wood stock is 16.1%.
This makes it the third most important tree species in our
forests (after beech and fir).

The present research was conducted in the area of
Canton 10 (Figure 2), and it was financed by the Federal
Ministry of Education and Science within the project
"Making of bark thickness tables for fir, spruce and beech".

For the purpose of objective research on impacts of
different factors on which bark thickness depends only
normaly formed trees were selected for the sample, or the
trees without visible deformations on the trunk. On every
trunk several diameters were measured, starting from the
stump to the top. Distance of the diameter from the stump

YRk "y Medium presence 30% - 50%

was expressed in relative units from total height of the
trunk, or the length of the cut trunk.

In every place on the trunk (section) the following were
measured:

- mean diameter outside the bark (in the middle of
the section) in centimeters with accuracy down to
millimeter and crossed (biggest and smallest),

- bark thickness down to millimeter accuracy, on
points where diameter measuring device touches
the trunk (two measurements).

During the measuring of the bark the so-called notch
was made vertically to the trunk on the wood, so that
bark thickness can be clearly seen and precisely measured
(Figure 3). The measuring itself was performed by movable
measuring device (vernier calipers). Namely, measuring by
Swedish bark gauge in general overestimates its thickness
since during the measurement it partially penetrates into
wood, while it is also sensitive to the season of sampling

Uncertain, no-data

Marginal / no presence < 5%
Low presence 5% - 10%
Mid-low presence 10% - 30%

[ Mid-high presence 50% - 70%
I High presence 70% - 90%
- Very high presence >90%

FIGURE 1. Distribution map of Norway spruce (Picea abies) in Europe with estimation of the relative probability of presence [25].

—

FIGURE 2. Research area — Canton 10 of the Federation of Bosnia and Herzegovina.
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[26]. Along with that, it is severely dependent on subjective
feeling of the measuring technician [27] since it requires
huge skill for such method of determination of bark
thickness in order to be able to recognize the moment when
the blade is starting to penetrate into wood [11]. Due to
these reasons, which were confirmed in our trial work with
this instrument, it was decided that the measurement shall
be done in the described way.

Despite the importance of certain parameters, such as
the method of measuring bark thickness, sample size and its
distribution on the researched area, these parameters were
not given adequate attention in previous literature as well
[28]. Husch et al. [29] as a general rule mentioned that for

FIGURE 3. Notch on the stem.
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the determination of factors of bark at the breast height it
is necessary to provide a sample of 20 to 50 trees. Studies
which research models of conical characteristics, which may
include measurements of the diameter with or without
bark are extremely variable. Kozak [30], for example, has
analyzed the sample of over 100,000 trees and 16 tree
species, while Jiang et al. [31] have covered by analysis only
18 trees of one tree species. It is of critical importance that
the sample should cover variations of bark thickness in the
research area with lowest possible costs [28].

The sample of this research consisted of 393 spruce
trees on which 4,647 diameters and bark thicknesses were
measured, or in average 11.8 measurements per one tree. In
the sample trees of different sizes were selected, from 10 to
115 cm of thickness at breast height (1.30 m) and of different
quality classes, according to silvicultural and technical
classification [32, 33]. Trees in the area were selected in a
way that their number in the sample was proportional to the
total surface of forests of this tree species in Canton 10 per
particular municipalities. After measuring, logical analysis of
the collected data was conducted. One part of the collected
data was excluded from further processing due to illogically
small or large value, or in cases when measurement was not
completed (some data were missing).

To express dependence of bark thickness on influential
factors the method of simple and multiple regression
analysis was implemented by Generalized linear models
(GLM) method. The result of GLM analysis is a complex
regression equation which contains parameters with
particular category variables or cases within category
variables. In the processing of data and interpretation of
results statistical program STATGRAPHICS Centurion XVII
was used.

For the calculation of percentage share of bark in
the volume of the section (part of the trunk) Mayer [34]
template was used. Mayer presumed that the form factor
of trunks with bark is equal to form factor of trunks without
bark. Based on that assumption he made the following
equation for the calculation of percentage share of bark:

dZ

where p, is the share of bark in the volume of the section
of the trunk; d is the diameter inside Bark, and D is the
diameter outside bark.

RESULTS AND DISCUSSION

Bark Thickness

According to the results of conducted studies on factors
which have impact on bark thickness it was presumed that
bark thickness, apart from the diameter of roundwood,
depends also on the point of measuring on the trunk, or on
distance from the stump towards its top. This hypothesis
was checked by statistical analysis of data by using GLM
analysis. In the analysis the dependent variable was the
double thickness of bark (D, , in milimeters), while as
independent variables the following were taken:

https://www.seefor.eu
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- mean diameter of the section (part of the trunk) —
Dm section (cm) as continuous variable, and

- relative distance of diameter of the section from the

stump —PART,_ . as a category variable.

Each trunk was divided in 5 sections of equal relative
lengths (PART, ). The first section (1) included the lower
fifth of the total length of the trunk (from stump), the
second section (2) included the next fifth, etc. The fifth
section (5) included the upper fifth of the length of the trunk
(the thinnest).

First, by statistical analysis the normality of independent
variable (D _ section) by potential transformations [35] was
checked. It was identified that the distribution of original
data deviates from normal, and therefore for its optimal
transformation the exponent of 0.256 was designated
(Figure 4).

The same procedure was conducted also for the
dependent variable. It was identified that for achieving
approximately normal distribution the value of double
thickness of bark (D,_,) also has to implement potential
transformation, with the exponent of 0.4026 (Figure 5).

After conducted transformations the following regre-
ssion model with coefficient of multiple determination of
0.7631 was identified:

BoxCox(D,, )=-17.317-1.782-11(1)-1.98071-11(2)-
0.952788-11(3)+1.08855-11(4)+18.605-Dmsection®?s

where:
D 0.402646_ 1

bark

0.40264 - 14.95810597354

BoxCox (D, )=

11(1) = 1if PART  =1,-1if PART__ =5,0in other case;
11(2) =1if PART_  =2,-1if PART__ =5,0in other case;
11(3) = 1if PART =3,-1if PART_  =5,0in other case;
11(4) = 1if PART_  =4,-1if PART__ =5,0in other case.
Table 1 shows the variance of the model (explained
part of varying) of residual deviation (error of the model)
and total variance of data on bark thickness. According to
the factor F - the relation of the middle of the square in
explained and unexplained part of varying (variances) it
can be concluded that the selected independent variables

lambda = 0.256 shift = 0.000000
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FIGURE 4. Distribution of data for independent variable before and after transformation.

lambda = 0.402646 shift = 0.000000

1600

1400
1200
1000 |-
800 -

Number

600 |-
400
200

0

10 0 10 20 30 40 50 60
D bark (mm) - before transformation

1800
1600 |-~
1400 |-~
1200
1000

Number

-2 0 2 4 6 8 10 12
D bark (mm) - after transformation

FIGURE 5. Distribution of data for dependent variable before and after transformation.
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have statistically high impact on the change of the value
of dependent variable. According to the identified value of
F-test, which is larger than critical according to F-distribution
(Fisher-Snedecor distribution), and p-value, which is smaller
than 0.05, the difference between variances is, with usual
safety of conclusion of 95%, statistically important [36, 37].

Based on the results of the analysis of the source of
varying and F-relation of variances presented in Table 2 it
can be concluded that the highest impact on bark thickness
has the diameter of the section of the trunk (D_ section),
which was expected. Also, it can be concluded also that the
variable PART _ (part of the trunk) has very high impact
on bark thickness. That means that bark thickness at the
same diameter of the section (part of the trunk) on different
relative heights of the trunk is not equal.

Figure 6 shows mean thicknesses of bark for different
parts of the trunk and lowest significant differences (LSD
intervals) at the probability of 95%. It is visible that bark
thickness is increasing from bottom towards the top of the
trunk (further from the stump). That means that pieces of

TABLE 1. The analysis of variance for the thickness of bark (D

wood of the same diameter have thicker bark if they are
closer to the top of the trunk. An exception from that rule is
the first section (1) which has slightly thicker bark than the
next section (2), but that difference is not significant. It can
be more clearly seen from data in Table 3.

Identified impact of the variable PART . on bark
thickness is very interesting, but in principle logical. In
available literature thisimpact was researched only by Bojanin
[15] for ash, but he did not identify significant difference. The
results found by this research were caused primarily by laws
of thickness increment of the trunk and characteristics of the
spruce bark. Namely, thickness increment along the trunk of
trees is different from increment at breast height. Thickness
increment is the smallest at certain height of the trunk, below
or above the breast height. Height of the smallest thickness
increment depends on age, or thickness of the trunk and
quality of the conditions of the habitat. Towards the top
and towards the foot of the tree from that place (height)
thickness increment increases, and it is the biggest at the
top of the trunk [38]. The fact that the increase of thickness

) of the regression model.

hark

Source of variability Sum of squares Deg. of freedom Variance F-ratio "P" probability
Model 137066 5 27413.3 2960.43 0.0000
Residual 42975.1 4641 9.25989

Total (Corr.) 180042 4646

TABLE 2. GLM analysis of the influence of independent variables on the dependent variable in the regression model.

Source of variability Sum of squares Deg. of freedom Variance F-ratio "P" probability
PART, 8469.63 4 2117.41 228.66 0.0000

D, section®%® 107763 1 107763 11637.56 0.0000
Residual 42975.1 4641 9.25989

Total (Corr.) 180042 4646

Means and 95.0 Percent LSD Intervals

21— —

19 =

f _ |
© ’ -
o | 3 |
a 17 ]
15 = -

[ e T ]

13 = =

1 2 3 4 5
Part of the trunk

FIGURE 6. Average values of bark thickness and Fisher LSD interval of particular sections of the same diameter at the point of

measuring.

130 SEEFOR10(2): 125-135

https://www.seefor.eu


http://www.seefor.eu

Modelling Bark Thickness of Norway Spruce (Picea abies Karst)

TABLE 3. Average bark thickness of particular sections of the same diameter at the point of measuring, lowest significant
difference (LSD Fisher test) and formed homogeneous groups with the probability of 95%.

Part of the

Homogeneous Groups

trunk Count LS Mean LS Sigma
1 2 3 4
2 1033 14.0662 0.097412 X
1 1159 14.2585 0.098931 X
3 1038 15.0780 0.094452 X
4 1000 17.2131 0.103564 X
5 417 20.1072 0.169758 X

increment is also followed by the increase of bark thickness
is in favor of the obtained results. Additionally, spruce bark
on older trees or older parts of trees is peeling and falling off,
which also results in smaller thickness.

The identified mathematical model, unfortunately, has
only scientific significance and is not applicable in practice.
Namely, when it comes to practical implementation of this
model for the assessment of bark thickness (in measuring
sizes and delivering roundwood from stock yard) most often
it is unknown from which part of the trunk particular pieces
are taken. Therefore, the identified model is currently not
applicable in operational work withouth changes in rules and
regulations for identification and marking of roundwood.

Therefore the model for the assessment of double
thickness of bark was created based on only one
independent variable - diameter of the part of the trunk
with bark (D section), which in forestry practice of Bosnia
and Herzegovina, with length measuring , is used as the
basis for the identification of the volume of roundwood.
As in the previously described procedure, the independent
variable (D_ section) was used in its transformed form. For
identification of optimal model of the assessment of double
bark thickness depending on diameter of the section of the
trunk (with bark) in the same statistical program several
regression models were checked. As an optimal model,
which is obtained with the transformation of dependent
variable per BoxCox procedure, the following linear function
was selected:

BoxCox(D, ) = -10.7807+15.4065-Dm section®**

where:

0.422_
bark 1

BoxCox(D,q,) = 0.40264 - 14.9581°%7¢

The unique mathematical expression of the model is:
D,,,=[(1.3612-Dm°?* )-0.0441 7357

Coefficient of correlation for this model is R=0.8451,
or the coefficient of determination R?=0.7142. According to
this, by not including the impact factor PART, about 5%
of explanation of variability of bark thickness was lost. The
values of statistical indicators of significance (t-values), free
member and parameter with independent variable, which
are much higher than the critical size and p-value, which
is much smaller than 0.05 of high statistical significance of
parameters of the model were identified (Table 4).

Based on the selected model the assessed values for
each input data for thickness of the section were calculated.
After that real deviations (residuals) were calculated, and
based on it the standard deviation of the model (SD=3.22
mm) and standard error of estimate (SEE=0.036 mm) were
calculated. The relation of real values of bark thickness (D,_,)
and assessed bark thickness per this regression model is
presented in Figure 7.

TABLE 4. Parameters of the double bark thickness estimation function and their statistical indicators.

Parameter Estimate Standard Error t-Statistic P-value
Intercept -10.7807 0.341968 -31.5254 0.0000
Slope 15.4065 0.142989 107.746 0.0000
TABLE 5. Variance analysis.
Source of variability Sum of squares Deg. of freedom Mean Square F-ratio P-value
Model 128554 1 128554 11609.16 0.0000
Residual 51436.4 4645 11.0735
Total (Corr.) 179990 4646
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SEEFOR 10 (2): 125-135 131


http://www.seefor.eu

MUSIC J, LOJO A, BALIC B, IBRAHIMSPAHIC A, AVDAGIC A, KNEZEVIC J, HALILOVIC V

Double bark thickness of spruce (mm)
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Diameter at stem section (cm)

FIGURE 7. Double bark thickness of spruce depending on diameter at stem section.

Analysis of residuals shows that there is no systematic
deviation of it in any part of the domain of empirical data
(Figure 8).

By modeling the thickness of spruce bark in Germany,
with similar goal to the goal in this paper, Stingle et al.
[39] have used in the analysis three independent variables
(diameter at breast height, relative height and diameter of
the section) and obtained the model with determination
coefficient of 0.76.To show the dependence of spruce bark
thickness on diameter of the section (log) in Slovenia, Rebula
[19] identified linear dependence with determination
coefficient of 0.65. By modeling bark thickness in even-
aged spruce stands depending on diameter at breast height
Laasasenaho et al. [9] obtained determination coefficient
of 0.66. Apart from the diameter, they also used the height
and age of the tree (in logarithmic form), so determination
coefficient increased to 0.77. In the analysis of fir bark
thickness depending on diameter at breast height, BoZi¢
et al. [10] used variables in logarithmic form and obtained
adjusted determination coefficient of 0.67%. By introducing
additional variables (height, age, altitude above the sea
level) the same authors identified a model with slightly
larger determination coefficient of 0.7037. By studying fir
bark thickness depending on mean diameter of the section
Lojo et al. [12] obtained for the selected optimal model

of levelling determination a coefficient of 0.758. Prka [8]
obtained by modeling beech bark thickness depending
on mean diameter of the piece (section) models with
determination coefficient from 0.355 to 0.783, depending
on the type of felling, or 0.65 for all felling together.

Based on conducted comparations with results of other
authors who dealt with modeling of connection between
bark thickness and diameter, it can be concluded that the
selected model in this research is very good, and that its
statistical parameters and assessed values of double bark
thickness depending on mean diameter of the section,
presented in Table 6, are very reliable.

Bark Share in the Volume of Roundwood

Bark share in the volume of the trunk or part of the
trunk is also a value usable in forestry practice, since,
among other things, one of the standardized ways of
the reduction of volume with bark is implementation of
adequate tables of the percentage of bark share in the
volume. Therefore in this paper the percentage of spruce
bark share in the volume of the section was calculated
depending on mean diameter outside bark by using Mayer
formula (Table 6). Diameters inside bark were obtained by
deduction of double thickness of bark calculated by the
identified mathematical model.

15 B

10

Residual (mm)
o

-10

IFERNARRER RRRNI ARNTE RR NN SN

N
S+

20 30

Predicted D bark (mm)

FIGURE 8. Residual deviations from the double bark thickness estimation model.
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Data show a decrease of percentage of bark share with
the increase of mean diameter, while the same relation
was identified also by other authors who studied this
characteristic [11, 12, 15, 17, 19]. The first reason for this
relation is the fact that the increment of wood mass is higher
than the increment of bark, and that the trunks (logs) of
larger diameters have in percentage lower share of bark in
the volume compared to thinner trunks [8].

TABLE 6. Double bark thickness and the share of spruce bark
depending on mean diameter of the section.

Mean diameter Double bark Share of bark in
of the section thickness section volume
(cm) (mm) (%)
12.5 9.26 14.26
17.5 11.39 12.59
22.5 13.29 11.47
27.5 15.04 10.64
325 16.66 9.99
375 18.20 9.47
42.5 19.65 9.03
47.5 21.04 8.66
525 22.37 8.34
57.5 23.65 8.06
62.5 24.89 7.81
67.5 26.09 7.58
725 27.26 7.38
77.5 28.40 7.19
82.5 29.51 7.03
87.5 30.59 6.87
925 31.65 6.73
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By analyzing the results presented in Table 6 it can be
seen that they are logical and that they cofirm previously
established relations regarding the observed characteristics.
In order to see the whole picture, the results of this paper
were compared with the results of other authors. Figure 9
shows a comparative presentation of double bark thickness
of spruce depending on mean diameters of the section for
roundwood.

The highest values of spruce bark thickness were
identified by Kirschner [14], and the lowest by Rebula [19].
Rebula [19] emphasized that his sample was too small
(186 sections) and that it is not sufficient for identification
of certain laws, while the results of Kirchner [14] are very
indicative because this author within his research obtained
thicker bark for spruce compared to fir, which is a unique
case. The results of this research to a large extent correlate
with the results of Altherr et al. [13] and Glide [14], noting
that by these studies slightly higher bark thickness in
lower and lower thickness in higher thickness classes were
obtained as compared to the mentioned authors.

Regarding the percentage of bark share in the volume
of the part of the trunk (section), as it has already been
emphasized, it decreases with the increase of mean
diameter. A comparative presentation of the obtained
values by the author who researched this characteristic is
given in Figure 10. It is important to mention that, having in
mind the method of calculation of the percentage of bark
share (Mayer formula), the results are as accurate as the
accuracy of assessed bark thickness.

Reduction of the percentage of bark share with the
increase of mean diameter of the section of roundwood is
visible in the results of all analyzed authors, but it is most
emphasized in Kirschner [14], who obtained the highest
values of this characteristic. Values obtained in this research
are in the same relation with the results by Altherr et al.
[13] and Gude [14] for bark thickness as well (as it has been
previously described).

Gude 1988
Alther et al. 1978
Kirschner 1976
Rebula 1994
Musi¢ et al. 2019

70 80 90 100

Mid diameter of section - roundwood (cm)

FIGURE 9. Comparasion of double bark thicknesses with results of other authors.
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FIGURE 10. Comparasion of the share of bark in the volume of roundwood with results of other authors.

The conducted studies on thickness and the percentage
share of spruce bark per its scope of the sample size have
been the most comprehensive so far in scientific work
in Bosnia and Herzegovina. The obtained results clearly
point to all lacks of the usual practice of deduction of bark
in operational forestry of the Federation of Bosnia and
Herzegovina. Namely, in forestry practice there are no rules or
tables for the deduction of bark based on adequate scientific
or expert research, but it has been, unfortunately, based on
lump assessments and/or alleged experience of empolyees
duing measuring and delivery. Such method of deduction of
bark has multiple negative effects on business operations of
forest enterprises, and it also puts certain buyers in a more
favorable position than others and vice versa [12].

CONCLUSIONS

Based on the obtained results of the conducted
research and discussion the following important conclusions
can be drawn:

e The highest impact on bark thickness has the
diameter of the section of the trunk (D _ section).
Also, the variable PART_ . (part of the trunk) has
very high impact on bark thickness, and, respectively,
bark thickness at the same diameter of the section
(part of the trunk) on different relative heights of the
trunk is not equal.

The obtained results on spruce bark thickness and
its percentage share in the volume of the part of
the trunk depending on mean diameter confirm
the previously established relations, and evident
differences point to the need to research these
characteristics in Bosnia and Herzegovina.

Bark thickness of spruce increases with the increase
of mean diameter of roundwood (section) from
9.26 mm (thickness class 10-15 c¢m) to 33.65 mm
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(thickness class 90-95 cm). Determination coefficient
of 71.42% and standard error of estimation of 0.036
mm of the selected model show that the estimated
values of bark thickness are very reliable.

e Percentage share of bark in the volume of
roundwood (section) of spruce decreases with the
increase of mean diameter of 14.26% (thickness
class 10-15 cm) to 6.73% (thickness class 90-95 cm).

e By actual method of estimating bark thickness or the
share of volume of bark in the volume of roundwood
of spruce a significant error is created which increases
with the increase of mean diameter.

e In forestry as a branch of economy which belongs
to the category of so-called mass-production the
law of large numbers is present where on multi-
million exampes huge losses can appear due to
inappropriately prescribed method of measuring
dimensions of roundwood including the deduction
of double thickness of bark. Therefore it is very
important that the measurements or estimations
of bark thickness are conducted with as high
accuracy and reliability as possible. Related to
that, the obtained results represent an inevitable
starting point for making adequate tables for bark
thickness and its percentage share in the volume of
roundwood of spruce.
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