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DEPENDENCE OF HIGH BEECH STAND FORM FACTOR AND
FORM HEIGHT ON SITE AND STAND FACTORS

Milo$ Koprivica, Bratislav Matovi¢!

Abstract: Dependence of the high uneven-aged beech stands form factor and
form height on the site and stand factors was studied. The data collected by the simple
systematic sample in seven representative beech stands were the basis study materials.
One hundred and sixty sample plots, circle-shaped, 500 m? size, in which all the trees
above 10 cm diameter were measured, were set. Several dendrometrics and statistics
methods were applied for data procession. The regression models for the estimate of
the high beech stand form factor and form height were obtained. The gross and net
influences of the site and stand factors were studied, and the most important of them
were singled out: stand mean height (Lorey’s), stand quadratic mean diameter and site
class (tarift series). It was determined that the obtained results can be easily applied in
practice.

Key words: beech, stand, volume, form factor, form height

ZAVISNOST ZAPREMINSKOG KOEFICIJENA I OBLIKOVISINE VISOKIH
SASTOJINA BUKVE OD STANISNIH I SASTOJINSKIH FAKTORA

Izvod: Istrazivana je zavisnost zapreminskog koeficijenta i oblikovisine visokih
raznodobnih sastojina bukve od stani$nih i sastojinskih faktora. Osnovni materi-
jal istrazivanja ¢inili su podaci prikupljeni u sedam reprezentativnih sastojina bukve,
pomocu jednostavnog sistematskog uzorka. Postavljeno je 160 probnih povrsina, oblika
kruga i veli¢ine 500 m?, na kojima je izvr$en potpun premer svih stabala pre¢nika iznad
10 cm. Za obradu podataka primenjeno je vise dendrometrijskih i statisti¢ckih metoda.
Dobijeni su regresioni modeli za procenu veli¢ine zapreminskog koeficijenta i oblikovi-
sine visokih sastojina bukve. Sagledan je bruto i neto uticaj stani$nihi i sastojinskihi fak-
tora, i izdvojeni najznacajniji: srednja visina sastojine (Lorajeva), srednji pre¢nik sastoji-

! Milo§ Koprivica, Ph.D, Bratislav Matovi¢, M. Sc, Institute of Forestry, Belgrade, Serbia
Translation: Marija Stojanovié
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ne po temeljnici, i bonitet stanista (tarifni niz). Utvrdeno je da se dobijeni rezultati mogu
primeniti u praksi.

Kljucne reci: bukva, sastojina, zapremina, zapreminski koeficijent, oblikovisina.
1 INTRODUCTION

There are numerous methods for the determination of the stand volume which are
based on the total or partial measurement of the trees above the taxation limit. All meth-
ods are characterised by a level of accuracy and economic, i. e. efficacy.

The basic formula for calculating stand volume is: V = G H F, in which V is the
volume, G is the basal area, H is the mean height (Lorey’s) and F is the form factor. The
elements of volume G, H and F should be determined very accurately, with regard to the
objective of the determination of stand volume.

Although it is usually considered that the complete measurement of the stand is
the most accurate method of calculation of it is volume, it is not always true. There are
several reasons for it, and we noted that this method also implies the calculation of the
mean height and form factor according to tree sample (Mirkovi¢ and Bankovi¢,
1993).

Alongside the individual elements of stand of volume, their products HF or GF
can also be determined. The first expression refers to so-called stand form height and
is used more often that another expression. The direct application of the basic formula
for determination of stand volume implies the knowledge of the elements of volume.
The subject of this paper is the determination of the form factor and form height of the
high uneven-aged beech stands in central Serbia. The problem had been partially studied
before (Panic, 1971).

2 TASK AND AIM

Two tasks of this study were set:

- determine the dependence of the form factor and form height of the high beech
stands (dependant variables) on the other most important taxation elements of the stand
and site characteristics (independent variables) and

- analyze net influence of some taxation elements of the stand and site characteri-
stics on the form factor and form height.

The aim is to define in theory the statistics dependence and achieve the results
which can be implemented easily in practice, i.e. for fast and relatively cheap inventory
of high beech stands.

3 MATERIAL AND METHOD

The numerous data collected on stands and their site within the project “Met-
hod of estimate of quality and assortment structure of the high beech stands in Serbia”,
which was implemented by Institute of Forestry from Belgrade (2005-2007), are used
as material in this study. The choice of the stands used for study, the way of collection
and procession of the data is presented in a great detail in the paper by Koprivica
et al. (2005). In addition, in several papers the site and taxation characteristics of the
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study stands are described (Koprivica and Matovi¢, 2006, 2007; Koprivica
et al. 2006, 2007). It is important to note that the study was conducted on the base of
several high uneven-aged beech stands, selected in three forest areas: Severno Kucaj-
sko, Podrinjsko-Kolubarsko, and Jablani¢ko. In all stands the systematic sample of
the sample plot, circle-shaped and 500 m? size, in the square arrangement, at 100 m
distance, was set. The total 160 sample plots were measured. The relevant data for each
sample plot were processed separately, as average or aggregate size, translated into
hectares (Table 1).

In the further analysis the characteristics of the sample plots are conditionally
treated as the characteristics of the hypothetical stands, i.e. the starting point was
the hypothesis that they can be equalized in theory. In this case, the variability of the
taxation elements in the sample of the sample plots is somewhat greater than the vari-
ability of the taxation elements in the stand samples. Therefore, the greater reliability
of the obtained models is to be expected when they are applied on the concrete beech
stands.

Table 1- Statistics for taxation elements of the high beech forests in central Serbia

(n =160)
Taks Statistics indicators
elem | x X S CV% m% a, a,
F 0.49296 0.34314 | 0.55034 | 0.0294 5.97 0.94 -1.60 7.97
H F 14.304 4.712 19.442 2.778 19.42 3.07 -0.32 2.88
\% 387.72 68.21 972.84 166.59 42.97 6.79 0.92 3.97
G 26.89 7.23 51.83 9.31 34.61 5.47 0.31 2.50
N 278.13 60.0 1200.0 149.29 53.68 8.33 2.46 14.11
H, 28.91 13.73 40.33 4.95 17.12 2.71 -0.08 2.70
H 24.33 11.70 39.40 5.37 22.09 3.49 0.24 2.68
Dg 36.97 18.66 61.26 8.42 22.78 3.60 0.24 2.71
D 33.71 17.50 56.30 8.53 25.31 4.00 0.39 2.74
SK 0.833 0.14 1.00 0.17 20.57 3.25 -1.51 5.18
TN 3.281 1.00 8.00 1.60 48.72 7.59 0.51 2.62
NV 788.78 406.0 1030.0 196.68 24.93 3.94 -0.65 2.01
NT 21.99 6.0 42.0 8.91 40.49 6.40 -0.05 2.02
EK 3.65 1.0 8.0 2.52 69.13 10.93 0.76 1.98

Legend: F-stand form factor; HF - stand form height; V- stand volume per hectare; G- stand
basal area per hectare; N- stand number of trees per hectare; H, -mean stand height by Lorey;
H- arithmetic mean stand height; Dg— stand quadratic mean diameter; D - arithmetic mean stand
diameter; SK- stand canopy; TN- tariff series (site class); NV- stand altitude; NT- stand slope;
EK- stand aspect
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For the definition of the statistics relations between stand form factor (F) and
stand form height (H, F) as dependent variables and selected taxation elements of the
stand (G, N, H , H, D,.D, SK) and site characteristics (TN, NV, NT, EK) as the indepen-
dent variables, the method of simple and multiple regression was applied. The method
of stepwise multiple regression was applied for the selection of the “best” regression
equation (model), and for the alleviating the consequences of co-linearity and multico-
linearity between the independent variables the method of ridge regression was applied
(Hadzivukovi¢ etal. 1982; Hadzivukovi¢, 1991). Ezekiel’s method was applied
for analytical and graphical definition of net values (Ezekiel, 1953).

4 RESULTS
4.1 Form factor of beech high stands

Several regression models were obtained, which due to simplicity in the discussion
will be marked as: Model 0 - simple regression, Model 1- multiple regression as the best
theoretic solution, Model 2 - multiple regression as the best practical solution and Model
3 - multiple ridge regression.

4.1.1 Model of simple regression

Upon the analysis of the matrix of the simple and partial coefficients of the linear
correlation, it was concluded that stand form factor mostly depends on: mean stand hei-
ght by Lorey, tariff series—site class and stand quadratic mean diameter.

Regression equations are:

F =0.137425+0.0231704 H, —0.000365438H; (1)

S,=0.02496  R*=128.89%

F =0.502251+0.0054493TN —0.00204198TN" )

S,_0.02451 R?=31.42%
F=0.735117-0.0026203D, —5.08537/ D, (3)

S,=0.02480 R*=29.77%

The equations (1-3) are presented in Graph 1, as Model 0. By the increase of
the mean value by Lorey and of the stand quadratic mean diameter, the form factor
also increases, and it decreases by the increase of the tariff series (by decrease of site
class). This dependence is logical to the professionals, but in all cases only around
30% of the total variability of the stand form factor is explained, and the standard
error is high. In addition, there is an important linear correlation between all three
independent variability, which is significant during the analysis of the net influence
of some independent variables on dependent variable in the model of a multiple
regression.
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Graph 1- Dependence of beech stand for factor on other factors

4.1.2 Model of multiple regression as the best theoretic solution

This model was obtained by the method of a multiple regression. Stand form factor
(dependent variable), numerous taxation elements of the stand and site characteristics
(independent variables) were used as the initial variables. The original independent vari-
ables were also taken in the transformed form, as the square and reciprocal values.

The best solution is the following equation of a multiple regression,
F =1.28079-0.027273H, +0.000184692H; +0.00429302D —

0.0000330709D* +9.79367/ D —0.0326681TN —0.00185462TN* — )
0.00000001854N? —0.0000103734H —15.1607/ D,

S,=0.00322 R?=98.88%

In the equation (4) it is seen that as the independent variables, the influence of
which on dependent variable is significant by 99% probability, the following values are
included: mean value by Lorey, arithmetic mean diameter, tariff series, a number of trees
per hectare, arithmetic mean height and the stand quadratic mean diameter.
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From this equation the equations of net regression, presented in Graph 1 as Model
1, are obtained. The influence of the mean height by Lorey on stand form factor seemed
illogical, which can be explained as the consequence of the multicolinearity between the
selected independent variables. Although Model 1 is the best theoretic (statistics) soluti-
on, it can not be easily applied in the practice, since it requires the previous determina-
tion of six independent variables. Owning to it, the best solution which could be used in
practice was searched.

4.1.3 Model of multiple regression as the best practical solution
The best equation of a multiple regression which can be applied is,

F=121667-0.0141291H, —2.44963/ H, —

0.0319587TN —4.30151/D, ®

S, =0.01302 R?=80.89%

In the equation (5) the following values are included as independent variables:
stand mean height by Lorey, tariff series and stand quadratic mean diameter. It is possi-
ble to determine these independent variables in the concrete stand in a rather simple way;,
which will be elaborated on later.

Three equations of a net regression, which are presented in Graph 1 as Model 2, are
obtained from the equation (5). Some net influences are illogical, due to the presence of
multicolinearity. By increase of the mean stand height by Lorey, unchanged tariff series
and stand quadratic mean diameter the stand form factor decreases, and it would be
logical to increases. By increase of tariff series (decrease of site class) and unchanged
influence of the mean height per Lorey and stand quadratic mean diameter, stand form
factor decreases, which is logical. Increase of the stand quadratic mean diameter, and
unchanged influence of the stand height by Lorey and tariff series, the stand form factor
increases.

In the equation (5) there is a statistically important linear correlation between
the independent variables. The correlation coefficient between H, and TN is -0.87,
between H, and D_ is 0.64, and between TN and D is -0.36. During the analysis of
the structure of the model the colinearity of the variables with the higher correlation
coeflicient is of a particular importance (Koprivica, 1982). In this there is the coli-
nearity between mean height by Lorey and tarift series, which resulted in the change
of the matematical sign of the regression coefficient of the stand mean height in the
equation of net regression in the comparison with the equation of the simple regressi-
on. In order to alleviate the problem of multicolinearity, the method of ridge regression
was applied.

4.1.4 Model of the multiple ridge regression

The model was obtained by adding the coefficient k = 0.05, with the same inde-
pendent variables as the Model 2. The method of ridge regression was applied in order to
obtain the equation of a multiple regression with the stable coefficients (Hadzivuko-
vic, 1991).
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The following equation of a multiple regression was obtained,

F =0.841378-0.00633599H, —0.580752/ H, —
0.01908067N —2.86657/ D,

S,=0.01664 R?=55.31%

By the comparison of the equations (5) and (6) it can be seen that there was a signi-
ficant change of the coeflicient regression, but that the mathematic sign of the parame-
ters in front of the independent variables remained the same. The greatest change is in
the value of the standard regression error, i.e. of the coefficient of the multiple regression.
Thus, the equation (5) is better for the estimate of the stand form factor, and the equation
(6) for the analysis of the net influence of the independent variables on the dependent
variable. Three equations of net regression were also obtained and presented in Graph
1 as Model 3. It is seen that there is no important difference between the equation of net
regression marked as Model 2 and Model 3. Therefore, the problem of multicolinearity is
only partially alleviated.

4.2 Form heigh of beech high stands

Form height of beech high stands was analyzed in the same way as the stand form
factor.

4.2.1 Model of a simple regression
Upon the analysis of the matrix of the simple and partial linear correlation coef-
ficients, it was concluded that in beech stand, form height mainly depends on the same

factors as the stand form factor.

Regression equations are:

H,F =—6.88831+0.94011H, —0.00695937 H? 7)
Se =0.7207 m R?=93.35%
H,F =19.4819—-1.57797TN @®)
Se: 1.1661 m R?=282.48%
H,F =22.1302-273.925/D, )

S,=2.0082m  R*=48.06%

The equations (7-9) are presented in the Graph 2 as Model 0. By increase of the
stand mean height by Lorey and stand quadratic mean diameter the stand form height
also increases, whereas by the increase of the tariff series (by decrease of site class) it de-
creases. All these dependences are profesional logical. However, regardless of the statisti-
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cally important determination coefficient, regression standard error is high, and there is
an important linear correlation between all three independently variables.
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Graph 2- Dependence of beech stand form height on other factors

4.2.2 Model of the multiple regression as the best theoretic solution
As the best theoretic solution the following multiple regression equation was ob-
tained:

H,F=9.13555+0.111663H, +0.177968D, — 0.00141294D§ -
384.427/ D, +0.0345579D +252.821/ D —1.22148TN - (10)

0.01673137N* —0.000580911H* —0.0000001 14024 NV
S,.=0.1015 m R?=199.88%
In the equation (10) it is seen that the following values, the influence of which on

the dependent variable is important by 99% probability, were included as the indepen-
dent variables: mean height by Lorey, quadratic mean diameter, arithmetic mean di-
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ameter, tariff series, arithmetic mean height and altitude. From this equations the net
regression equations, presented in Graph 2 as Model 1 were derived. The influence of the
mean height by Lorey on stand form height seemed illogical, which is the consequence
of multicolinearity between the selected independent variables. Although Model 1 is the
best theoretic (statistical) solution, it can not be easily applied in practice, since it requi-
res the previous determination of six independent variables.

4.2.3 Model of a multiple regression as the best practical solution
The best multiple regression equation which can be applied is

H, F=16.2749+0.159373H, —0.946515TN —121.538/ D, (11)

S,=0.3828 m R*=98.14%

In the equation (11) stand mean height by Lorey, tarift series and stand quadratic
mean diameter were included. Therefore, the same variables were included as for the
determination of stand form factor in a regression equation (5). It is possible to deter-
mine these independent variables in a rather simple way in a concrete stand. From the
equation (11) three net regression equations were derived and presented in Graph 2, as
Model 2.

Although the multicolinearity is present, all net influences are logical. By incre-
ase of the stand mean height by Lorey, and unchanged tarift series and stand quadratic
mean diameter, stand form height increases. By increase of tariff series (decrease of site
class), and unchanged influence of mean height by Lorey and stand quadratic mean di-
ameter, stand form height decreases. By increase of stand quadratic mean diameter and
unchanged influence of stand mean height by Lorey and tariff series, stand form height
increases.

4.2.4 Model of a multiple ridge regression
In this case the model was also determined by adding coefficient k = 0.05, with the
same independent variable as in Model 2.

Multiple regression equation is,

H, F =14.6631+0.19166H, —0.834544TN —110.656/ D, (12)

S,=0.3924m  R*>=9591%

By the comparison of the equations (11) and (12) it can be seen that there was no
significant change of the regression coefficients and that mathematics signs in front
of independent variables remained the same. Also, there was no important change
of the regression standard error and multiple determination coefficients. Therefore,
the regression equations are equally good for the calculation of stand form height,
as well as for analyzing of the net influence of independent variables on dependent
variable. The obtained equations of a net regression are presented in Graph 2, as
Model 3.
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5 APPLICATION OF RESULTS

The regression equations (5) and (11) are intended for practical use. In a concrete
beech stand it is necessary to determine: tariff series (site class), mean height by Lorey
and quadratic mean diameter. The problem can be solved by the application of relascopy
method.

The work method will be decribed briefly: The stand structure (according to the
tree thickness and their arrangement by stand area) should be determined first, and
then the factor of tree counting should be selected, so that the average number of the
trees by a sample plot would be 15-20 (Van Laar and Akca, 2007). The sample
plots should be located in the stand by professional estimation, so that they represent
the stand in regard to the volume of it. The number of sample plots should be 3-5. In
each sample plot the trees which should be measured are to be marked (diamater at
breast height is wider than the width of the measurement scale). Then, diameter at
breast height and the height of all the selected trees should be measured. By these data,
stand height curve can be drawn and tariff series (TN), i.e. site class can be determi-
ned. By the classification of trees per diameter class, the stand basal area per diameter
class and total per hectare, i.e. G, G, G, and G will be obtained. Mean height of
the trees per diameter class h , h2 . h should be read from height curve and stand
mean height by Lorey (H,). In order to determlne the stand quadratic mean diameter
(Dg), the number of trees in the stands per hectare should be also determined. It sho-
uld be done separately for each diameter classl (dividing the number of the counted
trees in diameter class, i.e. class basal area Iper hectare G, by the basal area of mean
tree in diameter class g ), and then add. After that, the stand mean basal area from the
relation G/N is determined, i.e. mean diameter D By this method all the elements of
stand necessary for the determination of stand form factor (F) or stand form height
(H,F) are determined.

Since the stand basal area G is known, the stand volume can be determined as well.
It is clear that the stand volume determined in this way will not be accurate enough. If
we want to increase the accuracy of the stand volume, the additional sample plots can be
set. In them only the basal area per hectare, without the measurement of diameter and
tree height can be determined. This type of the sample is two-phase, since in the first
phase the stand basal area is determined in a great sample, and in the second the stand
form factor or stand form height are determined in a small sample (Kangas and Mal-
tamo, 2006). In theory, it is justifiable, because in the sample of plots, basal area is the
most variable (CV = 34.61%), then stand form height (CV = 19.42%) and mean height per
Lorey (CV = 17.12%), and the least variable stand form factor (CV = 5.97%). Coefficient
of volume variability is 42.97%.

Example: In one beech high stand by the described method the following ele-
ments were determined: tariff series 5 (site class III), G = 30 m*/ha, H, =25 m and Dg =
35 cm. By a regression equation (5) F = 0.48276, and by equation (11) H F = 12.054 m.
Therefore, stand volume is V = 30 x 25 x 0.48276 = 362 m*/ha, i.e. V = 30 x 12.054 = 362
m?/ha. By the classic measurement, by sample of 5% intensity, it was determined that
the volume of this stand is 380 m?*/ha, with the double relative error +/- 11,0%. The real
average volume of this stand ranges between 338 and 422 m?*/ha, by 95% probability.
The average stand volume determined by the described method is also within these
limits.
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6 CONCLUSION

By the method of simple, multiple and net regression the dependence of high beech
stand form factor and form height on the most important taxation elements of the stand
and site factors was defined. The obtained models are significant in both theory and
practice.

The answer to the question how the high beech stand form factor and form height
change by the use of their tariff series, mean height by Lorey, and quadratic mean diame-
ter, was obtained by the models of a net regression:

- if the other factors are unchanged, by the increase of tariff series (decrease of site
class) the stand form factor and stand form height decrease,

- if the other factors are unchanged, by the increase of the mean height by Lorey,
the stand form factor decreases, and the stand form height increases, and

- if the other factors are unchanged, by the increase of the stand quadratic mean
diameter, the stand form faktor increases slowly, and stand form height increases at a
fast pace.

The regression equations (5) and (11), by which according to three factors (stand
mean height by Lorey, tariff series and stand quadratic mean diameter) we can accura-
tely estimate the stend form factor and stand form height, as the basic elements for the
determination of the volume of it, are most significant in practice. Given the reliability of
the model, it is better to use equation for stand form height (11).

The decribed method of the application of results is aimed at the fast estimate of
the high beech stand volume, as well as for the possible rough monitoring of the de-
termined stands volume by some classical method. In all cases, the accuracy of stand
volume depends upon the accuracy of its elements. During the analysis of the decribed
method, one should bear in mind that neither by the use of the classic method, with the
economically justified sample size, the estimate of the beech stand volume, aimed at the
creation of the reliable management plans, most usually cannot be achieved. (Kopri-
vica, 2006).
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DEPENDENCE OF HIGH BEECH STAND FORM FACTOR AND FORM HEIGHT
ON SITE AND STAND FACTORS

Milos Koprivica, Bratislav Matovic¢
Summary

The dependence of the high uneven-aged beech stand form factor (F) and form
height (H, F) on the site and stand factors is analyzed is this paper. The data collected
by the sample method in seven representative beech stands in central Serbia were the
basis study materials. The systematic sample with the sample plots, circle-shaped, 500
m? size, set in the square arrangement, at 100 m distance, was applied. A total of 160
samples plots, in which all the trees were measured, were set. After the dendrometrics
data procession, the method of a regression and correlation analysis was applied (simple,
multiple, net and ridge regression). In the conducted analysis the sample plot was condi-
tionally equalized with the stand. Several regression models by which the gross and net
influence of the site and stand factors on the value and direction of the stand form factor
and form height was analyzed. It was determined that the stand form factor and form
height mainly depend on three factors: mean height (Lorey), quadratic mean diameter
and tariff series (site class). The regression equations (5) and (11) are aimed for practical
use. Given the reliability of the model, it is better to use the equation for stand form hei-
ght (11). The beech stand form factor in the sample ranges between 0.34314 and 0.55034,
the average value of it is 0.49296, and variation coefficient 5.97%. Beech stand form he-
ight ranges between 4.712 and 19.442 m, the mean value of it is 14.304, and variation
coefficient 19.42%. The distribution of the form factors deviates greatly from the normal
distribution, and the distribution of form heights is similar to the normal distribution.
The method of the practical use of the results of the research, i.e of the quick estimate of
beech stand volume, was also elaborated.

ZAVISNOST ZAPREMINSKOG KOEFICIJENA I OBLIKOVISINE VISOKIH
SASTOJINA BUKVE OD STANISNIH I SASTOJINSKIH FAKTORA

Milos Koprivica, Bratislav Matovic¢
Rezime

U radu je analizirana zavisnost zapreminskog koeficijenta (F) i oblikovisine (H, F)
visokih raznodobnih sastojina bukve od stani$nih i sastojinskih faktora. Osnovni ma-
terijal za ovo istrazivanje prikupljen je primenom metoda uzorka u sedam reprezenta-
tivnih sastojina bukve na podrudju centralne Srbije. Primenjen je sistematski uzorak sa
probnim povrsinama, oblika kruga i veli¢ine 500 m?, postavljenim u kvadratnom ras-
poredu na rastojanju 100 m. Postavljeno je ukupno 160 probnih povrsina na kojima je
izvr$en potpun premer svih stabala. Posle dendrometrijske obrade podataka primenjen
je metod regresione i korelacione analize (jednostavna, viSestruka, neto i ridz regresija).
U provedenim analizama probna povrsina je “uslovno” izjednacena sa sastojinom. Do-
bijeno je vise regresionih modela na bazi kojih je sagledan bruto i “neto” uticaj stani$nih
i sastojinskih faktora na veli¢inu i tok zapreminskog koeficijenta i oblikovisine sastojine.
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Utvrdeno je da zapreminski koeficijent i oblikovisina sastojine najvise zavise od tri fak-
tora: srednja visina (Lorajeva), srednji pre¢nik po temeljnici, i tarifni niz (bonitet stani-
§ta). Za primenu u praksi namenjene su regresione jednacine (5) i (11). S obzirom na po-
uzdanost modela, bolje je koristiti jednac¢inu za oblikovisinu sastojine (11). Zapreminski
koeficijent sastojina bukve u uzorku varira od 0,34314 do 0,55034, sa sednjom veli¢inom
0,49296 i koeficijentom varijacije 5,97%. Oblikovisina sastojina bukve varira od 4,712 do
19,442 m, sa srednjom veli¢cinom 14,304 m, i koeficijentom varijacije 19,42%. Distribuci-
ja zapreminskih koeficijenata znacajno odstupa od normalne distribzcije, a distribucija
oblikovisina je sli¢na noramalnoj distribuciji. IzloZen je i postupak prati¢ne primene
rezultata istrazivanja, odnosno brze procene zapremine sastojina bukve.
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